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polymerization reaction.
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overcome the above-mentioned problems in processing and use and also to decrease the
30  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
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30 It has now been surprisingly found that the catalytic activity of particulate catalyst

systems comprising a single site catalyst in the slurry copolymerization of 1-alkenes such as

ethylene is significantly increased by using a 3-substituted C4.10 alkene as comonomer rather
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wher eby adlgine dntplolpmesr by shurgy, pofyieepeativhcul at e cat al yst system may be

prepol yneri zed during the catal yst preparation production process or |ater.
The term 30particul ate catal yst systemal so includes the situation wherein
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“polynerization section" refers to all of the polymerization reactors
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As used herein, the term"nultinodal"” refers to a polyner conprising at

| east two 5 conponents, which have been produced under different

pol yner i awoi2erv/osenadi ti ons and/ or by using a nultisite cacalppstosyeBEem i n
one stage and/or by using two or noresdifferent catalysts in a

pol ymeri zation stage resulting in different (weight average) nol ecul ar
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"mul ti" referpgefitiddie nunber of different conmponents present in the
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is sel )écctoél%lg)tférl%e%?lg{ljﬁéf%ﬁg%l%érﬁgg?r?\'g%%?ro%&%tr}?%en@&ia%p’ﬁg‘?-gl' ig%%%ﬁeéne or

m Xt1§r esHéhepR e .mdyarlfdricgihplel yorpridear &akty)9.9 MevtE©2g it dakieIed Bwalbliyl ene or
propyl ene, e 189( et hyl ene. WO 2010/ 08404 7PCT/ EP2010/ 050238 8

C2_8" al Keprsé upiby degivaig fromieac Hneod kb s ipfgBhbassA oatle okt af thg ralyanaran e.
Al ternativel g I : ut s1l.s ad. t her mal
racki ng, 11 gheFeYLERE ARt SRR L RIS Ry SRERaRg. B

ol i gonerbazklidnoroothingtdyy kee Hiecapborbatofas swhwrein Thops&horsyin thedengest &Bodasthaiut ed

C4_10 al kene | as, been found tha he slurry .copo] ynerization of the
above- de8 &S %8@0@51@ SPIKBHS awﬂﬁn%égl%%‘m%ﬁ%%ﬁé&_w i iocya Um0t
par bigcul @4eH) 8 AL Sositibe catal yst system occurs wi th unexpectedly high
ef ficiency. ?t has al so been found that to provide a polyner of any given

density, | essAgusdbsteir, thetdrmt4slagy abkermeizaeadsefers tbe nohoherdation héewim t han

1- hexene, or 1-octene. 10This IS a nt.agepus as the cost.of conon S such
2o 1 hopRoARElFRR as 4RO & Bl PRIy B aahBofBT ek r§PERREITbR an
the costla@dr cald b oS nREiZRIRPY keMetimes referrelrtehes BHlk\polirh@iAHES MTHe W&t
present at carbon 3 of the 3-substituted C4_10 al kene is a Cl- 6 alkyl
group. ThHETYAPNYMCHEBIOp cRegMpBSE I it somstintsy referchipdn desttbyd supatssitireluent s
or su i Repr j n- 0 | nts
that nay penofiaon "R agRR Ay FASHR B2 pflnf8T PVl BADRG A
however ,is tdigtively osd s cgiticalpoirs, arrifthbSTuid istaadixtParitd uhduchyicgpeimrrabl vy,
the substituent group present at carbon 3 is a ClL 3 al kyl group such as
met hyl , Btihmayde CP%E%F%EF‘%UWWIW tojitg cHHcal HREE A GPHY Ep bR lFE dacdeiig {65t uent
group. Rpgf ¥s critR81 & iHifity L8 10h8! % alrii & iti¢t ed at
carbon 3. | @‘H’Eéomse%re?, gb@drgs;stﬂlltﬂgengo%pr egg%{%%ata alﬁ%?%ier%sgé@? %léén it is
pr ef er abdoynpaesGibily dddtgr. gr oup as descri bed 20above for the substituent
Pr e%%nt at CaAsb lcl)s%d ?ferein, the term catalyst system refers to the total active entity that catalyses

the polymerization 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.



The 3-substituted C4_10 al kene is preferably a nonoal kene. Still nore
preferably, the 3-substituted C4_10 al kene is a term nal al kene. |In other
wor ds, thwo2esuissd«7t uted C4_10 al kene is preferably unsacumre@dosi23gar bon
nunmbers 1 and 2. Preferred 3-substituted C4 10 al kenes are thus
3-substituted C4-10 al k-1-enes. 25Preferred 3-substituted C4_10 al kenes for
use in the process of the present invention are those of formula (1):

RL(1) WhE{ciathlfk systerft oStHe Phrdskhit if tbrPon YREURBLE dowieles £ £%RERBIaY least one
unsubstituted,” C1 6 al kyl group and nis an’integer between 0 and 6. WO

2010/ 084043 NI RE Y OBEBS-ugsor and a ppriclsr lafildneatatebahdbaimay bsfthe eetiFata (1)
R is net I . th fyr . pref d conpounds of
For ml QoS! il prcens By, MERlcic Wl BN L FLEHLES Compours

Represent at i vgs gxadniptcts tif teaaMpoLns cathlybodydich? réfeys tohiadatatyan syaeerised in the
process of the present invention include 3 -nethyl- 1 -butene -methyl- 1

3
Tp ent erff@Mpisinggt gt twp diferentstive sitesidsyiying froam plelgest Al chenaiealy diffeiakene. A

ticulaply. - i I i ; f
parti cul aply oy E&frgcﬁgﬁn@ﬁ%@c&ﬁe{bﬁ? N enlgs_ea i EaGyr sf%gtu %gﬁtitoﬁtctggﬁggé_sl ess o

the present 1nvention is met hy
al kenes ltox onss@nglo sitdreatalpmte Bkaropleso £a moltisee catalybtysysieai drabhecomprigng twam

Si gma- Al dr%rch.. -nmet hyl -1 - but ene can be nmade, e. g. accor n’ig to .
2008/ (66853 il sRe i3] oceng Adiufites ProcUROTHRISII WERTIABE Ve 51T N #tivf
surpri sigiglaid b Wi bR acdile s 8O RPAhYFELE 5@1&%@8 aBliyesitds iSthe Shialydt Sttt it10

al kene, e. g. 3-nethyl-I-butene, wth a C2_8 al kene, e. g. ethylene, occurs
wi t HOhi ghebecehiiddcd dund yite ¢eaalystbpstecnr Peatpdaidinmgtiospetalyse systens way ehithin its
convent i | |inear. C4-10. al kenes is effect, has specifjically. been.

obsor ved FiER H65F M i s Py of ol antieRS Ul SRS sh St e

cat al ystmayCaichb¥ ebntaRicd MOLPadatApticlad. 1f Al the active sHS o ESAAyYS hrephitagiFIYsed i N
the process of the present invention is in particulate form Preferably,

t he cat acpygatepsicdsnafonp fypeheachdyns affpapielasiedyenterdhe rrgctar Weowdht itsaret age
parti cl Q I'sei[ze 200f 1 to 250 mcrons, preferably 4 to 150 m crons.
Preferabfly,' the catal yst systemis in the formof a free-flow ng powder.
The 1sat al yst Aysdegictesedhd tarrh engleatessalght” tréferspo asenlyst haigiyd dntypooPr i ses
a single site catalyst, preferably a netall ocene-containing catalyst. Such
cat al ystactyesapigtiapits. Ay gxappbgt 4 wnglesitagatalysd is ymetallgpgnpgresiagsng eitalyste

contents - Whc r L L0 r :

car al yst" PTG TZRT L BEADAR AR B RSN of TICh RIS 5y
parti cl esattridnod ¢hgarndinsdadt {Riglips catrlyal mednfpamentes imprepcion af skpariane

i npregnati.on._step or they may.be de by first.producin solid particle
and ¢ herPSRPBoHR f5 PRENGEES s apfhsy Byt e A SRR st
system Riiief habhY rSOMPEJIHRS: GafRlof dfTereRRoAPbIMGE.OF and at | east one
30transition netal active site precursor (e. g. a netallocene). The

activator is 4yefcdhatsiny thd tgrm fipxtindatclvetalynesystentomedns amatalyst efseanabiay i s
al umi noxape, . Br.eherabl v, Lhe, BGLLYe: Sl G BESUESRor S BhA RE80SHes VO
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
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.
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
30  particulate catalyst system also includes the situation wherein an active site or active site

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

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



Suitable carrier materials for use in the catal yst systemare well known in
the art. The carrier material is preferably an inorganic material, e. g. an
oxi de of wol2omeos4@nd/ or of al um ni um or MyCl2. Pref er ablpgT/BPb@oos0288 er i s
an oxide of silicon and/or alumnium7Still nore preferably the carrier is
silica. S5Preferably, the carrier particles have an average particle size of
1 to 500 mcrons, preferably 3 to 250 mcrons, e. g. 10 to 150 m crons.
Particles of ApNcameical, ehSterf “FRPmMBAZARhALARM" DR t6 Wil tHedhoBhEAdbe
oversi zed particles. Sieving can be carried out before, during or after the
pr epar atietorsraspet is amayliisegospadymetizatipas Bredipimy alse kecopapasicslagy ar e

spheric h rface ar the, carrier is preferably in the range 5 to
1200 nﬂ%%@“ﬁ%ﬁ%ﬁ%wg g?ﬁﬁ?%éggLng%bo 10n2/g. The pore volune of the carrier
i's preferabl yAd wiscti hercim igetefin YmuttirbodiBleters By €&l mbt YorprisingatIeoBi Q.
Preferably, the carrier is dehydrated prior to use. Particularly preferably
t he @ar rqoapopgnthaghighhayc beg progugesipmder %ﬂe@nbp@lf/@ea@tgpnlcmdlﬁlaan%bYe. g.
at about I i P - af i ' or

0. 512 HCiEe: THBRIE a4y Rem R BhELAR; tog AN A brRr MR EH skl

cat al ystinaystyenaizatoestagdesdring eddifficenc omightaveldaby) ravlacdlableghte and). from

G ace and PQ Corporat.iaop. . Activator Al um ngxane s preferably present in
the cat ameﬂg‘fulgfy‘g@gﬁﬁ b Bions e Sompogiy Gt ﬁf?i‘léngﬁﬂ%ff?#‘é? &} thppymber of

ol i gOMer ifferert ddnhpdiBAS pRIsE1§h AR oIy . ThiWTFAXERBId & p8lyRRYEodiHBe 0f twd-

mul ticyclic) nolecule, e. g. wth an approxi mate formnula (AIR1.460.8)"
wherl® n dospooeBoonlyds lied “ammalaky Thefarapof the mylecalaCiveizht diskyHutign ouye, | n
preferred um noxanes i S 8 al kyl group,..e. g..nethyl..

Vet hy! o i hORBIHER CRcg o7 &reat oy DeeDyrsi efleddhissn o AELEH 8 iy malerdr of

ol ecul ageipi 8¢ multRh@faepelphiked Wil MOWAMR AEorERAREHA 8F atWIsOBE didfincfG0 t O
1500. MAO s a 25preferred al um noxane for use in the catal yst system

The al urirasicaskimpmnnaserowith itheocury esHorthe ardividnglieamaprezts. dr agdition.ni um al koxy
conmpoun - i.al | referr 1 £yi c s _are al um ni al kyl's, in
particuﬁ%wgﬁgﬁ%htﬁ?%h10§V§ﬁﬁgﬁ§%§%% Iggg?glﬂ@?ﬁ%ﬁégﬁﬁw$%?§%¥ﬂégfgthyI

al uriisni wengodcits.i i sobutyl alumnium Trinmethyl alumniumis particularly
preferred. 30Al um noxanes, such as MAO, that are suitable for the

preparation Jft SPREE R RALYEET COPYYISHE e ceMRORS radyees widsT ewd ci al | y

avai | abl Hom : & - Aodal VO
2010/084%%%@%*%&%@8@%%@%%253!%ﬁxﬁ?ng%g%%%ﬁpgg%ibIe to generate the
activator in situ, e. g. by slow hydrolysis of trinmethylalum niuminside
the pores of a carrier. This process is well known in the art.

Al ternati vel ¢, saklkenat ors based on boron may be used. Preferred boron based
activators are those wherein the boron is attached to at |east 3

fl u@oi nat ed phenydr té prodacas beepayimbethe i s BRI be a differdit bikicnatd thel v,
an activating, solid surface as described in US 7,312,283 nay be used as a
carri er .2lgrgdisedigsghe drspbstitysd (ueanlbins: PROPHHAT CokitreLr éhrewi%zw Sity

whi ch_exibbd udBYbR 1AM RivPEOBR! SdvRCEIL GnbeRAMIRe Aichouhi ch have been
treated m#$% an g?ectro’-mﬁfhd?am%ng céng%ngﬁtf$ty%%ga ﬁ an ani on, and
whi ch have t Hanafebebéy tialCed alkehe 146 nkmaalkiend. Snllmedralprefertablyehs Ch ealgemciasor

Ceneral ly, the net of the transition netal. precursors are 16-el ectron
grrmna alkene.afn other words, the 82_8 alkene 18 prefergbly unsaturated at car%on nurnlgers ?

conplexé
25  and 2. Preferred C,5 alkene are thus C, g alk-1-enes.
The C,s alkene is preferably a linear alkene. Still more preferably, the C,5 alkene is
an unsubstituted C, s alkene.
Representative examples of C,.g 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 1-octene. Preferably, the C,5 alkene is selected from ethylene, propylene, 1-

butene, 4-methyl-1-pentene or mixtures therefore. Particularly preferably, the C,g alkene is

ethylene or propylene, ¢ .g. ethylene.



al t hough they may sonetinmes conprise fewer electrons, e. g. conpl exes of
Ti, Zr or HE The active site transition netal precursor is preferably a
met al | ocewe.20@B7net al | ocene preferably conprises a necalere@monsizeat ed by
one or nore n-bonding ligands. The nesal is preferably Zr, H or Ti,
especially Zr or HE The n-bonding ligand is preferably a if-cyclic |igand,
i.e. a honmo or heterocyclic cycl opentadi enyl group optionally with fused or
pendant substtugitinss fofhge TEthablReR Ny dRtieh efcaimdianily BeaifaBleMAlitaiadfely

(Cp) mLnl VI Xp wherein Cp is an unsubstituted or substituted cyclopentadlenyl
group, ahylenrsubeopiyicoe and bit-1-cne may be piepercd dyitharmal ¢raging Higheylinges alefinsd or
substi t r
cycIope%gggﬁ%%gﬁfﬁrou1§®hf%hgﬁﬂ?%%ﬁgﬁggﬁéyhggopgygéaﬁ%t|%%§%?qn?aﬁbln

i ndependently selected from hal ogen (e. g. d, F, Br, 1), hydrocarbyl (e.
g. C1_20 al kyl, C2_20 al kenyl, C2_20 al kynyl, C6_20 aryl or C6-20
arylalkyl) Gﬁmh&u&mqhqghmyﬁemhich contains 1, 2, 3 or 4 heteroaton(s) in
the ring moiety, C6-20 heteroaryl, Cl_20 haloalkyl, -SiR'3, -0SiR'3, -SR',
-PR'2 or - NR'2has3Rea€bund thatShd ﬂdﬁ?@@ﬂﬂﬁhbﬁza@oh‘o@fheha)bﬁ{f@@@srcﬁ}ééd C8; alllencC _ 20
al kyl, C2_20 al kenyl, C2-20 al kynyl, C6_20 aryl or C6_20 arylalkyl; or in
the casevidi 3-sNrtipuicd feictalsnRwidempartieuta(a, vinglg SltfecatﬁYSté}’%el@IOC@Tﬁr@ﬁ@er ed

2010] 08 A0nomGr L b 957 % BBy Bl Ng I PL FoRPERaR iy | oo
of 1-4 Caeagquﬁesaectuestéuﬂa&mmﬂk@msed@herbenﬁclmdw thet@rbat ph¢shc oan-denee. g.

Si, Ge and/or 0 aton{(s), wherein each of the bridge atons nmay independently
bearlOsubkiis iSpgharagegus s thegos of gpragromers syl aszicheaqekfgul)%qtm or’3-substituted

tri(G 2@4""1' KA, ls'rﬂﬁ%a%%até}ﬁc t rcXétoZ%ﬁﬁr&E%‘?ﬁmlengr a bridge of 1-3, e.

g. one wo, hetero suc aton(s), e. g. -SIR2,
wher ei n each IRefe'raeblj, mhtemmmtlme@t 2 Cadbk Blof tie63-ibsatuy¢d Or.1 alkene is a Cy.

{1 ansi T1ooierp oFe efSou oY i sTvbie B Brerdesty woritafcn as

Group 4,uBubsditutéd. P tatld é%%‘fp!b@o@ hoﬂﬁ%&l‘ob'éﬂoyl%%itﬁﬁé}% Mlahﬁafa? 'oé' B}es@rﬁc h X

is independently a sigma |iga such as hal ogen .
hydrlégermn thoatkybgroap M}cﬂqdecfia@tﬁlaPke(fmblyﬁzovsz@ealtk@ﬁyé alkﬂ%r@@ Bl kyI I yI C3_ 12
cycl oal k IaIk

"l 07 Bl e o B N e Gl o S AT

C6_ 20 h r8fiPaIcH las nfelhyd Cetidy] o Xy~ préByl 20 ceyY [stfyespediiR! r3ferre§§§1bst1td%ﬁ%
SiR'3 o?é-08| R'3; aﬁ%rn%tl’lvel p6§;\z/\lo X Iy?,gandspareybl?ld ed to ]prov;ége a

bi dent at e | i ghagrabhy, ttwmsﬁtutedecét 9. aﬂ(ﬁnglsp?@&ﬁlﬁw@ﬁéﬂedl%@a%néf ft evarsby e

2d,
subst 1t e TR Sl iR o0t B0t R broRyBP A apSP LY o BefBeq,
Cl_20 aldbyple Mlthd”lsu‘m&ytuelﬁr}iréseﬂt fBicadodBor 0 at on( s) mis 1, 2 or 3,

referably 1 or more preferably 2, nis 0, 1 referably 0 or 1,
F2)Op is 1, y2 O"l;he33 §1g>st1‘@1ted2C@p a@()ane g,paeferablyamonoalkene Stllli)rnore pre era)llbly, the

3-substituted Cy4.1 alkene is a terminal alkene. In other words, the 3-substituted Cy4.10 alkene is
preferably unsaturated at carbon numbers 1 and 2. Preferred 3-substituted Cs.1o alkenes are
thus 3-substituted Cj.10 alk-1-enes.

25 Preferred 3-substituted Cs.10 alkenes for use in the process of the present invention are

those of formula (I):

= n

R’ )
wherein R' is a substituted or unsubstituted, preferably unsubstituted, Cy.s alkyl group and n

is an integer between 0 and 6.



the sumof m+ p is equal to the valence of M(e. g. when Mis Zr, H or
Ti, the sumof mt p should be 4). Preferably, Cp is a cycl opentadi enyl
group, eswechrldsy4a substituted cycl opentadi enyl group. PPraPerinms23s
substituents on Cp groups, including gyclopentadienyl, are ClL_20 al kyl.
25Preferably, the cycl opentadi enyl group is substituted with a straight
chain C1_6 al kyl group, e. g. n-butyl. If present L is preferably a
met hyl ene, etlh)f)lr&B@ed)éorﬁpqule bffo@lﬁﬁla\f(/mqrzle@me&m oS bhyl, ecglﬁnélﬁylsﬁpfﬁhhéﬂlt ed as
defined above, e. g. Edlnet =, nethﬁ pheny

(trinet Wﬁ@ﬂb@pmpmdys formpylg é)rlls (nljos 22stihenogs prgfezabIW\ﬂehlLe igs0a silyl

X 15 pref er abl R Ba oo CrorabmRp R 45 OB B B F AR R Froesfen

atons, tdfehe @%&nphﬁ%@ﬂicﬁblhyluaemﬁémﬁ I- b@mé |3U1Qéﬂhf51131 p@ﬂitbﬁlé i3n@ethPr DiMeReeand
iodine. NbstbPreferab X is _chlorine. en X 1s a Cl_20 alkyl group, it

i s pPef elrabyll-Rerency e@ﬁhiﬁe&newmsmrtmrefegmt9rsu‘w}tuted 210 alkene
2010/ 08494 / , ethyl, n-propyl,

n- hexyl419 &ﬁ@%g%? o gﬁﬁéaﬁa%%ﬂgfgygn1%%n%6mgggﬁﬁgroup, it is preferably
phenyl or berBZ-S'llb.Stlﬂu[BdFEﬁf) elkenaeh fortsl ih dloeinesntidniase eoriabegly,aveilabde, ecgl ori ne.

Sui t abl e aIIo ounds. i nclud cycl opent adj I t

di hal | dd&om ﬂ%ﬂ‘?’c%‘? ﬁ{%ﬁbﬂﬂybh} s an qwa edéwmé@,ng S W00kTR68 .

bi s(cycl opent adi enyl ) net al nonoal kyl nonohal i des,

bi s(cycl opent adi enyl )nmetal dial kyls and bi s(indenyl)netal dihalides wherein
t he Ifet al i s Gitalygmsiystamor haf ni um preferably hafnium halide groups are
preferably chlorine and al kyl groups are preferably G 6 al kyl.

Represent at i v&s éesanfq)ﬁdeeé)omé inftsdlet woepesnglyddbwrdiethat the copolymerization of a 3-
10bi s(cyc ZrCl ( cIo en ad Hf C12

bi s(cycl S&b%ﬁ éﬁ%/‘l‘ %bfi“%t%‘ 19@'%6%8 %lllﬁél}\%% g ‘ethylene, occurs

bi s( CyCl@l’ﬂ?HﬂgﬁQ‘ &Yk t(lliﬁ %,coﬁ’egfoﬁb{fﬁ QBE&S]@Qﬁ%MK Gdational hnear Ca10

bi s(n-butyl cycl opent adi enyl ) Zr C1 bi s(n-butyl cycl opent adi enyl ) Hf C12,

bi s( nbuta}kettlys;Iﬂmff@dh@rﬁpbglﬁwbzbeeb|0b§q1ivebhwl%'/p%1|c@lp@rﬂaé@élysé BYSEOR Ve 2,

bi s(;nbut clo ent Zr Cl, bis(n-butylcycl opent adi enyl ) Hf C1,
bl (AbUt XL ORSTLATLENY B (H CL b s(n-butyi eycl op YO (R

bi s( pent anet hyl cycl opent adi enyl ) Hf C12, bis-(1, 3-
dinethylcyclqﬁfntadlengq)ZrCJZ bis(4,5, 6, 7-tetrahydro-1-indenyl)ZrCl2 and
et hyl ene[ bi s((talyg marp P&ﬁ@@*%ﬂqmindenyl)ZrC12 Al ternatively, the
net al | ocene may be a constrai ned geonetr¥ cataly (CGO). These conprlse a

transition mekhslcatalyst pysédre pegsl iy tha proggss B ﬁweor@@atm&%noep%mmmcel&m rmgand
dt f , fined
Sbove. arld bR Grbst sl Mt ! &Pt WIBREL bR G 70

is @9 deffilnedsabavenapdefehablyN at B0 mkrdsnPiettrably abé b@tal@rst Mteﬁrleirewhabl Y, R"

is Cl1_20 alkﬁp' Preferably, the cyclopentadienyl ligand is additionally
subst it JPERO ﬁﬁeikW%Pgﬂx“ﬁkgferably 4, Cl1_20 al kyl groups. Exanples of

meta Locenes A Ll i §ydREn BE&Y ﬂgﬁeﬁ@ﬂopeesg &%h&%éﬂﬂﬁé&@@ﬁ%@&&% gntents

of which are ncor por at e ef erence prepar a n of
met al | océtnestatyar) pheferabliyra rectalbbetenacomantinpgcataly st. Fuchmwatabgosisteynstane wbhe

net hods .known fron1the it is within the skills.of a
Thenvar Kghndn UL e tran STPAR DT e dnialsorovtiarh Serchy iaaelRg Lo n:
G J28.  Bietdif By 8¥feRhc@iThe cdBsO8RMehpdrtlcNany G 0RTRLSIARR by RddiRing the sohd

Pol ymeri zati on Catal ysts: Life 30beyond Metall ocenes, Angew. Chenmie Int.
Ed., 38 natigde)from liqguEgstarting materjal ddakpancets vathout Fsep@w&@m«g@@amﬁ N@WOFam |y

of High er f or for ol rization,. Advan nt hesi s
and ot drgerndy SEe SR B hR el o sl TR b GG RETE
pr ecur sgirscudécls Hite ! osed in t|85l00241 WO 2010/084047PCT/EP2010/050238

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.



14 Catal yst system preparation To formthe catal yst systens for use in the
present invention, the carrier, e. g. silica, is preferably dehydrated (e.
g. by heawvongjo/osdiae further preparation of the catal yst Peyareonioso23s

pref erably undertaken under anhydrousioconditions and in the absence of
oxygen and water. The dehydrated carrier is then preferably added to a
liquid mediumto forma slurry. The liquid nediumis preferably a

hydr ocar bon cifablehfiter at@iadOfof a5LRRhSERMGst s§sted-ard KBl RAGwn iSMRART TRE,
hexane, isohexane, heptane, octane, nonane, decane, dodecane, cycl opentane,
cycl ohexatsr neajeriad rapetenbly epingegraicamaterilx 648 @8 okideodatlicon aushieref of any of
the aforg- f one carb ] |.S0 .used. A af the

| qui o raar T MRAE b8 et aRE TP i et ol WS,
and nor enpreghr&eablyytht artier Wsdical urry of the carrier particles. Typically
the volunme of the liquid nediumwi |l be 2 to 15 tines the gore,volune of

q : .
the Support dckERbutkgcayernaticdesdivads aygrgorrriee BB of BEr YRBKENS: Thi s
hel ps t - uni for i { but i . . e and
por es ofr?%§%%§%%?%%h@gﬂggh?égggﬁégg?ﬁM%bggg%%ggg%gh géﬁﬁﬁgﬁééﬁg{gflocene
may be nibxadedbyt Sicwdhgito cloxiaate ovarsized phrtieles. Sidhieg sal becdrriahyuttbefae, during
hydr ocar bon conprising 5_.to 20 carbon ato e.. g. taluene, xylene,
cycl operirafer P FETTBRIRARE theqpralysh (AR oG EIa e Daridpeie AR e Eﬁ_e,
| sohexang uOeptABLhe QELRPR REfFILK fﬂrtﬁ§ratng@r5 9260 ﬁﬁ/gf @Bl Yprefepiviesneid sooused.
Preferably, the netallocene is si'nply added to the olueng solution In
whi dif t e™/al Thei peox ewlemic ©f ghreememdr 1§ prefarsbly ontheraigsl 0. 1 to2Dcmagairtidbdy 6.6 m
The vol ot, the solvent is preferably about equal to or less than the
pore vol-utE df the carrier. The resulting nmixture is then nixed with the

carrier, prefmeRRibyy,dhe curti@TPaERIIE] pRortth @isé. PARR Uy DHroCrably theRERRARL I ON
of the netall ocene and al um noxane into the carrier is preferably achieved

usi ng adiceigdiaph00 mgiA0at eere rrefrailed abioy7MWaiCs cegl abakout 8p0 16 priphigtuss. t o 12

hour s. [ ively, . th e Ve i npregnated wi th al um noxane
first, Qﬁéﬁgﬂﬁ%ﬁ%§W%yﬂﬁg§g? ggéﬁéﬁﬂgfhgf?%%gous i npregnation with

al urmsnoxane atwrieBitidt lagcsitable Sor the payperatiop befhercaatlst systems hbhdn dedcvided
and/or liquid nediumare typically renoved by filtering and/ or decanting
and/ or VapIPRETHly ypdstde. Ry TR @oegmndRQ S%I’R%ZF%PP- Optionally, the

i npregnated particles are washed with a hydrocarbon solvent to renove
extractabl e netal |l ocene and/or al um noxane. 30 Renoval of the solvent and
| i qui d nedi urAdtivatart he pores of the carrier material is preferably achieved
by heating and/or purging with an inert gas. Renoval of the solvent and

| i qui d nmedi uniumipsxaheisglrtigrabdy picssht authe dadBst ssaeuLan acBrabe Mabl y, t he

te ratTre.of any ggat'ng. VWO 20 0/084047PCT/FP 010/ 050238 .15 step is

bel o 8aleningxans 15 peckerabley Ohiggmpic. ik iy nsgferakty eal-unvew@.newp?acgarlﬁs?

heati ng @8y AL AIctl, LY wihl BhrolBHIE oAl ALIART LO8)YwhbBR iC7.8DYS!
system particles may remain in a slurry formand used as such when fed to
t he pol yamdR Bamiadvy] geagt org. alkaweslkyl grotyp. dn peeferotd guminexamd R B AHé s alkyl

nmet al | ocene and al ym a | oadi n n the carrier.i.s such .that. t he .amount
of - al un G gee AT VRS TRGh Jo R ot a0 ki« st P he y
from 15 dronciCeulttweisits | JrefeRIbE, WitRhEEARhYe hbRBNIZOWEZhAS 7d0to PEsEA1R0 it he
total weight of dry solid catalyst. The anount of transition nmetal on the
car r2der nrefepedplamindxang f@ose 01 the watelysgsysferdry solid catal yst, still nore
preferably 0.91-0. 1. | / f dry..soli.d catalyst. 10Th Lar ratio of

A Stransi i ont eatuiBRR 2t AbieRR s UG Tl sl T PEH TR huis®, o

10, 000, desipauhy. Baptdialty %Ih&nreamlgﬁii@ingf dodipoafdd e ABhibuim Pkgi Singlatticufaiom 70
to 500 and nopst preferably from 100 to 350, Particul ate catalyst system can

al so be dwaBIYB ks peshgy tamethyhalaminipgy wigthyd plugipmmanddrdsebetylvat or, e.

g. as d j b : ' e 1, an inorganic 15carrier

i s dehy ratgﬁﬁg{ﬁgﬁggﬁﬁ#égéﬂﬁggﬁ?%gghﬁgyg%%gﬁgluninunlinpregnation, washed
to r3@nove exchlaminddaytsbur a3 AN that nicesditaldel fisehgiprephytidhef tharcatalyst | s

i mpregnated with. an about equi nol ar. sol ytion of boron activator and

trial kylSAPIGRR BEEAD 4956H0sd ke Sommer el i e Reftmnall ?%fﬁe, a@p@%qmtp@m ly a
CGC netal | ocene, then filtered, washed and dried. Al so US 6, 350, 829

descri bes the use of boron activator, but using mainly bis 20 netal |l ocene
conpl exes as active site precursors. The dried netal alkyl-treated carrier
is co-inpregnated with a m xture of the netall ocene and the boron activator
(without additional netal alkyl), and then the volatiles renoved. The
support material may also be m xed with the nmetal |l ocene sol ution just
before polynerization. US 7,312,283 descri bes such a process. A porous
nmetal oxide particul ate




25 material is inpregnated with amoni um sul phate dissolved in water, and
then calcined in dry air, kept under nitrogen, then mxed with a

hydr ocar bwo 2biogsuat7 Separately a sol uti on was prepared PETHEPZINYS0238
nmetal | ocene with 1-al kene, and then niixing in netal alkyl. Polynerization
was done in a continuous slurry reactor, into which both the sul phated
particul ate metal oxide and the nmetallocene solution were fed continuously,
in such a way 3GidohRtssiblRao vRerhe etk &tk 8RR URI € Jrb¥ 8w IyméliysiteFy before
entering the reactor. Thus the treated netal oxide functionS both as an

act i vat orimgghyidimingem ansiéa th petes ofip gayrier. ThiyprocessisosdbrparintPeart0/ 050238
16 Al ter Y rtl Sj | t ts,via a

pr ef or med caf&ﬁ%#mgﬁggggﬁﬁiﬁgégﬁgnggkﬁﬁganb$%kEPﬁ%§%K@§@%£¥@P%%/23 439, EP
793 678, acW¥ut86/00thdddwhMEInIKE BSroh 3dattached to at lcadd 3 fidriratadephdBy OGS aof
supporting single site catalysts via preforned carriers and 5 boron

act i vat dleseriied EFR0732-Wo 91/ 09 882 and WO 97/ 31 038. Met hods of
obt ai ni ng parti : i . i f rriers
are gt ven | n hTHAEE, TR e S5 STtk 0PIt PER QTP Rl e

10Mul t | sastagcanddral kst asysetié mrtiadate s®rgamid dredsalf\higr paradiiyomhiclo oylribs &ewis
single sit tal yst.. . .The |tisite catal yst system may .he hybrids
fromt mctdﬁw_clﬁrﬁpﬁyf mlfhpé%eemor&é@%glt Revirhert &rsa}te@izwtﬁiaﬁsefeéﬁea:Wl%d@drleg Nat t a
and S'“Q%ﬁq%h&ﬁ,ﬁ@kﬁhyhﬁﬁméhkﬁﬁvﬂﬁM1RﬁmQ§§ﬂ&%ﬁQ§kﬁﬁH; e. g. by inpregnating
nmet al | ocene site precursor and activator for the netallocene into the pores
of dOparticulate Ziegler Natta catalyst. Alternatively, chrom um oxide may
be used toge ocene, e. g. by inpregnating, under inert

ﬁ@er.mﬁth 9? %.netall g

condi tions, nefATYLURE &GHVE SEF BEGHS8Y and activator for the netal | ocene
into the pores of articulate, thermally activated chrom um oxi de

ot ot yor. PO Comigfy P g o e R T g B ot b A B PR e
prepar atd@Bu@ theY hfaly Sbntisal sdSriscT¥wbeBotrofts Y. 8f &nfifck el tri, HArtop Hrat al yst

systemis one conprising two netall ocenes, e. g. one 20 having a tendency
to nmake highéﬂwﬁ@h@tﬂkammmémgﬁmﬂﬁdﬂyW@mr#m@eﬁmgﬂhaﬁkﬁdbamﬁéndency to nmake

| ower. nmol ecul.ar i ght pal r,.or _one having a tendency to iIncorporate
comaoner - andt HEchageng PitiTany dpPRiaanes Pestul SLET Bhut SrBidt BB nes
may, forlidangd. amne enctdlgs p@mm%znm@]“ip@@eﬁsui Ar ab@fThe Mebcidig, ligdhd @ as made
in their synthesis. Preferably, however, the nultisite catal yst system
conpr i se¥cisrdbagti-gxclisilizandraRi hBomo poheimeeydis yslopeadiensd Rrep aptionnbr
”DleCU|a&tMﬁkQ@Brﬁ§Bmh “@#ﬁgggpnoner i ncorporation than another site. Dua
site catalyst systens %nu tisite catal yst systens with two sites)
cont ai ni ng sulie methibsceac propantly bus ticlfyrmprief erred. Hi gh cat al yst
activity/productivity 30An inportant feature of the process of the present
inveftion is that the above- described catal yst system has a high activity
coefficient in the copolynerizatioqcﬁidggﬂg al kene and 3-substituted C4_10
al kene at a pol ynmerization tenperature of about 80 C. WO

2010/ 084047PCT/ EP2010/ 050238 17 Preferably, the activity coefficient of the
catal yst syst is at lLeast 160 g pol yal kene/ cat, h, bar sti|l nore
et ef apriFreng Tt o ohep S et on ] SRkt Bngliouendiisibied eagt a0
g pol yalgsgfhtcd if®hyl dtanRmbubstifitedor sabstlt@ag ‘ﬂu&%ﬁy]qrepé’.!alﬁfﬁnkﬁﬂﬁﬁft&i &at, h,
bar). There is no upper limt on the activity coefficient, e. g. it may be
as Ridgh sabstBoEd cyclepanjadiqoerhgiotg)icat, h, bar). 5The high catal ytic
productivity of fhe proces f th Nt nventi has vant ages.
For i nst ance, T pPATePAREETRe R o PGB E e bOHRIN FR AT TR BN AP0 s
any saf qbyg. rd1sKSBrapys Bgdraéby1\e td O bealkpindh iondkodlyl, €ab@Aliinye, ORh arylat €48

| ess are required. Additionally the ability to use a |esser anmount of

cat al ystargphkybnf parcyklgalsyl whishicopaing de?. 3 of hbieroglers) g theoirg Meiséudiston

pl ants tin.d e ht1PIogluCt § Ut withautjavi ng to 10i ncrease
their reﬁa%(t:étr%ﬁg’g@%o %a:mgggflhlsggt%ng?g{rfél%gf’e\gg ég)gtg%s.z’ Pol yneri zati on and
dows$t r eam preacieBS’ iPaldepardentdy b dhoprydesased, cTheCslyutkyy, (hol yikenylz@f i,0n
reaction jis P fera chcarrie out . in conventjqgnal 15circul ating | oop or

ntiQ cul
stirred AL Ceae gt &f Cayidrdnkel pointie ke pM&cesbedva ke, CadpPragains: e,

¢. g. a 5 or 6 membered ring, together with the nitrogen atom to which they are attached;



Host al en staged (where catal yst system and pol ynmer sequentially pass from
reactor to reactor) tank slurry reactor process for polyethyl ene by
Lyondel | Baeabloosipaondel | Basel | Maruzen staged tank sl urr pCrE®eet1005@89OCESS
for polyethylene, Mtsui staged tank ®lurry reactor process for

pol yet hyl ene by Mtsui, CPC single |oop slurry polyethyl ene process by
Chevron 20Phillips, Innovene staged | oop slurry process by |Ineos, part of

the Borstar ot agesideWwrny 4t6@B, @pda BAGedVTASE O Aaas Afid OUQURSSatdBE, wherein
pol yet hyl ene by Borealis and part of Sg heri pol pol ypropyl ene staged slurry

(bul k) [tbopctaiogtoga(s) @hé@@e@;ﬁ&b&%anﬂm Rl Bh@rétnl caclrpéthribgligastomsi ty of
pol yror 2% PSPEHERE WS leaRsR fe Hh e T B AR B T TR
system i@ QLehst ahismtuaﬁte):;uah bhdget H1-Br ©@GuUehd i thny, Hétext)atengptucd aS 8t abey st
system Preferably, the productivity achieved based on the total (dry)

wei gt oM tOﬁQ %tatnét)y%tg g§ i envherciniach ) yigdrdepgdestly proctlled $sogtyliosast 1
ton pol y nore preferably the productivity
of the to aI ?gﬁﬂ?g{e@fsdi’lg%%%yﬁ%;tﬁfgi{eth?tesggt 2 ton polyner/kg catal yst system
e. g. at | easM 1§atnammmi el HkGrao@at3aboyidt preysstdmof Gheupupss, shcinast Giosip Aot
critical but mght. be.in tge order f 0 ton olyner/kg 30cat al yst system
Advant adeSudPyium, RECHHHRLE dafjm.gyeie V‘gf mﬁthout reactor fouling.

Slurry react Qi PRI RRIBERIcAIa %‘ﬁ{aaﬁgaﬁﬂ sudﬁgs%gﬂf%/eg%%@f)@’h%ﬁ %4@9238 18

The conditions for carrying out slurry polynerizations are we establ i shed
in tliRe dhmoamhé(he@dkonmeemﬁkmaddheoa&ypybCemabt@ammlKha)mah@hzao to 120

o 100 0ar Y oo BGPTSR aet ehe R P TR e f eabl GGy

react or Syldrein & 1S|GI; b B/, F(%'zbfﬁ@tétoé{ﬂsﬂ'@l% ARGk, A1), msymtyefmapl $RI'N-ERTE, L ange
50.5 to 6 hours, e. g. 4 hours. The diluent used wll generally be an

al i phat i ¥RAy@r o@§1ﬂoosn allﬁﬁawtmgl}a twoX ligrgdpaicrridesd toroyidpgdidenpite bgand@nc,
Preferr en hexane, isobutane and propane, especially
i sobut a?fgeg{e ¢ %I-&fgrb%h{’edﬁ%flg’ al so preferably fed into the reactor to

f undsi on as aeambemalaa@va/melgttined eigyndtigtics alonpiog ab pytt oPardties peditalab thef or
catalysts with Goup 4 al l.ocenes with at |east one 10 cycl opent adi enyl

group, tHBStBE Ao GR.i% Hae@tABe rFap je Tyrghe sstitierh 6 g vilhe v’ yt adiEhgnay he
C2-8 al { or systemis 1: 10 000 - 1: 500.
Preferagﬁggn%ﬁe%g%F$ﬁé§?§§tion reaction is carried out as a continuous or
sem - cont i nuauss prlowes prefdinbly 1t dre, monomefaablgi2t uent and hydrogen are

preferably fed ont i I[guoufsl Oé str?_m' -continuously into the reactor.
Pref erably, tIh]é éuoa yRIE e§%i’§¥ ®i's al so fed 15conti nuously or

semppcont i nuciyﬁllyzlop'gqet%@ or8RGhA@r- Still nore preferably polynmer slurry is
continuously or sen-con i nuously removed fromthe reactor. By

sem - cont i nudbs Bl;m pénmreams equahto theldilenasrofavhd¢. @ whem sl Zri BIf otﬂit, thel uedofs o

t hey occur a ﬁ ;)]vely short tinme intervals conpared to the pol yner

resi dencB' f e reactor, e .g. between 20 seconds to 2 mnutes, for

at | east 75 %réerabq;y e a%,cl@faeﬂttttﬁe@m efupOEspetiallNg sistiyAss ¢37eatpe@ﬂadlea§ﬂhus
in a preferred process the catalyst systemis preferably injected into the

react or Soum Ptetp se@spbatituerss op £ prggoepsoinclusimnaiclopenticnd. pedoroplkylan

dvayt I
2a¥%@y2%erg§é£atbtgh%hé J;}V Egbteht(aaﬁﬁgl egr%l% ﬁ%ﬁﬁsﬁ tﬁ%&’wnjﬂ%"ﬁr egta%llg Etkgfgﬁﬁge €ss
system i gredowed fromthe reactor along with poI ymer. The inter poI ymers

obtained directly fromthe pol ymerization therefore conprise ]ess
i npurities 25@ @tqsmtrlrgwﬂor%?ﬁatgw agthylepeethylencansilyl bridgeywhrebydbesilyl c#n a

3 SUDSt e Bl e 04t BN COTDOTBmer N A BubRLGISAL Bl yot system

herei n descri ives a ver act1 a high productivity
(ton pol (ynimethklgll}dateﬂi}&'ﬁn— Sylstlen") is 2God pas) ﬂeW[hby LriehatlyMeldge) I RWis preferably

con ntr f cat al systemare required in the reactor. Preferably,
the aﬁ gatqlgnMBFG s eatt%t 08§ ¥te Hth(ﬁt the slurry 30pol ynerization is |ess
t han 0 3 kg/ tony ﬁEféMbeHshélb%em%afﬂEﬁfo?C%EJ Myl §¥ientarR &b?gehq{otn%nt&&urry,
e. g. less than 0.1 kg/ton sfurr Prreferabl y; the concentration of

cat al ystarg prfarably sclacted &ast ﬂl@)f@l@, Kot bednine ynd PdafceMamist greferaidy, X is

he.rangaiorgt: §heB Xl RamS ERorbrnb s 6P, el P BP R h By * '



WO 2010/ 084047PCT/ EP2010/ 050238 19 % based on total slurry. Such a
concentration can be maintained by controlling the rate of addition of
nonomner, wbeorcaiseo4of addition of diluent and catal yst sysrar@ndso2so some
extent, the rate of renoval of polynes slurry fromthe slurry reactor. For
bul k pol yneri zati on of propylene, the controlling paraneters for polyner
concentration are the propyl ene and 5catal yst systemfeed rates. Staged

pol ymer igag, @ngl anfﬁletwl @glya n%ir@pﬂhﬁ-%@xyl or n-octyl REo P MRNIE KGn Bedasiurry
pol ymerization may b onbi ned W th one or rore further pol ymeri zations, i.
e. in a goUiss agt‘éerpbl@cpé@@yl orherzyl flo prefuzedmetalloeacs Kis aglalpeen c. g

pol yme“cﬁbtd Qns can be carried out in sequence (e. g. in Mtsui, Hostalen
or | nnovene slurry processes) or a slurry polynerization can be foll owed by
a gas phase milmbﬁrm@tamdo@m ¢@npd@inds theBaest ar or Spheri pol processes).
Alternatively, a slurry polymerization may be preceded by as phase

pol yRer i zat i gis(Cypenentidisanimstal dapdseabisedcioneniadignt mgt %Jdé’dﬁEM§s t he
t
reactor Sodﬂ%?’cflé?fe ta!ale‘i%?f)ﬁlelca‘? hlo%aﬂ:ZI rﬂof?cﬁ{ah&és 915 fey@ {giglé‘rﬁ&g@ign%m t@ cﬁﬁk&l@%n&s

preferre nmer co nts are
arr angeri:ﬁs(indenjdamﬁah\dihalsdeamélemneﬂlerrmahlyls wotenhrand haftumugectefably hafnium,

honogeni_zat i on. \Wen r dyced in a s ngial multistage
process, aﬁg? ﬁﬁ’up%é@tpégf?rpagli’dgﬁ@ sa@w'fggougﬁaf%?%%f ?L’f@‘i‘lg}ﬁlt conditions in
each react or,Rgl}ilgseg@{ly@gganﬁgmgl%cgﬁ&qﬂgg@e inthe different reactors

wi || each have their own nol ecul ar weight distribution and 20 wei ght

averlige nol edus(aycloysntpdienyNEel, bisécyirtipentatiiany Waf(dhtbisicstariebtadicopl) Mene  of

super | e G P RS, Sl R p R b I Pl EpoaeR ey IR GE S *
resul tings acﬂuyﬂ@}rcldyeﬁﬁu&hyl)mglulg(n %h@ﬂ@cﬂ@eﬁta@ﬂéﬁﬁﬁﬂ@l} bigo or nore

di stinct naxim. product of a nultistage I%merlzatlon is usually a

mul ti rmd@ltylﬁmlqmm@éﬁéyl)é@i’lﬁz, éls@abutpmagl@p@éﬁ@m@ﬁ) Ma:obisins addi tional |y

enpl oye | the tenperature is
W thin t ue}nr %rllCE %t %%gb%(%g@l %S%bf&é @?Eﬁ'%@@nyl%fl&ﬁgﬁ the pressure is
Wi t hisn tmf(pémmgahgfcydlapentzﬁﬁe@@)zrcmlﬁﬁ(@éﬁbhlythmyeloﬂaltbdiényl)HfC12, bis-(y3dr ogen

woul d be added for contraql nner known in the art
30(e. dl@ﬁthéflcé’élﬁﬁ%lﬁﬁ¢lﬁliﬁll?ﬁcbf bl§(%5 @ddetrﬁwﬁf%ﬂl}denyl)ﬁch ang ¢{Byleai dence
tinme |s %94 §3I7I t%trghjﬂréq iRddH Q?Cl The gas used will comonly be a
non-rea € ’gas su as n|t gen toget her with nmononer (e. g. ethylene)

and opti onal | AltanB+velib gt hethBabe@d nb§ balakeengraoriogrometry caM@st (CGO). These
2010/ 084047PCT/ EP2010/ 05{0#3@ 20fAI tle t'l\{el , anoi her omer
added wi RS 2 5aas1HeR ME (pixfe %ba #h epnelAonE Opesaaa ts%@é}?

CONMDNOITEX oFR¥hs e, %Qﬁ%e faﬁi?hlta'c‘iﬁ@ﬂ Xw&rélﬁ?‘?( Ral L MgdReL R aﬁ'&b’t‘ﬂé ocar bon such
as propane IS preferably a . Wien no cononomer is added in the gas phase

pol ymer i zalopertaditing hpoh yﬁvéR’ ’SzI\E(Br’ﬁ}ow@smtuento’vhemg Rgais apdeeedpdbyerend that i on

cnown |+ ERE" BRPRCR el ' NS PE BF G car B PRATRAN B "Gas acting as a

cool ant, p@mf@dleﬁ;umghﬂd AnddRBhilaf §udBHRGRAIRVItIOT td m, Iﬁef@ﬁ%namlcq% hikyRgi tated
fluidized bed or in circulating bed. The poly gr oduct may be recovered

f r om gaserpines Bxgraples @ﬁ@e@goc‘ﬁge& hﬁutmﬁeayeéw@ﬂd moH 209300398 the

25  contents of which are hereby incorporated by reference.

The preparation of metallocenes can be carried out according to, or analogously to,
the methods known from the literature and is within 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 Metallocenes, 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.

Drapont-Brookhart type active site precursors are disclosed in USSREGZ4T.



10St aged processes for polyethyl ene preferably produce a conbi nation of a
maj or conponent A of | ower nol ecul ar weight and | ower (especially preferred
is zero wwerropvoseuaci ng final products of density hi gher pCnaP20405088n83)
conononer content and one maj or conpodent B of higher nol ecul ar wei ght and
hi gher conononer content. Conponent A is preferably made in a reactor A
wherein the hydrogen | evel is higher and the conononer 15| evel |ower than
in the reactor B where conmponent B is made. |f reactor A" precedes B, it
is preferred that hydrogen should be stripped off fromthe polyner flow
fromA to B CatglystsgsemgrerBratipnecedes A', then preferably no extra
conononer is added to reactor B, and |t is preferred to renove a

si gni fi cant rilécrformfthQ tedalsrsy stomy Eortusd i hrpneseeirinfendiont the cpoky weg. silicawsf r om

' f th h b d
R i LTI A i P int o R NG WS e it

i's prsod Lp%@[@rabgn@c&&@mﬂ @Hdey arhyafoRk cestitithsadnld ik BiR dbeafet of sx@fentahe wak@cess
where cononomer is used. Wien a two stage polynerlzatlon is utilized, the

| ower nolhecdehudratgdicgtiter ﬁdhwf%m@ﬁ@ﬁitwuaélqwm%mty forpaskey. The t he

| T, ht
componen e SERTELRH R ARHA o e STOR0T AR IR, SR Rl 20
react or 1so'|ﬁ&ﬁtahe gfmanmlohwha,rhepamg,rﬁctmnmmaentdecahet Jalecalel yyqiomedtsned using

a | ower hydro en/ mononer feed. The reactors be copnected in parallel or
in seri ey OBa%anﬁr%QO%ﬁBﬁag}e fpEgneAnd BGHEHERO] hsoUars RLan Y R RET y, the
sam oCaldlRhod 3 ERbSSUREHIILORH, TRAGIANS of fa Gl Ehbdiun B 5raahehy St
systemis only fed into the first reactor and flows fromt

pol ymer, sufﬁ):l@ﬂwo ﬁﬁxhe pc&as:cbﬁihé sjrrien aséqwempleferaﬁigtmfogﬂmearslmy eﬁﬂhbaarrmm ght 30
conmpone

P of or abtyciey Tyaeal Bor il s i RiediREral Fryo 15 eme U welper !

conpr i sitRgsihpartsd Bsdabirtd 8¢ n %féﬁad’dokﬁﬂﬁ @&hm@m@ma ¢ TUESKIHPBEnsur¥O
2010/ 084047 / EP2010/ 050238 repol ynmeri zati on nmay be enpl oyed

as is wehat aktmfmﬁnudmstltﬂbiéloarqf mqtgs antﬂ;epﬁut%ce @irdequmféh@ eatiPlon abliewed han about
509 of the total nme duced Pr i zation .dges not count
25 dostage it FRyBRaeTE b mPRBRRE o e RET MR BRSSO gl e or
nul ti st age PHREESSy bsPhed®cabby colPMENES to LhearbsPEBES, Ofg. th'@enl@r adent
i nvention | S a single stage poI ynmerization in a slurry reactor.
Mul t i nocrArlopeityige CEClakgrang. curlahéntyns periancpisepatE: bgransiisiickais, Beptass e
differe I |
mul 11 51 Rt I ERePRT dofoft RAlsE TRERLRIY. il nBANEChY Balmaly, 1
mul t i nodaldedal tieerisenelsolutibh $n aad,thé sluminhaand 3 presBheiviétstchmnaptibiipym pol ymer

properties, eciglly in a single react ystem i is preferably for the
mul Vs taéfa%%ﬁ%f L%?l@met% t%wéve&glsmrgtﬁraﬁ Sorboa! fooudr s thany Bt A t he

i ncor por\%ﬁﬁtﬁ@opﬁle COTRAOTR @it ARG HNRER RALAKL RO IR difide AOR Ay ANPL her
| ess incorporating site ) as been surprisingly found that the 3-
subst i t utederaird i the kange Octo |6ﬁ n6 nlenpregnatien ef thisehdalécdes ard Jenljnokarc intner ous
conbi nat j ons_.of. 15 ite hj rati ared to.t

cor r e pdhaPTEoT e R Ty ST iAo ACETBR G rATK BT SR GRS | Snd

1- hexenaninktdskd 72 RGur3- A&aitiviel!, etk GfrickGna) Hf&mr%’fbdamwmmﬁdx@n&ﬁﬁsal yst
systemis therefore especially favorable. | ti nodal pol yner may

t her28f orfellpecdby aickdldcing. Sinyiliageasivaragortior withalymiyewaeriet mewdoesnerinr e
react or e prdfly staged reactor process. Preferably, however, a single
reactor 20 pr 0865% except optional prepol ynerization reactors nmaking | ess
than 7 % of tTe sobleat arddriitRid mb@mﬂﬁe&é typRtatlly @Eabvad, byafiliatngi st loe déaieihy st
system corrprl sing two or nore (e wo) netallocene active site

pr ecur soe/ar §vapggion, preferably by ﬁvwatms%ﬁbb.@ntwahbs theinyregiatedi reftdesmre

i nt er pol n

Bl endl g Red AR S  SHRCB0 b0 o3 rh O tipiahe i ok o BB
pol yber ,Renowgl obthe rsuﬂvemtsahdg@umnhymW| frcanh 'tlmrpoms dfythd MHetsrﬁateﬁaltly\preﬁaTabtpr e

di fferent sln eS|tec stS| a single react Mul ti nod

. d
uni modal 2By Ee%%lgtap aamgmgt &t s ees. aRsenFRé’ragP%tB%ﬁ%l?’%md‘égélﬂﬁﬁed and
especi al hYiitd Qs FroissIe ife SuBthdak g&%ﬁd@k&&%@r th\e@érﬁmrang@ NRE heQiRonent A

has a hi gher cohonomer content than the | ower nol ecular wei ght conpohent B,
may in sone instances possess sone advantages over uni nodal interpolyners.



WO 2010/ 084047PCT/ EP2010/ 050238 22 Conpared to uni nodal interpolyner,
at the sane density and at the sane high ease of extrusion as regards

ext ruder wonew/ami7di e processes, a multinodal interpol poeEPC@OPS0238 Ng, €.
g. ethylene and a 3-substituted C4_101sal kene, nmay be prepared having a

hi gher stress crack, brittle crack hoop stress failure and/or slow crack
growth resistance. Such interpolynmers are 5particularly useful for noulding
and pi pet@ppbkledt 400TS em@%@tiﬁgﬁm;( gt ¥ariedBLOM Y -f’7©3’_C.S’T?1516@11}I IRafhg 8§ ber ack
and sl ow crack propagatiron as well as in filmapplications wherein they

al | ow i rRgrrandeant forpaiot4rhosrss Adiseatisely, e ceplyphyysisirarirtidesy mpp singin e,
Addi ti onal | i | _inter S, as._her ei fore descri l,.so have
i gher ot Syt B AR R G S BPme TrEoR BFAR e GRRE TS D R

advant aggefefre@xt rusi on of | arge 10pi pes and bl ow noul di ng of articles,
especially of |arge pieces, Miltinodal interpolynmers as hereinbefore

descrPi bed naylheagalogsneprd dlppingraee loading 9 t&‘r epaer ip suchithat the amgy ot i ni num
seal i ng i.ng: r ggwf gggﬁiﬁ% 0 an
uninndaﬁﬂpo ?%%%Hgﬁot éﬁégﬁgwggﬁgg{g&g#?tégge o’%gxtru iéﬁﬁqgﬁﬁg@?g%’

parti culsatllngorapedfedabiynfrarh @0 nandiPact hasel af theitdtabweitbt@f drireolat duealyhiafic

uni nodal interpol yners as herei nbefore descrj ften haye a |.qwer

vi scosi et OBy i Terfekan F FUEiSr w&ﬂgﬁagﬁy L GARETAY &iéfts@LgGP%lé‘b s.
This '$sMﬂ%ﬁMkqnéﬁﬁmBNﬁ@pbﬁqnmﬁvgQF@ﬁHMthQQb@{OCGSS?S where better
mechani cal strength of the product can be achieved with the same cycle

ti md0 Fur t herfhermolgusihoiohtAditposiionr mstataythp sskksxalgstspstctemerngs framridage
maki ng th vant agegus for injectio ing. .2 WwNns requi renents
and pr ocBal o0t A GRERR b kb P By P 2 Sl SrerF R LB R RAT Ir ry
react or , prtfopibBRhyREN0ItS 35@M0Vved therefrom and the diluent preferably
separated fromit by flashing or filtration. The major part of the dil uent
and unconver tRagticdate aypkpt Systemean @lsedehatde ustrgtehorgb pivetor mtdadf 25

react or ( . Prefer t he g Lied (e. r. resi dues
of 11 quiminRFsSIeBRN Py o £ ROLHTEY 95 i 5 At Gl Ly RTBRe ont en

of dat algasiersysdhgtratels ttdussrfaqrmbdiriadh by alkgtalypainyneimprénatén, silshatioed to a
deashing step, i. e. to washing wi th an al cohol, optignally mxed with a
hydr ocarB®aVE pxfgperikypluppen and drigt gapsadrantt the csicy iampesghatse YARdl ed

wi t hout giffl it ht 3 rization
processfg?ﬁé&@gfé%%%ﬁg%gﬁgﬁ%gﬁg%?? 8§%gg@%o?j%@ﬁgﬁggpgggg&?%xgﬁfkee-fIomﬁng
state, pnehloaabt prebyrstiavpaevificaly atGCGe nyetdlbrege, pentfilekels wathddiagh dioiad k

density, WO 2010/08404 / EP2010/ 050238 23 e. g. . less than, 10 % of the
ol yires " bel nguSul o S FATeR D CH WAL DomAdet S BESETURERS! Ty bei ng
hi ghgr thanRQAe KahpRxes as activd iR RE@RYs. Thi @Rl ﬁf‘e@ﬁlﬁﬁ@l-ﬁ‘é&% E&Sier is co-

pol ynmeri zation until the pelletization extruder outlef are carried out
under arnmpnegngatef avithga mi2iregd sheanptoBpdene end Brarboraxictiaaios (wittoup addieersb| v
added (proc tabilizers and | ong term antioxidants) to the polyner. As
antioxi&gﬂ?ﬁﬁgﬁiz?ggg?%g?v%% %Hﬁﬁgwﬂnomn for this purpose may be used,
such as steripal s|u?6 &t AdefROImaY ake Mk nlk TR thdhennd&ne 8610108 just BuTbes,
aliphatic sterica ? hi nder ed am nes, organi c phosphates an .

sul phur -rebyinerizating %% APdeAds dessribes suchiapeedses. £) porpysemgiebprige partgulate

ant i4Qxi . i nd.
Toster | amFgeIat Ayl Faie i bl BUBHR, Qi aRR' Ay B SREINER EReRRE i iy
conpr i seit, Woptamdendtrbgdnk theh @sik et a, hydespdoh iliqeldy Sepanatelf tanohpioaivdson t o

t he hydroxy group, .and sul phur contai ni ng conpounds. Representati ve
exanpl eIt B midng pekillsaaicarit e hsne.@nd hpdurag ngegtegdkyl.

2, 6-di t &1y mBiYiba ¥ I PRGRGous 51 intg which bpth the sulphat

pent aer yibvT e P L RbAYl R3TBhous sty reactpr inig which both the suphated

15pr opi qrstadudgte oetaddeicly land the metallocene solution were fed continuously, in such a way

3-(3 ,5 :di-tert . -butyl-4-hydr.oxyphenyl )propionate, 1 3,5-trinmethyl-

2. 38 ¢ e e fred St Rt e Ryardsey By Foerpe s roaceor. 1HES (Y

2, 2" - t hiipdiQthphENGdLhuictichs Dot ast@rdetivatBtiswlelfadw S A¥HRDSHHL) - Pr opi onat e;
calcium (3,5-di-tert.-butyl-4-hydroxy benzyl nonoethyl phosphonate);
1,3,5-tris(3 ,5 -di-tert.-butyl-4'-hydroxybenzyl)-isocyanurate;
bis-(3,3-bis-(4"- hydroxy-3'-tert.-butyl phenyl)butanoic acid)-glycol ester;
4,4' -thiobis(2-tert.-butyl-5-



20nmet hyl phenol ); 2, 2' - et hyl ene- bi s(6- (1- nmet hyl - cycl ohexyl ) para-cresol);

n, n' - hexanet hyl ene bis(3,5-di-tert. butyl-4-hydroxy-hydroci nnamam de;

2,5, 7, 8-twonarashat- 2- (4' ,8' ,12' - trinethyltridecyl)chr @oaErte10l050238

2,2 -ethylidenebis(4,6-di-tert.-butylwhenol); 1,1, 3-tris(2-

met hyl- 4- hydrosy-5-tert. -butyl phenyl) but ane;
1,3,5-tris(4-tert.-butyl-3-hydroxy-2, 6- dinethyl benzyl)-1, 3,5-triazine-2, 4-
, 6- (1h, 3h, Sh)Akdrhane; mé’th&dsmf%ﬁﬁpolfmdg ﬂﬁgl@)ﬁke ath st tvard Frefor@ed carrier and
25buty| 4- hydr oxy- 5- met hyl pheny épr p-

i onyl oxﬂl@nmpmnezarﬂgezellm ER27 28RO BB 439, ERJEBL78; WO 96/00 245,

1, 6- hexaw@p@%& E?§(3 5-bi s(1, 1-di net hyl et hyl ) - 4- hydr oxybenzene- pr opanoat e) ;
2,6-di-tert" % 4- nonyl phenol ;

3,5-di-tert. -fblwéryétr\émﬂdsdpﬁmyﬂi@ﬁmgﬂﬁﬁ@k (Slt@GatﬁjlyEtB ivessireformbd Bardier ahd

trlng hydr oxyet hyl )-s-triazine-2, 4 h,52% trione;

butBer ?Iu@ﬁ%‘i%wetgéfrep%mwl@&%taﬁw}ﬁﬂ&ﬁ 10382 2' - et hyl ene

bIS(4 met hyl

304- hydroxyh;gf%ggiﬁgﬁg% ﬁggsﬁﬁhh éﬂﬁ% § p%%ﬁﬁ&n@d¥b}m£ﬂ&&hmﬁd
tr|ethykmn&g$m@qﬁ@mhniﬁ{@Hﬁ%#ﬂmuﬂﬁﬂXHE294 hydr oxy- 5net hyl phenyl ) pr opi onat e;
benzenepropanoic acid, 3,5-bis(1,1-dinethylethyl)-4- hydroxy-ci3 -1
5-branched and linear al kyl esters;

6,6 -di -tert.vOikid chalgsts ?Eﬂefﬁg' p-cresol;
di et hyl ((3,5-bis(1,1-di methyl ethyl)-4 -hydroxyphenyl)nethyl) WO

2010/)08404 7 PG, fFRROLQ4 02 Q938me 4o NRE SRR DRI t I¢ site catalyst.
4,6-bis(octy|t&|onethy?éogcrggdf benzeﬁﬁaggggﬁgréaéérgeas%gTﬁlecaﬁys
dinethylethyIjbbﬂnﬂﬂm@xynﬁymthmammhdwlamddkﬁnHaM@abkyansmﬁmsntaﬁdym

e Eﬁ@ﬁh& TR TNyl prd o iSO S o bRl Rt R Kl ™

di cycl o t BN RAIMOECHRAS BreeARBPMRivABLIdr Phd PWaNScRR e ltﬂeCpotrym
anti oxi dant conpounds are especially preferred to be included:

pent aer y& pariigute quglqm@(agza‘(a st. B\ teginativekys chrpmiym ozide may be used together with

hyd %Xyphe il%%r gpeh%?gﬁlnlprﬁ%lg?m§y%%g St 6?%(&}%1}%{11&&11006% site precursor and

1, 3 5 t racﬂeatbytbr ﬂle“m@taﬂdideﬁe (3o fheqjorés&fﬂa pabtituyate, 4ndid 9 xyhesydh anaene;

1, 3, 5- tr|s§3 5 -di-tert.- butyl-4'-hydroxybenzypi socyanurate,

bi s- (3, %ﬁ% Sthydr oxy- 3 -tert.-butyl phenyl) butanoi c 10aci d)-gl ycol ester;

and 3, 9-bi s( i HEF?: A r
nethylphenyl%%% gﬁgﬁgﬁyiwget y -Zgiﬁg,%%H?g%xk%ég@%ﬁO??éﬂ%? 8m8%ne
Pr ef er r egstomgahipecipiabipbiisge asthlysodystamtis ono adraprisiag Wmmpﬂallb&namleeg)omr a
ph0§§ te nnle y. YrepresenFatlve xanpl es of preferr
hi t

pho to maks ygherdpe lgcﬁﬁc\y?}glét polymer and one %aving a tendency to
tris(2, “tn&l{e IBW%XieQ@lﬁf‘%E bt @r’one havm a tendency to incorporate comonomer
tetrakls (2,4-di-t-butylp enyl -4, 4" -Dbi ph e yl'en-di- 15phosphonite,

bi s( 2, 4-adid-one baviyg p hesnsgriyrdeeoy tmedwamh The W/o dletafblho@ph intag; fodinssanearbel -
pentaerythrlt | - dj,- phosphite; tris-n nyI hosphi t.e;

by o 5¢ 6 i G hoGRes B Rrshb TS BORABRIER YRR Supfhrepl:

2,2 ”Etlﬂ%le@&e Eliesrﬁﬂltl@rtéiéa'télyﬁldglétérﬁ%@ﬂ]bh);é&(ﬁnﬁé|a Jith&ing a polymer
1,1,3-tris(2- ne&ﬁ% -ditridecyl phosphite-5-t-butyl phenyl)butane; 4,4'-
but y5i dewatios¢is-ordethiowe: molsqekpt whightanddpwer ¢Qi@l!3®lﬂ)0@ m@mﬂr@t@n tbarsqrwtlmr
20d|cunyl hr| I hlte IS et bi s 1-

ai met Pyl SEroT e S § s B e PRl Gl St RSyt ke
tr|ethyhmbgm@@an&uﬁwglnéﬁhé@ t- butyl-1,1' blphenyl 2,2 dlyl)phosphlte);
phosphorous acid, cyclic butylethyl propandiol, 2,4,6-tri-t-buty|pheny|
ester; bis(2,4,6-tri-t-butyl phenyl)-pentaerythrityl-di-phosphite; 2,2'-

ethylldeneb|§§% g‘ﬂ%ﬁ{é Hhé%RQEBM$QJIuorophosphonite,

6 (3 tert-but

hylphen - )
yI di Ig)enz (d, t)é%ﬂé&%%?%e)%ﬁ% 8§th%§rc¥c%§ ﬁ%g&ﬁgesglmnventlon is that the above
t et r aki Sdeé&;b@ddatalysbs;fs;dm Easrmhlgly hetphlt@lrc}b&ﬁﬁc‘ibnﬂm b pbpslymertization jplids phoni t e.
Anmong t he abov tlongd conpounds, the follow ng ?hos hitelggosphonite
ant i oxi dAFnC ABFATUREEUSH &y dkRcrab 4 PRlynISEIZAYRY GEBgFaturc of about 80 °C.
tetrakis-(2,4-di-t-butyl phenyl)-4, 4" - biphenyl en-di-phosphonite;
bis(2,6-di-t-butyl-.4-nethy|phenyl)pentaerythrityl-di-phosphite;
30di -stearyl -pentaerythrityl-di-phosphite; and
bi s( 2, 4-di cunyl phenyl ) pentaerythritol diphosphite.



As antioxidant either a single conpound or a m xture of conmpounds may be
used. Particularly preferably a sterically hindered phenolic conpound and a
phosphi t evphospisera7t e WO 2010/ 084047PCT/ EP2010/ 050238 P2ET®EPR@OONR3STAY be
used in conbination. The sterically hiTndered phenolic conmpound typically
acts as a long termstabilizer. The phosphite/phosphonite conpound
typically acts as a process stabilizer. The skilled man can readily

det er m rn@gcRUHARREORLIVAY eoaﬁeréﬁr ofocfle azrta ly%y@leﬂltls apleést I1 8o E'-}b@ﬁyall&né/(‘g?caﬂ% ymer.
As di scussed above, however, rners pr oduced e process of th

present Uanl st mere nr@fﬁpfrblz‘ ¢hel 8@§§1t3c meé 1gignt of g @ﬁquféwmress gtHeast é%ihg«ent i onal
pol yners S nt i a

sterrcaﬂFﬁQ% g% Hﬂ%%%? %e$3:§g@9 diﬁwﬁkmw %EQJMﬁﬂ%%%%é%%un of 200 -
1000 pprhit ofﬂﬂ{@clﬂﬁfﬂfl esdhtiyni300s. it rﬁﬁ)ﬁb@wwgh a€50@. g A&10a10EK/(RRAvh, bar).about
500 ppmat . The anmount of organic 10 hoshrte/ hosphonj t e anti oxi dant
presént in theeduglysaiplylig P‘f?%é?te‘rlté"tﬂf)} SRFOSHE Oh Emresewéerﬁro@fhér HBNY 100- 350
ppmat  a f; y gmm

antioxiﬁgﬁ%§§‘?2F§g§$?§%|g§P§E%§§?E rec}ICt %ﬁm¥ﬁgﬁ§ﬁ% nt OFE??%@Q?%.OK nmet al
present safety rieksposocrmed with sheffandlignof ¢amlﬁmh1erlahs as bess aiatri:qmredeact | ons, e.

g. when | eyel of..ransrtr n net al ner (S tnDI
transit H%%e Repbikly 185Gy (S %FéramOHBtr §?§! E SISFN hgrke qf}lﬁfg]ﬁ L'po [f‘FlFr’blln
transi tingIRILIHeE %ﬁu&fﬂnyﬁiﬁ{ts tofinc@ascTREE pidddftidh &&ﬁfﬁlwﬂfoﬁf‘@\zﬁﬁ% met al
per kg pol ymer. Such | evel s of transition netals may occur as the

i nt dfpolipererss theiercoftoe sizpoepdrled mut¢ridufccd sywéeii.ng (e. g. deashing) step.
Q her additives (antiblock, color masterbatches, antistatics, slip agents,
fillers, UV absorbers, lubricants, acid neutralizers and fl uoroel astoner

and other pohﬁnﬁﬁm@@ggﬁgﬁda&wﬁgfagqﬂg§%snay optionally be added to the
pol yner. Prior to introduction into the plastic converter, the

pol yner is prefigh gggﬁoﬁgﬁkgggsprocessed to achieve less than 10 %w of the
pol ymer being snmaller than 2 nmin average size (weight average) and a

| oose bul k deﬂ%‘s&{‘gp ol%gﬂﬁd’tlohrﬂ%tléﬁ’% ﬂ?@f‘e%l JhBePOMAR N RNtBR] Y Ter m X IS

preferably extrud and granul ated into pe ets Prior 25to extrusion, the
pol yifer qircefating biop Qr@htrad:ta@klr@@@m tautalile nglly@tkﬁne Bltorcrsssesrmﬁefor)m@marlebl y |less

t han O. /to r or Pr i extru

br of er att bR G L8 T ohd bty FGRLT e SR PRI Lr ocessi ng
agent s Qaeadior) kdnkQalely BtobEroaskd gt il jettiyl BiRl Byet yoratiiBaveDf LfdneePRANEr . | Nn
this case the additives are preferably used as nasterbatches and pellets

m xed t Hépegen sfagnstanteslpay mepcx Prasgesdfoppoliypitiyigael Mitsuo stppdignl slugytrpadiass. 30

amount JoRD. B R aRLE O s g RS OO e R R RS e
of tloe mmmps rlﬁﬁbueae pagékioap yirgProQsOBy Briwbs, pattidflthaBestap staf el iy 1089 -

99.9 %, . 90 - In |nter mers wherein the | argest anount
of C2_8 aélrirgéﬁ@hfrse rw%rr%@%f)e@eﬁhmm % Borhs AngpAHObSRICTIBe! et hyl ene i s

additio

3- nethyﬂﬁl%%U@ﬁ8§§£%%%§ﬁ§§(g§%2 Q%%é? ggﬁgk(#%%ﬂgﬁéﬁégyﬂéﬁgp?ﬂégﬁ%ron is
pr ef er abdcyividy 6fithe Oatémrs@/wylstenmmee:npheﬁfre rda:t:drﬂoed) allow f@GBaient sturryg. 0. 5- 10 %t ,
nor e pref i stated her.ein_.that the

et GO TR b T brotencd e i prouctiviod fhsrtoleL e S RF PR SRRy 1 s

to be U%ﬁﬁl&%@l@p%ﬂ@éﬁv‘it %fﬂiérb@ﬁ& CataB/siNy8REN PrdfBrabRe R YrydR ivityadi& cfor m 10
of a repeat unit. The s led man can readily detérmine what is the repeat

uni t f orbaagdjorgihe ewahﬁdmdmghmﬁ ¢hedaatady st yyseém itheheipotyenqyghijoreproofss iha least

i nvention is ref e 835-970, kag{ nB. en t al kene is
eyl enel b e Bagidey cHeh P Erh T o P P ga B R Gee R T S1iT)
nmor e pr efaeiy@pbystdni id A ecaksen @R fdlner/ i QAQHE! Bftert, ¢. @: at9e43t 3 tdh3bIK@EMEa

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.

Slurry reactor parameters and operation



15When the C2_8 al kene is propylene, the density is preferably in the range
880-910 kg/nB, still nore preferably in the range 885 - 910 kg/nB, e. g.
890 - 9l0wbgbmds4ddhen the C2_ 8 al kene is propyl ene, thectpene/osa2Bibl es of
the interpolynmer is preferably in thel8range 0.5 - 30 %, nore preferably
1-10 %, e. g. 3-8 9. The MFR2 of the interpolyner of the invention is
preferably in the range 0.01 - 201000 g/ 10 mn. Wen the C2_8 al kene is

et hyl ene, t herdiBadRibné e cRBRIMPBGL él%?%@tgﬂ{eﬁ%%ds@ré@@ll és’%ﬂgﬁhéh 2kh&HQ. 9/ 10
mn, nore preferably in the ran /10 m n -10 g/10 mn.
When theTk@zea:tenlterneerﬁtyrqolmmftr@glef lnffhﬁera ©f 1207E, pat. ﬁgﬁ 10% “Gridrer abl y | n

the ran r t /

L 1 eadtah kS0 AN S ERL to e 1% 1GUOR iR BRI
[ nventl afiné B the efaefoabl yeattord (hee. aﬁﬁha@'gll’r%lzaﬁl&l $ctityenpichealily i 118tha|r eis
ethyl ene the nelting erature is nore preferably in the range 100 - 140

C, stil10-5reh ?}Fréff‘elgabF%/“nB%urﬁ heherdibygat used Wil gengraly began ajiphatio pirecark@en t he
Cc2_8 al : to r bly i n t he
range 130 ey AP ARERIG PG ETPRIGH Bkl RIS Fhe )

135 - 156ob@Gtanthed ptopafic,tehgeciatiyesqbotapaer  of the invention is prefer abI y in

the range 70 - 30 .50 000 WA t he 8 al kene i hyl ene, the M
is nore pref 3&%@6?%’31% iH 2PSASTSH %{%&ij%%o eheZS%Pt‘UdBfg}cﬁ’BP as 'S‘f‘?qsl‘i’cuﬁfér"@l ef erably
in the ranggoloryd lel akﬁ%s?&@al% Latal§sts gﬂth@ogﬂq metd1cORQ vgtltlfrﬁlleasy\bﬁ'@ the
C2_8 al kehne I's propylene IS nore

preferably in the range
20100084@4@?@?&@91230 gmt%dmeolzmamo boGeen tllet)ﬁ@e(d)oﬁh@/rmﬁn andtthd feedrof éle Cas

preferably in the range 14 00 00 e. g. 20 000 - 50 000 g/ nol.
The wei gﬁlll%lnﬁ\}letfpé e %%?’ﬁtegtls\(/\le ]gﬂt(?)o I\/ﬁ/) %@t he interpol ymer of the
invention is H%E%f&ﬂﬁ%é’pdl?m%ﬂ&tﬂoﬁ@%ng@130&9fled HRQ0a QORI IP: schien the C2_8

al kene is ethylene, the weight 5average nol ecul ar weight is nore preferably
in the rc@ﬁg@ﬂf&@ powgss: Thgothgeengmess, dilsent nd hydregqyy & @fﬁé@‘ﬂbbﬂfﬂdt he range 50

000 - ngﬁt]goug(xeo sﬁlgﬁa corgtnuzgslgmr}% the]tggctgropr rnﬂl thg\y&gt'ab}sp%e a?soktg e I's
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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 slurry, still more preferably less than 0.2 kg/ton slurry,
¢. g. less than 0.1 kg/ton slurry. Preferably, the concentration of catalyst system is at least

0.01 kg/ton slurry. Preferably, the concentration of polymer present in the reactor during

polymerization is in the range 15 to 55 %wt based on total slurry, more preferably 25 to 50
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density of 915-950 g/dn8. Preferred interpolyners for rotonoul ding have a

MFR2 of @uélyagluglm@ahpﬂlyallbplpfe 5The interpol yner of the present invention
may € advantﬁgggsu cco lsrﬂleh o SG&H{%@ Brﬂﬁf B&It%r %%&ﬁtloﬁs ark S Used in

pi pes ards esS may be
used e. mgefefadly avafoldowand gas distribution, sewer, wastewater, agricultural
uses, sl urrieﬁ, chem cal s L o o
- ¢ 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 Cs.19 alkene comonomer.
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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, it is a
copolymer, and more preferably, it is a copolymer comprising a 3-substituted C4.1 alkene as

hereimbefore described.



differential scanning calorinetry. Heating curves were taken from-10 Cto

200 Cat 10 ¢ mn. Hold for 10 mn at 200 C. Cooling curves were taken from
200 C t o whQo1/m8043010 C per min. Melting tenperature wReTiERR@0/08®3% he peak
of the endotherm of the second heatimg. WD 2010/084047PCT/ EP2010/ 050238 31
Comononer content (w % was determ ned based on Fourier transforminfrared
spectroscopy (FTIR) determ nation calibrated wwth C13-NVR Density of
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coef fi ciieakinglyortrhgtiftefchrosesl e pol ynerization runs is cal cul ated by the
foll ow ng equati on: (Catal yst amount (g)) . (Partial pressure of ethylene
(bary). (Pol yietcrabhy.ihgreysrnthe proqesy ofthe preadit imisatien St Spads pi2&t i ons, the
activity j.Cl i ous by using production rate of polyner

i nst ead pggﬁﬁrgagblgpi%ygggggcggd feed rate of catal yst systeminstead of
anount fed cavlaltipstdal polgmosimay dltvenaivelydgeremasdedenaseng twreod moreliéffeonit | nuous

reactor. .1‘:} Exanple 1, Use of 3-nethyl-but-l-ene in single stage
pol yner i SFS YiF ng‘w %’tné’_rsluf%ﬁl%reﬁﬁ@r'cat al yst system ((n-Bu-Cp)2 Hf Cl12 and MAO
supported on gl iRl SuliGR)caBit BIERA 89dQ886RE LBl YnALGOHJl RYplcfaexanpl e

1 of WO 98/ 02246, except Hf was ‘us€d as 20 transition nmétal instead of Zr
and 1600 raulwamdalseedyrasrs clal this wase, onorfldethydhiard e optiempepdymeeproptrtivy, ene:

POl YT L A0 Y QOSe R 0 RENEn ELR eSO Red o
grade (9215174 ratiblds Posxie Betaren tielifsbrpbrhtion. S dnitRbARYbAK 14528 iR¥orating
site I and on another less incorporating site I1. It has been surprisingly found that the 3-
substituted Cy.19 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 Cs.19 alkene with a multisite
catalyst system is therefore especially favorable.
Multimodal polymer may therefore be obtained in a single reactor or in a system of
two or more reactors, €. g. in a staged reactor process. Preferably, however, a single reactor
20  process (except optional prepolymerization reactors making less than 7 % of the total
polymer) is used. Preferably, a multisite catalyst system comprising two or more (¢. 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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10 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.

15 On the other hand, unimodal interpolymers as hereinbefore described often have a
lower viscosity at very low shear stress compared 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.

20

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

25  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, i. €. 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

30  downstream of the polymerization process, the polymer powder from the reactor(s) should be

in a free-flowing state, preferably by having relatively large particles of high bulk density,
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¢. g. less than 10 %wt of the polymer being smaller than 100 pum 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 (e. g. N,) gas atmosphere.

5 Antioxidants 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, 1. e. phenols which comprise two or one bulky
residue(s), respectively, in ortho-position to the hydroxy group, and sulphur containing
compounds.

Representative examples of sterically hindered phenolic compounds include 2,6-di-
tert.-butyl-4-methyl phenol; pentaerythrityl-tetrakis(3-(3',5'-di-tert.-butyl-4-hydroxyphenyl)-

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'-
hydroxy-3'-tert.-butylphenyl)butanoic acid)-glycolester; 4,4'-thiobis(2-tert.-butyl-5-

20  methylphenol); 2,2"-methylene-bis(6-(1-methyl-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-ol; 2,2'-ethylidenebis(4,6-di-tert.-butylphenol);1,1,3-tris(2-
methyl-4-hydrosy-5-tert.-butylphenyl)butane; 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-methylphenyl)prop- ionyloxy)ethyl)-2,4,8,10-tetraoxaspiro(5,5) undecane;
1,6-hexanediyl-bis(3,5-bis(1,1-dimethylethyl)-4-hydroxybenzene-propanoate); 2,6-di-tert.-
butyl-4-nonylphenol; 3,5-di-tert.-butyl-4-hydroxyhydrocinnamic acid triester with 1,3,5-
tris(2-hydroxyethyl)-s-triazine-2,4,6(1h,3h,5h)-trione; 4,4'-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; triecthyleneglycole-bis-(3-tert.-butyl-
4-hydroxy-5methylphenyl)propionate; benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-
hydroxy-c3.1s-branched and linear alkyl esters; 6,6'-di-tert.-butyl-2,2'-thiodi-p-cresol;
diethyl((3,5-bis(1,1-dimethylethyl)-4 -hydroxyphenyl)methyl)
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phosphonate; 4,6-bis(octylthiomethyl)o-cresol; benzenepropanoic acid, 3,5-bis(1,1-
dimethylethyl)4-hydroxy-cso-branched and linear alkyl esters;1,1,3-tris[2-methyl-4-[3-(3,5-
di-t-butyl-4-hydroxyphenyl)propionyloxy]-5- t-butylphenyl] butane; and a butylated reaction
product of p-cresol and dicyclopentadiene.

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-hydroxyphenyl)benzene; 1,3,5-tris(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-
methylphenyl)propionyloxy)ethyl)-2,4,8,10-tetraoxaspiro(5,5)undecane.

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-butylphenyl)phosphite; 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-butyl-4-
methylphenyl)pentaerythrityl-di-phosphite; 2,2'-methylenebis(4,6-di-t-butylphenyl)octyl-
phosphite; 1,1,3-tris(2-methyl-4-ditridecyl phosphite-5-t-butylphenyl)butane; 4,4'-
butylidenebis(3-methyl-6-t-butylphenyl-di-tridecyl)phosphite; bis(2,4-

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'S,5"-tetra-t-
butyl-1,1'-biphenyl-2,2'-diyl)phosphite); phosphorous acid, cyclic butylethyl propandiol,
2,4,6-tri-t-butylphenyl ester; bis(2,4,6-tri-t-butylphenyl)-pentaerythrityl-di-phosphite; 2,2'-
ethylidenebis(4,6-di-t-butylphenyl)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-stearyl-pentaerythrityl-di-phosphite; and bis(2,4-dicumylphenyl)pentaerythritol
diphosphite.

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

Particularly preferably 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

5 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, ¢. g. 400-600 ppmwt or about 500 ppmwt. The amount of organic

10 phoshite/phosphonite antioxidant present in the polymer is preferably 50-500 ppmwt, more
preferably 100-350 ppmwt and most preferably 150-200 ppmwt.

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

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

Other additives (antiblock, color masterbatches, antistatics, slip agents, fillers, UV
absorbers, lubricants, acid neutralizers and fluoroelastomer and other polymer processing

20  agents) may optionally be added to the polymer.

Prior to introduction into the plastic converter, the polymer is preferably further
processed to achieve less than 10 % wt of the polymer being smaller 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

25  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 (e. 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.

30

Polymer composition and properties
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The amount of C,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 Cs.1¢ 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 is stated herein that the amount of a given monomer present in a polymer is a
certain amount, it is to be understood that the monomer is present in the polymer in the form
of a repeat unit. The skilled man can readily determine what is the repeat unit for any given
monomer.

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

When the C, 5 alkene is propylene, the density is preferably in the range 880-910
kg/m’, still more preferably in the range 885 - 910 kg/m’, . g. 890 - 910 kg/m’. When the C,.
s alkene is propylene, the xylene solubles of the interpolymer is preferably in the range 0.5 -
30 %wt, more preferably 1-10 %wt, ¢. g. 3-8 %wt.

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 ethylene, the MFR; 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. g. 0.5-10 g/10
min. When the C,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, ¢. 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, 5 alkene is ethylene, the melting temperature is more
preferably in the range 100 - 140 °C, still more preferably in the range 110-130 °C, ¢ .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 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, ¢. g. 25 000 —
70 000 g/mol. When the C,5 alkene is propylene, the Mn is more preferably in the range
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10 000 - 100 000 g/mol, still more preferably in 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, . g. 70 000 - 130 000 g/mol. When the C,
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, ¢. g.
80 000 - 200 000 g/mol.

10 The Mw/Mn of the interpolymer of the invention is preferably in the range 1 - 50.
When the C, 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 C,5 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
sense 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, e. g. via radicals. If present, however, long chain branching is preferably
introduced 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, ¢. 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

5  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, ¢. g.

less than 15 pmol transition metal per kg polymer.

10 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.

15 The interpolymer may also 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 blow moulding, injection moulding or

20  rotomoulding.

Representative examples of blow moulded articles that may be prepared include
bottles or containers, ¢. 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/dnmr’. Preferred
interpolymers for blow moulding have a MFR;; of 1- 40 g/10 min.

25 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/dm’, e. g. 955 - 970 g/dm’. Preferred interpolymers for injection moulding
have a MFR; of 0.5-100 g/10 min.

30 Representative examples of rotomoulded articles that may be prepared include water

tanks, bins, containers and small boats. Preferred interpolymers for rotomoulding have a
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density of 915-950 g/dm’. Preferred interpolymers for rotomoulding have a MER, of 0.5 —
5 /10 min.

Pipe

The interpolymer of the present invention may be advantageously used in pipe
applications. Preferably, it is used in HDPE pipes, ¢. g. according to PES0 or PE100
standards. The pipes may be used ¢. g. for water and gas distribution, sewer, wastewater,
agricultural uses, slurries, chemicals etc.

Preferred interpolymers for use in pipe applications have a density of 930 — 960
g/dnr’, preferably 940 — 954 g/dm’, more preferably 942 — 952 g/dm’. Preferred
interpolymers for use in pipe applications also have a MFRs 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;s 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
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 interpolymer comprises of more than one component it preferably comprises:

A. A polymer component(s) which is 25-65 %wt, more preferably 35-60 % wt of the
interpolymer 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 100-1000 g/10 min.

B. A polymer component(s) which is 25-65 %wt, more preferably 35-60 %wt of the
interpolymer and comprises more than 0.5 % wt of comonomer, more preferably more than
1 %wt and has a MFR; of 50-5000 g/10 min, more preferably 100-1000 g/10 min.

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

The present invention will now be described with reference to the following non-

limiting examples wherein:
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Determination Methods

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

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

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 styragel columns from Waters (styrene-divinylbenzene) and 1,2,4-
trichlorobenzene (TCB, stabilized with 250 mg/L 2,6-Di tert butyl-4-methyl-phenol) as
solvent at 140 °C and at a constant flow rate of 1 mL/min. 500 ul of sample solution were
injected per analysis. The column set was calibrated using universal calibration (according to

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

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.
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Comonomer content (wt %) was determined based on Fourier transform infrared
spectroscopy (FTIR) determination calibrated with C13-NMR.

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

Xylene solubles were determined according to ISO-6427, annex B1992.

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

following equation:

Yield o olymer (ki
Activity _coefficient(kg /(g ,bar, h) = ( _of _ polymer _(kg)

(Catalyst _amount (g)) - (Partial _ pressure _of _ethylene (bar))- (Polymerisation _time — (h))
For continuous polymerizations, the activity coefficient is analogous by using
production rate of polymer instead of yield of product and feed rate of catalyst system instead

of amount fed catalyst, and using the average residence time in the continuous reactor.

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

Raw materials

The catalyst system ((n-Bu-Cp), HfCl, and MAO supported on calcined silica) was
prepared essentially according to example 1 of WO 98/02246, except Hf was used as
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.

I-octene: Polymerization grade (99.5 %). N2 bubbled and dried with 13 X molecular
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

Slurry Polymerization method

221
1.8

shows
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tenperature was adjusted to the desired polynerization tenperature. 400 ni
propane was added and stirring adjusted to 280 rpm 207. Ethyl ene,
conononer and hydrogen were added into the reactor. The pressure was
mai nt ai ned at the desired pressure by supply of ethylene via a pressure
control valve. Hydrogen had been previously mxed with ethylene in the

et hyl ene supply cylinder. Conmononer was al so added continuously into the

reactor, proportional to the ethylene flow 8. The
pol ymeri zati on was stopped by venting the reactor of volatiles and reducing
25t he tenperature. 9. The polymer was further dried at 70 Cin the

reactor wth N2 flow. Further details of the polynerization procedure and
details of the resulting interpolynmers are provided in Table 2. WO
2010/ 084047PCT/ EP2010/ 050238 36
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Conononer start ml 30 50 Feed ratio conmononer/ethylene g/g 0.09 0.27
Fraction in stage 1 wt%50 50 Yield in stage 1 g 1190 1180 Run tinme mn 47
31 Activiwgowoafsiiiici ent g PE/ (g cat, h, bar) 245 368 M-ReT@Pr@ons023470 150
Density g/ dm 34

The results in Table 1 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 allows a much higher catalytic activity to be achieved than
when 1-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
MFR, 1.6 1.7

Mw 95 000 95 000

Mn 43 000 43 000
Mw/Mn 2.3 2.3

DSC, Melting 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 1-hexene or 1-octene as comonomer.

15 Moreover Figure 2, a plot of comonomer content versus polyethylene density,
surprisingly shows that in order to produce a polyethylene of a given density, about 20 % less
3-methyl-1-butene needs to be incorporated therein than 1-hexene or 1-octene. This means
that to produce one ton of polymer by a catalyst system as herein described, using 3-methyl-
1-butene versus 1-hexene or 1-octene, results in using more ethylene 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.
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Example 2. Use of 3-methyl-but-1-ene in staged polymerization

Raw materials and methods

The same raw materials as in example 1 were used when applicable, including the
same catalyst.

5 Polymerization was carried out in an § 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 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.
Comonomer was also added continuously into the reactor, proportional to the ethylene 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 ml
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 dried at 70 °C in the reactor with N, flow.

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

provided in Table 2.



Feed rati o conononer/ethylene g/g 0.09 0.29 Fraction in stage 2 wt % 50 50
Yield in stage 2 only g 1150 1140 Run time mn 66 33 Activity coefficient g
PE/ (g catwohlionsu(47169 334 TOTAL RUN POLYMER - PO\DER®/EP201B/0528% on nmade

in stage 2 wt% 36

Results

Table 2
Run no 1 2
POLYMERIZATION STAGE 1 - SLURRY
Catalyst feed g 291 1.93
Total pressure bar g 21 21
Reactor temperature °C 85 85
Hydrogen in ethylene feed molppm 3550 3550
Comonomer type - 1-hexene 3-methyl-1-butene
Comonomer start ml 30 50
Feed ratio comonomer/ethylene g/g 0.09 0.27
Fraction in stage 1 wit% 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 g/dm” 937 941
POLYMERIZATION STAGE 2 - GAS PHASE
Total pressure bar g 21 21
Reactor temperature °C 70 70
Hydrogen in ethylene feed molppm 300 300
Comonomer type - 1-hexene 3-methyl-1-butene
Comonomer start ml 30 50
Feed ratio comonomer/ethylene g/g 0.09 0.29
Fraction in stage 2 wit% 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% 50 50
MFR: g/10 min 21 1
Density g/dm” 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 slurry as well as in the gas
phase stage. Thus multistage polymerization can be advantageously carried out using 3-
substituted Cy.19 alkene, including cases where a slurry phase polymerization 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.
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for the preparati’on of an al kene interpolyner, conprising: “polynerizing at
| east one Batglybstituted C4_10 al kene and at | east one C2_8 alkene in a

slurry polynerization using a particul ate catal yst system conprising a
single site catalyst. 2. The process as clainmed in claim1l1, wherein said

C2_8 al kenght preichiydsememed i¢1QRy | Snkoreid sailli® sRileee 3Scthplchd & propyledt. cl ai m 1
or 2, wherein said 3-substituted C4_10 al kene is a conmpound of forrmula (I)

R1(1) wherein Rl is a substituted or unsubstituted Cl1_6 al kyl group and n
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compound of formula (I)

= n

R’ )

wherein R' is a substituted or unsubstituted C, alkyl group and n is an integer between

0 and 6.

4. The process as claimed in claim 3, wherein said 3-substituted Cs.19 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.



5. The process as clainmed in clains 1 to 4, wherein said catal yst system
conprises a netallocene. 6. The process as clained in clains 1 to 6,
wher ei n swOQoDBal4ySt system conprises a carrier. 7. TheCpmpe@sds@ss cl ai med
inclains 1 to 6, which is continuous 88. The process as clained in clains
1to 7, wherein the productivity baseé on a total dry weight of the

cat al ysto.eysk SMdes, Alclifiddln dahlll RO XIRECiPElid KRAOIIpAIR Ysthpitstem VO
2010/ 084047PCT/ EP2010/ 050238 38 9. The process as clainmed in clainms 1 to 8,
wher ei n saisdbssitlteh€..iordlenp obypmeomeramen iagwsntsf GUb49 M Yitheascddh 4 ®tal kene
conononer in.%g ?ngq} 0§10.01-40 wt % based on a total weight of the

i nt er pol ym&r©'8M 8 PPHRCHIPOEEEs as clained in clains 1 to 8, wherein said

al kene interpolyner conprises C2- 8 al kene nononer in an anount of at |east
60 wt % based on a total weight of the interpolyner. 11. The process as

cl ai med0i n Tar araesssiastedpimod inglaimsi Intost jwhedi egié alkanenpupylrmer epmprascili-ght
aver age nol ight of 20 0 | .. T cess as

ol =i med 1 n SR ElolSinEh R apfelnEot e G O R Ra R it o s RE RS N o
0. 01-5000 ¢dtd@olyinter. 13. The process as clained in clainms 1 to 12, wherein
said al kene interpolyner is uninodal. 14. The process as clainmed in clains
1 to 13, wherein said at |east 3-substituted C4_10 al kene and said at |east
one C2 a i ] Eher ; i.ntecpal yner
obt ai nad by AL B Gkl Rk or PR (AR Ghd gt M B0 BB Y rer
as cl ai med averagd mbhecdlar weighpefi ) 00§: to 19668 900 hamo11000 ppm by wei ght of the
particul ate catal yst system or residues therefrom

12.  The process as claimed in claims 1 to 11, wherein said alkene interpolymer has a MFR2

0f 0.01-5000 g/10 min.
13.  The process as claimed in claims 1 to 12, wherein said alkene interpolymer is unimodal.

14. The process as claimed in claims 1 to 13, wherein said at least 3-substituted C4.1o alkene

and said at least one C,5 alkene are different from one another.
15. An alkene interpolymer obtained by the process as claimed in claim 1.

16. The alkene interpolymer as claimed in claim 15, comprising:

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



