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i nconpati ble olefin polynerization catal yst systens Technical field 5The
present iwoentwwgmeTel ates to a nethod for transitioni ngPOEERR@9/009066

i nconpati ble catal yst systens for the polynerization of olefins in one
reactor, in particular froma Ziegler-Natta catal yst systemto a Phillips
catal yst system In the present description and in the follow ng clains the
term "catal yst system' is used to indicate 10 a system conprising at | east
one catal yst conponent, i.e. at |east one nmetal conponent catalyzing the

olefin pOIT. Ig:Pl\ylit%oa Ofhnki |anc|:r§I Bati e%rllrgc’om Etli 1G1EHn ph feH£ tti CatsQURONENS S, such
as an agen%rﬁrw—&e%mc&wnvm%ﬁmm—gs—gﬁ aI yst or

activator), a support and any other conponent as is well known in the art.
As i s knowscHniaffle® art, Ziegler-Natta catal yst systens generally conprise a
conpl ex of a base 15nmetal alkyl or halide with a transition netal salt,
while Phillips catalysts generally conprise chrom um oxi de based catal ysts.
Unl ess5 ot fiee plesent invelitionreiales fora methodifioeisangttioniegbstivern ingpmpatble patealyss sysiemMowi ng
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or a copol )#TE]’I zatl 9 t20 Unl ess otherwi se indicated, in the pr esent
descripti 84" waC?ﬁY? ﬁés?'Bl lowing claims the term "polymer” is used to

i ndi cate a honopol ynmer or a copol ymer conprising a nononer and at | east one
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greater, WhemRinodideas®l dadtangts. enperature Tmis the tenperature at the

maxi nrum of the nelting peak as better 35 described in the following. Tmis
measured according to I SO 11357-3 by a first heating at a heating rate of
20C/ mi n uinieps gthearigreingicaled. Bf theowesent deseaplivadandaindiprafriving ¢1gimsl \he A8 on

at a cool kgyrient&ioRfis d6¥d/t&nBicstatal Homdpbl@ENgRERINWE @ cOpolydditation. r eached, ad a
secondotheating at a heating rate of 200 mn until a tenperature of 200C is
reached. TUnlessretherwisp ingitpledainuthe presepireizsonption 340 in the following claims the term

2010/ 07236/l 5?3%% GRRARS l?orRJponhx%r HEE‘A LdpRGmBE & Risink BEnGRARNEnd183¢ds0 )

is therefore t enperature at whi'ch the curve of the enthal py vs.
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"copol ymer of ene rising repeating
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speci es, haV|n a neltin rature Tm
P Unless %therwuse mdlcgted |rrT1pt?1e present descrlptlon and in the following claims the term

“polyethylene” is used to indicate an ethylene homopolymer or a copolymer of ethylene and at
least a further comonomer.

39 Unless otherwise indicated, in the present description and in the following claims the term
“ethylene homopolymer” is used to indicate a polymer comprising repeating ethylene monomeric
units, possible comonomers of different species being present in a limited amount, in any case
such that the melting temperature T,, of the polymer is about 125°C or greater, wherein the
melting temperature T, is the temperature at the maximum of the melting peak as better

35 described in the following. T, is measured according to ISO 11357-3 by a first heating at a
heating rate of 20°C/min until a temperature of 200°C is reached, a dynamic crystaliization at a
cooling rate of 20°C/min until a temperature of -10°C is reached, ad a second heating at a heating
rate of 20°C/min until a temperature of 200°C is reached. The melting temperature T (maximum



| ower than 125C. The above-nentioned nethod is particularly but not
exclusively useful to carry out the above-nentioned transitioning in gas
phase, prePapl7’9367n a flui di zed bed reactor. 10 Backgr 8GREPaF0OIH0H66
invention and prior art Gas-phase ol efin polynerization processes are
econom cal processes for the polynerizati on of olefins. Such gas-phase
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systemto a Phillips catalyst systemin a fluidized-bed reactor by addi ng
to the reactor firstly a 35deactivating agent and then a cocatal yst

adsor bi ngvagemwo7236ér exanple silica, in order to absor b PCHEPRRIVADIGS ky|
before introducing the Phillips catal yst system WO

2010/ 072367PCT/ EP2009/ 009066 4 Even in i ew of the teaching of the prior
art, there is still the need to obtain an effective transitioning from
Ziegler-Natta to Phillips catalyst systens. Summary of the invention 5 The
Appl i cant has perceived t he need of perforning an effective and snDoth
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pol yol Ofin fracti on I n other words, in the present description and in the
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di ff erent Pribbecathigst sysenght s. A single site catal yst such as a netal |l ocene
catal ygt is not conpatible with a Zi egler-Natta catal yst mainly because, in
order to produce, for exanple ol yet hyl ene having a predeterm ned nelt
flow rateA @%t'@“? qatetyat sysieny ’P@t e f‘%‘q‘iﬂ”?pét'%‘bé’ft%ualp lingt CafANSh SYFIRTT BERaHSe
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ethyl ene i Lhe ,_qg"q&rca lys . 30 By way of illustrative exanple, single site
catal ysts 08rrpr| se netallocene catalysts. Single-site catal ysts may

conprise for exanpl e conpounds selected fromthe group of netall ocenes
(i ncl wdi ngn eiet appsontliLthdngel Betweah itwe hcom patibenedtdlyst syhiahs, tthé edbstvedtimarycl i c
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cyclopenta T ans enera npoun haV|ng
t he f A9 O\MOFI@GQ‘ @nemglyg'ner @qg@ngtxfgom the reactor, the reac or is rapidly purged W|th nitrogen, a

new seedbed of polymer particulates is introduced into the reactor and the second polymerization
reaction is then started. However, on the one side the opening of the reactor leads to deposits on
the walls which have an adverse effect on the renewed start-up of the reactor and, on the other
side, such method inevitably requires a discontinuation of the polymerization process and an
30 unacceptably long stop time between the first polymerization reaction and the second

polymerization reaction.

It is also known from document WO 2006/069204 to transition from a Ziegler-Natta catalyst
system to a Phillips catalyst system in a fluidized-bed reactor by adding to the reactor firstly a

35 deactivating agent and then a cocatalyst adsorbing agent, for example silica, in order to absorb
the metal alkyl before introducing the Phillips catalyst system.



wherein Cp is a substituted or unsubstituted cycl opentadi enyl ring or
derivative thereof, Mis a transition netal, preferably a Goup 4, 5 or 6
metal , R WO 2810y&isdcar byl group or hydrocarboxy group hZCTAF26006H306he t o
twenty carbon atons, and X is a hal ogen. Generally, the nmetall ocene 10
catal yst conmponents referenced herein inAclude half and full sandw ch
conpounds havi ng one or nore bul ky |igands bonded to at | east one netal
atom Typical netallocene catal yst conponents are generally described as
cont ai ni ng one or nore bulky ligand(s) and one or nore |eaving group(s)
ponded LOefy n heAs) P . LR %Wrre pF&rarI fier Y RAP B Rledt [l SuidR ST Ll and
appended clai avi ng group” 1s any |i1gan can

abst r act etﬂa"fsl’“é'ﬁwgaff%?@'e[ Natteia PMWEP@EP'Vﬁééﬂ%m%at al yst to for m a netal | ocene
catal yst cation capabl e of polynerizing one or nore ol efins. The bul ky

l'i gands age genetal ",X,ert%gresent ed by one or nore open or fused ring(s) or
ring systen?ngm—ol—ccmfrrnatl on thereof. These ring(s) or ring systen(s)
are typically conposed of 20 atons selected from Goups 13 to 16 atons,
pref er abl ynd Rgpliedr rﬁaf @é@eﬁ&i %]Er%dd fo¥ 9&&&2% @rnQiﬂfﬁct:)twe Mt Shicd® tefnsiaar ben, a
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cyclooCtatetraendiyl or an imde ligand. The netal atomis preferably
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So, if Ziegler-Natta catal sts are operated at | ow hydrogen, they produce
very high® °@8’L‘flaélf’ a\ﬂ@f’ §he! 56? AR CORPY- i f netal | ocene catal ysts are
operated at | ow hydrogen, they produce | ow 35 nol ecul ar wei ght pol yners.
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gi ve r20se to gels. V\D 2010/ 072367PCT/ EP2009/ 009066 6 In order to ensure an
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may be peg% réf? phdREitiBd, ﬁ@r?é?ﬁ@ dHerdnlRoROM Selptt | Oned m xed catal yst 5
system - al t houg ﬁe single site catalyst conponent of the m xed catal yst
syst erfdi s not conpatible with the Ziegler-Natta catal yst system - provided
that the RAuinglesite oatelhstisugrodsyameetatmenecatalysais nbosonipstippewitioa AedesNattescatalystrake,
at the beg ng;s&a&fe Fnhérﬁ?]rQLﬁ'dd@c@gg égfaﬁq'p%aslpewem@ﬁet hfthg PPRAOEMTiRE h¥p

cat al yst conponent stemnore active than the other
one. 1n t HAPY r3tgnyZieglel-Nadacatalysisirpanie QPéraE'?Qaﬁgh'Qh BYAPREN: P8P YRECNS (RYWEY ONat t a
cat al yst siustative éachptehat avaticest hifrogdrab p8iylesy mttieoraerdbf iy om t he latter to the
Philligs catal yst systemare both ensured. If one of the two catalyst
conponents of the nmixed cataly is nore active for a predetermned initial
time, in BaMay thHEStfaéﬂ?’%é{‘aTR‘%Mq gie Gfalysisecoppr W‘aﬂ'?@f‘%f“?@%téb@a?'ﬁéﬁe can
be att ai negtalysis améi/hOdSrﬁprtsb nfer akireple Hompourids neeleatpdt faem fthe Yroupl ef imetallocenes

pol ymeri Z%R |t? #}clghé}%dﬁv@lr d@érnvétkle?a%{npﬁggy 1%b§t%t95' Wﬂﬁ'gl Zcht:o‘égrq 5Jﬁ@§ by a

differenti tive onent s of
t he seconehwuwsqerwye%rﬁwal 3 @ﬁ“é’ﬂ'e?féﬁhﬁ‘igﬁ@d"qeﬂ?ﬁ Al tmﬁ%e BFFOS%“S@Q%nd
pol ynessi zjth 01dr 8 easidiniing niBgéngisrayed and nore effective transitioning is
achieved fromthe Ziegler-Natta catal yst systemto the m xed catal yst
systemand fromthis to the Phillips catal yst system 20Mre particularly,
the Applicant has surprisingly found that it may be convenient that the
further



pol yneri zation reaction preferably starts with initial no activity or
initial relatively |lower activity of the catal yst conponent giving rise to
t he pol yreP 2010452366n havi ng the rel atively hi gher nol ec BCREPAIOGHDI6M t h
respect to the activity of the catal yst conponent giving rise to the

pol ymer fraction having the relatively lkower nol ecul ar wei ght. 25 Accordi ng
to the wording of attached clains, and as described in nore details in the
followi ng, this catal yst conmponent which should be preferably inactive or
in any case less active with respect to the other catalyst conponent at the

begi nning, of the further. ey i ion reactjon is th he. ond catal yst
conponent Inoire PR e ‘5858(“’&%?81“3// thg gltogmg W?-L}b? R Ore "}eﬁa(ﬁo 08P ENRY Shas
sur pri si ngseg tb indivatet dadtalyst comporsat comyising @hteastirie Wﬁepqntﬁdtehélrtfansmon metal

pol ymer i zgkd,gex Jn%agénle&ny RIBMBE@ Naving a{etfélownbhormmatl al no activation or
initial relatively |ower activation of the catalyst conponent giving rise

to the polyner fraction having the relatively narrower nol ecul ar wei ght
distridution with respect to the actiGrMRXaf the catal yst conmponent giving
rise to 35the polyner fraction having the rel atively broader nol ecul ar

wei ght distribution. W) 2010/ 072367PCT/ EP2009/ 0)89066 7 _Acg orgi n # _the
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first ole meri zation reaction performed in C(%resenceo
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pol yolefin Tt I'volefin fraction i's
| ess t hanStHR(SIMIPNGRd tonat Ieast enrimpts| stameForihe P‘éﬂ???eér?f Yirgdesrtipmapd apreaded vity
of cat al yskinspnmorent "ldafihg exapeds ahipeigand thadlcamoki atistryctaf fromt albpiky ligand

compongnt wgeag %ceﬁ%)hgt? yétgs B R% eiamcrfge QL& étrl:af’(m Elé 28bdiHer mg%e QP rdohe

presence 0 S catal yst Syst pr esent cription and
fol | ow ngo@f"bﬁ nms, Mwvis the "weight average nolar nass" (wei ght average
nol ecul ar wei ght) M is the "nunber average nolar mass" (nunber average

nol ecul ar i ) I sper d d ned
as define K\E bgp "g%ng Wedgni%@x SQF&EX (ﬂ%t &Jo{n 'éer émmgg&l ?\J%éhcg{'%d) B ﬁﬁdﬂ term
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pol ymexoi Z atom@rsefe€@6 triofNGlotipd M3 td & htysmpe;srémramdhé atoas dré@selédtéefr@ntheagreud he
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catal yst conp ticular so as to
make t he @qp@pq}@p thesrph ddrsherefgrakihige ripgle qrcgmg ﬁ)@tem(s) are composed of carbon atoms

such as but not limited to those cyclopentadienyl ligands or cyclopentadienyl-type ligand
structures or other similar functioning ligand structure such as a pentadiene, a

25 cyclooctatetraendiyl or an imide ligand. The metal atom is preferably selected from Groups 3
through 16 and the lanthanide or actinide series of the Periodic Table of Elements. Preferably the
metal is a transition metal from Groups 4 through 12, more preferably 4, 5 and 6, and most
preferably the metal is from Group 4.

30 Single site catalysts, however, such as for example metallocene catalysts, must be operated at
low hydrogen concentrations (of some centimol%, for example in the order of 0.06 mol%).

So, if Ziegler-Natta catalysts are operated at low hydrogen, they produce very high molecular
weight polymers, while if metallocene catalysts are operated at low hydrogen, they produce low

35 molecular weight polymers. Accordingly, combining the Ziegler-Natta catalyst and the metallocene
catalyst and operating at low hydrogen concentration will lead to a polymer containing ultra-high
molecular weight chains which, following processing, give rise to gels.



25 polyolefin fraction having the relatively higher nolecular weight (i.e
cat al yst conponent (B)) relatively |ess active when conpared to the
activity WD 20m@72®0al yst conponent giving rise to the p®Ccyaipedoomofos@ct i on
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for a predetermned initial tinme. 30In 8his way, a nmultinodal polyner in
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change of caaRstusiberitnt 6rama mired &dtdigst sysignef er abl y nononodal pol ymer, i.e. the
pol y obtained in the first 30polynerization reaction, to a nultinodal

pol ynmer, i.e. the polynmer obtained in the second pol ynerization reaction.
Furthermore, the Applicant has surprisingly found that it may be convenient that the further

polymerization reaction preferably starts with initial no activation or initial relatively lower activation

of the catalyst component giving rise to the polymer fraction having the relatively narrower

molecular weight distribution with respect to the activity of the catalyst component giving rise to
35 the polymer fraction having the relatively broader molecular weight distribution.



Furthernore, a reduction of fines is advantageously achieved with respect

to other nethods of transitioning froma Ziegler-Natta catal yst systemto a
m xed cat\iDy8t0/07de’ch is particul arly 35desirable in fiPETAPRIOOONS. WO
2010/ 072367PCT/ EP2009/ 009066 9 production fromthe nul ti nodal polyner, i.e.
t he pol yner obtained in the second pol y@erization reaction, to a preferably

nononodal polyner, i.e. the polynmer obtained in the third pol ynerization
reaction. 5The above-nentioned steps a), b) and c) of the rret hod of the
invention are preferably performed in a continuous manner, i.e. wthout any
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in order to forma new bed each time the catalyst 10 systemis changed.
Preferably, the second pol ynerization reaction is perforned so as to nake
the caal yst sbnpdaeantinuinoa fitst pirterelynerizatiosraaten PesRed snihdaEsARret Hdhe

relatively nar I‘O\I\@i’eg@'ﬁ)hﬁ{‘al.ﬂaﬁjlys}/\@s@h{ distribution relativel y | ess active
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the polyner fraction having the relatively broader nolecul ar wei ght
di stribution bor aefaredetasedonedlélini rdlymerization requiien fin the presensesecd idthahd
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pol ymer fracti onsisdésstthan tbe darad theoiepensk potwotefie frasfibe aed mllwrﬁéactwma@ftqa@het

Either of the thr e&nmlewtrmré(ceé&nﬁé Rlali Rtivith 6f dabdiyREcamphéd (B)o! yneri zat i on
reactions is preferably polyethylene, preferably a copol yner of ethylene

and at | east one conononer, preferably an 25 al pha-olefin. Preferred

al pha-ol efins c)corrperi‘csreinoIaehirmeleﬁmmlwritatbm@w@ the peesetneref dredrhillipspratdiyst abl y
from 3sto 10 carbgpgtons, e.g. propene, 1-butene, 1-pentene, 1-hexene,

4- et hyl - 1- pentene, 1-heptene, 1l-octene, 1-decene. Particularly preferred
conononers conprise 1-butene, 1-pentene, 1-hexene, 4-nethyl-1-pentene,

1-oct ene, Irathd presentl deseriptien prafodowibd ylaints, butiethe,"weightrayreage malar geassheveigBo

Even if thgfq %QW:M vr%‘iHPr?)' felsahd Hipnpet iaJerd’g%fn%Iartrﬁhsfs hﬁruﬂggmra\émdle%@kr on
of ethyl ene or to the COE%Béme”

n
conononer W§gh raé?'é’rv'“éfd'sé Y‘?’r%‘}‘?fs'tyr'ﬁ Ed fvhtaé%ﬂ%tami' % 2% ﬁ%@e‘gﬂbﬁthﬁ ‘{gga"%ﬁw
ki nd ofo pekqnms ¥ abt atrerwife mhiedted shatermirhdlecuBbWhightt gwat be undesstpodsdsdvhabl y a
gas phase reactor, preferably a continuous gas phase reactor, in particular

a gas-phase fl ui d| zed-bed reactor. However, th hod. of the gf entr on may
be In other words, the second polymerization reaction is initially pe ormed so as to differentiate the

relative activity between the first catalyst component (A) and the second catalyst component (B)
of the mixed catalyst system, in particular so as to make the catalyst component giving rise to the
25 polyolefin fraction having the relatively higher molecular weight (i.e. catalyst component (B))
relatively less active when compared to the activity of the catalyst component giving rise to the
polyolefin fraction having the relatively lower molecular weight (i.e. catalyst component (A)) for a

predetermined initial time.

30 In this way, a multimodal polymer in which the polymer fraction having the relatively lower
molecular weight exceeds the polymer fraction having the relatively higher molecular weight (if
any) is initially obtained as a result of the second polymerization reaction.

Advantageously, thanks to the combination of steps provided by the method of the invention, not

35 only there is no need to empty the reactor, but an effective and smooth transitioning from the
Ziegler-Natta catalyst system and the Phillips catalyst system while exploiting the maximum
production capacity of the reactor and ensuring the desired quality of production and permitting a
diversified kind of production, including monomodal and multimodal polymers.



applied also in other phase or reactors, such as for exanple in bulk, in
suspension or in a supercritical nmediumin any of the conventional reactors
used for WBaOPyl7936€r i zati on of olefins. In WO 2010/ 072B36TRETVERI®E®/ 009066
10 other words, solution processes, suspension processes, stirred gas-phase
processes and gas-phase fl ui di zed-bed pmocesses are all possible.
Preferably, the Ziegler-Natta catal yst system conpri ses a catal yst
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Syst em corpd sifge cAalfst B@tedn.Si t € cat al yst conponent and a non-single site
catal yst conponent. In the present description and in the follow ng clains,
t he expression "single site catal yst 35 conponent” is used to indicate a
catal yst ¥¥iipiiatcec Bippiagipleg th o orefPied iRONMARLQAl N oPFBPEk IRYEHER. enashely
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one flank of a maximum, due to the presence of at least two polymer fractions having different

Ion on

molecular weights. The multimodal polyethylene may also show three or more molecular weight
25 peaks (or at least two points of inflection on one flank of a maximum), due to the presence of at
least three polymer fractions having different molecular weights.

Furthermore, the transitioning time needed to attain the desired quality of the multimodal polymer
prepared with the mixed catalyst system is sufficiently short to permit a quick and reliable change
of production from the first, preferably monomodal polymer, i.e. the polymer obtained in the first

30 polymerization reaction, to a multimodal polymer, i.e. the polymer obtained in the second
polymerization reaction.
Furthermore, a reduction of fines is advantageously achieved with respect to other methods of
transitioning from a Ziegler-Natta catalyst system to a mixed catalyst, which is particularly
35

desirable in film applications.

Furthermore, the transitioning time needed to attain the desired quality of the polymer prepared
with the Phillips catalyst system is sufficiently short to permit a quick and reliable change of



WO 2010/ 072367PCT/ EP2009/ 009066 11 In the present description and in the
followng clains, a polyolefin, preferably polyethylene, has a narrow
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pol yet hyl ene, has a pol ydi spersity Mv Mh | ower than or equal to 5,
preferably in the range from1.5 to 5 wvore preferably from1.5 to 3, still
nore preferably from2 to 3. 5 In the present description and in the
followi ng clains, the expression "non-single site catalyst conponent” is
used to indicate a catal yst corrponent giving rise to a polyol efin havi ng a
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be consi danegnas exanples of non-single site catalysts. Preferably, the

m xed catal yst systemconprises a late transition netal catal yst conponent
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cat al yst Tompwnententignedstepab), p) andw hlhe owthed of tiedhvegtioncaserpiefasaiy, performed
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cat al yst conponent t he mxe al yst preferably conprises an iron

cat al QQt (6] ﬁéH"t‘”geﬁr eferably haV| ng a tridentate |igand bearing at |east
two ortho, ortho-disubstituted aryl radicals. 25 Preferred iron catal yst

conmponent ﬁreﬁ@é(blgethte h?ecbﬁ@%o&ﬁ%ﬁia‘ﬂérﬁ r@é&mpr@%ﬁoﬁjfe%cgd bedidl %aP@ttﬁ@tcatalyst
application WO 200 Preferred iron catal
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I ndependent one another, are selected fromthe group conprising,
pr ef er abl Vreé‘%tﬁ%“'%‘tdl ipjtial gne. RA’ RA

The first, the second and the third polymer are polyolefins, preferably polyethylene or
polypropylene. Preferably, each of the three polyolefins is polyethylene. Preferably, both the at

20 least one first and the at least one second polymer fractions of the second polymer are ethylene
polymer fractions.

Either of the three polymers prepared in the three olefin polymerization reactions is preferably
polyethylene, preferably a copolymer of ethylene and at least one comonomer, preferably an
25 alpha-olefin. Preferred alpha-olefins comprise olefins having from 3 to 12 carbon atoms,
preferably from 3 to 10 carbon atoms, e.g. propene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-
pentene, 1-heptene, 1-octene, 1-decene. Particularly preferred comonomers comprise 1-butene,
1-pentene, 1-hexene, 4-methyl-1-pentene, 1-octene, and, still more preferably, 1-butene, 1-
hexene, 1-octene.
30
Even if the following considerations will refer to the homopolymerization of ethylene or to the
copolymerization of ethylene with at least one comonomer as preferred embodiment, it is intended
that they apply to any kind of polymerization of olefins as well.

35 The reactor is preferably a gas phase reactor, preferably a continuous gas phase reactor, in
particular a gas-phase fluidized-bed reactor. However, the method of the invention may be
applied also in other phase or reactors, such as for example in bulk, in suspension or in a
supercritical medium in any of the conventional reactors used for the polymerization of olefins. In



5 RB YRA NN/ 10R3 - R5independently of one another denote hydrogen,

Cl- C22-al kyl, C2-C22-al kenyl, C6- C22-aryl, arylalkyl having 1 to 10 C
atons i n WheowVw9367r adi cal and 6 to 20 C atons in the aPgI/REP2a0WM6066 NR12A2,
OR12A, hal ogen, Si R11A3 or five-, six- or seven-nenbered heterocyclyl,

whi ch conprises at | east one atom fromige group consisting of N, P, 0 or
S, wherein the organic radicals R3A - RlA can also be 15 substituted by

hal ogens, NR12A2, oR12A or Si R11A3 and/or in each case two radicals R3A -
R5A ﬁnd/ or in each case tw radicals R6A _ R10A can al so be bonded with one
another to forma Si x- or _seven-nenbered rin nd/or_in ea se
fo radi e ¥aE soll htaests R Rean 2ReE e el PP paoceyeRatY &R
bonded wi plrase flediagrobdvcarodesses@reralepdssible- , si x- or seven- nenber ed

hfet er ocycl yl, which 20conprises at |east one atomfromthe gr oup consi sting
of N, P, Ai ndependent |y of one anot her enote

Cl- C22- al Egﬂ?efatbz t@Zeéileké'E&‘ﬁ Ca%S‘ysys‘e”‘ °°mp”$ei:?2°aé?’§71‘ °°QP e£ Eaﬁ? NaRAAY 1
to 10 £ atdinstingrthet datalyst topponerdi(aabtalgst] 6 to 20 C atons in the aryl radical,
?nd/ or two radicals RA can al so be bonded with one another 25to forma

I ve- or six-nmenbered rin R12Ai ndependently of one another denote

hydr ogen, Peferesy -the l&ﬂg'ef' tta-53talypl SYRAM cemerises Py e CATNF! [ORPPNSH: vﬁﬁga 1to
10 C at orrsatalysttcbepeﬂelnyhawrr@cbm;abneamﬁv@caterQ(Zco@pateothlqh 1§ [rderaley Ito peedéread , or
Si RL1A3, WRes B Jv—;-neqr gani c radicals RL2A can al so be substituted by

hal ogens, and/ or |n each case two radicals R12A can al so be 30bonded w th
one arf8ther to forma five- or six-nmenbered ring, RA RB independently of
one anot hatcotimptoea pretirredempodithei? headisgydr:Naf2 c@aPstadlyktemydompGsss LAgpshiond |

arylal kyl Z{éal Iggcta f&tos}QgrQEg{eﬂ of kahipfe @ftek&l wolflbgiél Naﬁt‘adca@al}si) cgﬂ%@eﬁ{som

in the ar erein the organic radica
al so be s Eﬁfﬁr?‘%‘htﬂl@dz ipgleriatts Galakist sysiem GPmpises g %si%fé“at%aﬁaya‘ﬁea\pg"%}x RB can

al so be bonded with one another to forma five- or six-nmenbered ring, 35

(F;tz ¢ CZR 5 5| " E?e?eq?:gf EI%A ’Ae8£r 0 C%&%hgfsteqrem p‘?ls&y Q EQQISPNatglca%T @&rkb(c!nent and,

addltlonally, an agent activating the Ziegler-Natta catalyst component.

Preferably, the agent activating the Ziegler-Natta catalyst component comprises an
organometallic compound, preferably an organometallic compound, preferably an organometallic

20 compound of a metal of Group 1, 2 or 3. Preferably, the first activating agent is selected from the
group comprising, preferably consisting of: organometallic alkyls, alkoxides, and halides.

Preferred organometallic compounds comprise lithium alkyls, magnesium or zinc alkyls,
magnesium alkyl halides, aluminum alkyls, silicon alkyls, silicon alkoxides and silicon alkyl
25 halides. More preferably, the organometallic compounds comprise aluminum alkyls and
magnesium alkyls. Still more preferably, the organometallic compounds comprise aluminum
alkyls, preferably trialkylaluminum compounds. Preferably, the aluminum alkyls comprise, for
example, trimethylaluminum (TMAL), triethylaluminum (TEAL), tri-isobutylaluminum (TIBAL) and
tri-n-hexylaluminum (TNHAL) and the like.
30
Preferably, the mixed catalyst system comprises a single site catalyst component and a non-

single site catalyst component.

In the present description and in the following claims, the expression “single site catalyst

35 component” is used to indicate a catalyst component comprising a coordination metal complex
capable of polymerizing a monomer, particularly an olefin monomer, preferably ethylene, and
optionally at least one comonomer, preferably an alpha-olefin, so as to obtain a polyolefin,
respectively a polyethylene, having a narrow molecular weight distribution.



C20-aryl, arylalkyl having 1 to 10 C atons in the alkyl radical and 6 to 20
C atons in the aryl radical, or SiR11A3, wherein the organic radicals

| Rc, RD cawoa2087ps7 WO 2010/ 072367PCT/ EP2009/ 009066 13 #aGH&P2e09106066Y

hal ogens, and/or in each case two radicals Rc, RD can al so be bonded wth

one another to forma five- or six-menbered ring, El - E3independently of
one anot her denote carbon or nitrogen, uindependently of one another are O
for EI - E3 as nitrogen and 1 for El - E3 as 5carbon, X ndependently of one

anot her denote fluorine, chlorine, br orri ne, iodine, hydrogen, Cl-C10-alkyl,

C2- C10- al aryl avin 1 Y,
radi cal ﬁﬁ”%pﬁea‘g%eif” \RUHG S *hgrﬁ"@ ary calrmasdr g’a&depql?%?i@%%%%ﬁﬂ%ﬁl%al
SCBR13A, (M) MRIRMar @RighSaistribfitindivken dhtatrelyoleid, rgFRective[yEBolyaihylang| RS rfon-
10 coordi aard.srwrsa IMONB, 1oWRE Erdh Nort apfoganbr@fefa%@i Baths rafyeCidm als @ Bemore

substituted e.radi cal R13A, and the radicals
X are optPSf?é%/q“{}a%ggeod?’ \ﬁmjrﬁorgr?éef%{ﬁ@ ?I%’P%q?e?sm ndependent|y of one anot her
denot €5 hydr ogen, Cl-C22-al kyl, C2-C22-al kenyl, C6- C22-aryl, aryl al kyl

having 1 tnothécbr&eﬁtt rigtiBn &R iR h%%hlloﬁnﬁf@' &Qhﬁsaﬁ\g RpreSsicr n@n@tn@l@ssrtérkatafysi he
aryl radical ‘?'65 gwh he or gani ¢ radr cal s, RL3A can

subst it ut é?i“‘lﬂ?erl’fal'sbg'é &F{?r aj% a@'é&ﬁo'%ﬁ‘%”@"r NP JEeclel 8 RIS '&g‘ﬁ'v'% fo be
bonded w pélydispersitndtigher tham HoBm way iof alustrative | exampleb drassitioni mgtal coordination

R14A, i nde &ﬁ'ﬂfa Rl ﬁ’orbbﬁgt"amﬂgﬁb fer-Rbty d
ey C20 o Ré&d Mcl@cfczgoé}@eagfléﬁehﬁéndj@ﬂ ty&g-z% ;t ot altanlysttshaen Kyl

radi caP aﬁa'"%s Eatalyss ’Cab?%?%‘s'ﬁﬂe?’% ’f‘?&g}/péﬁsﬁ "‘?’h% qjg%r?'te RRYFEi n the organic

radicals |:214A can al so be substituted by hal ogens, and/or in each case

two radicg e?erwpth&%xéal §Qalpﬁ Q&@Eﬂegon\yrﬁps %nlgteaﬁé}kfﬁSﬁ rﬁé?alf&'id’?sf" chh¥&enP!

si x- menber ed rrng . Accor to a referred
embodi nent"clugifg a [ea?té’ﬁgt"gﬂﬁi fithe Rors@etaicrepe fyge Bf‘d A9 %lte(‘ﬁa?ajyﬁ comdonent

preferably a metallocene catalyst component.

15
Preferably, the mixed catalyst system comprises, as first catalyst component, a late transition
metal catalyst component for olefin polymers by coordination polymerization, more preferably
based on groups 8-10 of the Periodic Table of Elements, still more preferably selected from the
group comprising, preferably consisting of Fe, Ni, Pd, Co.

20

Preferably, the first catalyst component of the mixed catalyst preferably comprises an iron catalyst
component, preferably having a tridentate ligand bearing at least two ortho, ortho-disubstituted
aryl radicals.

25 Preferred iron catalyst components may be the iron catalyst components described in patent
application WO 2005/103100.

Preferred iron catalyst components are transition metal complexes with at least one ligand of the

following general formula (l):
4
30 R| u

N
25 / I\N /K (1)
NP

wherein the variables have the following meaning:

Fe X,D,



WO 2010/ 072367PCT/ EP2009/ 009066 14 wherein the variabl es have the foll ow ng
meani ng: R1-R2 i ndependently of one anot her denote hydrogen, Cl-C22-al kyl,
C2- C22- alWeOrm10/07g®7 C22-aryl, arylal kyl having 1 to 10 ECa{EFawiopooshe al kyl
radical and 6-20 C atons in the aryl radical, or five-, six- or

seven- nmenbered heterocyclyl, which conptd ses at | east one atomfromthe
group consisting of N, P, 0 or S, wherein the organic radicals Rl-R2 can

al so be substituted by hal ogens, NR162, OR16 or SiRl73 and/or the two

radi cals R1-R2 can al so be bonded with R3-R5 to forma five-, six- or
seven- nenber pcng imgwdeﬁardaﬂtﬁ Jf BHE pRAAENErk Belette® MBMaRO §loaP cotaprizing, higtbrangen,
Cl- C22-al kyl, C2-C22-a I le C6- C22-aryl, arylalkyl having 1 to 10 C
atons in the alkylc?ga and 6- 20R@ atonms in the aryl ragical, NR162,
OR16, hal ogen, S|3;73 or flve- si x-j or seven-rgenbered hetefocyclyl, which
conprises at | eadR one aton11ron1th group copsi sting of P, 0 or S,
wherein the organiQ®Bradic - can e sub hal ogens,
NR162,5 OR16 or R173 and/or in et radi cal s -R5 can be bonded

with one anothef and/or fjn each ¢ase two radjcals R6-Rl /can al so be bonded
with one anothgy to forga five-N SIX- or sHven- member cand/or in
each case two/raal\Qﬁl S Rﬂﬁ&S/can “so be bo\n vmth on ot her to form

a five-, six- or seveh-nenbered ring, and/or Rn each case Wo radi cal s
R3-R5 are bonded with one another and/ or in each case two radicals R6-RL
are bonded with_one. gnot her to form )
het er d@ycl yW'Ran%/or"‘%ﬁpeé1 gy e gg%e ?U\%h? hﬁr?@efn sz_é{@Parze gl[(%‘g Wi th
one anot her to for nCa-drylvarylalkd havingt tors‘él/@ﬁwmnfbé\ﬁ@ﬂ(YH@dlml@eyéltglPo Cyéitngsh

conprises at |east %nﬁ\eaéﬁmd(dfcgmﬂﬁ'@ JORUD ﬁQBB‘énStSR“g“goér -, P3|x-00r0§ev$n-
wherein at | east one of the radic

CF3 or OR11. wherei H‘eH‘Perega@efe'%Wé'y'r él‘ﬂ‘iRga‘FO"F?”B‘Fs ?méaaatr 8rL'Fp @’8}1?0@'[ fhﬁggrB‘I'p =
R6- R8, and R11-R13 ktensclihgof MeP, Goosi weereindbé nrganiCrdliaals KR A can also be

R16i ndgpendent | y of ¢ 0 128 gre 4 I
C2- CZCZil%aI kenyl - UQH )hﬁglo%l% ﬂ %;%\B/F?ngeﬁsﬁl ACS"’%&%%?E"T r?ase (tawoal Kyl

radi cal and 6-20 C éﬂdéﬁﬁ"é 3 n- @”Q/Pf/ln e}aérdﬁ?&lt‘”?)fadgﬁ'ﬁf?? Rwh&el'se keRondidani ¢
radi cal s R16 can al s@h bee aidket totfutnesl filay, shabogeasmamtieied riegatt/@drs eachwese

radi cals R16 can al ghed,sh r m%m

R17i ndependent |y of %on%ag%gﬁ he?k dgrﬁJ@eﬁh&grclgyegmg @iégézg@ Fft 5B witn

C2- C22- al kenyl ,  C6- oBs@EPethar yo form & yivesl psgxr qﬁasﬂvwgmf"tbereioh%era%% Vhich he
al kyl aoadi cal and 6 cafpriseahia8dst brit &6 fromthe §ragh coakisagchf NNnPeaehs case two
radi cals R17 can al so be bonded to forma five- or six-nenbered ring, WO
2010/ 072367PET/EP200@E0MaeRE of bne andtioer,deactd hydrdegre Ca€ai-alkyl, F.-GnelkemybtCher i s
0 for E1-E3 as nitrege Ioérﬁlglpﬂsﬂg\n é Y% ﬁé afordsh trE]a1l§?’ra§§al%B Ba820 C atoms

Xi ndependent|ly of oné a deno oring | ori ne, bronine, iodine,
hydrogen, 5 C2- CLOINhR 8 [adicelpansies “é(?\ﬂd'caQr'%/l aﬂaRﬁ'sotPS\WH@e"lw'i’bm‘G AEBRE i n
t he al kyl radi cal argfofn 28veConsiprembaretifieg,aryl radi cal, wherein the organic
radi ca® X can al so be substituted by R18, NR182, oe, se, S03R18, OC(0)R18,
CN, SCN, 13- Riffket oimsiepsnd@ly dBne RR@heralenbtlalhigrogem CooraliyhaE: Grgralkenybrts- and

the radicals X are ¥ :;ryla@rplFaRWh'aaF&W lﬂ?m@@tdﬁﬂstlﬂtr@rﬁﬂ(y%@kﬁ%rnd 6 to 20 C atoms

R18i ndependent |y of oOne” anot her denot,g ro
C2- C20- g| kenyl , yCG in the aryl radical, or SRR \k//herelrg the organlc radlcals }Q A can also be

substituted by halogens, and/or in each case two radicals R'** can also be

30 bonded with one another to form a five- or six-membered ring,

RA R® independently of one another denote hydrogen, C;-Cjo-alkyl, C,-Cyo-alkenyl, Ce-
Cao-aryl, arylalkyl having 1 to 10 C atoms in the alky! radical and 6 to 20 C atoms

11A

in the aryl radical, or SiR''";, wherein the organic radicals R*R® can also be

substituted by halogens, and/or in each case two radicals RA,RB can also be

35 bonded with one another to form a five- or six-membered ring,

R RP independently of one another denote hydrogen, C-Cao-alkyl, C,-Co-alkenyl, Ce-
Cao-aryl, arylalkyl having 1 to 10 C atoms in the alkyl radical and 6 to 20 C atoms
in the aryl radical, or SiR'™;, wherein the organic radicals R°,R® can also be



C20-aryl, arylalkyl having 1 to 10 C atons in the al kyl radical and 6-20 C
atons in the aryl radical or SiR193, wherein the organic radicals R18 can
al so be sWOW1KATRWA by hal ogens or nitrogen- and oxygenPE&APANI0MYoGr oups
and in each case two 15radicals R18 can al so be bonded to forma five- or
si x-nmenbered ring, R19i ndependently of the another denote hydrogen,

Cl- C20- al kyl, C2-C20-al kenyl, C6- C20-aryl or arylalkyl having 1 to 10 C
atons in the al kyl radical and 6-20 C atons in the aryl radical, wherein
the organic radicals R19 can al so be substituted by 20hal ogens or nitrogen-
and oxygen-cont ai ni iPs@itedpy ERGend) paohircesn dase tuvcaehcnxalsSRPR@ camnlsalt®o be
bonded to forma fiye- QLS L r 4, in particular
2 or 3, is a neutra?ongonggh%nnoar@ggg{oggr AR,;@ O'JS%( '%eTtlgeé%q’i” ‘0, 1 or 2.
Preferably, Bt-Heasindensadentiiptene anoﬂaﬁrctqﬁ@tega@ewowwstu ng of R6- R8 and
R11-R13 is cfl ori nejnqdyeftrdf of bamther @30 &r EOREER .as nitro§B® ahd\h @6r Elt-OFfsasEl- E3
in a nol ecul e can be |dent| cal or different. If El is phosphorus, then E2
to 308 are preferaffi’¥each carbon. If El is nitrogen, then E2 and E3 are
each preferally ni tmdgendmtly cefr lvoe, amqmqoaderiomjlﬂaorir@ardjmneub'rqmd@q)eiwd'@ﬁt |y

of one another is 0, NELED r ; Y
S bon. 200 50107 07 Vsisshic i, aRuNEIE BIARNATCAUDSRN BhER PRSI 1.8 Clalonfs?

866 16 ooct cyGho haa
cycl ododecyl, C2-C2% t%ﬁ R'éﬂy‘?d'%hia'@ns HesP ‘Bétq"?sriééﬂe,arwi%q'?aé %Ff %'%ghé and in
whi ch the doubl e bosd,ritty dmmojRit*eronal seN, -ekebmad,, C@. BF, ymy‘r or buly Ingh-,

2-allyl, 3-allyl, but { |
cygl oﬁgtenyile o?l cyc?oog‘ﬁ%laéaﬁ’ SeQ?Se%re&ﬁé%%almcmﬁg%no%gg Q%J%B gyg{t'ut %ét%py
further al kyl groupkalogeng. angleesylieashapmragidal RO parshyfle, faéﬁ?'ﬁr)ér?y? Opﬁfma”ym

p- 5 nethyl phenyl, pghddd witRorfk anothep- Or 2, 6-di net hyl phenyl, 2,3,4-, 2,3, 5
2 3 6' 2 4 13A 7

substituted By furtﬁg‘?peﬁfj‘ﬂay °5P'E)%ﬁ%°”q°2tdgx°tggﬁéjéq gr C”H{kyﬁﬁk ry(fjtéi %‘f%eﬁm y be

1- or 2-ethyl phenyl Covingrazylalid havnt €l 1) RétoR2 lrrm.\y allylgeditat apd b ied0 Ea@tdnor m a
5-, 6-y50r 7-nenbereg §ing,aagiar of m”@f \A;Hé?elﬁ”th%' &?&nlé bR ﬁleearR%ls'gB%- be

10|nedtoformaf|ve- sl x- or seven-nenbered heferoc cle nt ai n gtﬁ

| east one at om f r onFYOEHUSH RYphRIAFSS: s?’?drtﬁj igreag] cpse G“’%C?é'céﬁd &ﬁ'a/aiff’
organic radl cal s Rlbdtdedwith ahesanobrer oiufbiet a fiuet excsidayied béred)emgs such as

flugr ne, chiokine fed, péﬂuv%b&%gm?&@me nfito %%50%20-51\%%?% Re,-aRidye AR162

or SiR173, alkoxy or ary
N-pyrrolidinyl, pi c@hor%ﬁx}larY'ﬁ'ﬁX' hawpg 1 &%‘i?mﬁ}s in %ﬁ%b@ﬁ'ﬁaléf‘d AP BYERIUITh as
fluorizoe, chlorine @rihdapintdttal, Mheichethe mﬁilcbh@cdlsadi“ﬁabrsalaiﬁeanﬁlstll?&&i By e

nore fully described_bel ow. Two Rl nd/ A @ ] o forma
5- or 6-nenbered ri ﬂ logefﬁear?g’r '%F?f%? Sg E1N lsﬁ a+n381$ gebbgha]%d\fv&h E&

via an oxygen or ni amqb@%ﬁpfomxaﬁm @SS'XW"RQFPC’&F\@ tr| met hyl si | yl oxy,
triethylsilyloxy, butyldlnethyIS|Ionxy, tributylsilyloxy or

tri-tert-but§lsilyl t§x1y Ifeé substituents R3-R15 can be varied within a wide
range, as lopg as at gst one radical R of R6- R15 is chlorine, bromne,

and i c?éi ne, 3 or Possi bl e carboorgani c substituents R3-R1l5 are,
According to a preferred embodiment, the at least one iron catalyst is of formula (11):
4
RI u
U\E1 /R u
30 |
1 2

R11 (”)

~
RS ‘ | 14
Rg \F /N
35 e XD,
13
R8 7 R12
R10

R15



for exanple, the follow ng: Cl-C22-al kyl which may be |inear or branched,
e.g. nethyl, ethyl, n- 20 propyl, isopropyl, n-butyl, isobutyl,

tert - but WO 201048236¢| , n- hexyl, n-heptyl, n-octyl, n-nonPCI/ER2¢HY06@r

n- dodecyl, 5- to 7-menbered cycl oal kyl which may in turn bear a

Cl- C10-al kyl group and/or C6- ClO-aryl twoup as substituents, e.qg.

cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cycl ononyl or cycl ododecyl, C2-C22-al kenyl which nay be |inear, cyclic or
branched and in which the double bond nmay be internal or termnal, e.g.
vinyl, 1-all yWherdnaid yaiablés vk e, folowirgmydaningd  pent enyl , hexenyl,

cycl opentenyl, cycl ohexenyl, cyclooctenyl or cycl ooctadienyl, C6-C22-aryl
whi ch may be Bbﬁgt intlegepderttly of wné laeother #grioteghysicqeen, €1-Gzx-afile Py1C-lgmhik [9g] |

bi phenyl, ant hrany ’ Y'&"ﬂ@@%! @ 3th R 14 d a? r'ifech t
2, 6- di net hyl pheny] b’z 239% %mlkylmg‘wﬁ@q t tomgin ea yl‘radicata aoms in

trimet hyl phenyl ,  ofhedragiqa) of firectc r?é;?e‘f&’@ ”é‘h"b%ef‘?dt ri?feé%cyf)"}/" U'Flf ﬁ@Pbrﬁ‘F?(?ﬁ
groups? e.g. benzyleastOome awm fmﬂnmtel"grbdpemistmglef N r P,20 efr I8y Iwhleesimy the affemnice t wo
radicals R3-R5 and{a%rca W, Féé'c%h r%‘?slo t{e bgtﬁutéd WFB&%@ONRWH tﬁp&b{e’ Jaﬂblgred to

forma 5-, 6- or ered gylcm radi cal's R3-
and/or two of the U‘ieé‘fv‘héﬁd'cﬁlécﬁ t?alcén PJGO F@LBW?F&? Wb R-6 trefarm 8 fivssr $h-&r F‘F‘&?é‘

si x- or seven-nenbakpBedatiggocycl e containing at | east one atomfromt he
group consisting of N, P, 0 and S and/or the organic radicals R3-R5 and/or
R6- R15 may al RbRP.‘femsiemﬁ\tierttlutoéabnb;anbmérogewsa Bm@easCf-CuaMyh@z Cehahlbﬁmyh@eor

broni nd. Furt her mo eL or

met hoxy, et hoxy or tﬁes‘éfﬂrréﬁ'é%yNBr 2 h%BogB‘?Pg,ﬁﬁ‘cﬁ Ra§ ¢ fUSr |5H‘e %r éﬁYe(')‘r’P‘ﬂEb
brom ne. Further passiobyos), maibheampridebtat wast did Atoar ormtitesgrébupl dopsistngaf Nbed

bel ow. Two R16_andg gs &%ewmgﬁgamgﬁadb Gied é@@%@g&%&ute@bgﬂ G

ring. The SiR173 radical und via an ox
nitrogen. Exanpl esNRGe QA7 orBR s AaR0GR0Y 2258 AP TIAREGY SR 0‘6’9(5’86’%?‘*" with

trimethylsilyloxy, okd araitrkeylaﬁd/brylh @écm céwttwé cadnseltsWJFé? &anl aK0ybe bonded with one
tributylsilyloxy or

rt- | yl ox fer c e
hydr ogen, met hyl, ?W?%Bﬁ%ﬁ@e? ¥ séxt ﬁ’r Sfa it m?m pe§ a%’&r ﬂ eacﬁ(‘%gg%swftf
i sobutyl, tert- but yadlcah ReRtyan alno Ibe)bymdedmuthep@ 9motherﬁiq)@tnylaflven $iyrlor S%Menyl

benzyl, phenyl, ortfgmdieal rmél an@br mdb4ch! &Hs@-twbga.ééwkéﬂsm?@w@d Wit Bheky -
or trlchloro substltuted

na en a
Particol arly pref ePP‘%}EFrcﬁ“BIQM%?ﬁCbé:BﬁgE'Y?o}éf’\C?'E@E{g% %rfee,pof’%f BW r}éﬁthe@ttoups
having from 1 to 1lfroarfiven sat eanevemmeinkerad ksterorywtyi aad/qr in eaghzese w raglicals

trimethylsilyl grogpsgs are Bﬁﬁe@r\ﬂlﬁgoﬁ@gh&ﬁérﬁoR@rnR%&:v@r &0 8 memBdr&y |
trifluoronethyl, ethyl, , I.sopropyl |sobut%ﬁ tertngutyI,

n-pentyl, n- hexyl hﬂ*‘*ﬁ’éﬁ%l“’“'%‘ Q?E‘tp??es %Pl"’ﬁ?tl One(«gtqng,fr MQ‘I’F’C iating of
fluorine, chlorineclée)dnbredt Rast ovear eenaditald RARY iscenidrioé, trdnaine, detlirea 8
R6-R15 is chlorine  Braemne, iodine, CF3 or ORL1. Preferably, at |east one
radi cad® R of the group consisting of R6-R9, and R11-R13 is chlorine,

brom ne, or CF3 and at ne radi cal QNS stin
Re- RO, an@PREL FEFS g ol Py oo enslag F o didt R Hocuouyt elirepe
| i near or idsin@enCRed OR'h particul ar, nethyl, ethyl, n-propyl, iso-propyl,

0 e oo B Y indBherf t&Roé%VAnothgﬁg%i&%ag&&d& ndf-calai Pa5lc.S Quﬁeﬁyﬂdéca' R

of the group consi romne and at
| east gne radical IszoiFrY't prylalsylaping g 181G tgmain tRB—aF@' ragiey aP&§ 2R3atoms in
hydrogen, or methylkne é?ylesﬁéaala} is”Ramaan@M tHe d?dahcﬁrl'aelcélh R danealsarbelyudsituted and

R7, R9, R12 and/or 3 are n,. o0 erf.ed
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Cl- C22- al kyl which may al so be substituted by hal ogens, e.g. nethyl,
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WO 2010/ 072367PCT/ EP2009/ 009066 19 The nunber t of the ligands D can be
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am doc
mul ti nﬁg: eap- d@%l"o{’réﬁ? ﬂtﬁ"&?ﬁd elafkewEish gy d\e‘éIEE‘rqué%I Ci-fromakybgup@/or Co-
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gener al fmwmcfathe dagpls (bo0d 0TRZ PE7MEMAEMeUra (DY 66!, 1-dlie Pally! h%a'é)’ulﬁlteint/'uent s
and i rfdi CRsntEaY Bekdhgl, ERIdpemkmY JBSUEXEHS cyclooctenyl or cyclooctadienyl, Ce-C,,-aryl which
may be substituted by further alkyl groups, e.g. phenyl, naphthyl, biphenyl, anthranyl, o-, m-, p-
methylphenyl, 2,3-, 2,4-, 2,5- or 2,6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or 3,4,5-
trimethylphenyl, or arylalkyl which may be substituted by further alkyl groups, e.g. benzyl, o-, m-,
p-methylbenzyl, 1- or 2-ethylphenyl, where two radicals R*-R® and/or two vicinal radicals R®-R"

30 may also be joined to form a 5-, 6- or 7-membered ring and/or two of the vicinal radicals R>-R®
and/or two of the vicinal radicals R®-R'® may be joined to form a five-, six- or seven-membered
heterocycle containing at least one atom from the group consisting of N, P, O and S and/or the
organic radicals R*-R® and/or R®-R'® may also be substituted by halogens such as fluorine,

%5 chlorine or bromine. Furthermore, R*-R'® can also be amino NR', or SiR'"3, alkoxy or aryloxy

OR™ for example dimethylamino, N-pyrrolidinyl, picolinyl, methoxy, ethoxy or isopropoxy or
halogen such as fluorine, chlorine or bromine. Further possible radicals R'® and R'’ are more fully
described below. Two R'® and/or R'" may also be joined to form a 5- or 6-membered ring. The
SiR", radicals may also be bound to E'-E> via an oxygen or nitrogen. Examples for R'" are



XBis fluorine, chlorine, brom ne, iodine, hydrogen, Cl-C10-alkyl,

C2- C10- al kenyl, C6-Cl5-aryl, 10al kylaryl having from1 to 10 carbon atons
in the alWQI2047236and from 6 to 20 carbon atons i n the EEFEPRPIO090666B N
R6BR7B, oror two radicals XB forma substituted or unsubstituted diene
ligand, in particular a 1,3-diene ligant, and the radicals XB are identi cal
or different and may be joined to one another, E1 Et _15carbon, is 1, 2 or
3 and is, depending on the val ence of Hf, such that the netal | ocene conpl ex
of the general formula (1) is uncharged, where R6B and R7Bare each
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N( Si R8B3) 2 ni c radi cals RLB-R5B may

al so be sib&Y ’lﬁt@ds 'B?‘%ﬁi’fybfjgﬁg' 'ﬁrPayt'Sﬁar%e[rﬁ %ﬁ?%o SRIB-R5B, in particul ar
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seven- ne t'wo “vic olned to
forma fi{pabutyl stF@(bUtﬂr“ eV n-haghemsele s °ﬁté"t é‘PBC‘%}'&'I %e"él‘in?"ﬁ‘ﬂl fugring. cpladng  one
at om f.r oMaidisrogin® Ughetsmatiiédst org: dItheNadityls R°-RIidb Bjorind exanibé) dodiredCEAIrORRBB can
be |de|qt|cal or different and can each be Cl1-C10- al kyI C3- C10- cycl oal kyl ,
C6- C15- ar Pleferaly, G4-ledsk org rasticalbR- ofL heagrouroggnsistity ofAR-R°, and R''-R™ is’ chiorine,

2010/ 07236 6Rint BPZRO2NPRPREE §R2AdRaRR @B the group consisting of R®-R®, and R''-R™ is
hydrogen, or C;-C4-alkyl, wherein the alkyl can be linear or branched, in particular, methyl, ethyl,
n-propyl, iso-propyl, n-buty!, iso-butyl, or tert.-butyl.

15
In particular, at least one radical R of the group consisting of R°-R®, and R"'-R" is chlorine or

bromine and at least one radical R of the group consisting of R®-R®, and R''-R"® is hydrogen, or
methyl.

Preferably, R® and/or R'! are chiorine or bromine and R’, R®, R"* and/or R" are hydrogen, or

o0 methyl. In another preferred embodiment of the invention, R® and R® and/or R" and R™ are
chlorine or bromine, and R and/or R'?, are hydrogen or methyl. In a further preferred embodiment
R® and R are identical, and/or R” and R'? are identical, and/or R® and R are identical, wherein
at least one pair of identical rests R is chlorine or bromine. In another preferred embodiment R®
and R"" are different, and/or R” and R'? are different, and/or R® and R'? are different, wherein at

o5 least rest R is chlorine or bromine. Particular preference is given to iron components in which at
least one rest R R®-R®, and/or R''-R" is chlorine.

In particular, at least one radical R of the group consisting of R°, R'®, R', and R'® is hydrogen, or
C1-Cas-alkyl which may also be substituted by halogens, e.g. methyl, trifluoromethyl, ethyl, n-
propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, or vinyl. Particular preference is given to R®,

30 R™ R™ and R' being hydrogen, or methyl, ethyl, n-propyl, n-butyl, preferably hydrogen.
Especially, R%, R'’, R and R'® are identical.

Variation of the radicals R'® enables, for example, physical properties such as solubility to be
finely adjusted. Possible carboorganic substituents R'® are, for example, the following: C4-Cyo-
35 alkyl which may be linear or branched, e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl, 5- to 7-membered
cycloalkyl which may in turn bear a C¢-Cyo-aryl group as substituent, e.g. cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl or cyclododecyl, C,-Cazo-alkenyl which

may be linear, cyclic or branched and in which the double bond may be internal or terminal, e.g.



E6B E713 E'R11B Rl 2B 5where the radicals ROB to Reach, independently of
one anot her, hydrogen, Cl-C22-alkyl, 5- to 7-nmenbered cycl oal kyl or

cycl oal keWPI20UHI728¥7may i n turn bear Cl-Cl0-al kyl groupsP&E/ERaMW810P%0a&ent s,
C2-C22- al kenyl , C6--C22-aryl, arylalkyl having from1 to 16 carbon atons in
the al kyl part and 6-21 carbon atons im& he aryl part, NR14B2, N(Si R1483)2,
OR14B, 0SI R1483, Si R14B3, where the organic radicals ROB-R13B may al so be
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R1813 R20%
substituted by halogens such as fluorine, chlorine or bromine.

Possible radicals R'7 in organosilicon substituents SiR'’5 are the same radicals which have been
10 Jescribed above for R'-R?, where two radicals R'” may also be joined to form a 5- or 6-membered
ring, e.g. trimethylsilyl, triethylsilyl, butyldimethylsilyl, tributylsilyl, triallylsilyl, triphenylsilyl or
dimethylphenylsilyl. Preference is given to using C4-Cyp-alkyl such as methyl, ethyl, n-propyl, n-
butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, and also vinyl allyl, benzyl and phenyl as

radicals R"".
15
The ligands X result, for example, from the choice of the appropriate starting metal compounds

used for the synthesis of the iron catalyst component, but can also be varied afterward. Possible
ligands X are, in particular, the halogens such as fluorine, chlorine, bromine or iodine, in particular
chlorine. Alkyl radicals such as methyl, ethyl, propyl, butyl, vinyl, allyl, phenyl or benzyl are also

20 usable ligands X, wherein the organic radicals X can also be substituted by R'. As further ligands
X, mention may be made, purely by way of example and in no way exhaustively, of
trifluoroacetate, BF, , PFs and weakly coordinating or non-coordinating anions (cf., for example,
S. Strauss in Chem. Rev. 1993, 93, 927-942), e.g. B(CsFs)s . Amides, alkoxides, sulfonates,
carboxylates and B-diketonates are also particularly useful ligands X. Some of these substituted

25 ligands X are particularly preferably used since they are obtainable from cheap and readily
available starting materials. Thus, a particularly preferred embodiment is that in which X is
dimethylamide, methoxide, ethoxide, isopropoxide, phenoxide, naphthoxide, triflate,
p-toluenesulfonate, acetate or acetylacetonate.

The number s of the ligands X depends on the oxidation state of the iron. The number s can thus
30 not be given in general terms. The oxidation state of the iron in catalytically active complexes is
usually known to those skilled in the art. However, it is also possible to use complexes whose
oxidation state does not correspond to that of the active catalyst. Such complexes can then be
appropriately reduced or oxidized by means of suitable activators. Preference is given to using

iron complexes in the oxidation state +3 or +2.

35 ) ) , . .
D is an uncharged donor, in particular an uncharged Lewis base or Lewis acid, for example

amines, alcohols, ethers, ketones, aldehydes, esters, sulfides or phosphines which may be bound
to the iron centre or else still be present as residual solvent from the preparation of the iron
catalyst components.
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C6- C10-aryl group, a Cl-Cl10-al koxy group, a C7-Cl5- al kylaryl oxy group, a
C2- Clg al keny: group, a C7-C40-aryl al kyl group, a C38-C40- aryl al kenyl group
or a C7-C40-a Wi e t

at oms. contBa Fpidhe ForAE | 2en bl Baritl L S FRb R HEoMrt R, |
15 car bonthatlr@rmomalntl lsmrep%%m%ﬁhmtmﬁor g'@@fh@mr%ﬁwt@ﬁ CPmH'eX%?rafﬁrdé? PRt Fap
silicon, thAkikd SsobdShERidRBger mipfBdPsich ad0.5051.5NBaABular; t is ORPRISB,

NR2262pR2262 or an unsubstituted, substituted or fused, heterocyclic ring
10syst em Pwteeree tinen r adialystl s chBRheatse efaclprmiladefiendeat | 3.60fs[le@ehmrot.ber
Cl- C1(® al ng:sg%lgﬁen%ﬁla@)@%gl%pyﬁanglo fokih oal ié%‘”locr:ldg;7 Cl% -aiky ) @EMJ)ro%[methyl-

Si (R236) 3, Cl- C10- a gu ary b
bear Ci- ngheé_\ylwpo)ethyl]pyn ine iron(ll) dnchlorld 26b|s[1 -(2,6-dichl orophenyl|m|no)¥thyl]pyr|<JJne

iron(ll) dichloride, 2,6-bis[1-(2,4-dichloro-6-methyl-phenylimino)ethyl]pyridine iron(ll) dichloride,
2,6-bis[1-(2,6-difluorophenylimino)ethyl]-pyridine iron(Il) dichloride, 2,6-bis{1-(2,6-
dibromophenylimino)ethyl]-pyridine iron(Il) dichioride or the respective dibromides or tribromides.

10

The preparation of the iron complexes is described, for example, in J. Am. Chem. Soc. 120,
p. 4049 ff. (1998), J. Chem. Soc., Chem. Commun. 1998, 849, and WO 98/27124.

Preferably, the mixed catalyst system comprises, as second catalyst component, early transition

15 metal catalyst for olefin polymers by coordination polymerization, more preferably catalysts based
on groups 4-6 of the Periodic Table of Elements, still more preferably selected from the group
consisting of Ti, V, Cr, Zr, Hf.

Preferably, the second catalyst component of the mixed catalyst system comprises a
20 monocyclopentadienyl complex of a metal of groups 4-6 of the Periodic Table of Elements, whose
cyclopentadienyl system is preferably substituted by an uncharged donor or a hafnocene.

For the purposes of the present invention, an uncharged donor is an uncharged functional group
containing an element of group 15 or 16 of the Periodic Table. Examples of cyclopentadienyl
25 complexes are described in patent application W02005/103100.

Preferred single site catalyst components suitable as second catalyst components of the mixed
catalyst system may be polymerization catalysts based on a monocyclopentadienyl complex of a
metal of groups 4-6 of the Periodic Table of Elements, preferably hafnocene catalyst components

30 Suchas, for example, cyclopentadienyl complexes. The cyclopentadienyl complexes can be, for
example, bridged or unbridged biscyclopentadienyl complexes as described, for example, in
EP 129 368, EP 561 479, EP 545 304 and EP 576 970, monocyclopentadienyl complexes such
as bridged amidocyclopentadienyl complexes described, for example, in EP 416 815, multinuclear
cyclopentadienyl complexes as  described in EP 632 063, pi-ligand-substituted

35 tetrahydropentalenes as described in EP 659 758 or pi-ligand-substituted tetrahydroindenes as
described in EP 661 300.

Particularly preferred hafnocenes are hafnium complexes of the following general formula:



15groups as substituents or C3-Cl0-cycloal kyl, is 1 or when ALEl is an
unsubstituted, substituted or fused, heterocyclic ring systemmy also be 0O
or where WRaOTAUR®Al s RAB and R12B toget her form an - RILBET/ERR@9/009064.13 can,
for exanple together with the bridge R156, forman am ne, ether, thioether
or phosphi ne. 20 However, Al113 can al so2be an unsubstituted, substituted or
fused, heterocyclic aromatic ring systemwhich can contain heteroatons from
the group consisting of oxygen, sulfur, nitrogen and phosphorus in addition
to ring carbons. Exanples of 5- paé?rbered het %roaryl groups whi ch can contain
fromone to four nitrogen atons ar\d or a sRﬁfur or oxygen atomas ring
menbers in addition to carbon ato a-FeEZ'B furyl, 2-thienyl, 2-pyrrolyl,
3-isoxazol yl, 5-isoxazolyl, Z-isotfy I\yl 25 5-isothiazolyl, 1-pyrazolyl,
3-pyrazol yl, 5-pyrazolyl, 2RoxazoEE Q@<azol yl, 5-oxazolyl, 2-thiazolyl,
4-t hi azol m , 5-thiazolyl, 2-imdaz 5 F{gbdazol yl, 5-im dazolyl,

1, 2, 4- oxadi’azol - 3-yl, 1,2,4-oxadiazé¥ 1,3, 4- oxadiazol-2-y1 and
1,2,4-%riazol -3-yl. Exanples of 6Rﬁ?enbered het er oaryl groups which may
contain fromone to four ni trogen atons_#fgd{®r a phosphorus atom are
2-pyridinyl, 2- phosphabenzenyl, 1[gy,rzl/dam n§/I 2-pyri mdinyl,

4-pyrimdi nyI , 2-pyrazinyl, 1, 3, 5-4ri azi n- 2- yl and 30 1, 2,4-tri azin-3-yl,

1, 2, 4-t r i ahémite-spbstiyedtsiang inglices haveithe Blgwing Magnisnenber ed and 6- nenber ed
hﬁ( elr oar ?/b(; gr ogpm?m?é/ cAbfR, I%nﬁruébmﬁeu?ﬁﬂod@x @J-CQJa@cyﬁbg-}CLoraI@ylctg-C%té{']ﬂ;

al kyl ary avin raom ons

car boﬁ Oat ons i A ﬂi"ﬁ'é' 'E?fwtffﬁ'ar ttoqﬁf?rg?rkéf’@ﬂv S'W 3'?8@% 59 gtf’c%(ﬁ%?i%%%%ﬁ ne,
chlorine or br értheerybparbeRToeeNRIPR Y, arwo cadioaisd fermomsitbsiiated pr unsubstituted

het er oar omat i C%reng?&fd?@ ﬁ%ar%ulé}ean?@vfeHé na: SRITREFR[aB XE FOidEMicalPr QlRienall €
2-indolyl, 7-indol umar on 5 coumaronyl, 2-thionaphthenyl,

7-thi onapht hengd méy P‘W&Q?‘g}%ﬂ”ea‘? ?fdazol yl, 2-benzim dazolyl and 7-

benzi m daEbBI-L*;f"F arefoeghohrbsn of n@enare tiansed B° e BSds etiospbores oanifrbgegr piefesatiy e
2-qui ngl yl, ggb&plyl 3-cinnolyl, 8- C|nnonI 1- phthalazyl 2- qU|nazonI,

4- qU|nazonI qU|nazoI ., D-qui noxa crld 1- nanthrld nd
1-phenazyf. Naffihg %ﬁd’“ﬂilfnﬁ%?er‘ﬂ'gg gf ”{eﬁéleﬁ‘éef %fr%c%" é?t Wﬁé‘%ﬁggﬁe”e\ﬁﬂnp%x of
2010/ 072367PCTMER_;%6é}QVf6r®QM£(6 iQcharigesh from L. Fieser and M Fi eser, Lehrbuch
der organigghen Chem e, 3rd revised edition, Verl ag Chem e, Weinheim 1957.
The radi caleas XB.in the general forpmula (111) ar gr ef er ab| i' glentl cal

pref er abl ¥ 134K i ne arecsaqcs Fifressaliyt: &ﬁcniaary'(f'kﬁrgl W kg flugroajkghpr flugrepryl each
parti col ar chl ori nehavieg fngnh 1 ¢o 1demzgn atorbd inghes ik harsarsd fafm 8 tc20 czopl atoress can
be carried out by n&thods, per se, with the reaction of the

appropri at g y sybstitute yclic hlydr ocarbon anions with halides of hafnium
bei ng preferP&d. Ex&fffEs. We%?ﬁﬂ?’ﬁéirqfé’f‘% APBHAII96R PretAANY! Ard° dBeP bed,
for exanple, in Joubsab cpflodlygancpebiabhyi ehichardysh tun b&6T,(CISMy| g®68s 8¥0.
The haf nocenes can Qﬁbs'gﬁj%s ?exzz—alﬁé’rﬁll Xe—C; ‘%h\ﬂ arﬁéﬁ? |fh%(n% froMe1 Eoe'iérbarbon

pseudo-Rac refers to €s In"whic \ﬁ%’ pent adi er%/I 8@ gands
are i 3t he Rac arr aﬁ&@‘rf’éﬁtther gkytrageang droghe t%lﬁ@)tcﬁ’@P“ a1 'a|the Bvhes
substituents of the NSIRFLEXOREP O8RS egifecher&xranpiat raticsisiR AR enay also

haf nocenes are, int | i dip enysk

. . %k &b%t@ate%&%ﬁlo@@ﬁ aﬁé/ﬁy ﬁj«?? ROR®HF )ilﬂ L%'&O” icinal

di chl ori de, nethyl enebi's opent a haf ni um d|
met hyl enebi s( 3- n- radicals, may also e joined to form a five-, snx- or seven- membered ring, and/'or

but yl cycl opent adi enykg hafrai wabaghRErRYemaptoayjorae-tbifsdi adevey, jikabnisevedi chl o
ride, 1<}Jt‘)5mst hyl enebi % teFe%mé%d&lgag%wg%mpg |Q!aé%%h95t%ﬂ1' fﬂ)rrﬂ ﬁt@’group consisting of

i sopropyl i dene-bi s(cyc
di chl ori de, |sopropyl Beﬂ@b¢§(8b$?|nethyIS|IyIcyclopentadlenyl)hafnlunﬂlchlo

ride, I the radicals R®® can be |dent|cal or dlfferent and fa)nhee]\cch_be rrC[:il—CF]ol—alkyl dcg—_Cm—cycIoalklyl_ g
i sopropyl i o af ni undi chl ori de, i sopropyl i dene
bi s( 3- n- COIt Gty cy?fc%pgﬁ%lpg eoyn;E/ %ﬁ%\?h’ k?'gﬁychl ori de,

i sopropyl i denebi s(3- phenyl cycl opent adi enyl ) haf ni um
di chl agsi de'8 sopy gpyt | denebi s(i ndenyl ) haf ni undi chl ori de,



20 i sopropylidenbi s(tetrahydroi ndenyl)hafnium dichlori de,

di met hyl si | anedi yl bi s(cycl opent adi enyl ) haf ni um di chl ori de,

di met hyl swbansdi7yichi s(i ndenyl ) haf ni um di chl ori de, PCT/EP2009/009066

di met hyl si | anedi yl bi s(tetrahydroi ndenyl ) haf ni um di chl ori de,

et hyl enebi s(cycl opent adi enyl ) haf angg’gjl chil ori de, et hyl enebi s(i ndenyl ) haf ni und

i chloride, \ 10B

et hyl enebi s(t et rahydr oi ndenyl ) haf ni uEEh chl orr@e t et r amet hyl et hyl ene-9-f | uor
ri

enyl - 25cycl opent adi enyl haf ni um di ch P ‘TieE

di met hy| SQ| anedi yl bi s(t et r anet,gy! cycl1 di enyl ) haf ni um

di chl ori d&Vdi net hyl si | anedi yIR:n s(‘S_tEr\ asi | yl cycl opent adi enyphaf ni undi c
hl ori de, 8~ 11B

di et hyl si | anedi yl bi s(3- et hyl cycl open;Eadl enyprh)af ni undi chl ori de, di met hyl si |
anedi yl bi s(3-n- 128

but yl cycl opent adi enyl ) haf ni undi chl o$| de, di net hyl si | anedi yl bi s(3-tert-butyl-
5- 5  where the radicals R® to R"® are each, independently of one another, hydrogen, C;s—Caz—alkyl,

met hyl cychopent-aniapy! %@@L@ %N%&&Ql@nyl%‘méh Al bt e 8id, Db ro st asbut y 1
-5- 30 ethyl cycl opent a y ni um di chl ori de
di met hy| sPYPAHERNtS; Catler2laay. rFm%Hy?fy'ﬁ&Y‘maﬁ'Hﬁl HP'EHItB P garbon atoms in the alkyl
di met hyl spdrasrecs-g1 birsdrlatorao prtbe wlyi mENRb‘ﬁﬁmlaﬁ?gm ORIMBrOSIR1*%,, SIR™,, where
di net h |S ba|r | %B_R™E in
y angb%ﬁﬂ%)&?daﬁ(@s R nfayl% B%E sﬂﬁs‘ﬁ n| u%gl}g%‘%‘ rﬁ#g%hw r’a&'i@als R™-R

di et hyl si 2-meth en I
di met H9I SP?%@(HP“Q'PB'NQ‘{"?'%@PM)?ISOQe #ﬁé‘fWP &f@lﬂﬁéhﬁ%ﬁd‘?@?ﬁh’ﬁ?'ﬁp‘ﬂ%f'%PB‘F"P’de
di met hyl siwoansrei yddizkis (RS2-af A yriby e jsiogr @fyinc ¥ dile pantadieemyméraienedineérobjicr i de,

35 di net h %gﬁ | Or

di rrelt hyl s?'{ ”géﬁe@@% fsa(ogn ﬁ&ﬁwf rh‘éhéz%}ﬁé%mm o %‘h’l%r\?{h ichl ori de,

di net hyl sthpamﬁﬁ bi §(ezd%¥'1zﬁg}r>f é!ff%efhféﬁﬂlamplcy fﬁikm'anchTquaHé' Co—Cis-
met hyl phenyl si | anedil, Bi-s{,2alkey byts&,5aergi ndenyl ) haf ni um di chl ori de,

met hyl,phepssl sésl anediy| | gr

di phen§| ST dhed: yl b.%g%kﬁ(Caﬁgé%}fﬁf‘é?’ggb%@ﬁ%ﬁ%ﬁ %@E@Xﬂﬂ & fifiSgen,

met hyl - 4, 5- benzi ndeR5Erer3Phf $ARARdi chl ori de, di phenyl si | anedi yl bi s(2- et hyl- 4, 5-

3enﬁ: ndegydv)t’(wé fAk cadba R *bandde® tigpinemginsan ami€ia/P-bgre (R wieiehy| i ndenyl ) haf ni um
I cnl ori 158 Q1 M

ethyIS|Ianed|be|s(2 met hy1- 4- phenyl i ndenyl ) haf ni undi chl ori de, di net hyl si | an

ed iylbis(2- 168 18B 16B 188

et hyl24- phenyl i ndenyl haf ni umdi chfRori , di met hyl si Tane&? yl bi s(2-nethyl-4-(1

- 5napht hyl )i ndenyl ) hagsni um di chl J)Eg de ss

di et hyl si | anedi yT BTS2t hyl ~2- (N-rapht Ryl Yi ndeny™) haf% urm di chl ori de, di m

et hyl sil aned iyl bi s(2tpgopyl-4-(1paphtky! )i ndenyl élﬂzaf wedi chl ori de,

di et hyl si | anedi yl bi sF({Z i -butyl -48( 1- napht hypi ndenVl )h%

di met hyl si | anedi yl bi s( 2-

pr opy£1254 (9- phenant hrg5% ndenyl ) haRi®undi chi or i de, drifBt RY1esi | anedi yl bi s(2- e

thyl-

i sopropyl i ndenyl )hafrgumdi chl eridpgZlivethyl si I&nedcw—biis(—%, 7-di met hy1- 4-

ni um di chl ori de,

17B 19B

R17B R17B R R
30 R168 R1BB R208 R1SB R1BB RZOB
DS S M
ILﬂB 1R1QB |R21B ILHB |L1QB 1R21B
= BR'®® = BNR'®®R""®, = AIR'® —Ge-, —Sn—, -O-, =S—, = SO, = SO,, = NR'®, = CO, = PR"®® or
35 =P(O)R'",
where
R'®8_R?'® are identical or different and are each a hydrogen atom, a halogen atom, a

trimethylsilyl group, a C{—C,¢—alkyl group, a C,—C—fluoroalkyl group, a C¢—C1o—



10i sopr opyl i ndenyl ) haf ni undi chl ori de, di net hyl si | anedi yl bi s(2- net hyl - 4, 6-

di i sopropyl i ndenyl ) haf ni undi chl ori de, di net hyl si | anedi yl bi s(2- et hyl - 4] p-

trifl uorowethywqbssnyl | i ndenyphaf ni undi chl ori de, di et hyl eCirareaivopbdss ( 2- met h
-4-[3",5 - dinethylsilanediylbis(2-nethyl-4-[4'-tert-butyl -

di et hyl sil anedi yl bi s(2-nethyl-4-[4'-terz2

di net hyl si | anedi yl bi s(2-ethyl-4-[4'-tert-

di met hyl si | anedi yl bi s(2- propyl -444' -tert-butyl -

di met hyl si | anedi yl bi s(2-i sopropyl -4-[4"-tert-

di net hyl si | anedi Ib b t I-4 4
di et hgl si | aned: §I b %‘%‘?fﬂe%’f?t‘ 48] S_Ct"bﬂy} group, & Ci-Cio-alkoxy group, a CrCis-
di met hyl si | anedi y1( 2kylggloxogphp, £ Ghenydlkeniedigun @207—C4o—arylalkyl group, a Cg—Cao—

rln_st hy1- 4- phenyl i ndegy/laldaafi Hdiptir Ghb o, Agikargedrbyd & twdnestickr:(rdditstd igeyd - 4- (

napht hyl )i ndenyl ) ( 2 Wik hgyAtemE SepneeliBh fETIPLR S FISS R M TR AT 79 RAYNGiTORY hy! s

il anedd y1( 2- 4 to 15 carbon atoms, and

| sopropy 1y [ -t er brdusby SikddanyerhbMARRY1in, 6RpreREBY ! siiddd’ -t ert - butyl phenyl]in

denyl ) haf ni um
di chl ori de, di met hyl si | anedi y1(2-i sopropyl 4' -tert-butyl henyl]lndenyl)(z
~ethyl -4- AP -tert- Esbuprﬁeﬁys]ﬁdenmzﬁél\%? A, =0, =S, NRP

di chl ori de, di net hyI si Nprediy pr2s '&Q%/ﬂmblmé@ suBsQlﬁItéMtfl)geEH%@fédychc rin
i ndenyl ) (2- net hyl - £3 5 his-tert- but yl phenyl]|ndenyl)hafn|un1d|ch?or|de

di met Y1 si | anedi y1( 8 stem, where
i sopropyl-4-[4'-tert-butyl phenyl]indenyl)(2-methyl-4-]1

' - napht hy rgmgﬂé’wzhagr@'éé@\ qh&ébleﬁ’cfénﬁ?o@&% another C1—C o=alkyl, CB—C15—a 10—
et hyl ene(2-i sopropyl-444"-tert-b 8’ é .51 ndenyl) (2 ?4'-tert but
yl phenyl ]i ndeny1) - ﬁ&#ﬁ%ﬁh?d{bﬁPBW?W S{Rd Jal so t he correspondlng

di met hyl haf*hi um noisoajdregea monel ataikyl, aBsyC@xary-widéh adyninutotrabelar C,~C,—alkyl
dl(alhglaryloxy)hafghﬁgggpﬂmgﬂ&m%o, ﬁggagg s can be used in the rac

form the meso formor as m xtyres of ? t he hafnocenes of the

above- nenti oned gendr él°’f"8ﬁ'hﬂ\a is tar’?o'é@“?ﬁ“t“f% sf‘?ﬁt' Ut A USET mfteocYps ring
2010/072367PCT/EPZO@QﬁQﬂQﬂ@@SObeO

or where the radicals R*® and R'?® together form an —R'*®— group.
A'® can, for example together with the bridge R'®, form an amine, ether, thioether or phosphine.
20 However, A'® can also be an unsubstituted, substituted or fused, heterocyclic aromatic ring
system which can contain heteroatoms from the group consisting of oxygen, sulfur, nitrogen and
phosphorus in addition to ring carbons. Examples of 5-membered heteroaryl groups which can
contain from one to four nitrogen atoms and/or a sulfur or oxygen atom as ring members in
addition to carbon atoms are 2-furyl, 2-thienyl, 2-pyrrolyl, 3-isoxazolyl, 5-isoxazolyl, 3-isothiazolyl,
25  5-isothiazolyl, 1-pyrazolyl, 3-pyrazolyl, 5-pyrazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-thiazolyl,
4-thiazolyl, 5-thiazolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl, 1,2,4-oxadiazol-3-yl, 1,2,4-oxa-
diazol-5-yl, 1,3,4-oxadiazol-2-yl and 1,2,4-triazol-3-yl. Examples of 6-membered heteroaryl groups
which may contain from one to four nitrogen atoms and/or a phosphorus atom are 2-pyridinyl, 2-
phosphabenzenyl, 3-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl, 1,3,5-triazin-2-yl and
30 1,2,4-triazin-3-yl, 1,2,4-triazin-5-yl and 1,2 4-triazin-6-yl. The 5-membered and 6-membered
heteroaryl groups may also be substituted by C4-Cqp-alkyl, C¢-Cio-aryl, alkylaryl having from 1 to
10 carbon atoms in the alkyl part and 6-10 carbon atoms in the aryl part, trialkylsilyl or halogens
such as fluorine, chlorine or bromine or be fused with one or more aromatics or heteroaromatics.
Examples of benzo-fused 5-membered heteroaryl groups are 2-indolyl, 7-indolyl, 2-coumaronyl, 7-
35 coumaronyl, 2-thionaphthenyl, 7-thionaphthenyl, 3-indazolyl, 7-indazolyl, 2-benzimidazolyl and 7-
benzimidazolyl. Examples of benzo-fused 6-membered heteroaryl groups are 2-quinolyl, 8-quino-
lyl, 3-cinnolyl, 8-cinnolyl, 1-phthalazyl, 2-quinazolyl, 4-quinazolyl, 8-quinazolyl, 5-quinoxalyl, 4-
acridy!, 1-phenanthridyl and 1-phenazyl. Naming and numbering of the heterocycles has been



25 are preferred. 10 Anong the conpounds of formula (V), preference is
given to those in which XBis fluorine, chlorine, bromne, Cl-C4-alkyl or
benzyl, ovotew/a7amiical s XB form a substituted or unsubsPCToPe@omtaeli ene
ligand, 15tis 1 or 2, preferably 2, RIB to R5Bare each hydrogen,

Cl- C8-al kyl, C6-C8-aryl, NROB2, OSi R8B3®»r Si(R9B)3 and R96 to Rl3Bare each
hydr ogen, Cl1-C8-al kyl or C6-C8-aryl, NR14B2, OSIR14B3 or Si (R14B)3 20 or in
each case two radicals RIBto R5B and/or ROB to Rmith the C5 ring form an

i ndenyl, fluorenyl or substituted indenyl or fluorenyl system The

haf nocenes of the f which th t adi
i denti cal taé?réfr%bzfl’etg?r&ﬂdd\fll ;Q%égprbg@%ﬁ%’lag'gq@f’ %Eg?‘?e' ﬁ?%ﬂsfe gh Ty 51%9
conpounds CbémieWeihlegimubsr. (V) are, inter alia:

bi s(cycl Oi?ﬁé"h@ﬁblg%”la k}% e %hﬁm %mbst% pré}eésl m@%méh ??aérabwwhn%hbr%dnee

bi s(fl uoreny nium 3 orid etra r0|n af ni um
di chl ori dé’ommes@p%h?”é}f‘réﬁﬁ'hﬂy%P%‘é‘r‘ﬂréaf’ y MERF95 PRRAY!
di chl o5 i dehdsw(Hesis ety lcamblgkes\tah dp eatriad betrbyl diaddaikoowh pdrlser withethe reaction

bi s(tri "Ebhﬂégédc(#ﬁ( 5@9&8942'&1?&@&% h)&e%&? ms%%r.o%e oPhaihi @Msx.hwelfément adi

enyl ) haf ni_um b s(1'sobutyl cy opent adi enyl ) haf nt um d or | tde
bi s( 3- but émml%p?@moaﬁﬁt%rmeﬁwm ds are described, " for example, in Journa o)
di chl or i deydansrheriihghayistyopeantiagh)esspldzbaf ni undi chl ori de, bis(1,3-di-tert- 35

but yl cycl ?R&Réfﬁ%ﬁ%k nlhfig gé#ighqll\& ﬂ%? gggeudo Rgf. é%inOThe term pseudo-Rac refers to

bis(trifluorone 0 I en ni-um
bi s(t &Pt - BRITRIXES i Uw@hthaw%ﬁmigpﬁatﬁﬁﬁwwgﬁn% PGrip ¢he Rac artangement relative to one
bi s( n- but yhane: Wape st @pkrenydtidaats RF thencainpibk areidtesgarded.

D SAPheT P LA, P s sy
dichloride, methylenebls(3 methylcyclopentadlenyl) hafnium  dichloride, methylenebls(
butylcyclopentadienyl)hafnium dichloride, methylene-bis(indenyl)hafnium dichloride,

15 methylenebis(tetrahydroindenyl) hafnium dichioride, isopropylidene-bis(cyclopentadienyl)hafnium
dichloride, isopropylidenebis(3-trimethylsilylcyclopentadienylyhafnium dichloride,
isopropylidenebis(3-methylcyclopentadienyl)hafnium dichloride, isopropylidenebis(3-n-
butylcyclopentadienyl)hafnium  dichloride, isopropylidenebis(3-phenylcyclopentadienyl)hafnium
dichloride, isopropylidenebis(indenyl)hafnium dichloride,

20 isopropylidenbis(tetrahydroindenyl)hafnium dichloride,
dimethyisilanediylbis(cyclopentadienyl)hafnium dichloride, dimethylsilanediylbis(indenyl)hafnium
dichloride, dimethyisilanediylbis(tetrahydroindenylyhafnium dichloride,
ethylenebis(cyclopentadienyl)hafnium  dichloride,  ethylenebis(indenyl)hafnium  dichloride,
ethylenebis(tetrahydroindenyl)hafnium dichloride, tetramethylethylene-9-fluorenyl-

25 cyclopentadienylhafnium dichloride, dimethylsilanediyibis(tetramethylcyclopentadienyl)hafnium
dichloride, dimethylsilanediylbis(3-trimethyisilylcyciopentadienyl)hafnium dichloride,
dimethylsilanediylbis(3-methylcyclopentadienyl)hafnium  dichloride,  dimethylsilanediylbis(3-n-
butylcyclopentadienyl)hafnium dichloride, dimethylsilanediylbis(3-tert-butyl-5-
methylcyclopentadienyl)hafnium dichloride, dimethylsilanediylbis(3-tert-butyl-5-

30 ethylcyclopentadienyl)hafnium dichloride, dimethylsilanediylbis(2-methylindenyl)hafnium
dichloride, dimethyisilanediylbis(2-isopropylindenyl)hafnium dichloride, dimethylsilanediylbis(2-
tert-butylindenyl)hafnium  dichloride, diethylsilanediylbis(2-methylindenyl)hafnium  dibromide,
dimethylsilanediylbis(3-methyl-5-methylcyclopentadienyl)hafnium dichloride,
dimethylsilanediylbis(3-ethyl-5-isopropylcyclopentadienyl)hafnium dichloride,

35 dimethylsilanediylbis(2-ethylindenyl)hafnium  dichloride,  dimethylsilanediylbis(2-methyl—4,5—
benzindenyl)hafnium dichloride, dimethylsilanediylbis(2-ethyl-4,5—-benzindenyl)hafnium dichloride,
methylphenylsilanediylbis(2-methyl—4,5-benzindenyl)hafnium dichloride,
methylphenylsilanediylbis(2-ethyl—4,5-benzindenyl)hafnium dichioride, diphenyisilanediylbis(2-



WO 2010/ 072367PCT/ EP2009/ 009066 26 cycl opent adi enyl ) haf ni um di chl ori de,

bi s(1- n-butyl - 3-net hyl cycl opent adi enyl ) haf ni um di chl ori de,

(cycl operwvadowvgkdef met hyl cycl opent adi enyl ) haf ni undi chl oPCa@&Pe@YOIWpEent adi en

yl) (n- butyl cycl opent adi enyl ) haf ni undi chl ori de, (net hyl cycl opent adi enyl ) (n-

but yl cycl opent adi enyl ) haf ni undi chl ori dezq{ cycl opent adi enyl ) (1- et hyl - 3- n-

5but yl cycl opent adi enyl ) haf ni um di chl ori de,

bi s(tetranet hyl cycl opent adi enyl ) haf ni um di chl ori de and al so the

correspondi ng di met hyl haf ni um conpounds. Further exanples are the

correspondi haf nocene conpounds in ich one or two the chl oride
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reactign tﬁ%lﬁ enyl?ﬁdl'ﬁﬂ?ha% Jnt‘e Pr eSEOG& ng at h'J fle C}P{lé?lgﬁéaﬁf d(?(%‘%ﬂwgm [4'—tert-

concentra gent, sard thir entrati on

bei ng f roh\'tﬂplﬁ%‘ywn%}"ﬁ’éf“lﬂmver tdiciprigai d sé@éﬁ?&’%‘i’@é&%ﬁﬁﬁéﬂ‘%ﬁ?ﬂ'&%ﬁ?%ﬁt i on.
Pr ef er abl ghenliifdenlijhainiudd ef i N peibyiomse] zat | ondimemgisiadsdiyibis@eisdspyRd-[4 Atetthe

presence gutﬁlghqefnglgr?c}en% ¥n$u(;net erm E%qlﬁ hcentr g“ Qrﬁqs% |b%;2bﬁ%%ﬁ/l—4ﬁ9utleﬁt or,

pr ef er abl erably er' t han er than 3
ppm pr ef butgphapyfindsay! af”d}mB ppm digoride10/ 0723W/'EP20@9! -[4-tert-
20  butylphenyllindenyl)hafnium dichloride, dimethylsilanediyl(2—-isopropyl—4- phenylmdenyl)(2—
methyl—4-phenylindenyl)hafnium dichloride, dimethylsilanediyl(2—isopropyl—4-(1-

naphthyl)indenyl)(2—-methyl—4-(1-naphthyl)indenyl)hafnium dichloride, dimethylsilanediyl(2—
isopropyl—4-[4'—tert-butylphenyl]indenyl)(2—-methyl—4-[4'—tert-butylphenyl]indenyl)hafnium
dichloride, dimethylsilanediyl(2—isopropyl—4-[4'—tert-butylphenyl]indenyl)(2—ethyl—4-[4'—tert-
25 butylphenyllindenyl)hafnium  dichloride, dimethylsilanediyl(2—isopropyl—4-[4'—tert-butylphenyl]-
indenyl)(2-methyl—4-[3’,5'-bis~tert-butylphenyllindenyl)hafnium dichloride, dimethylsilanediyl(2—
isopropyl—4-[4'—tert-butylphenyllindenyl)(2-methyl—-4-[1'-naphthyl]indenyl)hafnium dichloride and
ethylene(2—isopropyl—4-[4'—tert-butylphenyl]indenyl}(2—methyl—4-[4'—tert-butylphenyl]indenyl)-
hafnium dichloride, and also the corresponding dimethylhafnium, monochloromono(alkylaryloxy)-
30 hafnium and di(alkylaryloxy)hafnium compounds. The complexes can be used in the rac form, the
meso form or as mixtures of these.
Among the hafnocenes of the above-mentioned general formula, those of the following formula

35



27 Preferably, the second ol efin polynerization reaction is performed in
the presence of a second predeterm ned concentration of nolar nass
regul at orwopnsfeexbl y | ower than said first predeterm nedTEPa@e00908é i on of
nol ar mass regul ator, preferably |ower than 1 ppm preferably |ower than
0.1 ppm 5 Preferably, the third ol efi mgpol yneri zation reaction is
performed in the presence a thr'® predeterm ned concentration of nolar
mass reqgul ator, preferably |swer/than said second concentration of nolar
mass reqgul ator, preferably | than 0.1 ppm More preferably, the third
ol efin polynerization r i pgornmed in the absence of nolar nass
regul ator. 10 Preferably, the ol efin polynerization reaction is
perforned in the presence of agPérst™Npregeterm ned concentration of a first
antistatic agent, preferably fpram 10 %600 ppm nore preferably from 10 to
400 ppm nore preferably from 20 t 00 ppm nore preferably from30 to 150
ppm 15 Preferably, the,astistalli gent used in the first polynerization
reacti®n (Mirst antistatiic c%ﬁprises an al koxyam ne (such as for
exanpl e comerci al ly avail abl mer, for exanple Atner 63). 20Preferably,
the second ol efin polynerization N sogerfornmed in the presence of a second
pr edet er m ned concentrati®n of th& first antistatic agent, preferably the
sanme antistatic agent used in the first olefin polynerization, said second
predetern%@§gﬁgggpentration being fromto O to a value | ower than said
first predetermned concentration. Preferably, the second predeterm ned
concerPr afMgRg e comeeunfs Qftforata (W} aqu%fe%@émw%@ fhege BRd pol ymeri zati on
reaction is fromb5 to 50 25 ppm nore preferably from5 to 40 ppm nore
pref erabl Xe froms t % f%grir%pgﬁlormg{j&omrngf(%L@p—la)((ylfcﬁ Béﬂz?l, thngad}meXB%

o] and 1n any c I

preferably fromb5 t ) ppm I ase” |l ower "than said first
pr edet er ni ned conceﬁt‘t?%i“FeGr?.' ungupgityied pdradisne ligand. second ol efin

pol ymeri zation is performed in the absence of the first antistatic agent.
30Preferaply, the thi i | ymeri zation reaction is perforned in the
preseﬂge gf a thirdn%{gégkg%#%led concentration of the first antistatic
agent, preferably the sane antistatic agent used in the first olefin

pol yneri zatdeR® sai drd dich dydpseaet £Crane e NR°Y OsiR®her 8iRPramito 0 to a
val ue lower than said first predeterm ned concentration. Said third
predeterm ned concentration of the first antistatigaagenhain thgthird

pol yreri zB{ 11@R T eac@rerfch §Y45eeenet abi-3ku pigrarta?d. MR~ a YaiRue I RWBr )85 t han
sai d faorst predeterm ned concentration and preferably | ower than said
second predeterm ned, concent rae i, Onss o8l 1B . e

pr ef er abl ;9r fnr%ar%m(fa§%w§° f)agfré]altsp@ef%?ab?@ﬁ%ﬁ{om%%S ttgdgg%ﬁmh jtp?/\%g%g HtnCan
2010/ 072367PTT/iEmeo0 97 DOstdaed paept effuprgpy pysteme third ol efin pol ynmeri zati on
reaction is perforned in the absence of the first antistatic agent.

Pr ef er abl the secon | ef I n_poLyoeri Lon i far I . ce
of a predﬁp%mﬁﬁﬁgﬁegt’5ﬁ%§ﬁ?P%t' ﬁngvméa%gggﬂé&gﬁ?%g d%?gmggg%Pﬁﬁﬁ%féﬁgnt
from 4 dpétiedarlyasefulst at i ¢ agent, preferably comercially avail able
Cost el an AS100, preferably at a concentration fromO to 100 ppm preferably
from5 to_50 referably from6 to fer y, the third olefin
pol yrer | 3 SERRRET & PBEFVEM R el B BREle F Srdh@Pabii hea 10
concentration of a second antistatic agent, preferably the sane antistatic

agent Use@ist&cléﬂéﬂtaﬂ%ﬁﬂmgfnﬂm Ydigdridat ioR(IndeAPfhain@im  diHRrié, ablsyfiudien@)hafnium

ol P, - deRgieer oRer AR EnEPRET( - FNHe eI TR et e,

pr ef er abl yichiotde, 2 to 20 ppnpis(gimetiyisiityglopertadiedybiafign ppm  15Pr ef diERONSE, t he

fir 3t t pol _y,rmgrh@tﬁéﬂygmcp@f@tqiaei@?w)ﬁama{ 0{ NgdhidriBe,t he b@{eﬁ%%@@pe?hfad%nflljh?ﬁum

predet erm ned copcentration of an agen ivati e Zieql er- .

Catal yot | CBRBRREC=oBr EPieRaT g O BARa A are LB HED T S Bien R e

pr ef er abl yichiaride; ganonwisghéthdcyclopgrdadieny)) iafrédrer abl y dighlogdgyanonet kis(l Sdi-tert-

compouszd @fityRydiBRetadiehy)FERMR dichigridd! bidtriffibRHRERY MopehBichyihahiuAC litMaidend

g?gg; Olmit zgktgﬁgéﬂﬁ%ioggt%}%y&r\%%EmCﬁ%ﬂ'dgI tgllg(h-bB{y%yc%pael%!3}4iegﬁ)?wg\!nﬁnI Qighlgrﬁd'e,
bis(phenylcyclopen,tadienyl)hafnium , dichloride, bis(N,N-

dimethylaminomethylcyclopentadienyl)hafnium dichloride, bis(1,3-dimethyl-



20hal i des. Preferably, said first predeterm ned concentration of agent
activating the Ziegler-Natta catal yst conponent is higher than 15 ppm

pr ef er ablWOf20 w7287 ppm t o 500 pm nore preferably from BOTER20090099p6m nor e
preferably from60 to 400 ppm 25 Preferably, the second pol yneri zation
reaction is perforned in the presence of6 a second predeterm ned
concentration of said agent activating the Ziegler-Natta catal yst
conponent, preferably |Iower than said first predeterm ned concentration,
preferably | ower than 30 ppm pref erably | ower than 20 ppm preferably

| ower than fera 0 b e
second pOF\S? n@gﬂ%&%nyﬁha‘?m m ? I'}fonndleS tsg ?QLQH;B m&Rﬂ%ycMBérbacq’Q&éﬁJfﬁﬂrﬁ c]j:é(hl%ﬁdg
activati ng:y@m?n@ld@gylkémemm)tc@pefa@%f}y@haf@'m'\n pondgitorider ef er éfHF'?Pe”ﬁal‘i’@nV'HP'r d
pol 3d/nrer| Z Bt Iolb@rﬁﬁcilér@r)héfﬁurﬁe][for mdsd idiehfofide, pr esence @ﬁeua/ldybbpéhtadnenyn

pr edet er e n of sai activati

cat al yst nh@ﬁf%?f?@ﬁ'ﬁaé] @?aé? By | owerglgﬁ%ﬁe% sai d P?Clgs%ema%' gg{ erm
concendr abwtdwclqpere;amra!blhgfmDm\mh|0flﬂ%1rbl53©tr@'p¢ﬁ1quyplepwmnyl)ﬂacﬁ%m dtCh@ﬂdeZGHdppm

pref er abl ysé MeRbrrddpaRYidiRERYInahiehebmbbonas oner than 10 ppm More
preferably, the third polynerization reaction is performed in the absence

of a said agent activating the Ziegler-Natta catal yst conponent. WO
2010/ 0723 6UPET /ckmRNED AG B 66 rr2SpoAdiog rrainageneocantpoumdst inowhielf oneve v oh theas

ment | Onedcﬁ&%¥%gaﬁdg‘ﬁa¢é teeh r@iREH By PeERS logRk! on reaction, which is
perfornmed in the presence of the %I egler-Natta catal yst system is

di scortfi nued (step a)). This discontinuing step a) is preferably perforned
by carryi Agtheusuitahle nsdt@psened majy balthosebaeed ampthe frgmalaé dedery), efhetehastead of

Zi egl er - Nﬂ&fhlamcatdﬁ}e)'e?ﬁ tr§ﬁ§§foﬁ%ét£’%@le€t@@ fcfrﬁatﬁé Qfoup @BLisHRY ofl € tiangtid@etane
Ziegler-Natta cat al in_an irreversible manner.

Sy
10Pr ef er apPyPoupge's Q%/é'ﬁe%é)'db?s fa@%i@fnﬂ?aﬂ %E; Vifie Ziegler-Natta catal yst

systemis perforned by feeding into the reactor an agent deactivating the

Zi egl ef5- Naf, :vﬁaéccﬁ‘tlﬂ]s}fékesé&?ﬁ?@ th%r &ixeh 2Blal s Eysterd Eﬁé?errﬁlpl:&n&%@gtal Yeabd Qrga

agent. For pur poses esent | nvention, any ‘deacti vat| ng zi\%
conpri si n@‘e?d%f‘%lﬁéé@g'ﬁrs'tiﬁatantWQEe’BKB)s 6195 PafRgagae %F'Efﬁ”%ﬁeéeaﬂ At {5t eact
Wi th at | easttransitionofetah ecompogranesft heoforthetalficetyl eyphladd aos agirggley site attysMm so

as to mak ;%;ﬁb%ﬁé'c(?\? \}ﬁéfe %tilafeatrré’ﬁlém a?trﬁ&b'p?é&rably%n |Bﬁeéta?arﬁm:6fnponent

irreversi | e use erence i s given to deactivating
agents i r PEIREFRYY B?‘V‘%%H@?”@‘&t“@ﬁ’@f ?‘F?é'“??b@?grtw?\l&fyf goeaPapydrbesnne & §'98‘?ﬂ

i . e. agentsdoraigysibsttidny i nactivating the catalyst ability to polynerize
t he mononer(s), i.e. such that no reactivation of the Ziegler-Natta

catal yst system can be observed even when the deactivating agent is renoved
or an act Plefgrebly Reeist plelt Relympdasyion seqelien ippefamag| iy the rPéeS&{é%ﬁ:Pf \Pat'iShg
agent is prleweintited ¢onberitlatorgbfoateasd BP¢ laskilkgy agenefsatimbt Yorcaxamplet dnnantistatic

agent.

25
Preferably, the second olefin polymerization is performed in the presence of a second
predetermined concentration of auxiliary agent, said second predetermined concentration being
from 0 to a value lower than said first predetermined concentration.

30 Preferably, the third olefin polymerization reaction is performed in the presence of a third
predetermined concentration of auxiliary agent, said third predetermined concentration being from

0 to a value lower than said second predetermined concentration.

Preferably, the first olefin polymerization reaction is performed in the presence of a first
35 predetermined concentration of molar mass regulator, preferably hydrogen, preferably higher than
2 ppm, preferably higher than 3 ppm, preferably from 4 to 8 ppm.



25 CO (€2, oxygen, water, alcohols, glycols, phenols, ethers, carbonyl
conpounds such as ketones, al dehydes, carboxylic acids, esters, fatty

aci ds, alW9new/§uwh as acetyl ene, am nes, al koxyam nes PEUFR2e08/002966 exanpl e
commercially available Atner), nitriles, nitrous conmpounds, pyridine,

pyrol es, carbonyl sul fide, nmercaptans, awnistatic agents (such as for
exanpl e Costel an AS100, available from Costenoble, Germany). 30 Preferably,
t he agent deactivating the Ziegler-Natta catalyst systemis selected from
the group conprising, preferably consisting of: oxygen, water, alcohols,

gl ycol s, phenagl s, carbo noxi de. car - di oxi : [ Y.
conpounds, reﬁalr%lfyné%e, seﬁ??‘?%'g@n %%%eoﬂﬁﬂt&fsn .rg%%?ﬁés é%rgg?eoglf]gﬁ Eref)%q%fl%grgi%f 3?_'}don
reaction predgiergfinedalgbncentrationnefli melal bas$ eredvlplgr apreferabbndower athagesaid i field in
nor e det aplegetbihidedeohSdntra¥n"@, m&sr Ghds §latol, @Adlerably lower @handi pprahpreferdbds a
reduced p opo tlﬁn of oxygen. WD 2010/ 072367PCT/ EP2009/ 009066 30

Pref er abl PV 31 14 PRPef erred enmbodi ment according to which the reactor is
gas phase reactor, in particular a gas-phase fluidized-bed reactor, the
aglent d_eaﬁ{e!ré@&y, e _tuE]@ Slefag! gpmaﬁéﬁti&w Gcfdry % p;@ﬁsﬁ@dﬂm %eVQJeQécheof;J@dﬂfd

pol yneri zation conditions.. r e purposes o e present invention, a
Vol ati | ¢ BEAREAR RRycatEien i€ MO BLEA R PrPeplr BVE NepEyd resene

havi ng a vapenmtraporesfyusiar roéssabgulator] p@@rabdy lawelcthart Bié poon Mots praferably, thiedhird
recycl e 9ggnirsyspnfdifbon tALtiEAS pERAREd SRCANRERce URROMARASs RE@MSUI € 1S
preferably sufficiently high ?o ensure conpl ete deactivation of the
cataIQQt present in the recycle gas system Preference is given to a vapor
pressure Bfefaitiyethd 09 defin polgheizatidny resotinne is200®riPed imtthe P@semecbtrefrse i s
al so gi vepehQerhfhed dfbeHiblich SR Ghd: \LAlidatd ﬁ@tpré?&xm?groaq hotd bow Pl Rlordbel ow
the tenperature in the %gs-phase fluid ze -ged %ﬁac or unde¥ﬁ§f ¥ne§gfat|on
condi t i onBeespt frpm 19 fo SRR, 710ke REIRHOM ) <9 1P {NPPFe X OP e FRM TAUPAA y
sui tabl e v&d mim.l e deactivating agents are for exanple | ow nol ecul ar wei ght
al cohgks 15 and their ethers, |ow nolecular weight esters and am nes having
a sufficient vapor pressure for themtgo be able to be present |in gaseous
formin aPefRraglytes entistale Aoeniesrd 7 e Wéh&?'yrb%flz9tf?€rﬁei‘§¥f‘d skﬁﬁﬁ‘af'géﬂ%m)and
pr ef er abl yoraprses an daioxjdnenec (sudh tais ofos exampld eommengallye agrilgbls ysinem forPexsimgleence
i s given Lo 41w Cl- CA-al cohol s nethanol (b.p.: 65C 128 hPa), ethanol (78C,
60 hPa), 1-prop5no| (97.4C, 18.7 hPa), 2-propanol (82C, 43 hPa), 1-butanol
(117C, 6.7 hPa), 2-butanol 20 (99C, 17 hPa), tert-butanol (82.2C, 41.3
hPa), 20i t Rrefdigbly athe esecghd/ edfefin npdiyreetization Beipadprinbe ibothe | prgsepoe ndf  anskcodie
vapor pre : fyvel . > i I i :

3" - o1 BB R Mty B kel Gyl BT 1R sEReRhikRitc ool Yo | |
to the delcthe Vigst PiREN agenerzatine said seeandinigdelrEpingd, P1Icpaifatia’ beipg fromdto 0 to a

anti st ati ¢Slue BV AAFER, fird TRédetermingd RoS@NbAtRN. P@fdrably, dhveesddord badeteirbiyed O

meter 1 hec?n%@ﬁ[aitié?hi g f@%ﬁﬁﬂat&m@eh@ik ttl%{}s&%ﬂd %8%%2%@04 r@g&Fon ﬁ? lerr?\rg & 56 or
exanpl e saturate ydrocarbons such as hexane. e anount of deactivating
agent 28sedrmsmerepegierably frem St 40 spremarecrefershisfep Soip 30memy Bjea Rypferaply fiom
possi bl e, 5far2@ppmpinore toeef&rbisly tfrom Bhtoa 15 pph, aaBTK MMy agde i Iowsretiae satd €t i |

co rrpl ete ?reeggtyrﬁ/l tdi c%ﬂc%}x?r%tio%okﬁéﬁ&ivglka&g 'se%:o%i torfb%b fBBf ﬁer'&'{igr( rr?e%ﬁr\édsin gt.\eve n
to a deactivating agent having an antistatic ac i'orf. “Accordimg to a
pr ef er r ed abseperieiifafirstiantistatisfagenthe deacti vating agent is netered in excess.

35 According to a preferred enbodi nent, the step a) of discontinuing the
(At % 0 Pl YRR (BRE AR LBl EGhhd T BB 5k 70
predetermined concentration of the first antistatic agent, preferably the same antistatic agent used
in the first olefin polymerization, said third predetermined concentration being from to 0 to a value
lower than said first predetermined concentration. Said third predetermined concentration of the
first antistatic agent in the third polymerization reaction is preferably from to 0 to a value lower
35 than said first predetermined concentration and preferably lower than said second predetermined
concentration, preferably from 0 to 10 ppm, more preferably from 0 to 5§ ppm, preferably from 0.3
to 5 ppm.



31 al) interrupting the feeding of Ziegler-Natta catal yst systeminto the
reactor; and a2) increasing the reactor tenperature. 5Preferably, the
react or tWEPFBI0AZ9E i s i ncreased of about 10-20C with r &P HI0pE
tenperature at which the first olefin polynerization reaction is carried
out. By way of an illustrative exanple,28f the first olefin polynerization
reaction is carried out at about 70C 110C, then, after interrupting the
feeding of the first catalyst systeminto the reactor, the reactor
tenperature is preferably set to about 80C-120C, nore preferably to about
90C- 115C, ' ca e 104 : 0 eqfd rst
olefin por%%garﬁlgéﬁ? g?\'%r @g@{ §?l%%r%g§&{ géag{'aogc% [ géar?gﬁ %%:ianh%eé gb(ieNgft E’% i
cat al yst 3V5te8aR98h order to deactivate the Ziegler-Natta catal yst system
the use of a deactivating agent and a tenperature increase or reduction,
dependi ng,0 he .nat ur , 1 cat ! n.o

conbi ned, Prseger%bsly ‘tﬂge z%%\?g%t% Leaéggg%&%g%u%e@%ﬁ%ﬁéihﬁy eé?ﬁﬁ%,?ftfgég%ﬁﬁ?edof
deact i ¥at Fengenigtion ohAadecend anatatn peant slifigeent fraw saidhfist antistatic iPaenterrsteradly
decr ease. cdhBersitBPa@lailé CHsEEANAS U0 PpeeférbBly T4t 1 tokerttdtion F@hy el 760t pprh,

reaction, the ste f perform cond pol ynmerization reaction and
the step 85epe67b§ypféd??g¥°rﬁ%rf’é’ ‘ﬁrg?etr%quﬁgmﬁ)gfoyfoerp%z'ati on reaction as 20 defined
above are preferably perforned in a continuous nanner, i.e. wthout any

i nter medi pefersdiERné NRFCBIBINVBE PmeriZAtidhalst paridkéd W tHaOpresehdy of t£ pre@btemimddyi NY
r eact ql‘ or renc

w.th refe e r. exanpl.e to the, preferred enbaodi,nment .
envi sagi n@dnﬁe?tfaﬂ?rbf)gg B ?éﬁ@ﬁ%?gg%f P rf“%&?ﬂ:“l H% ity ﬁ@s&ﬁ‘f aggmtlhs(ea& Bed® 1 n
ot her wor second\peiymeriaetiongeastion, pieferaplyf atis apnoestratinadowes shandire copeenyration usadinbe
carried owe RESRI polnRiRzatbn 38ESH, PReférhblf AN a REndeRlratioR droRtd taBY @pmS prferdbly

whil e retainin he particle b esent in 25the reactor. According to an
al ternati %mgr'r%?)(ﬁﬁ’%rﬂ"?feré?li'g?mgﬁ%géBBm'and before step b) the particle bed

mass is preferably lowered. In this way, the anpunt of deactivating agent
neededst 0 pReaSy, VR st AR mEHEMb S Feabintig pERSRLY Ftthé Yk EBeTRY fiR® predetermined

advant ageousl y reduced. 30 \Wen an nt deactivating the Zieqgler-Natta
cat al yst §%Féfﬂt'?’§°fﬁ‘e?ﬁem[ v gﬂ}?dﬂ%ﬁ%rfl\éagtgﬁﬁ{f‘yﬁhc}wgperg.oq{%fjﬂagéSco[nﬁgslrgg( ep
of neut r abn z brggndnimalizx ceswowfd, demésrabhat amgorggremetallic  comppwider pigfeyabiyt han st ep

of neutr abﬁgéﬁa&ténﬂ%oﬁgosswofoé mdBREE GNoaD NG oRYEPletdrably Me firSiChchitiind ¥gdrt iy a
35 scavengér. WO 2010/

07236 7PCT/ EP2009/ 009066 .32 organonet al | j c__conpound
of o ot aPSEHedIRgR5E 10U CRPEING, Bl NGB SIDe 7 21e=0P BAABHEIAT PGS
nor e [20ef baldbs.y an or ganoal um num conpound. Preferably, the organonetallic
conpound is selected fromthe group conprising, preferably 5 consisting of:
['ithium al k¥l s, magnesi um or zinc al k?/I S, magnesi um al ﬁf" _hafl :ﬁj«?s {allI um num
al kyl s, sPIERBY. SPR\fret predaisrpgird SPRGRIIOE of R8eiacivalpg Hiekgpo'eYatasetlavibr e
pr ef er abl gompidmentas tigimen thenall5| pipon, prefgpanlynitksn a0 epra ltai 53 0rpem nadré pregerabmdfreraddési um
al kyl's. Shpd bori e Pr’e%frfdiﬂfgn%o 8o gpanomet al I i ¢ conpounds are al um num

K

al kyls, preferably trialKylalum num conpounds. Preferably, the al um num
al kyl Ldare, for exanpl e, trinethylalum num (TMAL), triethylal um num (TEAL),
tri- Preferably, the second polymerization reaction is performed in the presence of a second

predetermined concentration of said agent activating the Ziegler-Natta catalyst component,
preferably lower than said first predetermined concentration, preferably lower than 30 ppm,
preferably lower than 20 ppm, preferably lower than 15 ppm, preferably lower than 10 ppm. More

30 preferably, the second polymerization reaction is performed in the absence of a said agent
activating the Ziegler-Natta catalyst component.

Preferably, the third polymerization reaction is performed in the presence of a third predetermined
concentration of said agent activating the Ziegler-Natta catalyst component, preferably lower than

35 said first predetermined concentration, preferably lower than 30 ppm, preferably lower than 25
ppm, preferably lower than 15 ppm, preferably lower than 10 ppm. More preferably, the third
polymerization reaction is performed in the absence of a said agent activating the Ziegler-Natta
catalyst component.



10i sobutyl al um num (TI BAL) and tri-n-hexylal um num (TNHAL) and the |ike.
Preferably, the step of neutralizing the excess of deactivating agent is
carried VO 21p/W7TR®7sane conpound used as an agent acti vECTHF20000506¢ st
catal yst conmponent of the m xed catal yst system which is preferably an
organonetal | i ¢ conpound, preferably an zg ganoal um num conpound. 15 The
further olefin polynerization reaction is performed with an initial
activity of catalyst conponent (A) exceeding the initial activity of

catal yst conmponent (B), i.e. for a predetermned tinme. This predeterm ned

time pref edlffer nce

attai nablg ffjré/ ?}% %a‘f(g(ll}y%vfm@b’n% n%n ned bov%hh » an(}Hzg? |5m$ﬁ)taﬂm '%fa et'r%n The
pr edet er niwhielistreriermied inghe preserisk pf mh@lelgierrt‘atﬁ CWSEWS@WFW@@W%@H&P@H age
nol ecul ar wei ght, pref erably of about 80000, is achieved. Once the

pr edet er e ecul ar wei the r ctivity of the
two cat almrgf g'é‘b‘?‘?ﬂ'b”ﬁ'@nstt%p? NP {?Efbfyé)eﬁﬁrg}?dg’éc?rfyén(glvg 8?8@ dependi ng on the

type o% the target polyolefin. In other words, once a predeterm ned average
mol ecul ar wei ghytintkSy Fr{:é %\é@.@lg of thezRglef Néttamafau@! Shieh iRekpeTRadEasdON reaction
can be continued an e relative activity between the two catal yst
conponents (A) and (B) of the m xed catal yst system nmay be adjusted in a

di f f erent nmana®rdeatigating dmepZiediet-Nattachelystrsysteral preferadiytin anireversiele eraabgry so as
to ensure the maxi num activity of both catal yst conponents or any desi red
rati o between their activities which ure esired targete rod

The réPat PIREEaRY: iR $iSP P tdhARAstYalRa {'\ﬁ&eﬁ’@zﬁf 5‘@% Patg'?ﬁiﬁﬁ%’ﬁt'ssp%g"ﬁ?e A(i

cat al yst #ysthe neacmy at egent] ferstieting thelirgiegiNatia tdtalys sysdérn.i mdsraalyfaecllrfrvnqmﬂehe
activity gf Cﬁ\;atl gggcetmone of the catalyst conponents of the m xed catal yst
system su or exanpl e physical conditions (e.g. tenperature,

pressure) or chem cal conditions. 35 According to a preferred enbodi nent,

t he seconéooihefpurposed pirerei gragenoimvedt@ol amndeastivating iagéntycoperising selzbtannes he
presenge \V i i I _the
i xed Gat Q100 BUSHecEl (h Rrsp Rty BRI Y B 20 pﬁﬁféie?g@' the
agent rev®pAly [5p Yﬁe%ﬁ"\/éf’la}‘i‘gmc@?'&? V& Zegrpiiziantatelst gptef BapiVg el %‘%91 yst
syst em derrievasiblyiradiieheanrbeased.on bet ween t he agent deactivating the
Ziegler-Natta catal yst systemand the neutralizing agent. S5According to an
alternative enbodi nent, the second ol efin polynerization reaction is

i nitial lyPEEesensdVen torieapivatingnaeents '”&Yle’&a'érﬂeagﬁ’?‘i"\ﬁa?“far?gje%‘?{t"ﬁﬁt?sftata'y“
conpormnt sysfgm,ale. ddeatsTiraedsiyninattivstingies tatalyst Bhidtyao poigmerizeund monafier(ehyis. t 0
carry out sﬁéhetnatbr}o ygg{;\tﬁlgﬂo%ré?f tm gghlgr-h% E‘Qfélyls §Ys9%m thr? bg% se%kédl é\%ﬁ v&h@n th the

art. In princip %3 greval |ng activity o
cat al yst éé?ﬁﬁ!ﬁﬁ'é@l?ge(”h\bs f%ﬁ‘O\teH@'ﬁ’i wat@a@awé‘iocei?*gﬁt ffed . e. an activity
exceeding the activity of second catalyst conponent (B)) may achieve the

obj ect of ol digabi R0 éag{ba Sgg%%pmtselsag@g&ﬁg#e rétlp dofhng d&%h@tp@f@rbmy EisRuAedn v

when conpare stem for
exanpl38, B |¢er dewaﬁnngvaiem glcehpls, radvgels o Phenq!sa gees. f@fhopyt ‘FCWQWH Sa Pyt as
conponent kétéaesbutdesyabst@?ﬁdxalcl atid3plstas| fag avids ! Slkynas tsusti by atétylofe, catuadsyst

t (B t
ggtrrgloggtn C(% ) ’am|r’>é§ {'u'g& %gqgr' &gmk) c%n}m?céngaa% %E)leaﬁg @Semﬁue@%lréé& &J“n% b t 0 t he
react or arﬁyfa’g’@npyféeacqampatﬂﬁlﬂ@ecmeéﬂa?@t‘s (?(!?Hii%iﬁeﬁﬂ?“‘é B?UC gt BYSAAMAY GPtgan

setting ang16mlayambik Zrhi OsstéebR] Gérmriaay)f avoring an initial prevailing
acti vi of catal yst conponent (A). 201 f the polynerization reactions are

carried out in gas phase, the nethod preferably further conprises the step
of adj ust iPreferablp theagent wpeasivating iheaZiealer-Nattar ¢atalyst syters iepelectad frosp diegram v

before Caksmpmgob&feﬁmohéustﬁh@dx oQR}an\ﬂﬁbﬂ MilcotUNs; GlyedidlipReriy, GarBorE Mbhasideg Out
step ¢ og§dthe step of reducing

t he bed h&FGRT d'8’f? F%F éafrbolng coﬂg’ﬁ%ﬂ kyngsgi{nit%ﬁg?&fctl on. In this way, it

i s advant ageously possible either to mnimze the amount of the
deact i 3sat ithg fﬁ’éied'léfmoﬁolytn%nﬁé{foh h@éctlbﬁ*dy%ﬁeférbﬁy tois@BntihGéd by aesdidg amiarghdlr asn t he

first to tdggcn e mnmore aeetalls nP% frTﬁaJvhnZgatolr %’b rC%acfean air, i.e. air which has a reduced

proportion of oxygen.



30 Preferably, after the step b) of performng the second olefin

pol yneri zation reaction and before the step ¢) of performng the third

ol ef i n poWVOIBINOZAaI67ON reaction, the tenperature is set PATAP2IHEIOHE om 100
to 125C, nore preferably from 110 to 120C. 35Preferably, before carrying
out the step c), the reactor tenperatur® is mai ntained substantially at the
sane value of step b), preferably increased of about 5-15C, preferably of
8-12C with respect to the tenperature at which the second ol efin

pol ymeri zation reaction is carried out. By way of an illustrative exanple,

if the segond [,z 00C,
v 2030/ 05 FRFDCT) LB AT TLttERR aRERTL Buich (EIRLEE UL ool RO
the ni xedpatiquiryas assghese Miidizedbech eeacton dthe agent r@a?té’a’dﬂgoﬁhetzé?ﬁﬂféﬂ\@ﬁﬁ rcatajyst
pref er abl yys&dt isvBlate LIRIEP BSIFHhsHZELdM @R@tiodshan 100C so as to deactivate the
m xed cat aI yst system preferably to about 105C, nore preferably to about
110C. 5SPreferably, after the step b) of performng the second ol efin

pol ynme¥ i z&eritbmpureeses pidhe pigeertd v ertien taolatiteedgactivating agemntisod sHbSigNeher a mixiuee

ol efin pobydBsthrdt in@Vind @agaov Qr%ssd?@bf waaé |1000| ma GaBIhE 3bndRBnYintthe tdigcle gas
above- rrentl nEdEiEFEf erred

conposi ti MG"S P8 RYASH S 5#8? alS‘Fyvaa%r ?rg%lé‘fe Gwﬁéraaé%rrﬁﬁ'genrﬁ' ?amh H§HSgen
concent r atoropiete teRxtiedtion abihy catalyst presehbal theirecyria gascrypteins Beefarenseds leefbﬁo a

reduci ng the, pl%gsd?@bf@%v@-‘f g08Pal ﬂ@fe%ﬁ@fb@v@ﬁdoﬁ@r étzz@tdi Q’?((ajfé@ﬁ&at is QRo glvBn td‘“ S
reauce

way, it is advanta e ti

transi'®i oﬁlvﬁ{?t'?r‘%ﬁ‘??tﬂvﬁiéngsé%%ﬂﬁa‘(ﬁg tah%O"t"ﬂl F?OH“(C)LI Vi {}fe poTOFRM K F‘anﬁsgﬁﬁ S on.
15 It is &ligzedamsisiebéter tindee rpelys@geatian tcoaditioing,i emnithay itf vaperizesRfindidtely i dheal yst
systemto .} xed catal yst system preferably sel ected anong any of the
preferred m xed catal yst systens nentioned above. This transitioning can be
performed either alone or in sequence after step c¢c) of the nethod of the

i nvent i onPattibuiglypsitatile volatie dedctvating agérds are fookxammie patmaeculdr welight Bicehpdes,

It 1S GONYRNneRTetHeR, BWr§15\émla2Qve|gthh@stErQrarn@%9%g'hQGn?!a%t:ffﬁeﬂQ)aMWrés?s@Fe‘ fgn in
the presence of the m xed catal yst and an anti

atic ? P fer aEI y
sel ected H¥Bh{P tbﬁea%tt‘? ?Faf’rfeﬁe”éd%rﬁaée?i’én M FHYTE %ﬂw‘g‘ BH%e Eﬁer e
hi gher t haoiyhéreatanaaditiorst arginpreferablyealsotinder dltei cordijjemst inube deayaleigag system.
pol yner i Z?Féf&@no@% n%pé;?ng‘el cﬂ-é hﬁcoﬂ&l@%ﬂ%ﬁm% t B?CPMa' H#a?’setr%%lakb&%t 66 HBdEM

Accordin or transitionin o apt ﬁgst system
to the m i@bopea?'é?%f? &8/ 6B 5!9519@?%{15?2)/00%@ se%“t"f’}?é“%{é% dfha g 25
t he caocergoratizaPapterantarst @2 20C, agSitPa), Rite trenaliky giverhie bagokets beihg the brilifg

ol efin po X:Ht?’n'dztﬁéb Br brésRfd, fr%w&%w N bHe PresEMess Ao g.véwtwcz-cs _ethers,

pr edet er concentration antiStatic agent, said fourth predeterm ned
concent r aPPORHAFHEeReIRIBeR 8 2IBOBA nore preferably from8 to 12 ppm in
any case higher than said third predeterm ned concentration. 30The present

i nvention d{ édﬁﬂtlU‘l Wsthé Exa%qv%? ﬁé Q%Wﬁ{usfefb? flﬁﬁhgl’ zRJ;(lll f?&@@éheés anY\étEth:@ Uécap&'ggrg

restricte exanpl es il Tustrat referred
enbodid¥enetofis P‘P?é'blenv‘éﬁ‘ﬁl?’@)‘f? the fastipy Agnetey tf‘ﬁée&}ﬁ'\?ﬁaﬁl éﬂq%rfh% " GRS SPREFISE n a
cont i NnuoUshegasivgtia s@ ekdnibiel sa@dteh @gdroemisdng suchHarexdnee transiti oning froma
ZieglerNatta catalyst systemto a Phillips catalyst systemthrough an

internedi ate use of a m xed catal yst system conprising a non-netall ocene
| at e trandhe pPOAUTet daactiating 3aent usetriSsieaprdentRY the peR aNd FrersY of the reactor. Itis

possible, for example, to start with a small amount and increase it until complete deactivation has

30 taken place.
Furthermore, preference is given to a deactivating agent having an antistatic action.

According to a preferred embodiment thereof, the deactivating agent is metered in excess.

35
According to a preferred embodiment, the step a) of discontinuing the first olefin polymerization
reaction in a reactor is performed by carrying out the steps of:



WO 2010/ 072367PCT/ EP2009/ 009066 35 conponent is described. Mre
particularly, a first polynerization reaction of ethylene as nononmer with
hexene aswoeamdsads? was performed in a gas-phase fl ui di PERAPW/00WEE Or

havi ng an out put of 55 kg/h. Subsequently, in the sane reactor a second

pol yneri zation reaction of ethylene as &ononer with hexene as conononmer was
performed. Subsequently, in the sane reactor a third 5 polynerization
reaction of ethylene as nononmer with hexene as conobnoner was performed. The
first polynerization reaction was perforrred using the foll ow ng

Zi egler-Natta_gat al I r clion was

per f or med usi f @'ntﬁm}/p?"(‘ﬁ ﬁﬁee%mgm?g%lé cagg/slysy ’n%r%h%ge{cﬁcﬁ*r%‘ld

pol ymeri zati on reaction was perforned u5| ng the follow ng Phillips catalyst
system 10Exaagl.@réas@lmglegdtcrl}aﬁ;s@atg@t al yst systerr) As first catal yst
system A Ziegler-Natta catal yst system conprising Avant Z218-1,
comercially avail able from Lyondel | Basel |, as catal yst corrponent and

tri - i sbbuPraferattiyiteraasterdernparatyrgtis ngreagparaf abcnt BR0°Cr@thiespesop tie temperature
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synt hesi zeatdlyg-sylteracet yl pyri di nbi s(2-di chl oro-4, 6- di net hyl phenylanil) iron
di chloride by using iron(l1)chloride as described in exanple 8 of V\D

98/ 27124. 30Bi s(n-butyl cyclopent adi enyl ) haf ni di ch] o

ool 1wk e dlentivE NS ERBRYATR AR SR P Che 91 § dBGrao oe 9 og
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di chl opi d%‘sgrcsm%@dj s@sasatgoéﬁeanté’déguﬁy? réﬂc@ &1@2 1013@‘1915) thgfa?:nloulnt R;A %actlvatlr%g M

bi s(n-buty cl opent adi enyl ) hatni um 3 | oride and
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anbi ent tenperature for 60 mn and subsequently, while stirring, added to
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10 As hi F']elfﬁ%c Catal yst system a chrom um catalyst system conprising Avant
C220, comercially avail able from Lyondel | Basell, as catal yst conponent and

1 - Nexyl xal (i JHT ke AGH Pl B AT ERL: slohHand it Dsi) Bl Baricls BUXRAE)s Was

used.
preferably lowered. In this way, the amount of deactivating agent needed to deactivate the

Ziegler-Natta catalyst system may be advantageously reduced.

30
When an agent deactivating the Ziegler-Natta catalyst system is used, the method preferably
further comprises the step of neutralizing the excess of deactivating agent.

Preferably, the step of neutralizing the excess of deactivating agent is carried out by using a
35 scavenger.

Preferably, the step of neutralizing the excess of deactivating agent is carried out by feeding a
neutralizing agent into the reactor, preferably an organometallic compound, more preferably an



Exanmple 4 (first polynerization reaction using the Ziegler-Natta catal yst
systen) 15Feed streans of ethyl ene, hydrogen, propane and butene were

i nt roduceO0i2AtP723%@ recycl e gas line. The catal yst syst @6TdP2@AM0e 1 was
used. The Ziegler-Natta catal yst conponent was introduced into the reactor
via a precontacting vessel. Liquid propane and TIBAL were al so fed
continuously to the vessel. The flow rates of ethylene, 20hydrogen and

but ene were controlled to maintain gas conposition target val ues. The
concentrations of all gases were neasured by an online gas cronmatograph.

The feed rate of_the catal yst S | US 0 i 10t 1 rate.
A super 11 RRaoriate BriEBh | fH B RABIE S S0P b Bief SR AlUEhe SRy 2
f 1 ui di zedmoteareferaply@n oegapealminke copeuated at 25 a pressure of 25 bar and at

a tenperature of the reactor exit at 80C. The bed mass was kept

substanti gl | onstant b noving di scont i nu I,y product

react or . Wééﬁﬁ%gﬁ%tor%@gx‘ﬁ{ag'ﬁ Har s ch'f'di Bt &S g‘(%:l é%%ér?/ugsg%nlqgr%ﬁg) E’%ﬁa%bgses
ver e recyconsitingaefkiithiom takls r reagrnesiimar ing RlY!s seaaopEug Ayl atdes. FwaingPGiNEt was
pU{ ged by tsiﬁ’do?jmrﬁﬂftfsﬂ shifor ?Fﬁw&s{&iﬁi Q?&h@@yﬁaﬁlﬁs.aﬂldret brﬁ@?ﬂi’ Whe brgbhk{:’ﬁléiélﬁd ed .
nitrogen to deactivate the al yst residye n this way. a po - Wit
NFR( 190C/ 80’11@‘3““@% o Bk 9“‘%‘?“’"@‘.‘*@%%‘ %’?V&Snégmgrep"l’ Geraeine SroBterttlili i "ons
set at st ecgoustdstaze aal@mislrowakyln raferablyl trialRp@ILPOILDT CCPORETRIET/AREeRDI9/ UBD066
37 Tabl e glimircaH4ikfi® 418! fof HxBmpRR, trimethylaluminum (TMAL), triethylaluminum (TEAL), tri-

10  isobutylaluminum (TIBAL) and tri-n-hexylaluminum (TNHAL) and the like.

Preferably, the step of neutralizing the excess of deactivating agent is carried out by the same
compound used as an agent activating the first catalyst component of the mixed catalyst system,
which is preferably an organometallic compound, preferably an organoaluminum compound.

15
The further olefin polymerization reaction is performed with an initial activity of catalyst component
(A) exceeding the initial activity of catalyst component (B), i.e. for a predetermined time.

This predetermined time preferably depends on the difference in the molecular weights attainable

20 by the catalyst components of the mixed catalyst system. The predetermined time is preferably
the time at which a predetermined average molecular weight, preferably of about 80000, is
achieved. Once the predetermined molecular weight is achieved, the relative activity of the two
catalyst components (A) and (B) can be freely adjusted depending on the type of the target
polyolefin. In other words, once a predetermined average molecular weight is achieved, the

25 further olefin polymerization reaction can be continued and the relative activity between the two
catalyst components (A) and (B) of the mixed catalyst system may be adjusted in a different
manner when compared to the initial conditions, preferably so as to ensure the maximum activity
of both catalyst components or any desired ratio between their activities which ensures a desired
targeted product.

30
The relative activity between the two catalyst components of the mixed catalyst system may be
adjusted by changing the conditions affecting the activity of at least one of the catalyst
components of the mixed catalyst system, such as for example physical conditions (e.g.
temperature, pressure) or chemical conditions.

35
According to a preferred embodiment, the second olefin polymerization reaction is initially
performed in the presence of an agent reversibly deactivating catalyst component (B) of the mixed
catalyst system.
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Preferably, the agent reversibly deactivating catalyst component (B) of the mixed catalyst system
derives from the reaction between the agent deactivating the Ziegler-Natta catalyst system and
the neutralizing agent.

5  According to an alternative embodiment, the second olefin polymerization reaction is initially
performed in the presence of an agent activating catalyst component (A) of the mixed catalyst
system.

There are a number of ways to carry out step b) which are within the skills of the man skilled in

10 the art. In principle, any way leading to an initial prevailing activity of catalyst component (A) of the
mixed catalyst system (i.e. an activity exceeding the activity of second catalyst component (B))
may achieve the object of the invention. Catalyst component (A) is relatively more active when
compared to catalyst component (B) of the mixed catalyst system, for example, by introducing into
the reactor an agent activating catalyst component (A) but substantially not acting on the activity

15 of catalyst component (B), by introducing into the reactor an agent activating more catalyst
component (A) than catalyst component (B), by introducing into the reactor an agent deactivating
catalyst component (B), or by initially setting any polymerization conditions favoring an initial
prevailing activity of catalyst component (A).

20 If the polymerization reactions are carried out in gas phase, the method preferably further
comprises the step of adjusting the gas composition after carrying out step a2), preferably before
carrying out step b) and, optionally, once again before carrying out step c).

Preferably, the method further comprises the step of reducing the bed height after the first
25  polymerization reaction.

In this way, it is advantageously possible either to minimize the amount of the deactivating agent
or to further reduce the time for transitioning from the first to the second olefin polymerization
reaction.

30
Preferably, after the step b) of performing the second olefin polymerization reaction and before
the step c¢) of performing the third olefin polymerization reaction, the temperature is set in a range
from 100 to 125°C, more preferably from 110 to 120°C.

35 Preferably, before carrying out the step c), the reactor temperature is maintained substantially at
the same value of step b), preferably increased of about 5-15°C, preferably of 8-12°C with respect
to the temperature at which the second olefin polymerization reaction is carried out. By way of an
illustrative example, if the second olefin polymerization reaction is carried out at about 100°C,
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5  Preferably, after the step b) of performing the second olefin polymerization reaction and before
the step c) of performing the third olefin polymerization reaction, optionally in combination with the
above-mentioned preferred adjustment of the temperature, the gas composition is adjusted,

preferably decreasing the comonomer and hydrogen concentration.

10  Preferably, the method further comprises the step of reducing the bed height after the second

polymerization reaction.

In this way, it is advantageously possible either to further reduce the time for transitioning from the
second to the third olefin polymerization reaction.

15
It is also possible to envisage a transitioning from a Phillips catalyst system to a mixed catalyst
system, preferably selected among any of the preferred mixed catalyst systems mentioned above.
This transitioning can be performed either alone or in sequence after step c) of the method of the
invention, thus permitting a fourth olefin polymerization. In both cases, it is convenient to perform

20 the corresponding olefin polymerization in the presence of the mixed catalyst and of an antistatic
agent, preferably selected among the antistatic agents mentioned above, at a concentration
higher than the concentration of the antistatic agent used during the polymerization performed in
the presence of the Phillips catalyst system. Accordingly, the method for transitioning from the
Phillips catalyst system to the mixed catalyst system preferably comprises the step of increasing

25 the concentration of antistatic agent. Preferably, the optional fourth olefin polymerization is
performed in the presence of a fourth predetermined concentration of antistatic agent, said fourth
predetermined concentration being from 5 to 15 ppm, more preferably from 8 to 12 ppm, in any
case higher than said third predetermined concentration.

30 The present invention is illustrated below with the aid of examples, without being restricted
thereto.

Examples

35 The examples illustrate a preferred embodiment of the invention referring to the preparation of a
polymer in a continuous gas phase fluidized bed reactor. Here the transitioning from a Ziegler-
Natta catalyst system to a Phillips catalyst system through an intermediate use of a mixed catalyst
system comprising a non-metallocene late transition metal catalyst component and a metallocene
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Pr opane ,
10 Example 1 (Ziegler-Natta catalyst system)

As first catalyst system, A Ziegler-Natta catalyst system comprising Avant Z218-1, commercially
available from LyondellBasell, as catalyst component and tri-isobutyl aluminum as activating
agent (TIBAL, 10 wt% solution in hexane) was used.

15
Example 2 (mixed catalyst system)

As mixed catalyst system, a mixed catalyst system based on an iron-bisimine complex as non-
metallocene component and on a hafnocene as metallocene component as described in the

20 following was used.

As a pretreatment of the support, Sylopol 2326®, a spray-dried silica gel from Grace, was
calcinated at 600°C for 6 h.

25 2,6-Bis[1-(2-chloro-4,6-dimethylphenylimino)ethyl]pyridine was prepared as described in example
2 of WO98/27124 and was used to synthesize 2,6-diacetylpyridinbis(2-dichloro-4,6-
dimethylphenylanil) iron dichloride by using iron(ll)chloride as described in example 8 of
WO 98/27124.

30 Bis(n-butylcyclopentadienyl)hafnium dichloride [M = 491.84 g/mol] was purchased from
Crompton, Bergkamen.

A mixture of 6.77 g (11,98 mmol) of 2,6-diacetylpyridinbis(2-chloro-4,6-dimethylphenylanil) iron
dichloride prepared as above, and 82.67 g (127,3mmol) of bis(n-butylcyclopentadienyl)hafnium
35 dichloride and 5,31 | MAO (4.75 M in toluene, 25.2 mol, commercially available from Albemarle)
were stirred at ambient temperature for 60 min and subsequently, while stirring, added to 2400 g
of the support pretreated as described in a) at 0°C. Additionally 5,5| toluene was added via the
feedline. The solution was further stirred at 20°C for additional 2 hours (ratio (EFe+Hf):Al=1:140).
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After filtration a washing step followed by using 4,5 heptane. Filtration was performed at 3 bar

nitrogen pressure as maximum value. The product was predried for 30 minutes in a nitrogen

stream. The main drying step was performed at 35°C in vacuum by using nitrogen as carrier gas.

The vacuum was kept at about 100mbar under reduced stirring (5-10 U/min). The free flowing
5 powder was finally sieved (sieve: 240 um).

5.1 Kg catalyst was obtained.

Example 3 (Phillips catalyst system)

10 As Phillips catalyst system, a chromium catalyst system comprising Avant C220, commercially
available from LyondellBasell, as catalyst component and tri-hexyl aluminum as activating agent
(THA, 2 wt% solution in hexane) was used.

Example 4 (first polymerization reaction using the Ziegler-Natta catalyst system)

15  Feed streams of ethylene, hydrogen, propane and butene were introduced into the recycle gas
line. The catalyst system of Example 1 was used.

The Ziegler-Natta catalyst component was introduced into the reactor via a precontacting vessel.
Liquid propane and TIBAL were also fed continuously to the vessel. The flow rates of ethylene,
20 hydrogen and butene were controlled to maintain gas composition target values. The

concentrations of all gases were measured by an online gas cromatograph.

The feed rate of the catalyst was adjusted to maintain the production rate. A superficial gas
velocity was kept at 0.45 m/s to keep the reactor in a fluidized state. The reactor was operated at

25 a pressure of 25 bar and at a temperature of the reactor exit at 80°C. The bed mass was kept
substantially constant by removing discontinuously product from the reactor. The product was
discharged into a discharge vessel and the gases were recycled back to the reactor via the
recycle gas line. The product was purged by nitrogen to remove the hydrocarbons and treated
with humidified nitrogen to deactivate the catalyst residue.

30

In this way, a polymer with MFR(190°C/5 kg) of 2 and density of 0.945 g/cm?® was produced.

The conditions set at steady state are shown in Table 1.

35
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Hexene 0.WO 2007236Tr i hexyl al um num ( THA) feedi ng was st CT&R2¢09/0090¢ h, f ed
directly to the bed. After 2 hours, the Phillips catal yst system was
started to be fed at a rate of 7 g/h. Tée Phillips catal yst systemwas fed
also directly to the bed by using pressurized nitrogen as carrier. After 2
hours, the third 15 pol ynerization reaction could be detected. Atmer163
feeding to the |ine between the reactor and the cyclone was started at a
rate of 0.7 ggn1 THA feeding was slowy reduced to 0.5 g/h. The production
rate incréﬁg gradual ly. Sanples were taken fromthe reactor every 3
hours. After about 12 hours of polynerization the nmelt index started to

approach |chs, target: MR(190C 2106 kg)mated3. The| conditions set at steady
state are_showr T Tabte 5:
H, 6 mol %
5 Propane 83 mol %
butene 1 mol %
TIBAL 363 ppm
Atmer163 50 ppm
Bed weight 140 Kg
10 | Reactor temperature 80 °C
Reactor pressure 25 Bar
Production rate 55 kg/h
Productivity 5500 g/g
MFR (190°C/5 kg) 2 9/10 min
15 | Density 0.945 |[g/cm?®
Bulk density 440 kg/m?

Example 5 (transitioning from the first polymerization reaction to the second polymerization
reaction)

20
The first polymerization reaction carried out according to Example 4 was stopped by interrupting

the feed of the first catalyst system, i.e. both of Avant Z218-1 and TIBAL, and by feeding, as an
agent deactivating the first catalyst system, isopropanol. In order to reduce the amount of
isopropanol to be used, before feeding the latter the bed level was dropped to a mass of 100 kg.

25 Subsequently, 40 g of isopropanol was fed into the reactor in 2 hours time. Directly after starting
the isopropanol feeding, the productivity decreased.

Subsequently, the reactor conditions were set to the target values shown in Table 2.

30 Table2
Temperature 100°C
Pressure 25 bar

Ethylene was set to 45 mol%, hydrogen to 0.06 mol% and hexene to 0.5 mol%. TIBAL feeding
35 was started at 5 g/h, fed directly to the bed. After 2 hours, the mixed catalyst system of Example 2
was started to be fed at a rate of 8 g/h. The mixed catalyst system was fed also directly to the bed
by using gaseous propane as carrier. The TIBAL feeding was reduced to 1 g/h. The feeding of the
mixed catalyst was increased slowly with 2 g/h until a feeding rate of 16 g/h was reached. After 2



20 Table 5 Tenperature 112C Pressure 25 bar Ethylene 54 nol % Nitrogen 43
nol % Hexane 2.5 nol % Hydrogen O nol % Hexene 0.27 nol/0 Atner163 0.7 ppm
Cost el an W8200/B23Pm Bed wei ght 140 kg Production rate PCT/EP2009/009066
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hours, the polymerization reaction could be detected. The production rate increased slowly.
Samples were taken from the reactor every 3 hours. The melt index of the polymer increased
rapidly up to value of MFR (190°C/2.16 kg) of 150 g/10 min, indicating that at this stage only the
iron catalyst component was active. After about 6 hours of polymerization the melt index started to

5  drop. Moreover, the hexene feeding to the plant to keep the target concentration increased
steadily. This means that now the hafnium component of the mixed catalyst system was
increasing its activity. Hydrogen and hexene concentrations were adjusted to achieve the product
target. 36 hours after the start of the mixed catalyst feeding the product was on target. The
conditions set at steady state are shown in Table 3, the rest of the gas being nitrogen.

10
Table 3
Temperature 100°C
15 Pressure 25 bar
Ethylene 45 mol%
Hydrogen 0.06 mol%
Propane 30 mol%
Hexane 2 mol%
o0 | Butene 0.05 mol%
Hexene 0.30 mol%
Atmer163 12 ppm
Costelan AS100 12 ppm
Bed weight 140 kg
25 | Production rate 48 kg/h
Productivity 3000 g/g
TIBAL 21 ppm
MFR (190°C/5 kg) 8 g/10 min
Density 0.952
30 Example 6 (transitioning from the second polymerization reaction to the third polymerization
reaction)
The hydrogen concentration was increased to 0.1 mol%. The feeding of Atmer163 and TIBAL was
35 stopped. Then the feeding of the mixed catalyst was stopped. The reactor continued to discharge

polymer to keep the bed mass in the reactor. After 6 hours, the reactor conditions were adjusted
to the target values shown in Table 4.
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Table 5
Temperature 112°C

25 | Pressure 25 bar
Ethylene 54 mol%
Nitrogen 43 mol%
Hexane 2.5 mol%
Hydrogen 0 mol%

30 | Hexene 0.27 mol%
Atmer163 0.7 ppm
Costelan AS100 5 ppm
Bed weight 140 kg
Production rate 50 kg/h

35 Productivity 7000 g/g
THA concentration 10 ppm
MFR (190°C/21.6 kg) 13 g/10 min
Density 0.937




41 Clainms 1. A nethod for transitioning froma Ziegler-Natta catal yst
systemto a Phillips catalyst systemfor the olefin polynerization in one
react or, ¥0i2d10/M5236d conprising the steps of: 5 a) di scE@ATIERAIHOW6S i r St

ol efin polynerization reaction perfornmed in the presence of the
Ziegler-Natta catal yst system b) perfosmng a second ol efin polynerization
reaction in the presence of a further 10catal yst system conprising catal yst
conponents (A) and (B) producing, respectively, a first and a second

pol yol efin fraction, wherein the Mv of the first polyolefin fraction is

| ess than the Mwv of the second, polyolefin fraction and the jniti ivity
of catal yg‘ttp%BWB%rﬁé’ﬁ?C”P%” Wd%ﬁsfo%ﬁ'éngi TP LFTEEOET 0TY E’/ee(r)'fm%gg %}t@?gﬂtonoe&%d
conponent meByurind Bethpds.f orming a third ol efin polymerization reaction the
presence of the Phillips catalyst system 2. The nethod according to claim

or cvonce Pl 4 e BoyRecRer BT mech sebre it el Db P So BTEL PR aleheb P,

agent ,5t hémsewsiond 20 ol efin pol ynerization is perfornmed in the presence of
a second predeterm ned concentration of auxiliary agent, said second
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1908,

redet erm ned concentration, he third olefin polynerization reaction
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val uedloovv&ﬁe inBiflows RtV B R ¢ 100¢h) %ed@t_bmnﬁédlruadoreia@\;\cﬁmurm is:mﬂszﬁ)oos .coﬂ'dit&m_mefj hod
accord®ng_t .o e cl ai s, erein step a) is carrie
out by tﬁggastte@gérag&: °ng’9%"§{€§§€%%"% feeding of the Zi ggl er-Natta
catal yst systeminto the reactor; and a2) deactivating the Ziegler-Natta
cat al yst 3Ihstnegh flow rate MER TH9/21ed) hwas deterorintidnaccorlingl @i BAIN3 ENWEEY dil$8:2808p a2)
i s carri edoiion BYat beaRbiguRDf AROLNER AGSdd\ADI BPgt he Ziegler-Natta catal yst
systeminto the reactor. 5. The method according to claim4, wherein the
Zi egl er.- Natta catal yst system conprises a catal yst conponent and an agent
act i vati nifwtishthe wgight earageonpan®@ats, (Weight axgease nRiRquipaMvei9lt) @A Maii HiedlumRat t a
cat al yst @@mg'/ d rﬁblﬁlgma?s @uEBEIVeagt Imdlecaampeigntyl Tok deterainationadf tka malar has? or
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806 M (3x) and SHODEX UT 807 connected in series was used. The solvent was vacuum distilled

under nitrogen and was stabilized with 0.025% by weight of 2,6-di-tert-butyi-4-methylphenol. The

25 flow rate used was 1 ml/min, the injection was 500l and polymer concentration was in the range

of 0.01% < conc. < 0.05% w/w. The molecular weight calibration was established by using
monodisperse polystyrene (PS) standards from Polymer Laboratories (now Varian, Inc.,Essex
Road, Church Stretton, Shropshire, SY6 6AX,UK ) in the range from 580g/mol up to
11600000g/mol and additionally Hexadecane. The calibration curve was then adapted to
Polyethylene (PE) by means of the Universal Calibration method (Benoit H., Rempp P. and
Grubisic Z., & in J. Polymer Sci., Phys. Ed., 5, 753(1967)). The Mark-Houwing parameters used
herefore were for PS: kps= 0.000121 dl/g, aps=0.706 and for PE kpg= 0.000406 dl/g, ape =0.725,
valid in TCB at 135°C. Data recording, calibration and calculation was carried out using
NTGPC_Control_V6.02.03 and NTGPC_V6.4.24 (hs GmbH, Hauptstrae 36, D-55437 Ober-
Hilbersheim) respectively.

30
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8. The method according to any one of clains 4-7, wherein said agent
deactivating the Ziegler- 10 Natta catal yst systemis netered i n excess,

t he net hoslof2atottieze7conpri sing the step of neutralizi ng PRE/FEPROH89066 agent
deactivating the Ziegler-Natta catal yst system by feeding a neutralizing
agent into the reactor. 9. The ne4hod according to claim8 when
dependent on claim5, wherein the neutralizing agent is 15 the sane
conpound used as an agent activating the Ziegler-Natta catal yst system
10. The method according to claim8, wherein the second olefin

pol ynmeri zation reaction is initially Qﬁrforned In the presence of an agent
reversi bly deactivating catal yst conpo (B) of the further catalyst
system 20 11. The nethod according to claim10, wherein the agent

; ;gteg?nl 33’ | egﬁfﬁ?ﬂrﬂ Ycﬁttr'aﬁ’gnofl@ggrltoﬁgaltq ZlgﬁéW@%ta(y@ syafemt tB ) th;rlll’p*s r&tﬁfaIyS‘?taétyQﬂebﬁSfbr
i activating the
Zlegler-NQFPE'Eﬁ@&??g?mgnggwpaﬁﬂ'fﬂ%ﬁﬁgﬁﬁfﬂp?gpﬁaq % 2512g The met hod

accorddng to any one of the preceding clains, wherein the reactor is a gas
phase react or 4 30giscontinuing a first olefin polymerization reaction performed in the presence of the

Ziegler-Natta catalyst system;

b) performing a second olefin polymerization reaction in the presence of a further
10 catalyst system comprising catalyst components (A) and (B) producing, respectively,
a first and a second polyolefin fraction, wherein the M,, of the first polyolefin fraction
is less than the M,, of the second polyolefin fraction and the initial activity of catalyst
component (A) exceeds the initial activity of catalyst component (B);

15 C) performing a third olefin polymerization reaction the presence of the Phillips catalyst

system.

2. The method according to claim 1, wherein the first olefin polymerization reaction is performed in
the presence of a first predetermined concentration of at least one auxiliary agent, the second
20 olefin polymerization is performed in the presence of a second predetermined concentration of
auxiliary agent, said second predetermined concentration being from 0 to a value lower than said
first predetermined concentration, and the third olefin polymerization reaction is performed in the
presence of a third predetermined concentration of auxiliary agent, said third predetermined
concentration being from 0 to a value lower than said second predetermined concentration.

25
3. The method according to any one of the preceding claims, wherein step a) is carried out by the
steps of.
a1) interrupting a feeding of the Ziegler-Natta catalyst system into the reactor; and
30

a2) deactivating the Ziegler-Natta catalyst system.

4. The method according to claim 3, wherein step a2) is carried out by feeding an agent
deactivating the Ziegler-Natta catalyst system into the reactor.

35
5. The method according to claim 4, wherein the Ziegler-Natta catalyst system comprises a
catalyst component and an agent activating the catalyst component, the agent activating the
Ziegler-Natta catalyst comprising an organometallic compound of a metal of Group 1, 2 or 3.
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6. The method according to any one of the preceding claims, wherein catalyst component (A) of
the further catalyst system comprises a late transition metal and catalyst component (B) of the
further catalyst system is a metallocene.

7. The method according to any one of claims 4-6, wherein said agent deactivating the first
catalyst system is selected from the group comprising: oxygen, water, alcohols, glycols, phenois,
carbon monoxide, carbon dioxide, ethers, carbonyl compounds, alkynes, nitrous compounds.

8. The method according to any one of claims 4-7, wherein said agent deactivating the Ziegler-
Natta catalyst system is metered in excess, the method further comprising the step of neutralizing
the excess of agent deactivating the Ziegler-Natta catalyst system by feeding a neutralizing agent
into the reactor.

9. The method according to claim 8 when dependent on claim 5, wherein the neutralizing agent is
the same compound used as an agent activating the Ziegler-Natta catalyst system.

10. The method according to claim 8, wherein the second olefin polymerization reaction is initially
performed in the presence of an agent reversibly deactivating catalyst component (B) of the
further catalyst system.

11. The method according to claim 10, wherein the agent reversibly deactivating catalyst
component (B) of the further catalyst system derives from the reaction between the agent
deactivating the Ziegler-Natta catalyst system and the neutralizing agent.

12. The method according to any one of the preceding claims, wherein the reactor is a gas phase
reactor.



