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WD 2007/ 012406 PCT/ EP2006/ 006857 1 Met hod of

controlling the relative activity of the different
wacdrwedeent ers of hybrid catal ysts The presenpCT/EP2006/006857

invention relates to nmethods of polynerizing ol efins

using hybrid catal ysts and al so nethods of

controlling the relative activity of the active

centers of such hybrid catalysts. 5 To inprove the

MRIH3E GF é&ﬁtr@l[@ tké ?elagt/e {/épéf‘ﬂfe' d']f?érerft Ectiv§ cg’rﬁ%rg 9t hybrid catalésts

I'NCcreasin oun be necessary I eve preclse

control of the nol ecul ar conp03|t|on of t he

TRO b4 b Eiftion ﬁela‘ié%'rﬁét%@taf Siypieriking &@f i usin thdS:atalysts and also
di rection has been the devel opnent of sing

meFegE G108 qina i r@ﬁt'mﬂcyv'ur?éthwﬁtéfe&?nteréﬁ aw%b‘thwa qa§f‘*'vsts
active center is present. The pol yners obtai ned using
h tiyel
e R PR T Balohb. VR s el b8 Bure yospasssam o
athé\@rpratizs Sonttdh ef to@mblecut@rcomgosition iobihe ipolgolefind, A siggnificant step forward
ma\RQ 9@&1{39@%&&%?%?&%!?&5&% as.%{gl\eg% tg Slg_g‘p/gtg ﬁr{svéhlér%nyﬂ@rmype of
cemllyiﬂqahmqym gamtar &, preyeat. Hbe BoIYINess pRigined ugiidegyal Fﬁ@*ysts have a relatively

ulRIAR @Ef@u%\ﬂf B pofghfRl Enafls¥n Qgﬁ&gof%esﬁw&bm&ésomé cbrﬂor%mer
targeted 15 mannér is to mx different, separatel

dﬁ%r@btﬁan@ad i ARPTOBF#E pBY SIREPLIRTth HOMEVEINSE MaRy ap,&"?au?{snfé? not

aPRBEIghOR twvase whj roinspdiyrestsient | y used on an industri al
scale for polyolefins is to produce the polyners in a
mul ti stage pol yneri zation process (cascade), wth

Qpe Ipysuiiid wayt of prepbeigYgoreaters feting metlativalmbe@radd!nstrfoeﬁ@aﬁn a targeted

n%? Réjr'.é tjo(?rn)? dlﬁ%}eﬁthgepg aﬁ dﬁgrgwreds Lﬁlgﬁrﬁ Rer W?Xnotﬁé?oA further

€ to uce avi ng ati vel
pmscmdww \@t@h i® ﬁeqt@n@;v ysgd gn ?aﬁgmt@aﬂ smfﬁéﬁolydmnm\x@veiéuce the

pBIQﬁ\er%(FrpQﬁ’thlgtaée?Mzﬁqu pRdce&s (%&Bdé? \Mih%lﬁt@ﬂ!\étn@@ being carried out

avai | such reactors, forts have been nade
P gl s B st HRIBES KA 195 BGSRIES © Procuce
pdiy@tisinaUhd RRSvelVEoad HistribiBhd iAEQLGetpd M@ASSES USIi Ng a

single reactor. To achieve this objective, catalyst

m xtures or catalysts having different active
Howatee rfer, eckmonin regsorsyand iabo @dth alviewtts wideanaildbilgoefenet rpactors, efforts
hg\gen éﬁ\ggg ?ci? Ebrﬁg gr\r;\h% ;?{Q;?ar n%élﬁéeer?g%wr;g\t%@%dgﬂ?lgtrﬂélﬂlloxssé\%n in
cglntmﬂ@rsmfnce&seaslglé@ agingle agastoy stoachigyr this opigetivexeatysemixiyres or
284 aﬂngad?t%ré/?@a&avé 48029, 1B%A b5 Rbrinbiysts, Hadb BbyRhy been

conprising a Ziegler conponent and a met al | ocene
AR IBA1E PiRBAT fﬁeﬂdpqﬁ NSF ceiAs'S Which eppPsEEetye centers of

d_anawlnt cgﬁsesoﬂ‘ catatyetslefme efSnSé)?ﬁhpEl \g/gal asyo2eat aboywb Cetl48029 describe hybrid
LN es the t I rr t

capal e A o epaETr e S Rew et o] Bk bgoses of ne
preskrttpa®nt applietioro tre qxbreSQorleegja'rqatag/smi;qﬂo¢lecfe|sm§ agtdlysty referred to
a8 %Fe@lleyﬁgt% c%mfs @\H%g ée?é}%(% 1R dp%@@rr&ﬁ N& 5@/3@{7@ rGREOR hdthods of

centers. oses cat
PeapaiIg ROlVAlg i ttsrr@g:éf@yéwemp%ﬁmgwtalb?ﬁgnetqeaﬁrﬁﬁﬂdéhromlum oxide

c6Rem| \wuven a86b cilérl;rdsggf:atgl?sft@!:dﬁ%r@mg E@Bg@mwngn@trmlneﬁ metal
chrom um oxi de or netal | ocene cat al 3/

complexes and further catalysts, for example Ziegler, chr m|um "oxide or metallocene catalysts,

for the polymerization of olefins. However, hybrid catalysts can also be catalysts comprising

different representatives of the same class of active centers. Thus, for example, WO 99/60032

describes hybrid catalysts which comprise two different metallocenes and by means of which

polyolefins having improved processability can be obtained. Such known hybrid catalysts usually

comprise at least one component derived from a transition metal coordination compound.



10

15

20

25

30

35

for the polynerization of olefins. However, hybrid
catal ysts can al so be catal ysts conprising different

wo epresam ati ves of the same class of active CROL/EPBNG6/006857
Thus, for exanple, WO 99/60032 35 describes hybrid
catal ysts which conprise two different netall ocenes
and by neans of which polyol efins having inproved

rocessability can be obtained. Such known hybrid
"g) éﬁ'y‘@f"@ Q8PS POlRSIRRtios &f ¢lefing 6aiBg NP Clghfis ehtingle reactor,
LR | ls\( rbBI &It thé@wgb&[b@aftﬁ@mlmew@cnsthéba&épeﬁu @&m uﬁwhe
07/012406 PCTI/ EP2006/

e WF '%?d?ih%"”ﬂ'&i?’ifr?é‘f FISatPUicaB Bt 1A OURS ﬁfd"’ﬁ%}“?fﬂ present
Foatualiors tirsthe Borapiting bidiffeeert bétbhes of hyriet chtalysts eseﬂjrdabklﬁlmlead to
R e e S S L e N
Agingprdceesan bl the oatalysie im periiculaoif onenef tiectompenegremis @roge sensitive than the

omeﬁ§)e@§n also rh&@tlry@ﬁé@mi{ddﬂct& g@e Q@'@gan tdm}g)algh IQUJGE el'{])@d?&at:ons of

bat'’ches o ysts use
thfi Folverearatiop FQJ'}%'PW erflssfinflunecepion satigity cé&w@teé/ﬁt@nfpeﬂwsed in

ditérenhRayisnéd tHét@Hfél’enFé%?Arﬁ(e?k £ PEROPABL ®m poﬁg'hsnfgrmed by the individual

rocesses of the cata sts in particular if one
R CORBIMBICEN AL RS TEERd PPPETS AEFRet Trsc. '6?%?”(%‘)” the case of
hgarfal catag®tsy eswayls of torttollifethe Bém fstidh 6tthe paEhersfemied. he
sane batch is used. Fluctuations of the
pol yneri zation conditions can al so influence the
Vadeus\apprpacifes hne et dleg 3t orderrp eviarthis prabésdh. iThus, NG P@5@A6 and
WBY¥84 78 dkltdbe 961%%%&9(1{1 pptsc‘égéystuglﬂgﬁy@% ngg/allg QL A& of which two

conponents fornme I ndi vi

difstRpbhverd satelvsts &P woﬁ@@e into a THRetPR With thetwe émﬂd éatalygtﬁ gmprising

tHeRfhe dafélyﬁtadohipﬁr?’én&f but atd'iﬁéré‘rﬂlﬁlo the er‘ithf 'tr@ Mr@'r Yérhponents
contro i on of

50 REE 2Popican 9aop USRS RIS 8 UG P e iayst.

Howeer, tb actsadevids it i r&c@salyltcemtalThfosuﬁe%t PefebiglEbteasdn oreactor
I Ll t| S

ﬂgée%ﬂléggh%g‘?&& vQ ’?o (pn% a\eﬁgﬁ azn? Va% Errogl\?\c% a‘cfﬁ?%e%p% garbIGe t¥vo different

Chtylmtlsdlldéé@ralay*sm@yméypﬁrmtnggmiced into a reactor, with

the two hybrid catal ysts conprising the sane cat al yst

conmponents but in a different ratio. The ratio of the

AstiTegRnb PPRERARE SrisETded by IR BR/PI938%H &0 wihieh #BYOiE satalystand B auxiliary
s6ledted drh e gkbbprcﬁﬁﬂ.ﬂtlaé bfGhobfHhek Gﬂhbf,bl'ﬁlés fabé‘lyléﬂt@ k] tiophenes

t t
Toe bR e Gep bR TG oo e mrts e eRaoecer weon
an¢ketonoleatel weghidohiner tdresmente fahed ey the indiveluaireptieaenters relative
dat%@cagl)tz y%n? B¢ ngg(fr?ef rg{]cgoflfﬁ%& ﬁe@'cl)rﬁg%n%ntts\{\@or% GJ oﬁgre plkwever the
inffugriciag ehthe éﬁi's 106 e IRolyRperkogwehentsito lgpe YIRS LOBOBYECessiylly only with a
sithlitstRoas Ehahgd A t%ébb’rﬁéss%‘ﬂ%eésmﬁé’%his' Y hasifd 863K 5htage that the

fromthe group consisting of phosphines, phosphites,

hQE%tTH'%QH@éwe'8“@%’80”et”h?rd?ﬂw'@\“i%@“o'%%'@r Weight qemmanma&ered Inan

ubdesiralilayt nditidréfRnesrcéll §ivéd preditteniemsaks. mass of the

hi gher nol ecul ar wei ght 25 and | ower nol ecul ar wei ght

pol ymer conponents forned by the individual active

ltéeaiscewathy of rrte thet caftmnalivgidalae tiéseribeiol Ve 02/PEN398 tidmeonly a small effect
| .

ﬁlo% r&locgf tﬁehwgghemn%{l?a]é aﬁg\%ﬁﬂp%?{btoﬁeét ?o attﬂlg %m%?ﬂ%l%tgﬁ%r (\)Aie&;%?om ponent

aﬁ%ﬁﬁr@f%@}@@eﬁﬁ ugsritabliaot her occurs successfully only

with a

In the case of catalysts based on only a single metallocene complex, it is also known that the

properties of the polymers formed in the polymerization of olefins can be influenced by addition of
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si mul t aneous change in the nolar mass of the

conponents. This has the di sadvantage that the higher
worelogowd4e6 wei ght conponent or the | ower nol ecRUEEP2006/006857

wei ght conponent is altered in an 30 undesirabl e way

and therefore scarcely gives predictable results. It

is also worthy of note that carbon dioxide as

described in WO 02/090398 has only a snall effect on
abhl%riés?lTAith@fes WhEh Riag be menmdnec dtedin particght, cicanmpansén bgdnts which are

ug%f;%‘ﬁ? \éveerlrﬁré[o Ifqr é%q Eatmé@ etaP ﬁng Pn%gsn gf the gc?yr%g?%bgﬁsofroﬁne& Apart
from hydroyereassheglost wrﬁsadelad)wiaeme@mpbldatpr ldlalkvlsmabempdundmvﬁs
dEQi%Eeot hee. A?E%ﬁf‘sroténﬁ%;voi 1 b8E7 R rYERS sﬁaqgg'?gd%s@nﬁe'a‘?n EP-

ns can eiln
AR T W BTSBUOS S0\ 24084 PE TAE P GBI BB G PR aling the molar mass

T‘ﬂé’ ¥bd 6f@51’b@§ dioAMX hd \RdteaS: i Lsthg TR YedEasiBMd ABIBOM&dsSs described in
articular, chain transfer agents which are used

VYR 98/3398 ieiha coRfext F the 43R 0TARSiRlgee R S2RNER nol ar nmass of

the pol ymer chains forned. Apart from hydrogen as the
wi despr ead ,.nD nass ul at or,. di alk Zi nc
b OTIRS I CoyBes P BRA PER ERrAR st s8Rl dpogtons of e
pBY R er/@bhponentsaiicindadsbyshe emiess asivalestars bedsimple ERhiBn j the continuous
p?l%%\eriz%ﬁ nr ) fe?% és?r%% ﬁtrcdaty\gagﬁlp]a%ﬁlgpﬂ%e %er(e:aa% \QM‘Pth further
petipenticslef tmmblmr@ham%ﬁormmemsnfhgm@ﬂ a8 Eige eaBPNG'® he
nol ar mass. is described in WD 95/13305 in the context
of the use of netall ocene catal ysts. For this reason,
ltwasaacsdingly ArueRieqt 8 the Pigsent Byetign £9 QYgraRR dhebovementioned
dRadzhbbd éTgheI ﬁ}%r it @ROrbvi@NBetBbdstyaneah® oP@hiFHTER possible to control the
nen ous actlve cent

SRTDPE PPUDAT TP ROReTH B BGH h R0 SOV Rarieia sl g gy comeonents
by laadiiiansof wgiianig nmgdifieisdvreatuainy Bytsid catalygtarwithoutl the prioperties of the
fr%!:lfbgg ?brrﬁg é‘ﬂ{eﬂﬁg J’Ms{antdaq zgr tEé'EEtn of thY &R&rctafa!%t é&fanr'i@\ts being

ner c Al NS 1 or e el ng uenced as it
rgwsscl tolagnajertexigat aat hos Wi qwmpynsaf? fpiualians & the Relyperesagitions and the
coR¥ESoh BfthE AyINRLERER ub&Ein ANSYEEE Mah M @flordér to produce products having
di sadvant ages of the prior art and provi de nethods by
afeatiantgtaiyhi ch it is possible to control the ratio of
t he pol yner conponents fornmed by the various act i ve

t , al yst
TR PR R e Er e S RO Ry R LA e, wnin
canpiiEes thet dogymerizgien bi a!ﬁeaetforlemeolefﬁﬂrnamelpmgncfemf n@dbnd catalyst to
p%otug{ 8 E?yrﬁé‘r bﬁ%hgﬁglﬁgaét 186sC3 mbﬁb‘? gf'%gcglgr' WelgrtbollyEr &Hb@ﬁent and a lower

ent’s bel ng a ITB. or extent,
r@nmutahw@gmtcp BRpeRenentfn tnepr@a@nce ﬁéwatﬁr i3 amswr?évom 2 to 100 mol

p‘BQ\rH#\HIolr Sdiordiskiden® ar QmG@ﬂBﬁ?drﬁ b moafmdi Bemhilesdnttase based on the
cat gq%sts used in a tar et ed manner |

R RS %%t%?ddaam ?fgw g e ratio of e

Highesmolkculdn welght sulyntet eorh shnat ty tHarlowmdr destecalaneéibittcholyfner component.
preparing ol efin polyners, which conprises the

pol yneri zati on of at | east one a-olefin in the

e egditimesf @hteaohoabydndlicx@te dl the plefipolymerization when using hybrid catalysts

makes it possible, in contrast to the use of catalysts having only one catalyst component, to
regulate the activity of the individual components in a targeted manner without having a
substantial influence on the molar masses or molar mass distributions of the individual

components.

The present invention further provides a method of polymerizing olefins using hybrid catalysts
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25 produce a polynmer conprising at |east a higher
nmol ecul ar wei ght pol yner conponent and a | ower

woredogow4es wei ght pol ymer conponent in the preREHER2006/006857

water in an amount of from2 to 100 nol ppm and/or

carbon di oxide in an amount of from2 to 100 nol ppm

in each case based on the total reaction m xture.

Wat er and/ or carbon di oxide are added in order to
CMPESing: i ieastiwe Slffsrfen&qggalyshqogﬁ)@pe%q)fé@fﬂhg} Ieg\giogﬁts a transition metal
cp@’dmattcrn co@PPMAchth the p&lhﬁerlzemrbemglcemuh am .Mm'e @hdsence of water in an

0 ent addi tion or carb
Rl T R B oprrngBr TS PR SRR “GYeR ot o fom 2
tc HGhgippe, inrakesase bagpdosithH tetal reactioontixt@st to t he use
of catalysts having only one catal yst conponent, to
regul ate the activity of the individual conponents in
The preseed invantion fiuytiber RiPYidrsa methed af gordrollisg thetratiedf glhigher molecular

welthl RerRb 4 BGerRbi8dul BScoRM; lf iR
oﬁ&;térﬁb&t? ons of et he |unég?/\€)|%dicgl p%g@]tlt:o an(;r}meZnmemerhwmch comprises

5y ROYEIFFZ3TRY aFAtIRSSt NG ror piglin abfe@we@g.gesaofﬁr@mrﬁgdo $$0°C and pressures of
fiodl oy MR r1isg MFg n@ih@f Fe38ndéSof Bgythwkbéia@s@ﬁh&b%%&&o?ﬂ/@omde is used inan

2007/ P20Q6/ 0068
RS FHEPdHIO0 5&@3? AR BREL TG i B e ol eiant
comporiest andfor aa&r siused imat amourt obfran A&t 10Mma epmp dauredyucevthd proportion

canr i .
of).?@ Icﬁ%l’ %%éul%rglgé dwc n:{oﬂg?t \@{h (_)th]ee%‘n?déﬁ Tdﬁo!:egrlﬁ b%%ﬁ?%%g no?ach case
Or‘rfhettﬁ@ rsa@@@ﬁ@@r@f carbon dioxide in an anmount of from
2 to 100 mol ppm in each case based on the tot aI
reaction m xture. 5 The present invention furth
'tﬂ%\ﬂe&éh"h%s'??@t”?ﬁﬁ&r@ﬁ Rf’éyﬁ"tel’ EITRREE Kerdlen 15 o h'&he}ﬁ Mglssylar weight
comp@eb théﬂﬁwghﬁoléwm'pwélgﬁttcohﬁor&nf Wsomalpeﬁuhtam the polymer

ch co

pfqr?gggtrleycrrrlg?a? e?eit:t d?]msr @t?at?be&g?&gwéngatd?a\g? {wr? cginpo en{s rglatlve to
ote aAprirea isLpoakolied of negutated The pdIBDE mefdraply das woethragfor fdur, emticularly
sk athi 9] nce of a hybrid catalyst,

P e?efﬁ%c%a}%@@pg?gé& QBl&ge%Essed in an 10 anount of from

2 to 100 mol ppmto reduce the proportion of the

The l&%l dﬁﬁ'p@é?éfhlﬁy aM&b&apirt of%qmlﬁ%gro@&ﬂ/r@ FrhaVBe€4nt inSention therefore
f‘ﬁi‘ér an anount of from2 to

ij\(ﬁlfaratrp%hod cgiregluﬁgnq tagvéqtlo ﬁ;{ﬁa @glﬂﬁrﬂol%&abkgg&%ow%gr component
tm@meneméculanmlght diw/rradﬁecbm;tonblﬁt inTen olpfPdneien gsikpise dbévementioned

Cg'ﬂ%ﬂm&%g‘?am{cﬁ C?mPnse L reaction mxture. 15 It may be

asi ze rSteﬁSI ymer conponents in addition
to the higher nolecular weight conponent and the

| over. Ml 2eubAbnt WRing h;t.o%@me%ﬁ&tmamam%h%ymeﬁéﬁmonem to the

in the polynmer prod : tical ect

that thdoWsF aﬁ@Pw'?rdvﬁw PRlYM¢rEaRPORaRbin dRFRSBITER Product,

relative to one another is controlled or regul at ed.

The pol yner } r abl (Er ee or fou

parti Culcglf:lin?,t onﬁ EIF @pggrptf?f%onoqjoq rnggeSSﬁr&t?,ﬁ@ILeve a prescribed ratio

conponemhsn the measured ratio is greater than the prescribed ratio, or calculation of the
amount of water necessary to achieve the prescribed ratio when the measured ratio

is smaller than the prescribed ratio,

introduction of the calculated amount of water or carbon dioxide into the reaction

mixture.
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20 The control can preferably also be part of a
regul ating procedure. The present invention therefore

wo eoovlexsor ovi des a net hod of regul ati ng the retT/BPWD6/B06857

hi gher nol ecul ar wei ght pol ymer conponent to a | ower
nol ecul ar wei ght pol ymer conpdnent in an olefin

pol ynmer using the abovenentioned control nethod,

whi ch conprises the steps 25 - neasurenent of the

T'b%éa@urgfthe Bk & 'tl’%h’ﬁgﬁ hemloféQMéraﬁeld‘r\@ b&%er&@h}é&ﬁfm ©APENEHolecular

[ ower nol ecul ar wei ght yner conmponent in
ﬁi@t Wm&é?mmn@atu@@ rapid dgierEnatien ‘Ef rﬁheb‘?etﬁrﬁ‘ ProRynmeass of NMR, as is
dE&YribaNin tHediteMhatidRERASR BYpIitRioA PRT AR5 A5 PEI3SE phliedaryalitble.
30 when the neasured ratio is greater than the
prescribed ratio, or calculation of the anount of
Haed, ee compesitoary atoolymerhmeme‘e ib h@olpmesatioroedctord$ prefendbiyrmeasured by
red ratio is smaller than the prescribed
me'% sgﬁﬁe sLle%st roducti on of the cal cul ated anount of
mater or carbon dioxide into the reaction 35 m xture.
VO 2007101 2406 BCTLERR0QONIRGERLto i e BRASHAIfind Mt and
rati ggof t r%ﬁ? gﬁg ?ecupﬁr wel lﬁﬁf p% yrrekr%)?gnrrpoﬁlérﬁtan
to the | ower nolecular weight polynmer conponent, the

rapi qp)dehediEtdaads tr@rprgfonroheofd@é ,@dlméa@bmgéhemé bméarlﬁﬁar@fm of the
NVR, as is described in the

appl i cat i STEARERH EPBEIPEBEE I ”%e rﬁ%ﬁ?tlc’EGF%{F‘T t@%‘i”i"‘é\'ﬂ‘l‘aéfx"ymer
5 Here, thempowgaesition of a polymer mixture in a

pol ymeri zation reactor is preferably nmeasured by

means of the steps (a) recording of at |east one

ThelciVR! orebquietion ofithe mogitierpfart #igo frodayried rouhin xom pinatign ¢ith 1@

rédUatiGRbISHL Bf ;R o‘?thetcgéIyw&%ﬁﬁén%ﬁtrﬁucéﬁﬁtoﬁm reH&S:

conmponents by conparison of the neasured relaxation
curve with the rel axati on curves of the individual

TRE biH®Narly SOBRRB §Hifod oﬂkﬂtir@Qﬂé Aty tHngtéhy@i do@ﬁ)o@énté dsyaneans of

trfar%égelfglafeémganlat%fbraﬁmbtf%nc étr@rraﬁgggtegqmeﬁlﬂ%o tg? 8? vg?r composmon by
nEaNPOINNIR shakext pantibuizeylsimpleprapid @nd edigthle regul@tian of the polymer composition
pQ?srit%hihcu' arly selective method of setting the activity

ie catal yst conponents by neans of the present
invention in conbination with the rapid determ nation

FMany, e p?@e“ﬂﬂenﬁ%@ﬁ&és'f&qh@%e JTBRABSH @bxidMB: dRKRSing the ratio of a

particularly sinple, rapid and reliable regulation of

ohe BRIESHPE weeawwpﬂ?%w a 'Qwerp"@%qumr Weighf GRRIPPRENt infg olefin polymer
dDﬁr@;&ﬁ@bolyrﬁWQBﬁanﬁ ale&yy blﬁ’éi‘&ofem lnttlﬁleﬁ‘préﬁfhc@ﬁf LA Batalyst comprising a

di oxi de for decreasi ngr Qq % ?
catalyst component based on iron or cobalt and a cata yst component comprising a
cyclopentadienyl ligand, and also the use of water for increasing the ratio of a higher molecular
weight component to a lower molecular weight component in an olefin polymer during the
polymerization of at least one a-olefin in the presence of a hybrid catalyst comprising a catalyst
component based on iron or cobalt and a catalyst component comprising a cyclopentadienyl

ligand.

According to the invention, the polymerization takes place in the presence of water in an amount
of from 2 to 100 mol ppm or carbon dioxide in an amount of from 2 to 100 mol ppm, in each case
based on the total reaction mixture. Water and carbon dioxide are preferably used individually, but
can also be used together. Carbon dioxide and water will hereinafter also be referred to

collectively or individually as modifiers.
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hi gher nol ecul ar wei ght conponent to a | ower nol ecul ar
wei ght conponent in an olefin polynmer during the
w@eloynoerdeat i on of at | east one a-ol efin in thECT/EP2006/006857
presence of a hybrid catalystf§onprising a 25
cat al yst conponent based on iron or cobalt and a
catal yst conponent conprising a cycl opent adi enyl
ligand, and al so the use of water for increasing the
Thaemourifof wathi qjlseibomaipxideuddsed seresgh iterdpyeheeftthe igher molecular
de%‘ﬁ@ﬁolmr%&%@r%ntvi@ 2wt %H%Qﬂlgmerélgrﬂ p@i?‘m@rI &Hp@né?\@ldﬁ'f@? loroperties of
during the polynerization of east one a-olefin in

trten@lyme,ggcgﬁweraf eg. prqeadr r’@oc{qrérpifgtar% qumﬂiugnqgg oalnfluenced toonly a
niddr akigstl TheCaANE e IR @BlyRBr dorPBndht inCabRbdse a6bt Aitered or altered to

cat al yst conponent co a. cycl opent adi enyl 30 N
o Gate" <KERL P A1PHGe EEPETREeR HALHENE RO RS SH0 YRS ET gnantistatics
ot sdeeengetsame additidnhky terese maike oEthodibiahe intergibn.amount  of

from2 to 100 nol ppm or carbon di oxide in an anount

of from2 to 100 nol ppm in each case based on the
Thetredifiere ased agaording tathe inveitice haverite tyahdyadvahtageitioks they ere readily
apg.r;&erﬁgga/ oHiSHRds Aotk hortoxeut 35 can al so be used

toget her. Carbon di oxide and water will hereinafter

al so be referred to collectively or individually as

TR gictis€ ér%ouﬁ\(‘@ WAE dr QdrBdD&oxdel dsEE’ %QQ@érQQﬁB 517part@ull-h ©n the sensitivity

unt wat er or car de a ded
B Ebedtee P0G Bre R R Mg e Bl Paere M Ee: Sno aiso e e
apo by owtt otxwayEngen tsudhoast rhetallabyis ddeil & thieheiore weedghé be matched
eﬂ%‘r%gﬁrto {f‘rg 'P&ggﬁr% {el'?golaecronatrio%?eirhtelaﬁ%ur?tfsho&gﬁ'k r{&oelvgrq%g so high that
conponents, e. Q. e mean nolar ‘mass, are no
one I merA cetdlysiconenenisrce tadeacatigielninagtvacs iesustomary, Tanexample,
pﬁ&qygﬁmgﬁwﬁﬁgmqggﬁﬁ pol ymer conponent in each case is
not altered or altered to 5 only a mnor extent. It
may be enphasi zed that further additives and

Tad walet arp'raérasyl Gdedas ar&éﬁrbdﬂt afta't (é%st mms}»ﬁmv&e@eweeream at least 5 mol
addltlon % ﬁ gg L l ; i nvent.i n h
p*?’ﬂem%c?r? ?'8 3T 4E ‘Zﬂf‘au ‘Hi;p’F R F?]{?e”l’?ﬁ"b%”h"é\')% Py than
90 urdl prew, necole prefeadhty ridhanbret thayy7emel ppmanhlol‘ewrefar‘aaly Inatyhae than 50 mol
pgm.e refqugrclur?mgﬁtr%ggra%gggitgrlro%lf% ol c?%o? pr'rIrQ'n g‘f)referably from 3 to
reci se anount r or car |0X|8e used’'I's

6 appbprie perticlarlyaefeiably fram, 5 t@ﬁomépry@n& tivity of the
respective catal yst conponent in the hybrid catal yst

toward the nodifier and also the t and anmpunt of
T58 5¥/BPYiPxdedy pisTesRPsed f 2 qeAUst %taﬁ‘sast 3|l PR, TRETE PEeferably at
leraemimortpcpmb morsEdrerbadly ablapst Binrbabw itie ptdf@am;esq@emt arv@mount of not
more g& C ndi tions, fer I%F’ gD th nh7%umc9 m r e\r/e(?errgbl br(reot more

PR Bl PEme s Ty S BB F LT PY

trrmdié rrmbmph & nrb@erredwmwemora@ngesemrws omraytp 80 grol ppm, more preferably
fr_%?ﬁ%%?mol y%mf: rﬁ/ﬁh‘éfgr% 8 £th 8o %@ﬁe The wat er

is prefera use an a unt of at ast 3 nol ppm
nore preferably at least 5 nol ppm nore preferably

A@brt fr&A hrboén H\'B)Ik%dd)ﬁmwétér fuhd? hRURERNhEn Weestabii had AdRIAEH: selectivity
t nore than
toward t%e catalyst components can also be present. The addition of further modifiers is

particularly useful when the hybrid catalyst also comprises more than two components.

For the purposes of the present invention, hybrid catalysts are catalyst systems which comprise at
least two different types of active centers derived from at least two chemically different starting

materials. The different active centers can be active centers obtained from different transition
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20 90 nmol ppm nore preferably not nore than 75 nol

ppm nore preferably not nore than 50 nol ppm A
w@e®@eixed concentration range extends from 3 POT/BR200©006857

ppm nore preferably from3 to 60 nol ppm

particularly preferably from% to 40 nol ppm The

carbon dioxide is preferably used in an anobunt of at

| east 3 nmol ppm nore preferably at 25 least 5 nol

nﬁﬂé’ﬂcod’f@lhﬁloﬁ cerhpdLabs. HowlevdrEieis talsB pb&diblgaise bétive Senters derived from

2l VBT AT a5 earbra i o7 PRUPS AV hor o

preferably not m)re than 50 nol ppm A preferred

B% nq&wtﬁg h?[?ld c%g/é‘rts%xegﬁﬂgé? of gr'&jg’m@ot% rﬁgd{'g Ttaf?rm)dawglﬁner

erab
pmdecte p@mmrgsmg rrbEes atfmmomme¢ulqjmﬂg hB@lyﬂmppmpcmm andrajewer molecular

m%ﬁgﬂ?(b%eaggm%teﬁtr A pEHFnEﬂ@ 'bm{HaQI' viHeR rt%aWoCJ?ffd%rﬁfp@%rﬂer dbmponents,

have a different sel éctivit Yy t owar d he cat al
ape Apeieat's Mukimodr yhen d hpty @ee@riban twh diffgeeat RAVGIE e?mponents A polymer
cbrpérieaf is, n&ydaliy, %rp%lyhfér w@iaﬂi ﬁésodébﬁlb}oﬁudé‘détfyld)he whufic type of active

d t
°8%ﬁﬁ%ﬁ%ﬁ?fg“v%svza? A CHRIF) bR S8 g?%alwgsmoneﬂvem. on.

hybrid catal ysts are catal yst systens which conprise
Tﬁé h}&%é &gésgtg uls mefrﬁaﬁgcﬂgf tiexp\?e‘?\tuﬁ{ caﬂ%&#w%gr?se%?&l%s 3f two or more

déffeeant maﬂ@pulama@iysawds THowevkir f drefeente lagtvrew@ usimgtcetelystcyptems which

B& pr‘?’s“étcbﬁégst%ﬁﬁs% §/hepE@gg@@offafztﬂl@cghtgrfs%F@&Esén'f gnsid da%n/st particle.
2007/ 012406 PCT/ EP2006/ 006 coor di nation

FaBisyairieferentifdlyen to ysingia!uspl§inof saieypisiompprentiwigitave épgether
b Richiligks dnveshpbéem  Zi egl er-Natta catal ysts or

catal ysts based on chromum e.g. Phillips catalysts.

By definition, the hybrid catalysts are suitable for

Ipthe chettiod @f ihie imvelatlon oprefeente igtah tapaing mgbridcagatystblic tvbich at least two

o?f?\g.’ggr;sﬁiu?r% @fjth!a ﬁ?ﬂd cgtapét? Ipeesr%t;”? !‘r&ﬁ &He if{e\f\@rit Fgﬁsithln%@ Eom ponents
conponent and a 1ower ecul a wel g pol ynmer _
. diﬁ@f‘rbc?ﬁf@ﬁpf theair grahgnemer ineorporativd dehavirsnt hese leag torpatymer products in

\Aﬁﬁcf'lftreerc.%%nmérydgﬁt%mc& fHRQHHRE ﬁolecﬁ?%e%hpﬁﬂl%@ E:or‘nﬁonent dlffers from that
nmul ti nodal when it has nore than t di fTerent

Oé@ﬁw?éwpgculﬂ vYﬁqut, H@ymer&eﬁ\ﬁ%ht e tlge cqt%@t ecgp@c&rper?ta dlsplay different
cbmbwwr m%}ip@rlat.cha@ehbﬂ@n F&Ytlﬁ)éjplﬁ@ﬁebyf B PreSeIe 6atérhtcapbncaﬁ>n a different
rization cata

BRI g PP Yy B Bah e e e wpros
polatnat gestpenersediffers by htdeavesd96.dr he fcombremean zentént ofithe @olymer components
AR 35aF LSR5, 40 oMY BB 2 oty o i
1§i radisulady Rrsteraylydutedrgtatof 49&t ens whi ch  conpri se

catalyst solids in which all types of active centers
are %rresent on one catalyst particle. Particul ar

Il Bfeiser wariant the; ighsr We'eeé%rrf@% At pANYIRE{IcPgOnsnt i§ Hahpgying the higher
COR oI B(Brﬁer\t\lhh ehe bravsdinh &g ehdiewerlholren wiergﬁwmwrﬁez eshgnent has a
ort vent o
PSR kortert BN iy Ry B R ooy B FLEED S mot. 1n 2
fartver enatfodintemt, trEntsghier meletgarofeighh aolmd{rrcpdmpormnalh%pa g@monomer content
oF F&Hb'id ﬂﬂmfals/ Mt Sk 808 1d hABS bAkiQRaIBFArably from 0.3 to 3 mol%.

The lower molecular weight polyher component preferably has a mean molar mass M,, of from
10 000 to 100 000 g/mol, more preferably from 20 000 to 80 000 g/mol, particularly preferably
from 30 000 to 70 000 g/mol. The higher molecular weight polymer component preferably has a
mean molar mass M, of from 100 000 to 2 000 000 g/mol, more preferably from 150 000 to
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differ in ternms of their cononomer incorporation
behavi or. These |l ead to pol yner products in 20 which

wWe b@7otononer content of the higher nol ecul ar PHEERI6/006857
pol ymer conponent differs fromthat of the | ower
nol ecul ar wei ght pol yner conpodnhent, i.e. the catal yst
conponents display different conononer incorporation
behavi or. For the purposes of the present patent
1190 10P€ afriob martieulatiyfrreferepiy 20C¢IPeiPOPEP gimmt diepemdirtgi aprproduct
DRRENEAQL, d'nf@r&f%ﬂatn%%a%&?;t{ e gﬂ;ﬁwo@aﬂérmﬁghpgndtlaﬁmolecular

varl ous pO yner corrponents | east
WEIS! CIRSADTEPNIBRIRETRSSBY Of theecoppPeis are SheseRele satiomhthe higher
nﬁtﬂé%ﬁ%l‘ @be’t cdmﬁ&@hﬁomé @werlnﬁﬁe%maﬁ@&(@mrzfe,msor@haﬁ s.re?ebéary 3 5 to

SRt D AABTA Y B BrREbAB, | 5 S0 b cieeh. o iy Fsfergbl fom 20 to 80%
b wefget, mehcl edsedBsed dnitle Slingbiake Mo abd Bveiveolgditar pelgliti@mponents.
Itcnga On(e=temnp sn?ed tnaeftfu ha\épon e:r Qoer{uaongiqefn ad%%ﬁrp gogagrﬁélhrer W@Ie@ﬂ?r weight
Cpmbmrar@m n@tepulhra/sel@t c@panensan e presgminghe padyme-plodsct.

nol % preferably 0.08 nol % particularly preferably

0-0.3 mol % In a further enbodinent, the higher

TREPBEALR e M G1RESS5 Of PRBIGheTRYeER velghiPolyMen pRIREARG! and the lower

n%h@m/elgrﬂfpolfyﬁw@mo%pb@enlQdéﬁﬁ,’ln%nﬂ? red et )éorfquPr@ht@ p%rét@y also
% part|cularl¥ preferably from0. 3 nol

h‘T*\‘F‘e %?7@9 "PRBPRREP QP'WP%&EQ‘ﬂ%}PWé?h %Sd"ﬁ‘BE?ﬁE’ht

preferably has a nmean nolar mass MWof from 35 10 000
ngagbgﬁ rcr;%ﬁgglstg/g? lhtgﬁﬁ%n vréeng réo?da ¥ {mrwgr%nﬁlo |9%6c%79;{n§e0 ydeast two
cgi@&stg:pmgbnentﬁhés mtgm pormmjne(;tgl 15 1 lmmlnghle pp@lltyenieruse all compounds of
t@%@iﬁﬁnﬁe@l@ %? &nggl @’toh?%f e P@ﬁ&irb fQB‘eaUr tr@%&ﬁhaMd-es Q/fhlch comprise

from 100 00 , hore preferably from
o150 IRy PE B”WUQ'UGV'WYR)‘W%G‘F/ fEPQ‘%f@G’PUG’GB’E??'O” gitef regglipn with a
cO&Ragt a7y, if aﬂﬂbﬁria@‘é'l b@éh%@élﬁf&h@bud&sm AR s Bédehpdkhts are usually

[ mol i fferent .
e R TR0 2ot Pt s PVt HiG It e ir ma or b
bamit$ tb U\Ncﬂmfa%eﬁofnalaossm gt dsCratigaie e thtligaraisdomplisirg ayelsgdsadieny!

r%:iﬁagsgé%fj gAﬂBQ G/ﬁ F1§re%re% o?g}g%gghtaé‘-%gl rrtaé%él? C9'|f { Eg\f g?&hggl 100, No.

4nedsgies @mpmmpmpsurps whigh atsl syitdbiefer @eftrmoﬁ'r@s%tiby Furthermore,
YRinGé ar c&@i’d’p%nlﬁﬁlgrﬁﬁ Ecﬁ'}%lé’xeg 'éFé'Hls]oQuttéblegQ/ (Y b’b‘l}y’w&matlon
particularly prefeerably from20 to 80% by weight, in
each case based on the sum of the hlgher and | over
sraﬁdm?dnam%mb@mon@m@@mnh articdidr, crmm(ljelst_es eIVplgas e dne
t hat rt onent s addition tq a .
chirap R Se g =0 b e Poitpeieny dugegfs seapaly being
r@f@'lregihb as owfatiorend caapiexes. Rarteslarny welksuitbe cqnadlguae Bre complexes of the
995%; f" ,a](g To regul ate the nolar nmasses of the higher

ecul ar 'wei ght pol yner conponent and the | ower
nol ecul ar ME|gh§upolyne&gconponent i ndependently, the
catal yst conponext s pre!erably al so have a differing
response to nol ar Efpss regul ators such as hydrogen.
The hybrid cataly ed in the invent p nmet hod of
pol ynmeri zi ng ol efs 0 i1§e at | east 15
catal yst conpgnen A Ccaal yst conponents, it is in
princi pl e possible use all conpounds of
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the transition netals of groups 3 to 12 of the
Peri odi ¢ Tabl e or the | anthanides which conprise

wWoe@animogr oups and usually form active cat al yBEBEP2906/006857

ol efin polynerization after reaction with a
cocatal yst and, if appropriate organonetallic
conpounds. The catal yst conponents are usually
compounds in which at | east one nonodentate or
j j r pi 20 bonds
V‘nge%{ﬁeg%gth?erng Qg? 'gdr'ﬁ£e§ (Q)\gé;‘tﬂ% 0!6@@}5% g?gncl ude both
| i gands conprising cycl opentadi enyl radicals and

M gands why tﬁ£hu§9rﬁ ez.rt&ﬁﬁn qafafnqyrp L 9RANKAHLEION! tah@RC 8hrSmium,
Chem Rev. 2000 100 4, escrlbes ma

ch
conpounds ngﬁﬁug} %r tgrms{ea@r an flsrlnermo&grqﬁ)p 3 of the PenXdlc Table or the
pol yner i zadntsdide&urt hernore, nul ti nucl ear
cycl opent adi enyl conpl exes are al so suitable for
ol efin polynerization. 25 Suitable transition netal
teoagitase’s age igentical opdifferectdndrare eohphdaspesdentiyofioge atother, fluorine,
| east one i t
navi ng. tas" Y SREMERIERYelaBE qricg iy, Sld HmkiiBaRd cycioslior
bei ng r efcgtloadbnyloCaG ormikenll| Glaneryk aivjslkgiigging from 1to 10 carbon

Par L cul alclonie iyl &8k GRETROR 835 20LAGIRNEN e é}f/l radical, -OR™
the general farnmula (1) R3A A E2' 4A

\ 1A R4A BrENRIR". @0 rddisais3s ammmd %P/Sa”ewt%@?‘ﬁ &[@4@6“3“’9'9
PC—J/ Epzog@/sﬂgﬁﬁﬁ&% or?mﬂfﬂﬁftﬁteﬁ RS st | ih lﬁ@rﬂhﬂar&nm diene ligand, or a
i ndi ces ve the fo ) is titanium

zi rconi um% SRAPHiCERAP %ffﬁ’aa‘g’a?ﬂ %%h&%?l[?mngtgé%oal um

chrom um nnlybdenun1or tungsten or an el ement of

group 3 of the Peri Table or the 5 |anthanides,

the radicals XA qﬁ |de igal or different and are

each, i ndependent f'ﬁﬁe anot her, fl uorine,

chl orine, brom ne, e, hydrogen, Cl-C70-al kyl, 5-

to 7-nmenbered cycloal or cycl oal kenyl ,

C2- C10- al kenyl , C6- C40- aryl, aryl al kyl having from1

to 10 carbon 10 atonsAn the alkyl radical and from®6

to 20 carbon atonms in the aryl radical, -OR 6A or -NR
'6AR7A, or two radicals XA are joined to one another

and form where exanpl e,

Q" and Q** are each O, NR®* CR*R™ or S and Q" and Q* are
bound to M**,

\4 is C or S and

z* is OR® SR® NR®*R™ PR®*R’* hydrogen, C;-Cio-

alkyl, 5- to 7-membered cycloalkyl or cycloalkenyl, C.-
Cio-alkenyl, Cg-Cyo-aryl, arylalkyl having from 1 to 10
carbon atoms in the alkyl radical and from 6 to 20 carbon

atoms in the aryl radical or —SiR%;,

E' to E are each carbon or not more than one E'* to E** is phosphorus or nitrogen,

preferably carbon,
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a substituted or unsubstituted diene |igand, in

particular a 1,3-diene ligand, or a biaryloxy group
w@eoo7o13@ | i gand of the follow ng group 15 1APCEZIBP20bb/006857

YA 12A 20 where QLA and QRA,are each 0, NR6A,

CRGARTA or S and QLA and ZA &fe bound to MLA, 25 YA

is Cor S and ZA is OR6A, SR6A, NR6ARI A, PR6ART7A,

hydrogen, Cl-Cl10- al kyl, 5- to 7-nenbered cycl oal kyl

tor cycl oalik&radr3 ang is Boh thap dedarding Py thegaigace e M/f, the complex of the

aryl al kyl favbigrmiidmidulcfarkfy carbon atons in the

al kyl radical and from6 to 20 carbon atonms in the

aryl radical or -Si RBA3, El1A to ESA are each carbon or

Ribio RTBr e tdi@sachnfddpbAddnly Eafe iafotRAIOBRIFSYER T, A ,,-alkyl, 5- to 7-
nitrogen, 35 pr fer%}?l y gcar bon, WO 2007/ ?12406

PCT/ EP20067 yeleglky Of qyclpalkenylyhich mayinfun BeRL {7 1{Gusdlkyl groups
dependi ng mubdtitiena) @ACLakEnMCAC J-dre, aRif| exsias)h,hoR®*, -0SIR™,;,
general fo |) K A R RSA.. each

[ ndependen% Ws’g?&é%@egandgctgﬁg? , %hydfn 86@5? 8&‘?0@%@{6%%3%?9% andfor
5- to 7 5 twerasisele® Clpdi 04l keylicur adigashbratikain yogettier with the atoms
may Int Urc@nrh—:%ﬁr\'g fhdm %Qbéljdf%h tcgfoﬂHref@rﬁbléb‘-bé—tdrt7qﬁm§ered ring or
C2- C22-al kenyl, Co-C40-aryl, -NR 8A2, -N(SIRBA3)2,

-ORI A, - O RERE0ly 52 & pig/amemipiad BeteRey cleathieAo8 PREEA & gagkone atom

5A may al senmbfe §l0s torsktimiorlly Phakpgen and/or  two
radicals RAto R5A, in particular adjacent radicals,

together with the atons connecting them may be j oi ned
RPbarfdR ' a aor edceriatdpgndently G-oneandthdTETb@ Lk @tkylr 5-11g 7 orenibred
preferably(?- kyPor oAk AFTEEEES 3{1 C -SJP%\/QI i
conpri ses Cé oﬁ é’a%rtcgo%e %?g% {;ngg(?ﬁ ’Eéeso(é{odpa onkghsatwpﬂgom 1to
of N, P, 00gagosatoms in the alkyl radical and from 6 to 20 carbon atoms in the aryl
radical or ~SiR*;, where the radicals R* and R™ may also be substituted by
halogens and/or two radicals R* and R™ may also be joined to form a 5-, 6- or 7-

membered ring,

the radicals R* can be identical or different and can each be C1-Cqo-alkyl, 5- to 7-membered
cycloalkyl or cycloalkenyl, C,-Ca,-alkenyl, Cs-Cao-aryl, arylalkyl having from 1 to
10 carbon atoms in the alkyl radical and from 6 to 20 carbon atoms in the aryl
radical, C4-Cqo-alkoxy or Cs-Cqo-aryloxy, where the radicals R may also be
substituted by halogens and/or two radicals R* may also be joined to form a 5-,

6- or 7-membered ring,

z* is as defined for X* or is
where the radicals

R to R™* are each, independently of one another, hydrogen, C;-C,,-alkyl, 5- to 7-
membered cycloalkyl or cycloalkenyl which may in turn bear C,-Cq-atkyl groups

as substituents, C,-Cj,-alkenyl, Cg-Cyo-aryl, arylalkyl having from 1 to 16 carbon

3
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R6A and R7A are each, independently of one another,
Cl- Cl0-al kyl, 5- to 7-nenbered cycloal kyl or

weywhoskenyl , C2- C22-al kenyl, C6- C40-aryl, arBCHER3006/006857

having from1l to 15 10 carbon atons in the alkyl
radical and from6 to 20 carbon atons in the aryl
radi cal or-Si RBA3, where the radicals R6A and R 7A nay
al so be substituted by hal ogens and/or two radicals "

R6A and RZ,(énmy?g ﬁﬁl rQacalghaﬂf% wb&p&%@mﬁhe aﬁrra&saﬂmm .

menbered rin e ra | can i dentical or

di f f er ent N&FIB'“Eiden-QRUC DC:ﬁD?Aﬁ qure @9 ri‘?fals R™ to R** may also
7- menber ede s@dé@‘u%'ﬂ&ﬁ'alo@én éh\dfdr% A gipaé R1A to R*, in particular adjacent
C2-C22- al kenyl 'P% | al kg havi ng ]?
to 10 cafdsifeisaogaen iht at%’i“?( nnectigp &em [AY W’@ﬁ?@ Py @
20 car bon paj@amy sn6ldig- raérmterecrr&@ioe alp;eféiabnmoeadrmwnmed
C6- C10- ar yl ox eralcasRA also
substi t ut ateﬁ’iéy%%wﬁaé%"é“pé‘ﬁ%%% e E gcg é FBA PR C%ns'snng ofN. P,
al so be j@o&iwhereforma 5-, 25 6- or 7-nenbered
rlng R13A 10A E 9A R’E9A EGA R 1 30\ 8A EZ'A
is as deﬁlned for XAor is R A RILOA where the
theaelicsds R' 3@ g Adanticarar3jiffesens apean, each B pefdetyl. y- 1f7- fb?féber ed
anot her, QY@JM%}’W&;@I@% @)- 5¥Jalkep5y1 GGCCJaryFTB%%ﬁ@vmg from 1 to

cycloalkyl or cycl oal k in turn
C1- C10- al RFoGPbeiTs nige g%wéﬁq'qau%rmmom & Brpued lapn the ary
C6- CA0- ar yadical Cylca)-&ydxy bawi-0g-afyldxi vihetdthd Grgzaic baical8R ' may also

2007/ 0124 006857 1 at.ons 44,{1 th

radi cal %8 %bsﬁéfF@%yg‘S(ﬁ’g%qsoaﬁglo %R Caésr§l 7a ?el?:%{) % mﬁf—?to form a
14A2 N( Si5RB463)Demb&R 4dy, an0Si R 4A 3 or - Si R14A 1A 5A

3, where the radicals Rto R may also be substituted

by hal ogen and/or two radicals R Ao RBA in

Efde € cul aereriicheahen ornatimers than angdet ey vip BIIPSPIREUSAr Gitiggen,
connectl ngretfg}gﬁ%gg}yo,pe joined to forma 5 preferably

5-, 6- ered ring or a preferably 5-, 6- or
7-rrenbered het er ocycl e which conprises at | east one
oftheradicaRR*t el Zjf aigptheodsi s tR1Y-AF- ghupfh which

R15A iS
TR‘lGA $16A T*IGA T‘IGA FF16A IIQ"SA
— M-, — A mR-, — AR
Ii?WA AWA AWA l|Q17A lR17A lR1
T16A |R16A FI{1SA T16A T1 T16A
—C— —C—C— —C—C—C—
AHA EI;‘WA AWA é17A é17A lRﬂA
R16A R18A R16A
L | | e
—ME-C— . —O0—ME—
l 17A I 18A l 17A
R7A R R

-BR™®. -(BNR'™R"4)-, -AIR"™., -Ge-, -Sn-, -O-, -S-, -SO-, -SO,-, =N-, -NR'®-, -
CO-, -PR"®A or -(POR™®)-,

where



0 or S, where the radicals RL4A can be identical or
different and can each be Cl1-Cl0-al kyl, 5- to

waeeiered 10 cycl oal kyl or cycl oal kenyl , PCT/EP2006/006857
C2- C22- al kenyl, C6-C40-aryl, arylalkyl having from1
to 10 carbon atonms in the al k& radical and from6 to
20 carbon atons in the aryl radical, Cl-Cl0-al koxy or
C6- C10- aryl oxy, where the organic radical s RL4A may

RAT soR*be subst idreidedichiyor hefbrragteams agnelchia hydvogerealoro ad isalogen atom,

R14A may al so %etr,,lngﬂa{/ﬁgl %g ?5 t0%-mShbered %'Slﬁal(l()¥l or

7-menbered rin are each car|
not nore than ohdoFHSAYlt G- %@Aemé Cpffbspﬁybﬁw!?lkwlrhavlng from 1to 10

nitrogen, pr efcgfb@pla%m%% @QQbkyl%dl‘H‘@nJ@c% 68 & Jg%n%%s in the
Z' A together forma -Rl group in which

5 RI5A is R16A Rf@/Af%QﬁEeACRQM'MB%(%%AaWWMWE/& tﬂm(gamc radicals

- MEA MBA Man 1R'A.REY eyt pelslibitdtdd vy rJal%éns &fal/driafradicals R
R16A R16A R16A

-c-c-c RI7A 11 ﬂa,’//%}?f’?ﬁ”i%‘%bﬂﬂé 66" hf@m%ﬁngng, and
RI6A 2P- , 2" -MCOM 117A 118A 117A - BRIBA-,
VA BYRL6ARLTA)

TN Nﬁi%%cﬁyh&% Sﬁmaﬂ@% tin &peférﬁlb_;gﬂhcfg A 35

10 where WO 2007/ 012406 PCT/ EP2006/ 006857 12 RILBA to

ARR1A are identicab. of fRbFergat apfrargregchra,
hydrogen atom a hal ogen at om

or an unsubstituted, substituted or fused, heterocyclic ring system, where

15  the radicals R are each, independently of one another, C;-C1o-alkyl, 5- to 7-membered
cycloalkyl, cycloalkenyl, C,-Cjs-alkenyl, Cs-Cyo-aryl or arylalkyl having
from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20 carbon

atoms in the aryl radical or Si(R?**);, where the organic radicals R?**

may
also be substituted by halogens and/or two radicals R?** may also be
20 ' joined to form a 5-, 6- or 7-membered ring,

R®A is hydrogen, C4-Cyo-alkyl, 5- to 7-membered cycloalkyl, cycloalkenyl, C,-
Caz-alkenyl, Cs-Cyo-aryl or arylalkyl having from 1 to 10 carbon atoms in
the alkyl radical and from 6 to 20 carbon atoms in the aryl radical, where
25 the organic radicals R®* may also be substituted by halogens and/or two

radicals R** may also be joined to form a 5-, 6- or 7-membered ring,

v is 1 or when A" is an unsubstituted, substituted or fused heterocyclic ring

system may be 1 or 0,
30

or the radicals R** and R' together form a -R"**- group.

The synthesis of such complexes can be carried out by methods known per se, with preference
being given to reacting the appropriately substituted, cyclic hydrocarbon anions with halides of

35 titanium, zirconium, hafnium or chromium.
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a trinethylsilyl group, Cl-Cl0-alkyl, 5- to 7-nmenbered
cycl oal kyl or cycl oal kenyl, C2-C22-al kenyl ,

w@ooa4es yl , aryl al kyl having from1 to 10 cBCDBP2006/006857

atons in the alkyl radical and from6 to 20 carbon
atonms in the 5 aryl radical, @l-Cl10-al koxy or

C6- C10- aryl oxy, where the organic radicals RL6A-R21A
may al so be substituted by halogens and/ or two

C %g/st c% por%]h%’%as g‘ﬁ/_\thg?f}/etaql & m %dtape ga% maﬁy ?Jit’able for
gahg <o Rt Tt 3

REmTDer &d ring are eac
p@dhm@dhe higlegrmentecylar welgmtlmlympr emmoagrityThel Biecaige, particolagy yitable for

p}oﬁum the ymer, CW&?’ subst (Tt Sttlvgg%momn&%gtentpga%%rly

or stit fused

pw&r@mwmheempieﬁ@arw%mmwemte 15 the radicals R22A
are each, independently of one anot her, Cl-C10-al kyl,
- to 7-rmenbered cycl o

| ,. cycl oal kenyl , '
FebeRUAPR BRF Pees 1Em P Al SRS 2T RPN UcH PEAFY. et
ndbrdpyi, &Gprepw bmmtlwmtyl ferttduey, &k geyty!, ha\dk;oai heitydl rf gogmnénony! or

n%ﬁ%@& ét\ll{:eﬁr%l IS ? é'geﬁ %rr[)fr%n&F% %]I?enpé%xhlcha 91' Cd%'.xblg E)%nd éaR?b%A?tgrhal or
tesminsk e.gutinyd 1Rjlyihzbityy Sredlylahrdtemyl, ﬂmtanaldnxparhtsnmeﬁhmyyl Ce-Cao-

A@é%% Qﬁsﬁ)gt Jbt% rl‘.%gst% J & 65@e§ aryl sys%m A rwh?ch 'Fi?é@?%&d#oaf ang be

nber ed
sq;tys@l]ut@mbk\wnhe el @rgp;kseqmme arpl ra@g%nek%lhpps fr@@ﬁ@@ﬁ @r%n atoms
aﬁ’d th@%hﬂll%&?&ﬂl ?é}févénpgaé i do {@cal&n%ﬁ’dnbﬁg gab@iﬁl hé’bhth@h Biphenyl,

radi ca from6 to carb I
aalr‘wvlr%dmcarmetWBV' 25 Al BPg%fn% %d'w&mvwa?@/' %%34;\ g 238
28|32 .48 Gh&i ﬂrnhwﬁth@ldhéh}yl halzgein an arydéubstittieo alkyladd ealy $e substituted

b%ﬁﬁermﬂxl %ro&ps g. 8 e?mlﬁym%i&% ogfmoelihn]b%nz&b - gr 2- %Fglﬁeﬂ‘fr‘ﬂ‘ber ed

anuneubstitu
substltuted or fused heterocyclic ring system may be

A]A t8 ettfbr \Nﬁgth%rbrlhggeRﬁ’agdnc%lr §xaﬁ\% ﬂ:rrqu aﬁ%%et thgrt BJetrfePbBhosphine.

nt hesi's of such conp exes can
Hﬁéfe‘@érﬁf | & ambscgn %@b%@?dk%@ﬁm%%w faged, {terpeyclic aromatic ring

sﬁftcgﬁ ?ﬁl?ﬁ‘f&'l coRrifDn&érd SBmb @oﬁ@t%rbdk&dnﬁi@tlr@@ﬁb%ém &URlrYhitrogen and
supstitute

clic dr bon a
PR BRSO EBPERTS. RO MGG G SHATIRErqde{eroan broups may
32663 éﬁb]sﬂté% blPCT- JC%%B}D@&I}@%I?ary&RyI(B@MaQ freh 1¢o P carbert &oms in the

a%al r (??0 carg) n %ri():n(%s Itheexaergl rggacgl & %hﬁr ﬁhakﬁqens such as fluorine,

ro uC|ng
chfom@ccm bmmeorg»htfuqsd Wthrene oronqse a@matlcsmeytemeeorrmt@% Naming and

nQrﬁBérinﬁ l& AL |h¥te§>U§lctle%tHa§ bteé” taken from L. Fieser and M. Fieser, Lehrbuch der

organischen Chemie, 3rd revised edition, Verlag Chemie, Weinheim 1957.

The radicals X* in the general formula (1) are preferably identical, preferably fluorine, chlorine,

bromine, C,-Cs-alkyl or arylalkyl, in particular chlorine, methyl or benzyl.

This type of complexes of the formula (1) also includes, for the purposes of the present invention,
compounds having at least one ligand which is formed by a cyclopentadienyl or
heterocyclopentadienyl with a fused-on heterocycle, with the heterocycles preferably being
aromatic and comprising nitrogen and/or sulfur. Such compounds are described, for example, in
WO 98/22486. '

Among the complexes of the general formula (1), particular preference is given to those of the

general formulae (l1a) to (Id)
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produci ng the pol yner conponent having a relatively
hi gh conononmer content, particularly preferably as

woe@mer4ool ecul ar wei ght conponent. 5 For the PUF/PRXE&006857

of the present invention, alk¥l is a linear or
branched al kyl such as nethyl ethyl, n-propyl,

i sopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl,

n- hexyl, n-heptyl, n-octyl, n-nonyl or n-decyl.
Al kenyl is a linear or branched al kenyl in which the
doubl e bond can be internal or termnal, e.g. vinyl,
l-allyl, 2- allykw 3-alh¥k 1- butenyl, 2-butenyl,

1- pentenyl or 1- C6- 40 10 Awyl is an

unsubsti t ut ed, sub uted or fused aryl systemin
whi ch the aryl may, be substituted Q% further
al kyl groups ﬁn yIRr adi cal generally 4s from 6
to 20 carbon atons [apaNthe al kyl radical generally
has from1 to 10 carfbon atons, e. g. phenyl, naphthyl,
bi phenyl, anthranyl, o-, 1Ay - nethylphenyl 2, 3-,
2,4-, 2,5- or 2,6-dimethyl phenyl', 2,3 4-, 2,3,5-,
2,3,6-, 2,4,5- 2 4, 6 or 3,4, 5- tlnethylphenyl
Aryl al kyl is an R&) yl -syBstituted al kyl and nay be
substituted 15 by er al kyl groups, e.g. benzyl,
o-, m, p-nethylbe , 1- or 2-ethyl phenyl. AlA
toget her withgt ARRL5A can, for exanple, form
an am ne, ether, thijoether or phosphine. However, AlA
can al so be an unsubétitu d, substituted or fused,
heterocyclic aromatic rlng M&YSt em whi ch carflbhonpri se
het eroat ons from t he&k' consi sting of oxygen,

sul fur, nltrogen and 20 phosphorus in addition to ring
carbons. The &% 4 6-menmbered heteroaryl
groups may also b stituted by C1-C10-al kyl,
Co-Ct0-aryl, aryla having from1l to 10 car bon
atons in the ab'yl ragq'®al and 6-10 carbon atons in
the aryl radical, trialkylsilyl or hal ogens such as
fluorine, chlorgrfe or I¥om ne or be fused with one or
nore aromatics or -teroaronatics Nam ng and
nunberi ng of the h cycles has been taken from L.
Fieser and M Fie d wch der 25 organi schen
'on, Verl ag Chem e, Wi nhei m

1957. The radical s i e general formula (I) are
pref er gty i . prefendbt’y fluorine, chicparidne,

br om ne, lal kyl, in particular

chl orine, net 30 This type of conpl exes

i1 udes, for the purposes of
the present inventi conmpounds havi ng at | east one
l'igand which is forped{by a cycl opentadi enyl or

het er ocycl opent adiaényl Wwkdah a fused-on heterocycl e,
with the heterocycles preferably being aronmatic and
conprising nitrogen and/or sulfur. Such conpounds are
described, for exanple, in WO 98/22486. 35 Anobng the
conpl exes of theRgener formula (I), particular
preference is given those of the general formulae
(la) to (1d)

of the formnul a

(Id)
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WD 2007/ 012406 PCT/ EP2006/ 006857 14 R3A R2ZA 5 R4A

RLA (I a),

RS5A MLAXA t+1 R3A R2A 10 RAA RIA RsA

wWOLRRA14D60), R 13A 15 R12A RSA R11A R1ICA R3PCREP2002M6857

RIA R5A

RI5A MLAXAt (1c) and R 13A 25 RsA RI11A RIO0A

30 R3A RRA RIA RI15A R5A 35 st (1d) AA WO
2007/ 012406 PCT/ EP2006/ 006857

where the substituents and indices have the following meanings:

M1A

the radicals X*

E1A to ESA

is titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium,
molybdenum or tungsten or an element of group 3 of the Periodic Table or the

lanthanides,

are identical or different and are each, independently of one another, fluorine,
chlorine, bromine, iodine, hydrogen, C4-Cyg-alkyl, 5- to 7-membered cycloalkyl or
cycloalkenyl, C,-Cqq-alkenyl, Cs-Cuo-aryl, arylalky! having from 1 to 10 carbon
atoms in the alkyl radical and from 6 to 20 carbon atoms in the aryl radical, -OR®
or -NR®*R™, or two radicals X* are joined to one another and form, for example,
a substituted or unsubstituted diene ligand, in particular a 1,3-diene ligand, or a

biaryloxy group or form a ligand of the following group

S N
Q1A Q
N
\YA /
ZA
I
where
Q" and Q** are each O, NR*, CR®R™ or S and Q" and Q** are
bound to M™,

YA is C or S and
2? is OR® SR® NR*R™, PR*R™ hydrogen, Ci-Cio-

alkyl, 5- to 7-membered cycloalkyl or cycloalkenyl, C,-
Cio-alkenyl, Cg-Cyo-aryl, arylalkyl having from 1 to 10
carbon atoms in the alkyl radical and from 6 to 20 carbon

atoms in the aryl radical or —SiR*,

are each carbon or not more than one E'* to E** is phosphorus or nitrogen,

preferably carbon,
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15 where the substituents and indices have the
foll ow ng neanings: MLA is titanium zirconium

whadoniodpe vanadi um ni obi um tantal um chrom uPgT/BP2006/006857

nol ybdenum or tungsten or an el enment of group 3 of the
Periodic Table or the |anthaffdes, the radicals XA

are identical or different and are each, independently

of one another, fluorine, chlorine, brom ne, iodine,

thydr ogen, i€1-20kG-amb ksyduch that, tiepending ot teadieasecdf 0l kiyd coarplex of the

10 cycl Oa'gﬁﬁ&)ﬂforr@ﬁ)@lroﬁr{%hgrﬁgéfl , C6-C40-aryl,

aryl al kyl *havi ng carbon atons in the
al kyl radical and from6 to 20 carbon atonms in the

raF plrsk adi cd each%%ndé%y 5 ¥Re GASH M h)}aFogteM,’%rrC%qEIQﬁl B 1P
are joined to one another and form ‘for exa fe,”" a

subst i t ut SEPBRERARYEBIH PiLAYElga!sErwhehigh mang turp pear C1-Cio-alkyl groups
par}g i cul aras;%uﬂsti&edtifs,e@ﬁcyfamlafw CoW,o-ayl, biaﬂ'fl%lggnfe ;,ognif;, -OSIR%,;,
or forma Llgand of the toll,omng grou . a

T 2077 GRS S Whato(h e A Pt S Ho 360 DRREHILIEREA 7 Roen andior
or S and @véraitdis @Ptod’t in Zhtidoauadjadent dbiibals, Ydyett@r @Gtrothe atoms

S and ZA | N PR6ARY ydrogen, ..
&1 - 36oaTyfy R Ry oLRERQeu SRR Ay BB 87 Hemberea g o
cycl oal keraprefer@ply SCBooral-kempéred BEeroAGieartydh, compriseslakiphst one atom

having fro@nknd GrodPcorsRERA NAPOTEN4 8 the al kyl radical

and from6 to 20 carbon "atons’ in the aryl radical
or-Si RBA3, 35 E Ato ESA are each carbon or not nore

RPha ofe Brdfedc, iRdedeh&enGroRB akdifer O, -0, alkPI8Ne 7-membered
preferably éar an, V\D|200|7{30?1124ﬁ<6 Ff(%/ P2006/ I0 6|857,
16 t is 1.9Y9°PY'Y YrpKeYIsGetefiary epeAdl AY'aby hayiag from 1to
val ence of10Nkion theasdrothphigy radicat &ret frogred er 2l cafton atoha in the aryl
(1) 1s unghar9gd.sires, where the radicals R* and R7* may also be substituted by
halogens and/or two radicals R* and R™ may also be joined to form a 5-, 6- or 7-

membered ring,

the radicals R* can be identical or different and can each be C4-Co-alkyl, 5- to 7-membered
cycloalky! or cycloalkenyl, C,-Coy-alkenyl, Cs-Cyo-aryl, arylalkyl having from 1 to
10 carbon atoms in the alkyl radical and from 6 to 20 carbon atoms in the aryl
radical, C,-Cqo-alkoxy or Cs-Cqg-aryloxy, where the radicals R may also be
substituted by halogens and/or two radicals R* may also be joined to form a 5-,

6- or 7-membered ring,

R to R are each, independently of one another, hydrogen, C;-Cyp-alkyl, 5- to 7-
membered cycloalkyl or cycloalkenyl which may in turn bear C4-C;o-alkyi groups
as substituents, C,-Cj,-alkenyl, Cs-Cyo-aryl, arylalkyl having from 1 to 16 carbon
atoms in the alkyl radical and 6-21 carbon atoms in the aryl radical, -NR'4,, -
N(SIR™4;),, -OR™, -OSIR™; or -SiR™4;, where the radicals R™ to R** may also
be substituted by halogen and/or two radicals R to R*, in particular adjacent
radicals, together with the atoms connecting them may be joined to form a
preferably 5-, 6- or 7-membered ring or a preferably 5-, 6- or 7-membered
heterocycle which comprises at least one atom from the group consisting of N, P,

O or S, where
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w@eroogptd4oal kenyl

R A to R5A are each, independently of one anot her,
hydr ogen, Cl1-C22-alkyl, 5- to 7 5 nenbered cycl oal kyl

groups as substituents, C2-C22-al kenyl, C6-C40-aryl,
-NR A2, -N(SIRIA3)2, -ORIA 4SS RIA3r -Si RBA3, where
the radicals RIA to RSA may al so be substituted by

hal ogen and/or two radicals R A to RSA, in particular

which may in turn bear Cl- ClOPGI/KD1006/006857

adj ac radicals, to her with th 0 n n
tr{erfa%%%lé”b%an bélaentical o 9(? & rent gn%?aenfeacgg tC gs -al@/?% gCL. mergbered
7- menber edycloatgyl arcydiGaleenpl 63- é{zedﬂdeyylmﬁ-C&aryolarylalkyl having from 1 to

7-menber eleQ%Fb%Fn 9%%'1r?th\§‘3|kgﬂao%§r9§d rﬁiﬁﬁg?& %d é;aﬁ%kgcﬂ% ng Xle aryl

atom fromthe group consi
and R7A arrediegh¢h;Cii- ?ﬂN@W@h@eﬁtofayyl@W whese theerdasic radicals R

" may also

C1- C10- al li)\élsubéltutéooo 7ha"5‘§gfﬁ%eé’n%f$r tv@/r% eal kYt may also be joined to form a
C27- &l

cycl oal k % Kenyl , C6-C40-aryl, arylalkyl
havi ng fr 61°t6memerfer'e%uaﬁ6n atoms in the alkyl
radi cal and from6 to 20 carbon atons in the aryl

l_{gl adi cal or - wher e t r adi a}s BReA and R7A rgﬁ%gen,

95 be sm?bes?? G?f an synotwgre A t 08 PR
R6A and Rpfeferayly abrson,be joined to forma 5-, 6- or 7-
menbered ring, 20 the radicals R8BA can be identical or
different and can each be Cl-Cl0-al kyl, 5- to
ortherarineiseR{” any/ 21 tesietopt foum acRET ol -Hasonplin which
C2- C22- al kenyl , C6-C40-aryl, arylal kyI having from 1
to 10 carhon atons 1|t~,,,n he aI kyl hga e®@nd from®6 to
20 car borﬁ{ atons in he|aryl radl’% Cl- C10- al koxy or

C6- C10—ami-oxy, whevé-mte-radi e—a+M2—A—R8ﬁ—Mé¢y—al so be
substit utéele by haI mand/or tv‘gnrém é&hs RBA nmay
al so be10|nedtoforma 5-, menber ed
ring, ROA to R13A are each, |ndepegAdeQ;£I Yau of one
anot her, RiYdr ogen, o _al kyl, : ®"menber ed
cycl oaLk_ _or,cy nyl vvhich_ CLﬂ'Lur_n bear

Cl- C10- al Ikyl gr oupsl ,,a 17Asubs,tltuer11t,,§ 17;3217(;22 al kenyl,
C6- C40-afyl, aryl alfkylRhaving frdm 1Rt oR16 carbon 30

atons in the al kyl radical and 6-21 carbon atons in
the aryl I‘QQI Gal , -NR 14A2 ..- N(Si R14A3) 2r - OR14A,

-OSi R14A3|or [~ Si R 14A 1A ﬁb\ 3, where the radicals Rto
R may alsp®- be—subst+—t—mj-e{u/|2-b>f hal ogen and/ or two

radi cal s %7,9\'5&@ R5A, in pq{ml cul ar adj acent radicals,
t oget her tR the atons cdhnecti ng them may be j oi ned
to forma preferably 5-, 6- or 7-nmenbered ring or a
preferably 5-, 6- or 7-nmenbered 35 heterocycle which
wheigpri ses at | east one atom fromthe group consisting

RO% {dR2P, 0 or a$e idehRaor WRe ARPLHIQLI24R8 a hydrogen atom, a halogen atom,

PCT/ EP2006/ 00685

a tnmethylsnyl group, C4-Co-alkyl, 5- to 7-membered cycloalkyl or

cycloalkenyl, C,-Cys-alkenyl, Cg-Cyo-aryl, arylalkyl having from 1 to 10

carbon atoms in the alkyl radical and from 6 to 20 carbon atoms in the

aryl radical, C,-C4q-alkoxy or Cs-Cyp-aryloxy, where the organic radicals

R'®A-R?'"" may also be substituted by halogens and/or two radicals

21A
R

M to M*A are each silicon, germanium or tin, preferably silicon,

AtA is —O-, -S-, _NR22A_, -PRZZA-, _ORZZA’ ‘NRZZAZ. _PRZAZ

16A
R .

may also be joined to form a 5-, 6- or 7-membered ring, and
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17 the radicals R14A can be identical or different and
can each be Cl-Cl0-al kyl, 5- to 7-nenbered cycl oal kyl

w@eoocpcd4oal kenyl , C2- C22-al kenyl, C6- C40- aryl , PCT/EP2006/006857

aryl al kyl having from1 to 10 carbon atons in the

al kyl radical and from6 to 208 carbon atons in the

aryl radical, Cl-Cl0-al koxy or C6-Cl10-aryl oxy, where

the organic radicals RL4A nay al so 5 be substituted by

hal ogens and/ oror emonsuaslitged, suitidiedrmnjusad, hetebeeyglioiringsystem, where
to forma 5-, 6- or 7-nmenbered ring, and E6A to E10A

are each_carbon or not nore than one E6A to E1CA is
theedipHoRUS or rfire pasgeindepepdantiefink pnetherbenGoBlkylob- to Aenembered

radi cals R4A a
group in whi cherIgél} IWQ% e maﬁlen RIGA Rl%awaryla'k,x\l having

13A 12A 13A 144°fm 1 tOMOWFbOR/PWMm tisahl'm'qai?w fope to 20 carbon
RI17A 17A 17A eﬂikﬁe“inme IMMA”’R;%GFEL@AO‘QQIHC Fadlcals R?* may

-G -GG GGG 17A 1 17A

RI8A RI6A - MAE = %%%“‘K?é bYRPIPACTRIER" | "‘ﬁ?lr?%kca%sz% mﬁé¥ gso be
R16A to R21A arjmneddemrnn@ad,a;br tinfetrpeedtringnd are each a
hydrogen atom a hal ogen atom a trinethylsilyl '

group, Cl1-Cl10- al kyl, 5- to 7-nmenbered cycl oal kyl or

F’cycl oal kenyl , @hmeal%éhyﬁlkyl@i@membylled ceglaglkyl. Ryeloalkenyl, C,-

having from 1 t(% giQenyP@E-@ narﬁtopgﬁlalkﬂ htab‘iﬁg ﬁ‘!)rk)flto ﬁ@gdr&ﬁﬁl atoms in

and from®6 to carbon atons I n ryl radi cal
C1- C10- al koxy dhe ! Galaa[n9|fr65@>ﬁ to%@@r@oq ﬁt@mélmgtgﬁpgl radical, where

radi cal s R16A-tr|@c3réedg%d@éll§ R Dmag diks b Elhﬁsﬁldteb)by halogens and/or two
hal ogens and/ or_t. i cal s RLGA- F\’(?i

joined to for mreélé'w?s‘[5 -t iR hedRpRY @ °’m%€ 66%2 ”Wénenered ring,

to MIA are each silicon, germaniumor tin, preferably

vS! licon, is 1 or when A" is an unsubstituted, substituted or fused heterocyclic ring

system may be 1 or 0.
Among the complexes of the formula (1a), particular preference is given to those in which
m* is titanium, zirconium or hafnium,

the radicals X* are identical or different and are each, independently of one another, chlorine, C;-
C,-alkyl, phenyl, alkoxy or aryloxy, a carboxylate of the formula -O-C(O)-
R® or a carbamate of the formula -O-C(O)-NR®*R",

t is 1 or 2, preferably 2,

R to R* are each hydrogen or C;-Cg-alky! or two adjacent radicals R" to R*
together with the atoms connecting them form a substituted or
unsubstituted 5-, 6- or 7-membered ring, in particular a substituted or

unsubstituted benzo group 6-membered ring, and

R® and R™ are each C4-Cqg-alkyl, Ce-Cyg-aryl or arylalkyl having from 1 to 10 carbon
atoms in the alkyl radical and from 6 to 20 carbon atoms in the aryl

radical.
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35 AlAis -0-, -S-, -NR22A-, -PR 22A , -OR 22A -NR

22A2 -PR 2A2 WD 2007/ 012406 PCT/ EP2006/ 006857 18 or
wa@eooaasdbst i t ut ed, substituted or fused, het er BCYEP1006/006857

ring system where the radicals R22A are each,

I ndependently of one another, 1€1- C10-al kyl, 5- to

7-menbered cycl oal kyl, cycl oal kenyl, C2-C22-al kenyl ,

Co6- C40-aryl or arylalkyl having 5 from1 to 10 carbon

Tﬁg g%éar'aﬂ) Ji'flgucglr% pou@n@(l%féndad% ic IERr%gBereerC\im gtgtr)ééﬁ'ﬁgﬁ’@of the

cerr\g%mp% |3) 268 @ﬁF%beRZfEAeW'e ] B&28ubst it uted by

hal ogens and/or two radicals R22A may also be joined

to forma or 7-menbered ri

Ampag %éﬁbnd@id @fﬁ?“%‘?eﬁﬁ Fom@exels of the fag ’%ﬁ'@ﬂ@b pa,gprggps;@;yen to those in

whkel oal kenyl , C2- C22-al kenyl, C6-C40-aryl or

aryl al kyl having from1l to 10 carbon atons in the

al kyl radical and from6 to 20 carbon atons in the

Mifyl radi cal, \ihsreniuinheafoerganstcomiani cal s R23A nmay

al so be substituted by hal ogens and/or two radicals

R23A may al so be joined to forma 5-, 6- or 7- nenbered

Xing, 15 v is Is toriagehlofneaCi-6« &yl onBerBYt oritwe eadicals X* form a

substituted or {psRdedGiREAENGIH Gichd ghndSYSt em may be

1 or 0. Among the conplexes of the fornula (la),

particul ar preference is given to those in which 20

tMLA i s titani umg zetb napdtas@obthrdrailim stherwisBe or adhe pleseratly 2,

are identical or different and are each, independently

of one another, chlorine, Cl- 4-al kyl, phenyl, al koxy

RitodY| oxy, a cme bastywerbgeroE - Chelkflotathkany!, o:rd*o)oslgé“s or -

R6A or a carba )of the formula -OC(O-NRSAR At is

1 or 2, preferably’?, RIA to R5A are each hydrogen or

Cl- C6-al kyl or two adjacent radicals RIA to RSA 30

Reogeer with theeahonsosaoeet-biRg, ctst@r(pafy@rm‘a“ -OSiR™; or

substituted or un§ubst|tuted 5-, 6- or 7-membered

ring, in partlé%V%r3§”§ubst|tuted or unsubsti t ut ed

benzo group 6- nenbered rlng and R6A and R7A are each

@l- Cl0sal kyl , 6 lal k vi ng ,f
R oa(%gfg car bon %49“@ ‘%H 'ffo ka{ﬁ ee}réhé“ll}b é‘?'ggﬂ’ag— ?O%#we%‘bered
to 20 carbon atoactsalkwhortdyeloaikgdyl Cs-Cao-aryl, C4-Cyo-alkoxy or Ce-Cyo-aryloxy,

14A
R

where the radicals R* and may also be substituted by halogens

and/or two radicals R* or R'** may also be joined to form a five-, six- or

seven-membered ring,

or two radicals R™ to R* and/or R* to R'* together with the Cs ring form an indenyl, fluoreny! or

substituted indenyl or fluorenyl system.

The complexes of the formula (Ib) in which the cyclopentadienyl radicals are identical, for

example bis(cyclopentadienyl)chromium or bis(indenyl)chromium, are particularly useful.
Further examples of particularly useful complexes of the formula (Ib) are those in which
M4 is hafnium,

XA is fluorine, chlorine, C,-C4-alkyl or benzyl, or two radicals xX* form a

substituted or unsubstituted diene ligand,
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radi cal . WD 2007/ 012406 PCT/ EP2006/ 006857 19 The
preparati on of such conpounds (la) and particularly

wee@eixed enbodi ments of the conpounds (| a) BECEEP2006/006857

descri bed, for exanple, in US;A 5 527 752. Anmong the
unbri dged netal | ocene conpl ex8% of the formula (1'b),
preference is given to those in 5 which MA is
zirconium hafniumor chromum XA is fluorine,
chlorine, Cl-C4-alkyl or benzyl, or two radicals XA
iforma 10 subst{jtuted or unsubstituted diene |igand,
t is zero in the case of chromium otherwise 1 or 2
and preferably 2, RLA to RSA are each hydrogen,
FOlp@ al kyl ,  Corddddnapdrbgen; BRCBARyI or @Cﬂa@ or - 15
Si (R8A)3, ROA to R13A are each hydrogen, CI1-C8-alkyl,
C6- Cl0-aryl, -NR14A2, -0OSi R14A3 or - Si(R14A)3 and 20
RY88 rdfid RBAA arre ebddhenytiioged, coC,-dikfifoeCenty-sand are each
Cl1- C10-al kyl, 5- to 7-nmenbered cycl oal kyl or
|%cl oal kenyl , C6-C40-aryl, Ci1-C10-al koxy or
ar@tRI¥ar yl oxy ,are ibice of Hiffeneatding alesedRB &:1-SmekliRl SAtorfaryembered
al so be substit S n re t icals:
RoA or R14A ey aTeg Be 6Tl (PO ok o B Eanioy
or seven- nenbéeee the rRgicals R ogndiRvo "PycRIdessupstivtedbyRgRgens
and/or ROA to RBnd3Awboaiddnet® w R hBEalsdbd joR8d fodbM #fve-, six- or
i ndenyl, fluorenyl or substituted indenyl or
fluorenyl systEREREMEFHTxes of the formula (Ib) in
whi ch the cycl opentadi enyl radicals are identical, for
oF PSR 10 £S5 APR1 2% EMLA S L A an e oo
sfptitutedrinderd wpllussengfsyptamt i cul arly useful conpl exes of
the formula (1 b) are those in which MLA is hafnium
35 XAis fluorine, chlorine, Cl-C4-alkyl or benzyl, or
Afuidner BigfeErae 8rosofarpiexes GRIISSTPrises 9sdin Wivubst i t ut ed
di ene |igand, WO 2007/ 012406 PCT/ EP2006/ 006857 20

M4 is zirconium,

xA is fluorine, chlorine, C4-C4-alkyl or benzyl, or two radicals X" form a

substituted or unsubstituted diene ligand,

t is 1 or 2, preferably 2,

R to R* are each hydrogen, C;-Cg-alkyl, Ce-Cqg-aryl, -OSiR%,;,

R% to R™ are each hydrogen, C;-Cg-alkyl or Cs-Cyo-aryl or -OSiR™; and

R* and R'** are identical or different and are each C4-Cyg-alkyl, 5- to 7-membered

cycloalky! or cycloalkenyl, Cs-Cys-aryl, C1-Cygp-alkoxy or Cg-Cyp-aryloxy,
where the organic radicals R* and R'** may also be substituted by
halogens and/or two radicals R* or R'** may also be joined to form a

five-, six- or seven-membered ring,

or two radicals R' to R* and/or R* to R™ together with the Cs ring form an indeny!, fluorenyl or

substituted indenyl or fluorenyl system.
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t is 2, RRAto RSA are each hydrogen, Cl1-C8-alkyl or
C6-Cl0-aryl, 5 ROA to R13A a re each hydrogen,
w@&100@81abkyl or C6- ClO-aryl, RBA and R14A are POBRP100&006857

or different and are each Cl-Clo-al kyl, 5- to
7-menbered cycl oal kyl or cycbeal kenyl, C6- C40-aryl,
Cl- C10- al koxy or C6-Cl10-aryl oxy, 10 where the

radi cal s RBA and R14A nay al so be substituted by

hal ogens and/or two radicals R8A or R14A may al so be
joined to forma five-, six- or seven-nenbered ring,
Tae pteperaticndif cadnssyRes od REfrrad drh badires dre dRtBsed, tog exdnedle, in FI-A-
9@6%’9 the C5 ring forman indenyl, fluorenyl or 15

ubstituted indenyl or fluorenyl system A further
preferred group of conplexes (I b) conprises those in

X [ ¥Tas" [FEAT-.

R oAt Foop R ' HEhooEy e aubney HORIRRR e PRREAEG suiebe or
PEIgHERG hahighergrolepyin sight RetYEE" ennaeeent; theM@re §isq rarticulgrly suitable for
ploduBithe rp@lPrlné!r odmporeht ﬁ’évﬁqgté)nci@%h&ﬁ&\oﬁ@Fth IMBg&dcatalyst

Cl- C8-al kyl, ,CG-@lO-ar |, -OSi RBA3, ROA to R13A are
CRARMCA GF ,“'aéip@ée!aﬁ(wd Y PR SRYINOBEr MY Aplecular
werdt @OnBloapuheM14A are identical or different and are
each Cl1-Cl10-al kyl, 5- to 7-nenbered cycl oal kyl or

cycl oal kenyl, C6-Cl5-aryl, Cl-Cl10-al koxy or
Pagic@any- usefpl explexeq\bighefotrhida Ge)ganiheseriadinchl s R8A and

R14A may al so be substituted by hal ogens and/or two

radi cal s RBA or R14A may also be joined to forma
Rive-, $§x- or seven-nmenbered ring, 35 or two radicals

R1A to RSA and/or ROA to R13A together with the C5

ring forman indenyl, fluorenyl or substituted

i ndenyl or fluorenyl system WO 20Q44/ 012406

PCT/ EP2006/ 006857R 21 The prepar at on Ef such systens

and preferred errbcL_di nments are di scé osed, for exanple,

in Fl-A 960437, T'— or | <|3
R17A R17A R19A
M is titanium, zirconium or hafnium, in particular zirconium or hafnium,
the radicals X* are identical or different and are each chlorine, C4-C,-alkyl, benzyl,

phenyl or C;-Cqs-alkylaryloxy.

As complexes of the formula (Ic), preference is also given to using bridged bisindenyl complexes
in the rac or pseudo-rac form, with the term pseudo-rac referring to complexes in which the two
indenyl ligands are in the rac arrangement relative to one another when all other substituents of

the complex are disregarded.

The synthesis of such complexes can be carried out by methods known per se, with preference
being given to reacting the appropriately substituted, ¢cyclic hydrocarbon anions with halides of
titanium, zirconium, hafnium, vanadium, niobium, tantalum or chromium. Examples of appropriate
preparative methods are described, inter alia, in Journal of Organometallic Chemistry, 369 (1989),
359-370.

Particularly useful complexes of the general formula (Id) are those in which
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5 Catal yst conmponents based on the unbridged
net al | ocenes nentioned are particularly suitable for
w@e@doci4ng t he hi gher nol ecul ar wei ght pol ymerPCT/EP2006/006857

conponent. They are al so part E?UI arly suitable for
produci ng the pol yner conponeint having a hi gher

conononer content. These catal yst conmponents are
articularly preferably used for producing a

'\}gonononer -ri ch,'s HPGHEB O ffsPRiET B PatiGEdrgiaNiuso PYtrer
conmponent. 10 Particularly useful conpl exes of the
p,ormula (lc) are those in which R}SA is 15 RL6A R16A

8A'S or C - (S PR Grewelgh e Rheny RESK© radiqafsy s {91y substituted or

zi rconi um or hafnsibstiutediepandganaul ar zi rconi um or

hafnium the radicals XA are identical or different

and are each chlorine, Cl-C4-alkyl, benzyl, phenyl or
C7- Cl15-al kyl aryl oxy. 25 As, conpl exes of the fogdmul a
(lc), preference is aIstgivento usi ng i dded

Qi sindenyl conplexes inithe ra¢c or pseudo-rac form

Wth the termrj%eudo-racs'ﬁferrlng to coffpl exgs in

which the two indenyl li,gands are in thekacsa

arrangenent relative to Bne another when"all "ot her
substituents of the conplex are disregarded. 30 The
synthesis of such conpl exes can be carried out by

et hods known seLO-S?s-thh\eriiAer ence being given to
reacting the appropriatel y“substituted, cyclic

hydr ocarbon anions wth halides of titanium

tzi rconium hafni ygyo yaRaghysn niobium tantal um or

chromi um Exanpl es of appropriate preparative nmethods

are described, inter alia, in Journal of

Rg@ﬂ_%ﬁ?ﬁ@r' ic %‘%&%&&rﬁ?eﬁégdowﬁba to 7315é?nti%7§b cy3l5?lkyl or

(1) are i hose FHOMTENUDr20671B 10F R (R . wherd WS radals R to
PCT/ EP2006/ 006387 an2®** Mbf\ alss bt jdireditaiforo i fize-r S0 s8venimembered
particul ar titanj ' I - M SA L
or phenyl or taﬁb’ﬁgﬂgi%gﬁg%@&&&?gﬁ% %'Afbﬁgvsetni??lﬁ'fga%oé and R™ being
unsubstituted diedme |igand, 5

One group of complexes of the formula (Id) which are particularly useful are those in which
M*A is titanium, vanadium or chromium, preferably in the oxidation state I,

xA is chlorine, C-C,-alkyl or phenyl or two radicals X* form a substituted or

unsubstituted butadiene ligand,

15A
R

T T i
P SR
R R R
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R16A R16A R18A | 15A is Si- or CC 17A 117A 119A 10
AlAis -0-, -S or N22At is 1 or 2, preferably 2, 15
WORATVR4RBA and RSA are each hydrogen, Cl- Cl0-RECREP20085006857

to 7-nmenbered cycl oal kyl or cycl oal kenyl ,
C6-C40-aryl, -NR 8A2 or -Si (RBA) 3, where two radicals
RIA to R3A and R 5A may also be joined to forma
five-, six- seven-nenbered ring, with particul ar

aref erence be| yg cg%n,enN plpkzz ﬁaggnﬁaltaggitsﬁggﬁted or fused.

Abe| ng 20 neth of %0

formula (1d) whetshocaelie, lpaatttICLdaJIhaterqaertﬁmngawﬁemhose

in which MA is titanium vanadi um or chrom um
preferably in the oxidatjon state Ill, 25 XA is

vchl ori ne,  Cl- CAs hpkyhendy Eﬁ’éN?‘f“bé‘i‘mtﬁmupsé@lt%daq’fé“% heterocyclic

forma substit L,lihgq HMm ﬁég%élb%%bh’d ed but adi ene |i gand,
R15A is, 30 R16 ¥{16A 6ARIBAIT I I I Si Cor C-C

[17A R 1 17A jI1 A 119A 35 WD 2007/ 012406

RPGE REPZQ06H OOG&E&eaoB&yd%o{;’eri 8- CQ%I@ZA toNFn&aiteted BioaRADr
or an unsubsti t ut

itu 1A 3A
het er ocycl i c, l%ailﬁnlyc Téi if’er 3:i‘ra$ere twe radlcaISR fo R™and
system v is 1 RS’? map elso B¢ jaines toafnmuaﬁvadagtm tomeardn membered ring.
substituted or fused, heterocyclic 5 ring system may
be 1 or 0 and R A to R3A and RSA are each hydrogen,
lrg:] pr@fpgegpfpaptpdmglt of the vorﬁ@ﬁa@ér(lgﬁ Acyg p@,aqu)@pﬁntlggd substituted or fused,

heteroaromatic ring system and M™ is chromium. Very particular preference is given to A being
an unsubstituted or substituted, e.g. alkyl-substituted, quinolyl, in particular substituted or
unsubstituted quinolyl bound in position 8 or 2, and v being 0 or A" being a substituted or

unsubstituted pyridyl bound in position 2 and v being 1.

In a particularly preferred embodiment of the complexes (ld), at least one of the substituents R'"
to R* and R* is a Cg-Cyg-aryl, A" is a substituted or unsubstituted quinolyl bound in position 8 or
2 and vis 0 or A" is a substituted or unsubstituted pyridy! bound in position 2 and v is 1 and M

is chromium.

The preparation of such functional cyclopentadienyl ligands has been known for a long time.
Various synthetic routes to these complexes are described, for example, by M. Enders et al. in
Chem. Ber. (1996), 129, 459-463, or P. Jutzi and U. Siemeling in J. Orgmet. Chem. (1895), 500,
175-185.

The metal complexes, in particular the chromium complexes, can be obtained in a simple manner
by reacting the corresponding metal salts, e.g. metal chlorides, with the ligand anion (e.g. using a

method analogous to the examples in DE-A-19710615).

Further suitable compounds are transition metal complexes which comprise no cyclopentadienyl
unit, hereinafter referred to as Cp-free complexes. Suitable Cp-free complexes are complexes of

the general formula (ll)



cycl oal kenyl, C6-C40-aryl or -Si(RSA)3, where two
radicals RAto R3A and R 5A nay also be joined to

WO aromo4pé ve-, six- or seven-nmenbered ring. 10PCHER2006/006857
preferred enbodi nent of the cgonplexes (1d), A Ais an
unsubstituted, substituted or?fused, heteroaromatic
ring systemand MA is chromum Very particul ar
preference is given to A" A being an unsubstituted or
substituted; e.qg. alkyg substiTjuted, quinolyl, in
particul ar |substR Pute®®dr  unsybsti t ut ed qU|nonI
bound in position gr 2, and  being O or A'A being a

substituted or.sl ‘bsthgutec pyridyl bound in
position 2|and v 4 1A T —ad artlcularly pr ef &ty ed
enbodi nent [of the)corpl exes (1) M'eA& one of the

substituents R Ag nare-RI5A is a C6-C40-aryl,
A" Ais a suybstituted @r unsubst|ituted quinolyl bound
in position-8 or 2 Bnd vRi's Qloph AAAis a substituted
or unsubstituted pyrldyl bound in position 2 and v is
wheend M A 20 is chromum The preparation of such
functional cycl opentadi enyl |igands has been known for
g,long tinme. Various synthetic routes to these
10 I\/J:orrplexes are detenrumegrcotiyp oghefiphe, by M Enders et
at |n Chem Ber. (1996) 129, 459-463, or P. Jutzi
Sieneling i gnet . Chem §1995) 500, 25
R17@ R185 The %IF""CEO'H‘E)?F’@R%%‘”Y PirPrpaPet QUNSFOgE R -Car-alkyl, 5- to 7-
g hr om um COn'pLW@Sberétafyclbﬁkw)brt@blﬁ@lﬁbdyﬂwrﬂcrsmﬂph €UrAiTB&UAEY,-Cyo-alkyl
y reacting the correspo
chlorides, witH THe3 S&éﬁt&ie’hﬁ. 3n zt’%lkedwl E‘@-Cﬁ)gar\g ar%%’ﬁbﬂv'"g from
15 anal ogous to tHeoeﬁaap0e$omawﬂﬁbakﬂﬁimﬁﬁﬂaymn&ﬂ021camonamnw

Further “suit abllﬁthQ%FWPaHlesbr agigee! LARR tFlé QRicIE R Ree [may also be
conpl exes whi ch conprise no cycf pent adi en
herei nafter r efséPsrt'éLtHeqtb’ @@9%%"\"%“@0’%‘!’%&% gun pattifiutar vicinal

Cp-free conpl exg§c, ﬂ1a9@@9‘o@?§ﬁ§>d@cfforrﬁ Eﬂvé]esﬂ@roa&even membered ring,
formula (11) 35 WO 2007/ 012406 PGT/EP2006/ 006857 24

R5B R6B R 46 A [0 Mo VEejradifgigRy1 giaiBpioinegioigm g five-, six- or

20 seven-membered heterocycle which comprises at least one atom from

the group consisting of N, P, O and S,

the radicals X'® are each, independently of one another, fluorine, chlorine, bromine,
iodine, hydrogen, C-Cye-alkyl, C,-Cqo-alkenyl, C¢-Cys-aryl, arylalkyl
25 having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20
carbon atoms in the aryl radical, -OR"®, -NR"®R®®, -0-C(0)-R"® or
-0-C(0)-NR"®R®, and the radicals X'® may, if appropriate, be joined to

one another,

30 A"® is —O-, -OR™-, -NR™- or -NR"®R®.,
m is 1or2,
n is 1, 2 or 3 and is such that, depending on the valence of M'*, the

35 metallocene complex of the general formula (I1) is uncharged,
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m where 10 MB is titanium zirconiumor hafnium R18
to R6B are each, independently of one anot her,

wogwrowan Cl- C22-al kyl, 5- to 7- menbered cycPGHER3006/006857

or cycl oal kenyl which may in turn bear Cl-C10-al kyl

groups as substituents, C2-C22sal kenyl, C6-C40-aryl,

aryl alkyl having from15 1 to 16 carbon atons in the

al kyl radical and from6 to 21 carbon atonms in the

rey al 50 b  UbLITTLISS LM EOER BT s R mine ori 2
radi cal s RLB- ReBeniNR beaats zvdgativedheigral radical s, may

also be joined to forma five-, six- or seven-nenbered
ring, and/or two vicinal radicals R18-R6B nmay be

wheiened to forma five-, six- or 20 seven-nenbered

het erocycl e which conprises at | east one atom from

the agreup consisting of N, P, 0 and S, the radicals ‘
Rxm‘dg? e each, i%%i?gﬁd&w?‘wér ipheeRRgeR sYcloatiyi ps cygipalkenyl, Cz-
chl ori nel, kbr 0{ﬁO}?alkeﬁde:L-E@ol,-arhyﬁf/I@l@)leEa\lli@.frcﬁiﬂ-tcaid<c)drbon atoms in the
C2- C10- al kenyl - -ar ryl a 25 havi TOm .98
T to 10" car bon WHALH AR frn sTkR S e i TGRS o™
to 20 carbon atwies theotgheic adicklsRAUarcR®” ma@REB be substituted by
-NR7BR88, -O qhg)o'gg?ssan‘afor thoQa(%a@ R4 REEBE, Ahd Bfied to form a
radi cal s X1B may, "I T appropriate, be joi ned 1o dne

anot her, 30 AlgVg-ssix-gr sevepRrEmberedNRIgNdor - NR7BR8S-

mis 1 or 2, nis 1, 2 or 3 and is such that,

dependi ng on the valence of MA the 35 netallocene
thegABfRof t he SGRRB ALY Siffezent 3nd)cap gagihhenar Gedlkyivp to 7-
2007/ 012406 PCdnitz0ddcdy0I0885 ér cy2ibalRenys Cl-CybaienNRCBC o-aryl, Cy-Ci-

together with the adjacent carbon forns_an i m nesor i
2 Juhen NR 18 BESFLOICHaRAY Gk BRe Ok SOatiers a8 Rpiaay o be
and R8B ar e eachbsiut«dilfy-raldgyphs ang/or v radinasrBEmea) also be joined to

Cycloalkyl Or Quf PRk eYbrcoldinChte Bl any

C6- C40-aryl, ary aving from1 to 10 carbon
atons in the alkyl radical and from6 to 20 carbon

PAfEER thaRsifidhematbibmbR 1 sCi kheQfenerdd (B#R4a (11) are iminophenoxide complexes in
which A'® is —O- and o is 1, with the ligands being prepared, for exampie, from substituted or
unsubstituted salicylaldehydes and primary amines, in particular substituted or unsubstituted

arylamines. The preparation of such compounds is described, for example, in EP-A 1013674,

Further suitable Cp-free complexes are those of the general formula (l1l):

B . R4C ]
R
5C
N R
R%C / —N
\
| R1c N -

where

iC . . . . . .
M is titanium, zirconium or hafnium,
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where the organic radicals R B and R8B may al so be
substituted by 10 hal ogens and/or two radicals R B and

. WRBB7MM0@l so be joined to forma five-, siXx-PGIEP2006/006857

seven-nenbered ring, and the radicals ROB can be

i dentical or different and caR®each be Cl-Cl10-al kyl,
5- to 7- nenbered cycl oal kyl or cycl oal kenyl,

C2- C22- al kenyl, C6-C40-aryl, Cl-C4- 15 al koxy or

C6- C10-aryl oxy, where the organic radicals RI9B may

Fﬁg%‘ksb’e Subst i téﬂé ggchbﬁdétb%hé’%gfrérf] ogggfwc\g}égrt, N@{c{g_@ﬂg‘;%zf’-alkyl, 5-to 7-

may al so be | ol ne
seven- nenber ed Témeredpyeipalkyl edcyelipaliwivt Cofyzratteal!. Ce-Cao-aryl,

conpl exes of t @ylﬂ@"ﬁémg o mél 1® c@#b’o% aﬁ)’h‘% in the alkyl radical and from 6
i m nophenoxi de conpl exes in 0 whi 0- and

is 1, with the tP?bﬁ?{B%“ Herhiy ”ﬁﬁ%’b‘é?‘&%ﬁ' oTﬁRéx&’ﬁﬁﬂeéhe organic

fr ((j)m subst i t ut eddiedis RﬁrﬂrSRﬁSﬁéytleoQQ sﬁgétitlﬁéd B HARR¥EEMd/or two

and prinmary amn e} ;Cquar substituted or .
insubst i tur ed "BTsAs i 4BB% e Bl . S iso be inea to
conpounds i s ddswora bed sixt arseescamrhiered ng-BrdlorbOd 864 radicals R'®

Further suitabl, I t

gener al or m L& %%J@e‘;gﬁ%@ SRl Six! (286 thedilifed heterocyce
c Xicn (111) vmlqh cempiise3 Bt gk pee e fiog the prKp cansisting of N, P, O
zi rconi um or hqﬁg@unl WO 2007/ 012406 PCT/ EP2006/ 006857

26 Rc to R5C are each, independently of one another,

hydr ogen, Cl-C22-al kyl, 5- to 7- nenbered cycl oal kyl

tha radiyatd 04l kenyla,re @:h@ﬁ&p@hdl@ﬁﬂﬁlbf,on@@n@‘l& fRiolihe, chlonne bromine,
aryl al kyl havin

al kyl radi cal &6 Joghg 1t1cg° i%ylcgrt%zﬂ‘eg{ SWE CV%O%%OF

aryl radical omyelalmﬂsﬁz Qhetkenyt, Hr-Ms-gah Bylalkylediviogfrem 1 to 10
Rc to RC my,‘q’? boR aR&E?mé%!k%V&ﬁ&l ?r¥d izl Q%Wcaﬂm aBms in the

two radicals ar adj sCTC
radi cal s, may a@l%f?dl?é' iR TelRi &' f%Qﬁ@hR?clo(/eO C @) NR*"Br”, and the

seven- nenber ed rgdics xﬁ&%gfaapv&nyte,%qahedt@@h@a,koﬁhé% C

A'C is ~CR®°R"- or ~CR%=,
m is 1or2,
n ‘ is 1, 2 or 3 and is such that, depending on the valence of M*4, the

metallocene complex of the general formula (l1) is uncharged,

o} isOor1,
where
R and R™® are each C4-C4o-alkyl, 5- to 7-membered cycloalkyl or cycloalkenyl, C,-

Coas-alkenyl, Cs-Cyo-aryl, arylalkyl having from 1 to 10 carbon atoms in the
alkyl radical and from 6 to 20 carbon atoms in the aryl radical or =SiR®¢,
where the organic radicals R* and R”® may also be substituted by
halogens and/or two radicals R* and R’® may also be joined to form a

five-, six- or seven-membered ring, and



to RSC may be joined to forma five-, six- or

seven- nenbered heterocycle 10 which conprises at | east

wop@7atane from t he group consisting of N, P, OPCHEP2084/006857

the radicals X ¢ are each, independently of one

anot her, fluorine, chlorine, pronm ne, iodine,

hydr ogen, C1-Cl10-alkyl, 5- to 7-nmenbered cycl oal kyl or

15 cycl oal kenyl , C2-C22-al kenyl, Cs-C40-aryl,

ryl. dic havi rom At t ik the
tha réé/l?!gr(gdl cal Q:gafn? 1dent|c€ cﬁ'djf%ﬁnpg b(%ﬂ egéhotgr]régcﬁ-%o-taﬂ%l, 5-to 7-
aryl radical, r’(ﬁ&mred-dsdﬁwwrpqycb@«@(y@e Racalianyl, Ce-Cyo-aryl,
-0 (O - NRSCR?Ca’r Iﬁﬂﬁh ah% fro'fr@'fjfocl@lcﬁhb%n Qtomyn thgalkgl radical and from 6
appropri at e, Joined to one anot

- CRscR7c_ or @R%%ﬁarbomatv@s i thsrargl, raﬁca'sc §4-aﬁ<oes¥ orfsznararyloxy,
i's such that, dgRrengds B@aﬁﬂ@ ratdhzﬁls\Ra¢ R8¢ 8Is®be Mb@htufeb%y ha\8gens

net al | ocene conplex of neral fornula (11

unchar ged, i Sgeqtwo ri’)\ﬂﬁ%}‘ 3RS0 RRAPIRA a aé%{%hs'x' or seven-
Cl1- C10- al kyI nenttserett imgber ed cycl oal kyl or

cycloalkenyl, C2- C22-al kenyl, C6-C40-aryl, arylal kyl

having from1 to 10 carbon atonms in the alkyl radica
Peafetrefdrt@nsitont roetadGomaiekesof dte@eseraifotnuia @) ale croadulaxast ingvhich o is 1,

A (35 @QPR": F@CE@CQ%Q %?éel'hé %Fé'ggr%l ich &%ﬁor t RZr%s@é{escnbed for

al so be substituted ens radi cal s

eRYEPIa MR/ QAT+ dVBE3/0803éd to forma five-, six-

or seven-nenbered ring, and WO 2007/012406

PCT/EP2006/006857 27 the radicals R3C c

FHERSH BY1E8 Criragicomeledt "2yh At leash oeligRnd &' tEf:’LQ‘t';‘ff?' forrylpe (IVa) to (1Ve),
5- to 7- menbered cycl oal kyl or cycl oal kenyl

C2- C22+ad kenyl , C6- CA40-aryl, Lwaryl al kyl having froml

to 10 darbon atonms in RA& al kyl radical and from6 to

28 _car atons in the aryl_radi cal, Cl-C4-al koxy or
CBZﬁff;jryloxy, 5 whERe_t he organi ¢ radicals R8C may

al sol.be substituted.p | ogens and/or two radicals
=] "3l so be j offne gth a five-, six- or seven-
nenberdd ring. Preferrego ra¢3|t|on netal conpl exes of
the geméral fornula (11) are ®onplexes in which o is
1,

(IvVa) (IVc)

R RS

R H R0
| s
o) 20
g’ 21D E 23D
— /1D R R
4 R'E2 E u\Ezo Ezo/ u

y

(IVb) (Ivd) (Ive)

where the transition metal is selected from among the elements Ti, Zr, Hf, Sc, V, Nb, Ta, Cr, Mo,
W, Fe, Co, Ni, Pd, Pt and the elements of the rare earth metals. Preference is given to

compounds having nickel, iron, cobalt or palladium as central metal.
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10 ACis -CRscR7c- and Ric is a C6-C40-aryl. The

preparation of such conpounds is described, for
wex@mplaes in WO 02/ 046249 and WO 03/ 040201. FupchEP2006/006857

suitabl e Cp-free conpl exes have at |east one |igand of

the general fornmulae (I1Va) to2flVe), 15 RLD R11D R10D

c1:X: (R12D )X -EID | Roo R13D R140 20 (IVa) (I Vc)

R8D R 15D RO0 H R22D 25 E1ID 0 23D 10 R 21D /E 126 U

RU (CR2 20 2D,-" R16D E UE y 200 24D \E1D Rl170 -E1D

T+ el bl ofbly=ote BHRE (Y Reienis B EOR/R B v

peBicean rsefefenembainantingn . Bledwe At tsreFiatonBrE ™ lfa m@eculeway be identical
oNQlffergﬁt THe elerNghts e¥in frE foerQIa IUle)v arg gach%d@ﬁéﬂdérﬁ? of one another,

el enents of the rare earth rreas Preference i s given
cggpon, %Wﬁ%ﬁﬂc@‘%ﬁ\?f%g‘”ﬁ?@k‘éﬁ" caijbpn, cobalt or pal |l adi um

as central netal. V\D 2007/ 012406 PCT/ EP2006/ 006857 28

1D | s ro 15 of the Periodic, Tab

Fepdspis i Bt iR bt OREE oBTET B B EVART (1VB) fo (Ve),
aparteéeﬂle\moggrbepmg given to N The two or three atons

EID in a nolecule may be identical or different. The

eI ement s E2D in the forrmula (|l Ve) are each,
R'hareiRRdent | y ofre eand, ingepeheantly 6f aparbaher, Gi- @m@gelnsﬁﬂ -membered

phosphorus, in L cal.
R25D, whi ch candgggéll:(yggﬂnc?lagﬂﬁénppe vt ;bg}eﬁﬁdd: C@f éfngT%n}lé?kyl having

| i gand syst em (o0} tot'8 cprbga ptoms i ge plky radital o fng'” 6 10 20 carbon

gr oups: atoms in the aryl radical, where the organic radicals R'™ and R*P may
also be substituted by halogens, with preference being given to
hydrocarbon radicals in which the carbon atom adjacent to the element

E'® is bound to at least two carbon atoms,

R? and R*® are each, independently of one another, hydrogen, C;-Cso-alkyl, 5- to 7-
membered cycloalkyl! or cycloalkenyl, C,-Cy-alkenyl, C¢-Cyo-ary! or
arylalkyl having from 1 to 10 carbon atoms in the alkyl radical and from 6
to 20 carbon atoms in the aryl radical, where the organic radicals R*® and
R®® may also be substituted by halogens and R?® and R* may also
together form a ring system in which one or more heteroatoms may also

be present,

R* to R%® are each, independently of one another, hydrogen, C,-Cq-alkyl, 5- to 7-
membered cycloalkyl or cycloaikenyl, C,-Ca,-alkenyl, Cg-Cyg-ary! or
arylalkyl having from 1 to 10 carbon atoms in the alkyl radical and from 6
to 20 carbon atoms in the aryl radical, where the organic radicals R*° to
R®® may also be substituted by halogens and R®® and R*® or R®® and R®®

or two R’? may together form a ring system,

R' and R'*° are each, independently of one another, C;-Co-alkyl, 5- to 7-membered
cycloalkyl or cycloalkenyl, C,-Cyy-alkenyl, Cs-Cyo-ary! or arylalkyl having
from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20 carbon
atoms in the aryl radical, where the organic radicals R'° and R"*® may

also be substituted by halogens,
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10 R 1 D and R4AD are each, independently. of one
anot her, Cl-Cl0-alkyl, 5- to 7-nenbered cycloal kyl or

weyoos4kenyl , C2- C22-al kenyl, C6-C40-aryl or BCYERIKD06857

having from1 to 10 carbon atonms in the al kyl radical

and from6 to 20 carbon atonpgin the aryl radical,

where the organic radicals RID and RAD may al so be
substituted by hal ogens, with preference being given

to 15 hydrocarbon radicals in which the carbon atom
adjacent to the elenment EID is bound to at |east two

RESr 8h R amd R'R2 Rraeath RBE2pandentineftone ianetbgremdieaseh. Ciefo-alkyl, 5- to
one anot her, hydr ) g
cycl oal kyl or cycf%gﬁﬁgnyf&%uéﬁ&éjc'oage# R BREECEL c-aryt o
C6- C40-aryl or 20Gndaig havingl framaiionl§ Cﬁfbef‘na msdn the afkyrradenl and

atons in the al k)ﬂoﬁ@@'%%'arb@ﬂ@tofﬁs%h@ary‘ Rdid8), \W@é’rbﬂ{é organlc
atoms in the aryl radicgl, where t 13Lprganlc radi cal

R2D and R3D may %q"%aés Re  &ubski tﬁ‘f‘b%l b h%F%B%ﬂébS%‘Hﬁd by

R2D and R3D may aiaS:)@ensté?@&Wdﬂerrmcﬁré@Bmaalrdrn@mSIyrSdil&’ls RHP R'™P R'?
whi ch one or nore H(ﬁt@roat n‘g1 n?’?{ e present, 25

R5D to ROD are edd é(ﬁ%gr? &h ’9365“98%5 "&not her , '

hydr ogen, Cl-Cl10-al kyl, 5- to 7- nenbered cycloalkyl

RO0 S @b 0 enylpoCay é:g%'hallng Xéentlg@fo%gngtﬁé(rj hﬁj’r%geh, Cy-Cro-alkyl, 5-

aryl al kyl having fro carbon atons in
al kyl radical and ftpdrmenberas cygoalign eromclaalsy!l. CoaCratpdkenyl, Co-Coo-

aryl radical, whereyy, @yl&k;@ﬁ&r@ igeael M&a%’é@a&dﬁqﬁ@th‘@%@yl radical

may al so be subst i t ut ed ens and R6D and R5D o @,

R8D and ROD or tm@“ﬁeﬁmr%‘? ZPGag?thmﬁ&‘H% g} efigal or SIR?
system RI10D and RisHereéhe ofgaﬁnbrad.d@d@%’mi‘é"rﬁddwz@m%may also be
anot her, Cl1-C10-al nmenber.ed al kyiso foo

cycl oal kenyl | CZ%E%F“&%C’ V%a BETHG P V'ic'nglrra&alsl %I kQ

having 35 from 1 tRI*1R**Tmepaso ke joimsd tm‘orterfw hnyslx membered ring,
radical and from6 to 20 carbon atons in the aryl

radi cal, where the organic radicals RIOD and R14D ma¥
RiP@0d BE” subst i tak eashbipdensnedrgine omeenatberyCoGas06 arylalkyl having from

PCT/ EP2006/ 006834 10 28b5 BomBi&R: alm&lcaﬁm dRABEArsnatoms in the

each, i ndependentl of one,ganot her,

25D
Cl- C10- al kyl , Y aficabor s whereyq %’é ‘%3'8?'5 R and R™” may
cycl oal kenyl , @&o@%&uﬁétw% ha(B@e@d)-a&grqlJp a@mprising Si, N, P, O or S,
aryl al kyl having from1l to 10 carbon atons in the
al kyl radical and 5 from6 to 20 carbon atons in the
RAPyé R¥*adi cal , weeasht iheependgatly of one another, hydrogen, Cy-Cro-alkyl, 5- to 7-

membered cycloalkyl or cycloalkenyl, C,-Cap-alkenyl, C¢-Cyo-aryl,
arylalkyl having from 1 to 10 carbon atoms in the alkyl radical and 6-20

ZSD

carbon atoms in the aryl radical, NR?®?,, —SiR*";, where the organic

radicals R%" to R?*® may also be substituted by halogens and/or two

geminal or vicinal radicals R¥P to R%P

may also be joined to form a five-,
six- or seven-membered ring, and/or two geminal or vicinal radicals R?*°
to R?° are joined to form a five-, six- or seven-membered heterocycle
which comprises at least one atom from the group consisting of N, P, O

and S,

the radicals R*° are each, independently of one another, hydrogen, C;-Cjo-alkyl, 5- to 7-
membered cycloalkyl or cycloalkenyl, C,-Cyg-alkenyl, Cg-Cyo-aryl or

arylalky! having from 1 to 10 carbon atoms in the alkyl radical and 6-20
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radi cal s RID, R12D, R12D, and R13D may al so be
substituted by halogens and two or nore gem nal or

wor@7sl406 adi cal s R11D, R 2D, R12D and R13CPEEEP2006/006857

together forma ring system 8) R15D to R18D and R20D

to R24D are each, independentl’y of one anot her,

hydr ogen, Cl1-Ct0-al kyl, 5- to 7-nmenbered cycl oaI kyl or

cycl oal kenyl, C2-C22- al kenyl, C6-C4A0- aryl, arylalkyl

havi ng from 1 tq§bp0 atoarsp e 2o AsicRiang fwo wdleylleracmwalso be joined
and from6 to 2Q:GARE. ARFerddrddtpgar yl radical or

-Si R26D3, where the organic radicals R SR aD and

R20D- R24D may al so be 15 substituted by hal ogens and

dwo Vvicinal radsoahsn BRIOhTIGRR onprebspidfds &84 wayn B3° scarbon,
be joined to forma five- or six-menbered ring, Rl 9D

and R25D are each, independently of one anot her,

ti6in@d3-var yl , araré eddoyihdépudanty brammadother, 16r Z; avith the bond between
atoms in the al [.cal - [ 10
the 20 aryl o epBlRApaRhsR O PR B BBRcdeiemente
radi cal s R19D dsthgRxBObIragnd Wieny ih & ard)ivre bondibatwedmthe carbon which
hal ogens or a gﬁ%a%o(%rréo%aﬁ%n@the ddjacknt eRrfdht BP bBRYa single bond
to R24D are each, mdependent y of ohe anot her,

hydr ogen, C1- CJYU‘eaI"Ril? - to 7- nenbered cycl oal kyl

or cycl oal kenyl, C2-C22- aI kenyl, C6-C40-aryl, 25

aryIaIkyI havi n to 10 ca

al kyl radi cal %80%10%%"1%%0618}?’( BﬁgormHla?&@ baer"gglnegat've'y charged
radi cal, NR26D2yhenSiiR2GB3, where the organic radicals

R20D to R25D may al so be substituted by hal ogens

and/or two genminal or vicinal radicals ROD to R25D

Ymay al so be j oilm@dintegerfeomnd tp 4 prgéerably o83 or

seven- nenbered ring, and/or two gemnal or vicinal

radicals R20 30 to R25D are joined to forma five-

Coriies copPieRpdRY e hbere i RereP neal Mk g '@aﬁﬁrqféf@émmma (Va)
aregstcupneusfuom from t he group consisting of N, P, O

and S, the radicals R26D are each, independently of

one anot her, hydrogen, Cl-C20-alkyl, 5- to 7- 35
Gatatisteoatbonsgrdd ME‘kylh theﬂateyaﬂs«ijiah ketay tqmBe€R@ntidniee argl particularly

S0 A5 o DB Uy 30

SP’@PFEP’ZU%‘F'O@B@S’P'WSOC%@OD% wAich i8S 2 FeiatiMely Rimgomopeinergpntent, in

pan.eulér\me e 1o ebrﬁpd%%ﬁttwmms @éséﬁ’tlalﬂ)ecdn%naﬁm@r-fréé) Th&¥eMalyst
five- or six-nenbe when E2D i s

RIS ﬁfeoea%@%wsl%{?sb'vafﬁgd o pipOyHRg R (B9 150naragrtfa molecular

weight polymer component.

Preferred transition metal complexes for preparing the hybrid catalyst systems used in the method
of the invention are complexes of the ligands (IVe) with transition metals Fe, Co or Ni and in

particular those of the general formula (V)
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5 the indices v are each, independently of one
another, 1 or 2, with the bond between the carbon

wawiochiuben bears one radi cal and the adj acent PEI/BP2NE/006857

E1D being a double bond when v is 1 and the bond

bet ween the carbon which thestibears two radicals and
the adjacent elenent ELD being_a single bond 10
whenvis2, x is 0 or 1, with euconplex of the formula
(I'Vc) being negatively chargeeb when x is 0, and 15y
is an integer from1 R8°4, e\te[)abf 2 or 3. Cp-free
conpl exes havi ng Fe, Co, cE or Pt as central netal
and |igands of the Eﬁbnula|(l/a ar, «partlcularly
useful . 20 Catalyst go n,ihe late
transition netal cd . q ed Re parti cul arflVy
sui table for @woduc ng the | awer | ecul ar y®o ght

pol ymer conpone N
suitabl e for prod
a relatively_dew sQm
pol ynmer conp%nent ich. .
These catal yst comgpdhents are particuRﬁPIy preferably

used for producing a | ow conononer, |ow nol ecular 25

wiBieght polyner conponent. Preferred transition netal

conpl exes for preparing the hybrid catalyst systens

used in the nmethod of the invention are conpl exes of

teltorhd €ANAS (1 \épd eaint |hdépfeﬁ<ﬂl§1itlf~lbme ERbtAGIS cdriton, R@rodn dNiphosphorus,
and in particular t hose of the general formula (V) 30

35 WO 2007/ 012408 BEH EF58b6/ 006857 31 R22D U R21D

E2~ R23D U uE2 E2D RROD | / R24D RR7D 1 N1 R30D /W

R5°DI§§&RZ4N R36D aré:gggg n@p%?déﬁ%?of%%ggnﬁﬁépnydrogen C;-Cyo-alkyl, 5- to 7-

membered cycloalkyl or cycloalkenyl, C,-Co,-alkenyl, Cs-Cyo-aryl,

oy are. %I ©_pa xhef |y
g the p 3 r cl ent which has
sgeul ar the

arylalky! having from 1 to 10 carbon atoms in the alkyl radical and 6-20
carbon atoms in the aryl radical, -NR**®, or —SiR?*°;, where the organic
radicals R%° and R**° may also be substituted by halogens,
R?'® to R%P are each, independently of one another, hydrogen, C,-Cao-alkyl, 5- to 7-
membered cycloalky!l or cycloalkenyl, C,-Ca,-alkenyl, Cs-Cyo-aryl,
arylalky! having from 1 to 10 carbon atoms in the alkyl radical and 6-20
carbon atoms in the aryl radical, halogen, -NR?®®, or —SiR**°;, where the
organic radicals R*'® to R?*" may also be substituted by halogens and/or

two vicinal radicals R*'® to R%°

may also be joined to form a five-, six- or
seven-membered ring, and/or two vicinal radicals R?'® to R%° are joined
to form a five-, six- or seven-membered heterocycle which comprises at

least one atom from the group consisting of N, P, O and S,
u is 0 when E?® is nitrogen or phosphorus and is 1 when E® is carbon,

R?7® to R%P are each, independently of one another, C;-Cyo-alkyl, 5- to 7-membered
' cycloalkyl or cycloalkenyl, C,-Cy,-alkenyl, Cq-Cyo-aryl, arylalky! having

from 1 to 10 carbon atoms in the alkyl radical and 6-20 carbon atoms in

the aryl radical, halogen, -NR?®,, -OR?®® or —SiR**°;, where the organic

270 to RBOD

radicals R may also be substituted by halogens and/or two
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R33D R34D 10 where the atons E2D are each,
i ndependently of one another, carbon, nitrogen or

w@k@gparas, in particular carbon, 15 R20D ankCRREID06/006857

are each, independently of one another hydr ogen,

Cl-C20-al kyl, 5- to 7- memberdd cycloal kyl or

cycl oal kenyl, C2-C22-al kenyl, C6-C40-aryl, -arylalkyl

havi ng from1 to 10 carbon atons in the al kyl radi cal

and 6-20 car boirrirgt @disals R*'? keRAY mby alswlbejaingd toNRNPSDR-, six- or

or -Si R26D3,

may al so be sn%gg%tﬁgﬁggégwg%dléﬁgé gghalﬁ%gt%m%ﬂggd Qrejomed
are each, i ndepefriestiive-, g%- opseveamsrtiered Heledecggle which comprises at
C1- C20- al Kyl Jeast éhe atorﬁ?er‘HQﬁeeé’o@py&lngéin@blf NOP, 0 and S,

cycl oal kenyl, C2-C22-al kenyl, T6-C40-aryl aryl al Kyl
having from1l to 10 carbon atorrB in the aI kyl radi cal

RARdo 2222 carS bcgrz% éécﬁ”ﬁdépﬁndéhﬂy éffonk aﬁcﬂﬂérCWdrogBm@g}é{lalkyl 5-to 7-
-NR D2 or-Si a

RID Lo Ro3D My AL B %’C@tﬁ&g&wa?*éed%@?z-?%gr%a cuan

and/ or two vi ur)nailkyl hMgo‘a:hm {e20batbon BB imtay atklisadidatand 6-20
joined to form e B €0 g, _gip260,
and/ or two vi cf% OE\‘% {héaﬁg{fﬂcgl N%;gg'fg?e g?%e =SIR™
to forma five-Wwhes tiae Ofﬁﬁn'saﬁl@ﬁlsrﬂenﬁ@Red mag glsp b@yldisétuted by

whi ch conpri Seshaﬁ‘)gensl a%@)%ff Rl RBEIE QWDH];QGGEQ&%UQSO be joined to
consi sting of N, S, 30 uis 0 wh

ni trogen or phd¥phivss Sanef%egenlmem%em pRA/Qr AV Yinal radicals R*™

278250 IREOID aneRr¥aaR, joihdtte pRMGETIE], ylefr =178 rﬁ’é’tﬁﬂel?@fheterocycle
- -al Kyl ,

cycl oal kenyl | CAIE3onRIER AT oS ens ¥ap Hamye oRps parsiya of N.P. O

havi ng 35 fromabd$Sp 10 carbon atons in the al kyl

radi cal and 6-20 carbon atons in the aryl radical,

hal ogen, -NR26D2, -OR26D or-Si R26D3, where the organlc

thederfigeslvs R27D tae Wbmwyn%ﬁngbof@@egumw@mbd by

hal ogens and/or two WO 2007/012406 PCT/ EP2006/ 006857

32 vicipal radicals R27D to R30D may al so be joined to

”fedF?f?ai Xi ve ﬁr‘%(?acar'”d%"évféeﬁ%%fr?ﬂéPé‘&h‘?r fhgrine RRiPTEE: Rrgine.

]\C/I ci nal radi CaluﬁijuRZWBrdg@n R&Cﬁ)o-aﬂkﬁ ¢m1ﬂeﬁienw CIqs-arylaarylalkyl
ive-, six- seven

compr | ses at * 1BALT ARETBTLACT Bt A9 G Kaa etopgroms m

of N, P, 0 and t® aryl radical, NR26°2, -OR*P, -SR? -SOgRZSD -0-C(0)-R*®, -CN, -

SCN, B-diketonate, CO, BF,, PFg" or bulky noncoordinating anions and

the radicals X° may, if appropriate, be joined to one another,

the radicals R*°

are each, independently of one another, hydrogen, C;-Cy-alkyl, C2-Cyo-
alkenyl, Cs-Coo-aryl, alkylaryl having from 1 to 10 carbon atoms in the
alkyl radical and 6-20 carbon atoms in the aryl radical, where the organic

26D
R

radicals may also be substituted by halogens or nitrogen- and

oxygen-comprising groups and two radicals R**° may also be joined to
form a five- or six-membered ring,
s is 1,2, 3 or4, in particular 2 or 3,

D is an uncharged donor and

t is from 0 to 4, in particular 0, 1 or 2.
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5 R31D to R36D are each, independently of one another,
hydr ogen, C1-C20-alkyl, 5- to 7- nenbered cycl oal kyl

w@eoocpcd4oal kenyl , C2- C22-al kenyl, C6- C40- aryl , PCT/EP2006/006857

aryl al kyl having from1 to 10 carbon atons in the

al kyl radical and 6-20 carboggatons in the aryl

radi cal, hal ogen, 7NR26D2i - OR26D or-Si R26D3i 10 where

the organic radicals R31D to R36D may al so be

substituted by hal ogens and/or two vicinal radicals

R31D to R36D nay also be joined to forma five-, six-
Fa:rtthesmre,rpren‘eneb@ ied!sp igiven todradgitian retel compieres haviadibiglantste or tridentate

ct@a’kmah % Fehdr! (Hnﬂﬁéjor a?méeq mtlﬁneﬁ@ﬁ suctPlighnd©an ether function is,

ere eterocycle nprises at | east
fop gxamaie BPYndderen Raingopapide dmstiost ing of N, P, 0 15 and
S, the indices v are each, independently of one
another, 0 or 1, the radi cals XD are each,

F'W%W'%?s YRRInGlrds iRide-chomiyp FWBPOUEHT’ i5pyhe8 chromium bears at
|REt Ik iido grdQp bostiuatiral l’éjédj?@g a8se dohpbilfdtsahé Weir preparation are

Cl10: al ken aryl al kyl having 1-10
d%%f'%e&nfoéf”fﬁ%rxq W\&ﬁoq;hgll : radl cal and 6-20 carbon
atons in the aryl radical, -NR 26D2i -OR26D, -SR26D,

Fg&?&%@g Cg(?eg(cagpﬁ?& ar@bm leé%vu% éj rllﬁgjfté’tg %rocﬁﬂ: ligand, in

noncoor natln anli ons an
pprtichlas Al bR 0T UPULS IR i SifiezCSIONE GG 14/ -ARacyclononane. In

tr@"b@geh&rthls @/?e bhenfpRdli 188 pPerEréfda @fk%w%@%h/en ke pRBERM dovhplexes.
one ano hydrogen, Ci1-C20-al kyl, C2-C20-

aI kenyl, C6- CZO aryl, al kylaryl having from1l to 10
canalybe Basddwrchidmilirhes. g. &Plhklmls cétaghits, ak Ziagidr-Bat2catayshaiie also suitable

ﬁg%r%shﬁ%{pe I<§o(5r§jl !a%taﬁgrpl % lﬂ\ ér\g}g%n%%ﬁt ﬁsgggsaglrm the %n%g lvgl m%thod of
papderBhgaefigecenc@mbtaireidng gr oups and two radi caI S R26D

may al so be joined to forma five- or six-nmenbered

ring, sis 1, 2, 3 or 4, in particular 2 or 3, 35D o
Zieglepertalyptsheangelly erpRSse afiigniumr & vepedio-cpmPiping; splid component which is
p}%%érteh G8h@fita®um br @Jnaalum\égnggﬂﬁé QMQ%:nE@hEBW&@@Wdeed

Furt her nore ﬁ ef erence is al so glven to transitio

SRPOSF. EBRRINER S HAGT Y. THABEM EATROVDS T SHPR ST Compotinds. For

the purposes of the present invention, the term Ziegler catalysts encompasses those referred to in

the literature as Ziegler-Natta catalysts.

Phillips catalysts are usually prepared by applying a chromium compound to an inorganic support
and subsequently calcining this at temperatures in the range from 350 to 950°C, resulting in
chromium present in valences lower than six being converted into the hexavalent state. Apart
from chromium, further elements such as Mg, Ca, B, Al, P, Ti, V, Zr and Zn can also be used.
Particular preference is given to the use of Ti, Zr or Zn. It may be emphasized that combinations
of the abovementioned elements are also possible according to the invention. The catalyst
precursor can also be doped with fluoride prior to or during calcination. As supports for Phillips
catalysts, which are also known to those skilled in the art, mention may be made of aluminum
oxide, silicon dioxide (silica gel), titanium dioxide, zirconium dioxide or their mixed oxides or
cogels, or aluminum phosphate. Further suitable support materials can be obtained by modifying
the pore surface area, e.g. by means of compounds of the elements boron, aluminum, silicon or
phosphorus. Preference is given to using a silica gel. Preference is given to spherical or granular
silica gels, with the former also being able to be spray dried. The activated chromium catalysts

can subsequently be prepolymerized or prereduced. The prereduction is usually carried out by
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chelating |igands having ether, amne or am de
functionality. In such |igands, an ether function is,
wo o007exanpl e, bound to an ami ne or am de functPONEPE®06/006857
Sui tabl e Cp-free conpl exes al so include i mdo-chrom um
conmpounds in which chrom um béhrs at |east one imdo
group as structural feature. These conpounds and their
preparation are described, for exanple, in WO
nEBNOFABr elbe bFmerinee! hgdrogeamtst 85RO € cwefe@hylab (@s40F @ in an
£RaRl exes having a tridentate macrocyclic ligand, in
particular a substituted or unsubstituted
1,3,5-triazacycl ohexane or 1,4, 7-triazacycl ononane. In

Sfoh@ of 8 Galditich Metal tyRBeRE nfRfidNeg Ravd IRR poWrr%f'lfétl%H S&lvityson their own
ew se %I ven to the chrom um conpl exes.

aﬁgg@dh%ﬁo m’%ﬁf‘UWP cgnt@ct With, g thﬁgtm@é:f)@p%pén orS?r to %e able to dlsplay

gztbcﬁﬂilyﬁhferlbﬁtoh acthvay. FoyBlsSeRLE, t6d 1HBris ththigd IpeefékBblasomprises one or
nz:o‘&? gcﬁl %tllng c%rgg%%%j% %E%EQF%\%Lsﬁ{?férgewE% |vt8{¢]>re$ oﬁ%gcralta(?ysts, as further
Cpmbgmetr Pepemging ke thertgoecd natbigst obrhponeetd, origi e gloer activators may be
S (Y2 ]
ag\gatﬁ\gaj&)éﬁ}ﬁ} E%%Q%:\@{a ﬁt IS gé%!l% 5 fgrgaﬁgvoahgﬁ @m&%ﬁg out usm? the samg activator
opaqtiMggonr mitre Qﬂmfféfe”\@ﬁ%iawﬁmlbéﬁ?)@mﬁd%mﬁﬁ@ thl spge aCtWatOf to be used
forROESAR ECcaiysPEIITBREMS, ptahlelﬁlar)& b YtslRMusIZfr SIHRRAYst mponents.
compounds of magnesi um hal ogen conpounds and el ectron
donor conpounds. For the purposes of the present
Sultab@&dcticaiors bileefot exampld, e@‘h;ﬁfun@s&tu&h yshrsalemmemssaﬁmg uncharged
Ltevlooseld r enfloenrl [ eod tognd havm aq_ew sta%rdat H{neoraa |on|c c% ounugw ing a
PaF Sk =Tl oS CAPAI e g usuaPIy pre ar e % 9

Bapﬂptey |aqg aacathno?mltabie edwpt@urfcr the)tyaﬁns df gatalystmentisned por genera"y
khowrgnd subsequently calcining this at tenperatures in

the range from 350 to 950C, resulting in chrom um

present in val ences |ower than six being converted

Th@b?ﬁlﬁrﬁlef MMH@E&MOUMS&B%e u@élﬂfebendcsrdﬂﬁhétbﬁ@éﬂaumator In general, the
er _ele
el 23 ot BRE Lo s L Je afl v Bep A fhepdiaiiie T fo oo

pgifergsty from ttheo ugeocof Ti, Zr or Zn. It may be enphasi zed

that conbi nati ons of the abovenenti oned el enents are

al so possible according to the invention. The catal yst
Tg0anmy @ thegmathaslanf thelinvgntive, prefecsdcaustaiven tauesingck lepstione aluginoxane as
a@tfva%rdoﬂxgo&@ & Q@rtnlngﬁmef‘% iH&ngfetté ud¥or glilénlwdlé ﬁ’r% compounds

catal'ysts, which are nown hose sKi |

dpseabeghip WGHRG(3108A W'%@r'waaeéulaw"womqfa metfm@iua@oxane (MAO).
silicon d|0X|de (S|I|ca gel), titanium dioxide,

zi J coni um de or m xed oxi des

SR HBE AT & osr oS s eant syt o TReeahuprua v
can be obtained by nodifying the pore surface area,

e.g. by,mangoed conpounds of the el ements boron, (V)
al umi num ‘silicon or 35 phosphorus. Preference is

given to using a silica gel. Preference is given to

whbigerical or granular silica gels, with the fornmer

al so being able to be spray dried. The activated
chrom um cat al ysts can subsequently be prepol ynerized

M3?  pliseinesitentiof gTbL® 13re thedreabdi®TabiSofWsd Bk in¥nts, af pareslis@BL Al or Ga,
a%gﬁ§5007/012406 PCT/ EP2006/ 006857

X'"® X% and x*° are each hydrogen, C,-Cso-alkyl, Cs-Cys-aryl, alkylaryl, arylaikyl, haloalkyl

or haloaryl each having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20 carbon
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34 nmeans of Co or else by nmeans of hydrogen at
250-500C, preferably at 300-400C, in an activator.

w®oowe/0af406 he transition nmetal conpl exes nmenti oPEHEPENE006857

little polynerization activity on their owmn 5 and are

t herefore brought into contacgswi th an activating

conpound in order to be able to display good

pol yneri zati on activity For this reason, the hybrid

a omtsélln %gé g’lj raﬁfcgl o?*f‘il n{\ n%?lé%%?onﬁrger?r?%i r}enp\ gnéﬁl %agc%a preferably
pemtafmomhmyyﬁkmplasoffstmmm enchargefipewie acids @epe/ndinﬁ/yo&ﬂmogo

the type of catal yst conponents, one or nore

activators may be advantageous. For exanple, it is

Spitabis iptiecarenounds hayiag iLewis1sidsations Afe sellikk goMmPSLRds of ke cation of the
gSRMR i@gbia\Ripr 10 or activator mxture or different

cocatal ysts. It is advantageous for the sanme activator

to be used for at l|east two catal yst- conponents,

par ti culani®yadvamggeously for all catal yst (X1
conponents. Suitable activators are, for exanple,

compounds such as an al um noxane, a strong uncharged -
whewei s acid, an ionic conmpound having a Lew s-acid

cation or an ionic conmpound having a 15 Bronsted acid

gs cation. Suitable activators for the types of

Mcat al ysts sfesiemenietorayrs 'denepathe Ve“q@mwle ofrr@ EASPORINR  of

activating conpounds to be used depends on the type of

activator. eneral, the nolar rat| of tal
Qe St ex (epamge e9etel/API9GT BGHRDRHIE 2} ) Cotifob e Lrsgap alkviary,
1: 0. 1 t @nylikA) hBI08iky| 2Haldaryeéahabliyg fréroBitd 20 cdrigonlat@Bia the aryl radical
-TO C.ar r Pom 1qo nge rp n atCO)f 3 anhee aI Y?ad cape C rc I:Igglﬁm%ﬁich may bear
SR8 6

is give

acti vat |Qa@1d:aimb9lu>npls asﬂslbatitwﬁmimbadegﬁesgh Cts aﬂkgxsp@sﬁdfﬁfﬂoxy. silyl or

to use, é%'p &, the conpounds described in WO

00/ 3109 articularly useful alumnoxane is
thylalun1noxane (MAO). 25 As strong, uncharged Lew s

aaCi ds, 4 &fiRee&s3Rm Bto® aMAN t 0 conpounds of the general
formula (VI) MDX1DX2DX3D (VI) 30 where M2D is an

el ement of group 13 of the Periodic Table of the
zEl enment $s ar inteperfioncuios B, Al or Ga, preferably B, 35
X1D, X2D and X3 are each hydrogen, Cl-Cl10-al kyl,
C6- C15-aryl, al kylaryl, arylal kyl, hal oal kyl or
dhal oar ylcomesphndsde thegfifferange -zt lut 80s graatbothamerassalith 1.t he
al kyl radical and from6 to 20 carbon WO 2007/ 012406
PCT/ EP2006/ 006857 35 atons in the aryl radical or
Partiggaiyrsefubsations 3@ carBpriv Aatiops. oxeym &ations, apshgulfpriyip ggtions and also
chhRaitdifon ét@fcemaliekes. Particular mention may be made of the triphenylmethy!
cation, the silver cation and the 1,1'-dimethylferrocenyl cation. They preferably have
noncoordinating counterions, in particular boron compounds as are also mentioned in

WO 91/09882, preferably tetrakis(pentafluorophenyl)borate.”

It is also possible to use mixtures of all the abovementioned activators. Preferred mixtures
comprise aluminoxanes, in particular methylaluminoxane, and an ionic compound, in particular
one comprising the tetrakis(pentafluorophenyl)borate anion, and/or a strong uncharged Lewis

acid, in particular tris(pentafluorophenyl)borane or a boroxin.

As joint activator for the preferred hybrid catalysts mentioned, preference is given to using an

aluminoxane. Preference is also given to the combination of salt-like compounds of the cation of
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pent af | uor ophenyl . Exanpl es of strong, uncharged Lew s
acids are given in WO 00/ 31090. Suitable ionic

W@ vpowdtes havi ng Lewi s-acid cations are sal t-PCREBP2006/006857

conpounds of the cation of the 5 general formnula

(XI11) r((M3D)a+)QL @... Q]8% (X | 1) where 10 M3D

is an elenent of groups 1 to 16 of the Periodic Table

of the Elenents, QL to QZ are singly negatively
tiegeng@tfogmual S ) Sin hrtiesar BIN-GAtettat doiihiumEtrakikfreatatldorophenyl)borate,

vl ar yl ) | pal k al oar ch havi ng

P deos i Be i RRs PR e ol onIpitie 8R40 5 g
nietiytbedztanr@iwratelyaiis (eentaftsoriopheniipoedtk 91 trity etelrakisbentafluorophenylborate

i, r
ag:%ctgggg ﬁ’ﬁj@%{eﬁé@ H%H%\aﬂﬁé@@%m%ﬁ%@ al@*nm!(ang aQ4BRator for the
w@cm@e@ﬂ'% @gc}tlon §rqdyq;ts gi'alurﬁrgtpr@ apORAuUNgF Q,‘qulp%fomwlq Xty with
peAli&B8led lcoMBIslarfdbrBn@d e o8 partibSarfLskif a%g&ﬁt a‘cr.@fero to
5, d corresponds to the dlfference a-z,
greater than or equal to 1. 25 Partlcularly useful

T@ahytﬁlﬂﬁataryets cai Bolded A ﬁ@bd)r&ﬂf‘or u@ﬂﬁﬁbrﬁémfé}ﬂt witiBe alifported form
nsition metal

tr
SRR eg, Bl B P bR s AP e PobE e P
tr| phenyl net hyl cation, the silver cation and the

A%’sgr;')p'oql %@fter@ﬁl:é @rgrvgﬁ ?on}ékngq’ﬁéli/ 8|01de&rgﬁ%§or@§f %@lbg aﬂ?gr%amc or

noncooi di nat I ng “count er Ions;
InoEApIs $AkRS - %t%m@rs@ﬂKawaorh@ﬁler'ajﬁevdeferﬁnm 9‘1¢"0t98823 gel, magnesium

cﬁlblﬂeeélammémto@fdé aképHeid ALk, QRABRHiIddNY :%td%ydroégttést Particular
is al so §)OSSI l'e to use m xtures of all

PR B U SR e 4R o 55 R iSTes GES TS sgcture make them

smm&‘[érasseppﬂrtsl far DRRApEEnerizBtigpaai b€ plodticed from this material. Spray-dried

m noxane, and_an ionic .conpound
?é{cvlvaﬂ éajnrcom rr]lsee S gerlcapaﬁglometr%%s of smaller gran’ular partlcles i.e. primary

par@claalbase(tpeentfcamﬂ mmm@nw» befubt e ani on, and/or a

strong uncharged Lews acid, in particular

trls(pentafluorophenyl)borane or a boroxin. 35 As ,

TP%FH’ﬁpoﬁ%ﬁeGé?f%?fa‘f'bhavﬁWéps?'@rsé‘ff?@c?r%!ﬁﬁh%faﬁ%q f&l”ﬂ/é‘i t9 1000 m“/g, a

pmé%luﬁl@&dthe Pé’n@é ﬁbﬂmﬁﬁtolﬁnl@' a1 rﬁééntb‘éh'ﬁﬁ dq'?Hrheter of from 1 to 500 um.
oxane., Preference is al Sﬂwgl ven

Pé%?rtﬁncﬁé? ST 1B FURPATE PYNES PERPOTHIRES TFa t"h‘@e @89‘? o P tai8° ma. @
pBl@O'BVuﬂl]ﬁMﬁG rd?@a' [rEIRZ)OQGB(H)’GI&jSﬂnd a¥bednhartgerdnadterfirothadnge from 5 to

rlnI I;artld n%g llS ew té\l- gr‘?s !ngglspeptlc%m’face area in the range
1P i

raki s uor
from 200to 550 m /g, a pore volume in the range from 0.5 to 3.0 mi/g and a mean particle

diameter of from 10 to 150 ym, in particular 30-120 ym.

The supports can be subjected to a thermal treatment, e.g. to remove adsorbed water, before
use. Such a drying treatment is generally carried out at temperatures in the range from 80 to
300°C, preferably from 100 to 200°C, with drying at from 100 to 200°C preferably being carried
out under reduced pressure and/or under a blanket of inert gas (e.g. nitrogen). As an alternative,
inorganic supports are calcined at temperatures of between 200 to 1000°C, to produce, if
appropriate, the desired structure of the solid and/or set the desired OH concentration of the

surface.

In particular, combinations of the preferred embodiments of the activators with the preferred

embodiments of the catalyst components are preferred.
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N, N- di met hyl cycl ohexyl ammoni um
tetraki s(pent af | uorophenyl )borate, N, N-di -

woredongienzyl anmoni um t et r aki s( pent af | uor ophengdl/BP2084/€)6857

or trityl tetrakispentafluorophenyl borate as
activator for hafnocenes, in particular in conbination
W th an al um noxane as activator for the 5 iron
conpl ex. The reaction products of al um num conpounds
e e R e R R S
becghtwad contacTivih hybrtrwatomﬁap@gser@amr@g with &g dehydrated or passivated
@%b%ﬂofﬁe% HRF tr. Hp RRE @5‘?60% 5np L LEy Elﬂgfnﬁé’e(h@%\: bi %Gnéc%énrs

ng pre err particu en use hase
ligruiispriseughHiniosANtBet At 6t 1sast poe s’ﬂ@'V%tebpéﬁt“tabﬁﬁ eple Hr@@fabéy giving a

sOLE FeakonUpbddigt, bih BEJukt SHavhiderd, $W@;5atr§tro%bféh1e§ﬂnhrbﬂlay is then
any tpgranl Cc oOr Inor ani ¢ solids Inor%%nl C SU

esrmn}glb@;eélrr@ﬁ Ggmplgx d\fh{;@ﬁ L{S&d g|reqtlx g r ’separatlgﬁ o{ the solvent,

aﬁ@@@ &6lveris @Hp@tél)d@',paﬁiy WeThdvedn mlré@ltrngesmﬁéd)walyst system is
| cat.e r ot al

oty o110 SRR R b e S G BRve = B Rl g pge of e susvor

rrEtemaETpaSLtppcrlt&EB:an%&e peiferabhartdaisdd asc frarecflowirigepotvdemERemples of the

rr%Héth rﬁémgtréﬂ BP{hE‘%bé\grpr&{egg %Q dQéUnM g@é‘bb/@é‘z&aﬂ/ob@mom 9or
uce drie

romthis materia 't ca
W@r%fﬂS&%rﬂp rei ferghes pigtaried ambecgr@rer@nte? a@tegtObrs fiestha ppREgd © the support and
tr9§ %Her?erd dBRIpbirl i€ SubsbquntiyPdrbgRE Mto ddRtakt withaSe adbopRate@@Rsition
found to be particularly useful. The supports used
MR FLPRAYNYS- have a specific surface area in the range
from10 to 1000 n2/g, a 20 pore volune in the range
T}% B;ﬁrig 'c%tgrygtd%n E{{hgr %npgfrger gggcgdr 021altg clo\%\ 8n q’\'(tj%gﬁétgl coﬁrgound of the
gheeralfigmalag¥sci fi ¢ surface area in the range from 50 to
700 n2/g, a pore volunme in the range from0.4 to 3.5
m/g and a pean particle diameter in the range fromb5
to 350 MR Pﬁﬁl)@@lRar)szreference is giveRto supports
having a specific surface area in the range from 200
to 550 n2/g, a pore volune in the range fromO0.5 to _
°6¢ m /g and a mean particle 25 dianeter of from10 to
150 pm in particular 30 120 pm The supports can be
bjectedtoat reat t
l\/?:adalsor bed wat er e&% % ulg% &aggr Ba bo%n ammrrﬁmpé?hum indium,
is generally c ahaliued zoatin aartlctmnbeNaﬂ&rm bpmntai@mmangeZn
from80 to 300C, preferably from 100 to 200C, with
drying at from 100 to 200C preferably being carried 30
Rout under redudeBydRaessemreoalid/ erCurrddrelkylapl aacdelky each having

inert gas (e.g.froM § tO@R)oonAfortiin hetafkiy Akt @nd from 6 to 20 carbon
I norgani ¢ supports are cal Ci ned at tenperatures of

bet ween 200 t o AYBHE NG YV FREH, if appropriate, the

deS|red structure of the solid and/or set the desired
p@eentratl on surf

Rcon‘or nati ons of°'t ﬁaeChphrygﬁ‘og?nrg %erPOO %ré#‘l ft#g glkylary' arylalkyl

activators w t horiatkexypgagh ea\mmironemmm thmnsatqmﬁs ip the alkyl radical and

cat al yst conpo 0falof R <68 the W 2R 4( Bladd) ising C-
PCT/ EP2006/ ooesgswgc’;']14 §10ddeallo SitneH) ‘ § comprising C4
C1o-3lkY| or CG-C15-aryI,

r is an integer from 1 to 3 and

s®and t® are integers from 0 to 2, with the sum ré+s®+® corresponding to the

valence of MG,
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37 In a preferred nethod of preparing a supported
hybrid catal yst, at |least one iron conplex is brought

WO pi0o/otans act with an activator and subsequent PGI/REP208€1006857

with the dehydrated or passivated support. The
further transition metal conpd®ind, preferably a

haf nocene or zirconocene, is |ikew se brought into
contact with at |east one activator in a suitable
solvent, preferably giving a 5 soluble reaction

V\m%l%qH&EOm p%ﬂer?ﬁggg é\%{%ﬁyl rgot Wﬁékg{t%thfl%%ﬁgéﬁ?pﬁgl iis WMo possible to use

obtal ned

nixturgd Pl Vagiews mete)isomoermde st theverewa PX)used directly or

after separation of the solvent, and the solvent is
npletely or artly removed. The resulting supported

Wartwﬂeteyem@?ﬁnpgo (e eanerA YU PR cPrefsreBfis svet [edhose in which

all or nost of the solvent is renoved fromthe pores

f the support . terial. The s orted C lyst is

'\}gr ef erably obtdf ﬁgﬂm 293P0 9"?'@‘&% '?e‘f Exanpl es

of the 10 industri al |nplenentat|on of the above

ﬁﬁfcess are de§§&|? p WO 96/ 00243, WO 98/40419 or -
00/ 05277. In & er preferred enbodi nent, the

activator is firstly applred to the support and this

P%Hr@@grr};ﬁgeﬁ&‘mgtﬁl%n{péurﬁglafstﬁgWHEIEYX)@ra‘PéJQGEhthtH&JR ethyllithium, n-
contact with the appropriate transition

be%%wrrha@fhy'fegwnhglmrrda ra%tt\sémwes'e'ammﬁd@ w&w'magnes'um chloride,
e@QIgh&Rim Broma bty adtesiGAERRAGN HimethyMRigabside rdrytagdbsium,

d%%na%%%eﬁlélrbér?yw%gln%pngw nF@R%,gé hc%@rznaé%e%rg}, |n) pggcular n-butyl-n-
ou@lm_grgesarlrrum mberylatyadidumy tisobatgliatuminunt, hriarh- burtylammmumct,rleti'lylalumrnum
S S M A B f 82
"tﬁ%hyawwr&rnk%sqeemqr'dhemtmge!umrﬁwmomd? apd trmﬂmﬂﬁwrmmnq mixtures
tHeRet. a'|hl§)55rtrél‘3‘r%r6@§|s Er'z’égudcti SRBnidh ngyl§@r'ferEbhoI§tc9rﬁT§lsé Be used.

the aryl radical, G and RaG are ‘each hydrogen,

hal ogen, Cl-C10- aIkyI, C6- C15-aryl, alkylaryl,
Pegfarbmdeky §iven3® auéaﬂkvkmfyheeamherﬁambm tfah€itBnImétal cdbdination
Cg'%rbon at ons

CarQ[L)mds and uﬁgar{rcula{r ﬁlioﬁl\ f‘anrsgra? Erg?al cooorrcfj rtlﬁtr&rbxvnpogﬂggsren%q (ﬁlﬁd as
c@btitugtd ofthd kyybrid pat@@st@&@dacycbrdmg @ thgingentiom begechemiaaiiy different.

E‘r'/ﬂ'r tﬁo&;ﬂ(ihe L?S% éi&é@% traﬁsr%neraetgltc%gr%rnéhgnr &mggugdg rr?th? %ﬁ catalyst is

sum r Gt+s corres I"'ence
Peiswaly prefarmdothe p@rg)f@pﬁ@omr@@grggrgtal coordination compounds is not ruled out.

Preferred combinations of transition metal complexes are those in which at least one Cp-free
complex, in particular a complex of the formula (V), is used. Preference is also given to
combinations comprising at least one complex of the formula |, in particular a complex of the
formula | and a Cp-free complex of the formula V, a complex of the formula [ and a Cp-free
complex of the formula Il, a complex of the formula | and a Cp-free complex of the formula Iil or

two different complexes of the formuia Ib.

Particulariy preferred catalyst components are those based on transition metal coordination
compounds of the formula Ib and/or Id. Particular preference is also given to those based on
transition metal coordination compounds of the formula V. The method is particularly well-suited
to combinations comprising a Cp-comprising complex of the formula b and/or Id and a Cp-free

complex of the formula V.
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38 where the conponent (E) is usually not identical to
the conponent (C). It is also possible to use

WOorR00rM1386 of vari ous netal conmpounds of the foPGIIER2006/006857

5 Anong the netal conpounds of the genera

formula (XX), preference is ggyen to those in which

M is [ithium magnesium boron or alumnumand RGis

C -C20-alkyl. 10 Particularly preferred netal

conpounds of the formula (XX) are nmethyllithium
ethyllithium n- butyllithium nmethylnmagnesium

Hgbridomatatyets whishraye pattinvésly arefdoted far diee, methen/ofiieegineastieomeomprise

chl oride, ethyl nagnesi um broni de, butyl nagnesi um

chl ori de, dinethyl magnesi um di et hyl magnesi um
Al bullpas grRoEINSIEN refpleamripctseed ImhGRRAGY ERentadienyl complex of a

N- butngha de?&%)&tmgﬁheﬁérié&b Tbme Bﬂhé EFébHeﬁtrs whobalytlopéntddieny! system
OCty|I’TB. nesium tri i -n-h | al um n

trii Sovhetyted ?Mﬁ"h‘tﬂﬂ‘arﬂ‘?q 2 %@ﬂwgam Hpafnocene (A2)

triethylalumnum dinethyl al um num chl ori de,

et hyl al um num f1 uori de num lori
Bﬁet h)?F %"F%ﬁ??ﬂ a@%&%ﬂﬂ 18?]'118 %oénpoé {E%):n}lrcin orgbban with aqr?dentate
chl ofigahg baarihgtatt lEesthyd adthﬂnrthumsabﬁiltuhémrww@cali her eof .
The partial hydrolysis products of al um num al kyl s
Wi th al cohols can al so be used. 20 Preference is given
Gl o arriicagiytoreRpmere acheteibovenent i oned transition netal
coordi nati on conpounds and in particular all of the
transition netal coordinati on conpounds enpl oyed as
DéonsPPtt%é'Ht‘g‘ermPF?eO'W?rH‘O&i‘PﬁI R%Sysed according to
the invention being chem call y different. Even though
Es:on,pgatloagl y. orqetoﬁ@o\[f]e\nrgctatglg:g%g%d ?rgﬁr%mggar%tgl o??ntohﬁq] 2 or 13 of the
pr ef ®eriegtf Tablee use of further tranS|t| on net al
coordi nati on compounds is not ruled out. 25 Preferred
conbi nations of transition netal conplexes are those _
Theim@lar @Ko aft orgamiedtfangifien moplakqoawoundaivisl asganiq tranpitien Mefgl cgmpound B is
uéifaﬂpfrmrheeﬁénékf frdrM€; 16@fom@t)ar ﬁrﬁﬁerably&roﬁﬁﬁd@ toPIoerf svdeagieulbdy preferably
al so nbi nati ons co

ive
BB B 0P RS YPGT ATAE COT RO FERTY Piocbipptash G used sone
it eheatal)fs@ umdel thelsamn dea&tlcﬁmoﬁmmsommpIhemoprﬂynhehreatfoo ronudpalyWerization of

Eﬁﬁlen a hi nqiﬁ]faa ¥ fhgﬁ dge)srom’I | nac tran?p%hr%etgpcoﬁr{pﬁgncf@ wﬁ%m) }s%)s(eooglone ina
celplyﬂmeeer(tlmﬁah@xeamlom h@dﬂlgnarm hepreferred embedipents pf the egialyst

c%ﬁ%eﬁt’é s, & aJJ@aﬁe%M& tJohr in B%rctohw%h‘k%nl & oRfafk FEAGIN metal

cat al yst conponents are those based on transition
ceraparnd Ad sttt Bragd inoe C%Wp%eﬁ gkorgniq Frnstion pglahcqmpodpftppyith B.
Id. Particular preference is also given to those based
n 35 tran coor |nat|on coppoun
TR Gheb bR Pare AT R SRU P grtesa Bpne
polpmtyizatdn of Rsolefiaaplei sidrgadotphavogpermsiandpublerpohdss of t he
formula I'b and/or 1d and a Cp-free conplex of the

~fornmula V

Suitable monomers can be functionalized olefinically unsaturated compounds such as ester or
amide derivatives of acrylic or methacrylic acid, for example acrylates, methacrylates or
acrylonitrile. Preference is given to nonpolar olefinic compounds, including aryl-substituted a-
olefins. Particularly preferred a-olefins are linear or branched C,-Cy,-1-alkenes, in particular linear
C,-Cyo-1-alkenes such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene,
1-octene, 1-decene or branched C,-C4,-1-alkenes such as 4-methyl-1-pentene, conjugated and
nonconjugated dienes such as 1,3-butadiene, 1,4-hexadiene or 1,7-octadiene or vinylaromatic

compounds such as styrene or substituted styrene. It is also possible to polymerize mixtures of
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WD 2007/ 012406 PCT/ EP2006/ 006857 39 Hybrid catal ysts
which are particularly preferred for the nethod of the

WO paogtatddocn conprise A) at | east one transiti onPGEERI006/006857

conpl ex based on a nonocycl opent adi enyl conplex of a 5

nmetal of groups 4-6 of the PefPodi ¢ Table of the

El enent s whose cycl opent adi enyl system is substituted

by an uncharged donor (Al) or based on a hafnocene

verds o-dyfinatSuitekis bleimselsorimpute onés iamdich ittendondie abnd is part of a cyclic
r

399&15’@ Wﬂ%g %5? %ogt paru'tsé P%acgtmoqg H,?d sﬁ‘%'}nts %H'\gp{eag "IEX %nt%ne norbornene,

t%tfawclqdaéﬁ@a? ar methyImOybasprne®n é'?'h%ﬁ sopleapy-elgidene-2- norbornene

mib4abAd & etiflnoftRtda8RAd. s AEEPSREILIRRS Bolfth&BB Infixt@Es of two or more

| norgani c supports, 15 E) optionally one or nore netal

EQWbounds conprising a netal of group 1, 2 or 13 of

the Periodic Table. The nolar ratio of organic

ti,on t al nd A to orgapic transition

TR IRBERE 8 TSP ATUaT e 5o4 FE P 2Ry erAeliA 7 Sgeymeriaton
of ethﬂlé)& dt propylefies Aalobryoranans i tHe(potymelifhtibn ahedhylene, preference is given to
ugnﬂg Ln%ﬁelf Xs W:FJH%%P Yut g@ 1= pc;eﬂg}\é' 151'ietx8ne ané/orgogt% V\%%réferred

nsitron net Ad A uces en
Cpmon%nm%'édﬂ%nomwrlzailoa ot:m:adle,mstarqmmé&netahé/os@ﬁ@er Bartieulap preference
iCENRith b @RBedsiin vhien BRNBROL }éé'ﬁ%\’ylrréﬁiéoqﬂtholr hexene or 1-butene.
copol yneri zation of "ethylene, a higher MV than does
organic transition nmetal conpound B when it is used

Tak DRentivé matho6 at ;&ilWlZlH@ dl@f nsiche bé adfBed ®ABLtkMPeratures in the range from

nb h t t
O%) Egdo%: n gramyl?r%ﬂ%rs 35(&8 gpﬁrf aE& egerstg{/ orpe ﬁS?on@Oyé and under
pce_@ﬁdjemftfnomrﬂ @F tod P dyHai partiquian's ptefepablynfednaD. 3254 SPapasingch!l Addustrially
k)%vst/*';io%rr%ﬁgatfon 8102%589 "F‘P‘le %81%%}&?& &h %@Qéﬁleé Blﬁ%ﬁghdv@é‘ or preferably

oun nventive neth
Cgfﬁi”t’%lyén PR OT iMEe ﬁw%’inﬁ‘?'v@atpr%ﬁsséﬁ SyFREMEIAR PreAeEses, stirred gas-phase

pfb‘é@ﬁ%b a4 % pf':@ie flufired PRICYIERE bre i bOdkith. PRscRLRE bisis t)}pe%re generally
haV|n term nal doubl e bonds. 30 Suitabl

0
kﬂﬁﬂb §eﬁﬁ dpthegHict i onal i zed ol efinically

unsaturated conpounds such as ester or an1de
ng g%?éédaogin?ugpgﬁedyd ndnc gal)i}? tc?:lﬁ L gybjecé%dc S/ B C? nel;po[y[nlerézatnon before
usE, @fte prepelgmerzatiing thetsopprotep obtalysteh sém beiog crefepred.iide,
p*eBGl#ergﬂlﬁgorpd'aWbe%Hr}ﬁéé bty ﬁﬂlg ﬁgs pr%kéfull g@pe%‘%’ntdr f4h@mb¥omer (bulk),

erred a-olefins are ear or bra

agHeanoe_carrigd Q@ﬁ@gtmuplfl]slbalatpirqgmy@,erqqtlﬁ@amt installed upstream of the

p6lgm &+Qtickrrahdt@ e SSAiSdantBo® FrYp RN rizAIoA R ﬁ@?endent of the reactor
1- but ene, 1-pentene, 1-hexene, 1-heptene, 1- oct ene,

oﬁ "#%ene or branched C2-C10-1-al kenes such as
4- et hyl - 1- pentene, conjugated and nonconjugated

‘Indthggoc © ag&gel%%n:b' @m%”%a"f)lgﬁse[ﬁ% popymenzg?c)%a gl gtpa nczﬁrned outina

ar orna
S@ﬁpy'ﬁwwur@wbﬁerablmn@m Irsqryhvéwearbm sucs aaisswtpmm*t@es of

hgﬁéd/éfé%g% grgeil%‘ dﬂh‘érn%oﬁfers%n%gﬂla 3he40&ension polymerization temperatures
are usually in the range from -20 to 115°C, and the pressure is in the range from 0.1 to 10 MPa.

The solids content of the suspension is generally in the range from 10 to 80%. The polymerization
can be carried out either batchwise, e.g. in stirring autoclaves, or continuously, e.g. in tube
reactors, preferably in loop reactors. In particular, it can be carried out by the Phillips-PF process
as described in US-A 3 242 150 and US-A 3 248 179.
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40 various a-olefins. Suitable olefins also include
ones in which the double bond is part of a cyclic

W@ rmani24e whi ch can conpri se one or nore ri ngPGHEPENG006857

Exanpl es are cycl opent ene, norbornene,
tetracycl ododecene or nethyl ner bornene or di enes such
as 5-ethylidene-2- norbornene nor bor nadi ene or

et hyl nor bor nadi ene. is al so possible to polynerize
. ‘¢ |
Aﬂgﬁ# gﬁ%%%%y%te#ea‘ﬁ?r}] 6 %sﬁmgrg(rallw%é phc?ls%1 8&%%912%%@% pahl%@lar in gas-

ppasieyindized-aed Gacters. wgm y@i*ﬂnq!rzattqnmd seﬁpemlwymoésrmaer@@tlon in particular
iPbQPULEES and\Stire B TRROERNSs lafk frb@rrP! ymeri zation of

ethyl ene, preference is given to using

C3-C8-a-olefins, in particular 1-butene, 1-pentene,

P&rﬂb@&ﬁﬁﬁer@ﬁéﬂ lé)t@lvén @@a%ﬂase%@fn@f‘ #86h thGy gélélmmgofzeblbed reactor in
rizatjon ne a ene and/ or
6 efFerR RePares R ot Bineaosr Eng PO A o By ssain at s

upper \ehd. ¢hthe oblymereatiorsofeapefing e tizekdtedirédtol ghex @nealipa mixture of the
a%ogeﬁthkt)oZ Qegpol nl{]erlczl!eé] Yf%gg \ée rﬁ&é&%?w&ghﬂ%g{lﬁﬁ éu%ﬁ Qégheﬂ# %fgil)n g§d inert
g@sascsuczoa}@Itrqgleefaeq‘/qbwerfarkemsz@cn a8 eiBOE, unglar}@abtttam pentang or

h a‘?ng q:‘r@@}e)ﬁcg E%meﬁ’% dsthgloréhane, @f"a% MABARE in cl:ﬁ\blfﬁﬁﬁ‘c?rﬁthqgrt@ lower

artlcu ar pre erab
atkene& Wr»avelq%u ‘Pfgﬁhed’lePCt?rr&?E 8% ﬁomsy%k'%w*ﬂ ighdP W@F? thamixpd bed of
flﬁ’élyo@iﬂﬁéﬁﬁ)lym-gﬂ ¥hiRR sy BadddZ R the @libeGAB sbr@e§§§ $dly@kkri@ation zone and also to

chwi se or preferabl tinuo

A oG VO I D SRR S e PRyenBton can aso
bs tarrisolit (ette piraiessedpr eupesvedensed gade, phasen gdriudf theaddulating gas is
cgglgoctg%ﬁﬁﬁ t%ceem%ou}t BR? E 6%«%@%&@{1 ?é: S %ﬁ‘oe&[ gé m‘iﬂ%ré tg tﬁg %ﬁ%?m order to
rrsahp p@mttoeell use olthe aptpalpy efdapyyizetion ferspeling shesreaciian bes.

subjected to a prepol ymerization before wuse, with

prepol ynerization of the supported catal yst system
InheasrRyats iadrerRgd repRiers. Bisssiisshiici s ?td%eSéafﬁs BETERP o it tp MPa,
pfefdrablyfréri ©. 59@8 wmame in ;bdﬂth%léSﬁ@r?SIOQ@ tawrpa 0 ddhlﬂorimlmrng capacity

ut continuo

PR 4t Breariee Fhdt e e RRLTPERbY ceflefou n e tudzes

bmeFy)mbe imetttod @hthe garehton, ibis ativantagebuscowbikrat eageratures of from 30 to

186 ep % I&t Fnae'fét %g/ HJH\ %5 on&%;te Wﬂﬁ% atLtl F?mrt éaﬁztrfggF part of this range

opet case of suspensi n pol'y
pt%atpxobeymat foacopstymess afselatlvely htgaldﬁmsetm apditemiparagyres in thelower part of

4 SRENS ERRLITE-INY Tkt 1B fpa?rﬂbr's)bf teltigdly lloW%(eﬁsnDy drocar bon
such”as isobutane or mxtures of 30 hydrocarbons or

el se in the nononers thensel ves. The suspensi on
|t¥v@élym&§,i(s)i5|att¢ o dcmmp@{gatr%erc@s in wiHich tW6 bﬂbhyriziat’lj]brt Zv@ed #B@6nnected to
rom. - 15 and the pressure is ip t range
ops ST 274 Be ROVBES Pt el AL BaRbEat Trs firhdH PBse wo zones.
wilb $eews e@es also geing mialk koyhava diffaent mihgeriatiomed:littoos. 80%h a reactor is
dg&‘ﬁbﬁ%&( Q?Jnke;%@'ir{ WO 97?&61%3%0%6@0}?? oSyt el ther

rring autoclaves, or
continuously, e.g. in tube reactors, preferably in

Tb@@lﬁ%r@ﬁﬁﬂe@é %Bgt}crél RAridrieatlo brockdses 84h, RRAeGRG! digFbeXddhnd¥ed in

he Phil S rocess

series so as to for?n a polynEerlzatlon cascade. A parallel reactor arrangement using two or more
identical or different processes is also possible. However, the polymerization is preferably carried

out in only a single reactor.

The method of the invention makes it possible to prepare polymer molding compositions having

particularly advantageous properties. The molding compositions preferably have a polydispersity
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35 as described in US-A 3 242 150 and US-A 3 248 179.
WO 2007/ 012406 PCT/ EP2006/ 006857 41 Anpbng the

w@ologerdeat i on processes nmentioned, gas- phasePCT/EP2006/006857

pol yneri zation, in particular %n gas- phase

fluidi zed-bed reactors, sol ut i*én pol ynmeri zati on and

suspensi on polynerization, in particular in |oop

reactors and stirred tank reactors, are preferred. 5
Madi1 ¢f @lpvars. proesf repferadly friom Egtp@érpaﬁ@u@asprpma@a from 7 to 35. The melt flow

B8 MERUId At 190°C LRYR 2 U3R-0PHAS Ry, fid Me@ra%@droh\emor:s@@%h@w ¥ catalysts
whi ch the circul ated reactor gas S in at

YRR fiTRIRRE TeANORer IBeRRQRIOR FAPaLETiesA R HS ST the SEAPTPMEY cortent of the
papymer precﬂljit arldthd@sdaé YEmIty indid Be of th@p&YriérizBon of E@ylene can be

d t I t ft
e e e T BB 5o s Repraa PN TerelEPPEI o ol ecul ar
wei ght regul ator such as hydr ogen and inert gases
A%l'ir%g%rﬁaét %‘ a?gr?& bﬂp achr u%\%eofaﬁq? é/%,?eﬁr% Fpaﬂlrcglgrepoﬁcye%yleehes is the
pquuetn)ntObprasﬂurq;mmdpfathﬁatransmragfmaapmalraﬁtveeterrand(mbtawatten Bressure
pideb thabidibt dgg@thlﬂ@ﬁ\@ére w@H%@H?I? rep-ggﬁtlg Vr@té?ﬁfﬁgy AQferfl?@ operating life of

react or i clent ?/ to flu
PR BEED BT briftierialiuge havine ércke sef?wwmmré fprﬁgch an application.

Bve erhactialwe of htcHed s aealsuseemy@@n@&vpaleﬁ RRloivZAdsk@8s Z1NEad to brittle
end merizati

(Bfe B s PP pToe DR AL BT OO, FTESR G Bey Ve chemicals
Itdathe@fgoextieamelydm piriadt to iddutethe hembearuie szedf faws in a pipe, e.g. specks or
“ ch part of the circulating

“3@%% gtg?gmogg%e%??gssb exm he dew point and is

recircul ated as a two- phase m xture to the reactor in

RS Bavidg lomgl d’i‘gﬁjéct(é anad véf'ysﬁgrpf'ne&lﬁﬁlcglrl‘irgﬁdtrméné’gxcellent

vap orization for cool Ig% reaction

iR sSghiseror Pl OF 268EEd P ERETTP 6559 5P na g iyprop gave he

adgiti dhaairo;&m?&&iﬂmeﬁ d@ﬁotfrl’ﬂﬂﬁhc@ tHe dr@anbi&pli3anf thelprefuets akd dre therefore
ular from1.0 to 3 Mra.

Isﬁ PR arInguta% %ﬁ 'E%‘%ﬁ' Ay @%({J%"c"?ﬁwszo requi red depends

on the tenperature at which the (co) polynerizationis

Tﬁﬁ'blrebgrgtld?ml'gf tHerbrcSJ?JgtsﬁA tHE géaégpreggg’s tlFeo n\?g}%o%%ﬁ& PJquwes no

I nvent | I's advant
Stﬂclﬁ?ﬁ@ﬁnablaf?deﬁs Rﬁ@ceﬁa‘sa’s‘mne@akeﬁ s'mae@nt@mftthecruplawlay weight distributions

ahd %E%Tf@@nymf)l@&l’ﬁr@@g%@ o}-@égoly%ﬁ ébrﬂd%ﬁ@rﬁi QJSQIB@SWaGd:Mhe good mixing

gtg art of this range preferably being set for
gBP'Vﬁ%r igad¥eved| ati vely high density and tenperatures

in the | ower part of thls range preferably being set

e LG S L L
Wpibﬂwmwfzrwtﬂgote wmwsthamemtmn heiog edtricied thensto.anot her and

the polyner is passed alternately a nunber of tines

through these two zones, wth the two zones al so .
Figstengscapnaticply shawea G’Pfcﬁ‘é’ﬁ@ﬁtmmldyﬁéldﬁloﬂa# P @plymer prepared using a

h@tﬁﬂd:b!faly@tn%e eﬂ#ﬁ‘e'a nPaxinRACE Qe tothe ﬁilgﬁéirnimmar W85t XIHABI @mponent,
and 00/ 02929. he different or

nglestgofegé’ﬁf“? Eréﬂ”'d 'F)‘?H%F’l taealf’Y"Srrfnﬁ?%’@&@@Et ROyer fgmponent. The
pc&entﬁedlbutainmsbmdomoﬁﬁds bfa hybrid catalyst comprising an iron-bisimine

complex of the formula (V) and a hafnocene as catalyst components.

The continuous line shows the distribution without addition of modifiers. The addition of water
selectively reduces the activity of the iron-bisimine catalyst so that the left-hand shoulder

decreases while the maximum increases, since the amount of the lower molecular weight
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series so as to forma polynerization cascade. A
paral l el reactor arrangenent using two or nore

WO denvimed or different processes is al so possPEI/EP2006/006857

However, the polynerization is preferably carried out
inonly a single reactor. 35 4he nethod of the
i nvention makes it possible to prepare pol yner nol ding
conpositions having particul arly advant ageous

BRI BTSSR Lo G ARUR ok

Iner/cM've @hovmbq glswbutm) raéermdgmgrr efwagerf Therm@artreasses and molar mass
f I
dfrgglwétloﬁﬁétgé% %foelﬁ'ﬁé;ftcgﬁw éﬁtsncggrige ;nfy%%ﬁﬁﬂc;ﬁfi é@a ’bE isgéM from the
upshengedeEijoT of A clrveo 300 g/ 10 min. If cat aI yst S
havi ng di fferent nononer incorporation capabilities
are used, the conpnoner content of t ol ymer : _
The BriEReteised ke PSS! paent qrrlcrtie) Were ?ﬁ%%fﬁk&%?&é" B IqlAwng way:
polynerlzatlon of ethylene can be 5 altered via the
oporti f. the respective polyner conponent. An
Wﬁgﬁ@ygﬁ | i cati on of binodal or nultinoda
polyoleflns in particular polyethylenes is the
pr Od"I’ﬁé h&@mﬁrﬁatleﬁ sttﬁé‘frﬁltnﬁa \9&8 q\r whilaﬁ |sttﬁ@nﬁ|9r‘;H Jah.%fof 91%501scosny
mai ns wat er and wast ewat'er . ﬁyessure pes Tade
pol y8tmberenexgrelation pldrsspaigrey C@r@sntaaélpﬁg 36 Hfas ﬁ@fﬂ%%outAn an
very aht@ﬂgtlcQﬂ’@JeﬂJhH@Gsédn'fe@’er‘?ll‘au&@Pt/@Q) HiRfdeciint AQYvem @t NEHC in
and brittle failure having to be feared, is inportant

for §E&°ﬁja£ﬁe‘é(ﬁbl Cc¥Pon. "Even small flaws or notches
in a pressure pi pe can grow even at |ow pressures and

vv@@ b %t e mﬁqthre and this process can be
Axagrt ?gkéﬁ 8 s %er t enper at ures and/ or aggressive
chem cal s. It is therefore extrenely inportant to

redueg, ySé?ﬁe&mEQﬁrrorr@[bgra%h? F;OFQB wiab @4/Fed Butdt PADPE in ‘FZ 9.

specks or great est possib
ext eﬁﬁh'OE@e’Meﬂﬁﬂs'P@%Wﬁé‘if%15%@?%\?%‘?3’%\95 d b@ék%ua&ﬁfaoféhe data was

very chiriedohReing tHeGahwsrk ManaP, froﬂrnlqlS-EN&ﬁdkhﬁQigesellschaft fur

processabi | it can al so_be ohtaine

o et e A AR . FRoe PR e o b fiage were

pr opesltbyatédiat médne pf pyettotent BiahdedCieavingen wdrgeased sagd froms! 00 to

of t rod MSLs and are t f.are I [

oui t 451 SPolEEaRREe el neShS G BuRa Rl HARL sses i of
pr epéreatolyorersodndttheeratie otinasssverage feeumbarcaverage dwite vergeetermined.
energy consunption, requires no subsequent bl ending
processes and nmakes sinple control of the nol ecul ar

DresiyRnd eRpmNoMsLean s and the different nol ecul ar

wei ghts of the pol yner conponents possible. In

addi tl’ densﬁ;? grgd tF.ne )éénqgwom%fr cgnlge%t R/ere dn%rrmfng f leegr}ée?IR spectroscopy.
The IR spectra were measured on films having a thickness of 0.1 mm produced by
pressing at 180°C for 15 minutes. The correlation of the IR spectra with the density of the
polymer samples was obtained by means of chemical calibration against polymer
standards whose density had been determined by measuring the density by the buoyancy
method in accordance with ISO 1183. The correlation of the IR spectra with the
comonomer content of the polymer samples was obtained by means of chemical
calibration against polymer standards whose hexene content had been determined by
evaluation of NMR spectra. To measure the NMR spectra, the polymer standards were

placed in the tubes under inert gas and the tubes were flame sealed. The solvent signals,
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The node of action of the nodifiers used according to
the invention will hereinafter be illustrated wth

wo b®7a1doof the figure, wthout the invention BEI/RP2006/006857

restricted thereto. Figure 1 schematically shows a

typical nolar mass distributi 6f of a pol ymer prepared
using a 30 hybrid catalyst. The curved maxi numis due

to the higher nol ecul ar wei ght pol yner conponent,

whi | evhpbeecHeefidat $tafhithdteen tatwertedsto disberhioaltshi rélativeito TMS, served as
nol e h The present

di st ?r?{%rﬁ%lls\égﬁh%gn tﬁ?o%%édqgmaggﬁgstraof a hybrid

catal yst conprising an iron-bisimne conplex of the

f or mylng b(a%hé@ﬂ@O@c:ﬂ@éM&ﬁ@@er@%e@ﬁﬁ AbY St mEMIBPREINMR, a3 Bescribed

The conti nuous |ine sh the distribution w thout
addi t% dAMes CrivATcel. dMs: R%éﬂaa@mot CopM dthyiat et <2&3) 201-317 (1989),

sel echi ¥Rl BaséLsHIBS Sotd! 081, d@lp Yoritahv@b0d dafoonla@msbi si m ne

catal yst so that the |eft-hand shoul der decreases

whi |l e the maxi mum i ncreases, since the anmount of the

Metting poinbl ecul ar wei ght WD 2007/ 012406

PCT/ EP2006/ 006857 43 conponent is reduced conpared to

t he hi gher nol ecul ar wei ght pol ynmer conponent. The

br ok e nleiting doistulmmeassieterminehey BPS meapuemen indccerdance with 1ISO 3146

addi t\:\htﬂ@ it he‘!@&?‘éta H’Jé%ngfﬁé'tea&f 26@:S§e$$mrﬁft’éjto'mlerﬁber%§e%f 200°C, a
di stributions o mer Cor‘&ponent S Change onl

i nsi élmnqmlearmtfalyzatl%at@éﬁo 9 rale Oh2Y + #RT TiRete dgne Fpaﬁgjg@eratur e of
posi t26wWarf a $dd6nd"HhbalRy at2 hEBEhgRae ANBA EIper MHAR tabk fol@emperature of

Pgﬁsg\% r?o?é\%veltlr?gfgclfﬁt% @0{6?!\@8{%@?& e{ﬂ/l} 5‘1 tﬂ‘iﬁ””ﬁ]gﬁhe enthalpy

det eragainsttheoampdratuleamédsmietiion gwe\,sesorrdshebmgrdusplaym ataximsim.
the limting value of the viscosity nunber on

extrapol ati on of the polyner concentration to zero,
Tha sondenty ofae agrerprntianed deguroeniy e helsbeinetiaesaigl S tigsenae into the
ptdsast@PateRVappildatishs UR@sERGRAtdotASrwie| #ediintsdind JadRE alebiways based on
accordance with 1'SO 1628. 15 Wdth of the nolar mass
RfiB2SFbuti on: Gel permeation chromat ography (GPC) was
carried out at 140Cin 1,2,4 trichloro benzene using a
E%%S(e? 150C GPC appar atus. The evaluation of the data
carried out using the software Wn-GPC from

HS- Ent wi ckl ungsgesel | schaft for 20 w ssenschaftliche

- ums
e e e B el Pl E e e
havi ng nol ar masses of from 100 to 107 g/nol. Mass
EwRpiage nol ar masses (Mwy) and nunber average nol ar
masses (M) of the polynmers and the ratio of mass
average to nunmber average (MWM') were determ ned. 25
Phepasativry of 2 Bibis{ 04D tidore 5-recifl-phdriylimino)ethyl]pyridineiron(ll) chloride
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The density and the conononmer content were determn ned
by neans of IR spectroscopy. The IR spectra were

worewsiraee on fil ns having a thickness of 0.1 nPET/EP2006/006857

produced by pressing at 180C for 15 minutes. The
correlation of the IR spectra4®th the density of the
30 pol yner sanpl es was obtai ned by neans of chem cal
cali bration agai nst polynmer standards whose density

2R3l p&@&l&@%%éﬂf rgl‘{mﬂg) SV Adnd P& ﬁjro&'iéé ¥s &)e)_érciﬂ%@ in example 2

buoya ccor ance w th 1'SO 1183.

ot:Wpr%W?&ﬂ ?%@ﬂddﬂastfﬁiftqq:@ sproedange With the fgdhod FurgReiedtof WO 98127124

wqe ﬁ&rﬁn)tch%fldé RYIRY &5 -5 Sm &R p@aiymhms)dthbgrymaa@n Ity chioride.
chem cal calibration agai nst polyner standards

vvhose hexene content had been determ ned by 35

Eqy@apieiat i on of NVR spectra. To nmeasure the NVR spectra,

the pol yner standards were placed in the tubes under

inert gas and the tubes were flane seal ed. The sol vent

Psdpgragibrsof AADpRHRd/hurRia6&yeCT/ EP2006/ 006857 44 whose

chem cal shift had been converted to a chem cal shift

relative to TMS, served as internal standard in the-

Sylepol 2HeF (sray-HNR silisa gelrfeom Graee. WY amehuasy brgeat @R 5ol a stream of

nbgdrtoVehsurdlet erm ned by means of 13C NMR, as

described 5 by Janmes C. Randall, JMsS-REV. Macronol .

Chem Phys., C29 (2&3), 201-317 (1989), and are based

AQRixtuRef 582 mb (b4 gmon pf teON 5B 1-RABRrCE MR- EHeayTEnino)-

<Ryt BRlusrR, < o BERch bR it A B Pe TR i
dfchipsde (freatGrorgptart) aad hé&nl of MAGI (rectpfial 2O xaee; 4115V ingoluenegrom
Ctrcgﬁﬁ?&r ggéjﬁwﬁ\omufe?eosgged gt rogr}{ me?aé&r@r’o?tﬁlrﬂlhﬁ@st E%e&ﬂen@y added while

ing rate m nut enperat ure
stifing e3&7 419pf Hleﬁ@@ﬁt@d ﬁé@a 9ghgnchthe AiXigra map gtirfegitas repm topeerature for

aR&herd %UFSGTMKIaIt atic( Fe A AT AdsU- 8. fl’fle scﬂn@@&am&ﬂ G/aéfBrllédl UnGer
O|nt is then he tenperature at

eede?{fﬁaiwt"@aasga%eﬁ Winghey %éﬂ%ﬁ GPLS TR Eqrh st comprises

3&%&>y$\%@ﬁmfsbleattl ng di splays a maxi mum The contents of
t he abovenenti oned docunents are hereby incorporated
by reference into the present patent application.
Exrngles3-bndi cat ed ot herwi se, anounts and ratios are

al ways based on the masses. 20 Exanples All

segnt heses and pol ynerizations were carried out under
Pahmafizgien arnosifsbawoclaves Exanpl e 1 Preparati on of

2, 6-bi s[1-(2-chl oro, 6-net hyl - phenyl i m no) et hyl ] pyridin

elrongll) chl ori de
Example

70 g of coarse polyethylene powder having a particle size of > 1 mm (sieve fraction; baked at
80°C under reduced pressure for 6 hours and stored under argon) were placed in an argon-filled
11 steel autoclave. 150 mg of isoprenylaluminum (IPRA; 100 mg/ml of IPRA in heptane; from
Crompton) and 14 mi of heptane were added. After stirring for 5 minutes, 150 mg of the catalyst
solid prepared in example 2 were added and the catalyst reservoir and the lines were rinsed with
2 m! of heptane. The autoclave was subsequently heated to 70°C, argon was introduced until a
pressure of 10 bar had been reached and ethylene was then fed in until a pressure of 20 bar had
been reached. The monomer fed in was subsequently changed to a mixture of ethylene and
gaseous 1-hexene, with the 1-hexene content of this mixture being 20% by volume. The internal
pressure in the reactor was maintained at 20 bar for 1 hour by metering in ethylene and 1-hexene.

The stirrer was then switched off, the introduction of ethylene was stopped, the reactor was
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aa/\asdad 30 N----Fe----N N 35 WO
2007/ 012406 PCT/ EP2006/ 006857 45

WQ2@7B13p6- ( 2- chl or o, 6- net hyl - phenyl i m no) et hyP¢PEP1006/606857

e was prepared as described in exanple 2 of WO

98/ 27124 and was reacted in aé®ordance with the method

in exanple 8 of WD 98/27124 wth iron(ll) chloride to

gi ve 2, 6-bis[1-(2-chloro, 6-nethyl

dpbresyytizeai aﬂld)ceﬁlérytlo]rﬁty‘m tecHpB@itur@IThe bblyrﬁhﬂ vadsi taken fro the reactor, dried

uQir@Ju? ogplr ( s pr ta;gag?tgcégorg%’%pﬁ gal éeﬁrg? b#v?ﬂgggige ? lmy psoﬁyethylene

wéte odginegas baked at 600C in a streamof 10 nitrogen

for 6 hours. A mxture of 632 ng (1.042 mmol) of the

2,6-Dbi s[ 1-(2-chl oro, 6- et hyl - phenyl i m no) -

Tée Aythersesults pHae pRyerERtianarostows in Eblsd bglows. 903 ol )

of bis(n-butyl cycl opent adi enyl ) haf nium dichloride
&fron1cronpton) and 188 m of MAO (nethyl al um noxane;
ExamBef1in tol uene from 15 Cronpton; 895 mmol) were
stirred at roon1tenperature for 30 m nutes,

ent jrring.tq 147.9 of the. .
B¢ BRERLY TP e habersige kb EBLf el neptps g Rpetonany
introdumet! @b atagioewittpthe awired & imderoYritgeiafter the laeditioml i thercatalyst solid and
gg +$#g | tained was dried
" e @léuceg O}P&%tw;l—%gl\f%t [ +bqa| r?é[e’vvas free-fl ow ng.
ThIS gave 310.4 g of catalyst solid which stil
TROTIARESESLits 3APE Pty &z Etth oA srRh YieBble 12R10Exanmpl es 3-5
Pol ynmerization in a 1 1 steel autoclave Exanple 3 25
70 g of coarse polyethyl ene powder having a particle
Esargge 6f > 1 mm (si eve fraction; baked at 80C under
reduced pressure for 6 hours and stored under argon)
were placed in an argon-filled 1 1 steel autoclave.
Thé oropgpiucsf ofiexample B yaa rapadtadi rou 22PRAof QQDverg AdditicoRllyl iRRMuced into the
réa@tohgfﬂ-:tr ﬁ'@%resfsﬁr‘%mad géé?m?ér&!&d b t;laé' b)m'negrﬁs %%ﬁgﬁ%w&@ ethylene

ded. After stirring m nut es,
Wéat“HP%Fd F0r 51 quEPope: @ﬁ%ﬁke'ﬁasf Hedeithriis @Opzomew@%ar@d gzsequs CO;
ahdBe CT, May Alishe8 MBS MO bilito@A@ dyhechs BESHhWREE3F d HSRFeWIbAt were

obtained.

The further results of the polymerization are shown in table 1 below.

Table 1
Ex. | Modifier | Modifier Productivity n Density | Hexene | M,/10° | M./M,
[mg] [g of PE/g of [dirg] | [kg/m’] [% by | [g/mol]
cat.] wt.]
3 None 0 420 2.58 951.3 4.9 139 15.2
4 Water 20 319 3.19 922.5 8.8 284.4 18.8
CO;, 22 230 0.91 961.0 1 47.3 6.6
7

Comparison of examples 4 and 3 shows that water leads to a significant increase in the viscosity
and M,, i.e. selectively decreases the proportion of the lower molecular weight component. The

very low incorporation of comonomer into the low molecular weight component made possible by
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2 m of heptane. The autocl ave was subsequently heated
to 70C, argon was introduced until a pressure of 10

whan7hedobeen reached and et hyl ene was then f eRCT/EP2006/006857

until a pressure of 20 bar had been reached. The
nmononmer fed in was subsequenthy changed to a m xture
of ethylene and gaseous 1l-hexene, with the 1-hexene
content of this m xture being 20% by vol unme. The

thfdrloﬁ E&glkst%%lﬁﬁﬁéoiglg ‘leeadg téqcﬁ'asrt% %%rg{s}e"\@tche 'E@h{&g aé rQ:QQheacEensrty

cdrrdidesenith, theﬁ"cmor@merrmem/vas then S tched of f, the

i ntroduction of ethyl ene was stopped, the reactor was

WO 2007/ 012406 PCT/ EP2006/ 006857, 46 depressurized
Theaddition oberrbay diexisin erethp othgt RATE. hapie QRPPSireaiTeRinthe vgeatity and the
M, ra@é‘@!rbﬁ@alfy@@&lc@dﬁ Wil lr@@en#@Qﬂﬁcréé%@&'@ﬁé@t!ﬁ%ﬂﬁétﬂr@%o%ﬁof the higher
separate fromthe initial cha by sieving. 63 g of

MOBCYRTWRIFE AAMPRRERES Bﬁ?CSY%%@d“‘E?dThe further results of

t he poI yrrerlzatlon are shown in table 1 bel ow

The roced re of..exa eal e
SRR it s PRB RO ol SRR R RS S e
companecturcént i$ seneitivéte theemspestivarnedifier, Hieraisdelefively little effect on the total

p@dg&%b’ 'ﬂug gﬁ\pﬁ%s‘iz%ﬁ trFe hasg%'ct'i\)ét? B tg% m%{j}ﬁ er§ @Eé@:‘ éé%&rdrﬁ@ ltd ﬂe invention,

ri nsi ng et hyl ene were
sieR a@mf@antlvrwrfcerqenté?twﬁesr@lnpsn ¥ empley§sol yneri zat i on
are shown in table 1 below. 15 Exanple 5 The
E\%fgcedure of exanple 3 was repeated, but 22 ng of CO2
Res®#i4 4 onal I'y introduced into the reactor after
t he pressure had been increased to 10 bar by means of

and efor thyl ene was introduced. For this
Com%uou egasa? Fo ?X/vaenz%'of’l ed with the appropriate anount
of gaseous CO2 20 and the CO2 was flushed into the

Ir@é’&&%tﬁ%gy BMer%@?ﬁe%asgiﬂ Yib&Ged ré@ct(g &ﬂyl&%l MRLAYdoBBGmers were

wer e bt ai ned further resul
prﬁsﬁvﬁér@ a5t GOBORD o RBRPY ivAIUMG B @hvlerﬁep é\/v by volyme phhexeqe and 5%

bﬁxorurh@eﬂ rfekare dvladééct& freewéi g0 Bak blyd & leaBBN@ b¥ratdeX&M@0°C using the

RSP0 Rekerge ineramest foflbossn ydp Seeds edhiods (41%h B el
FlibheZmoré, MM barof RioBdtPaidmiidmOiad 65pphh, Bas284n 4helBndint & pQigier
d%gha%gse% (Qutgu]t), %P&OSQeIaLn K’g 16% @I (éostgnoble GmbH & Co. KG, Eschborn) as a
solution in hexane were metered in. The metering rate for the catalyst solid was 4.0 g/h in
example 6 and 2.9 g/h in example 7. In example 7, 10 mol ppm of water, based on the output,
were additionally introduced in gaseous form, with the addition being effected by introduction of

moist nitrogen having a water content of 100 ppm.
The results of examples 6 and 7 are shown in table 2.

Table 2

Ex. H,O | Output | Productivity 1 Density | MFR;; Bulk MW/1O3 My/M,,
[epm] | [kg/h] | [g of PE/g of | [dl/g] [kg/m?] [0/10°] | Density | [g/mol]
cat.] [kg/m¥]

6 0 5 1360 2.18 944.9 29.5 420 144.4 | 101

7 10 4 1220 2.42 943.6 17.0 390 167.7 | 10.8
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Conmpari son of exanples 4 and 3 shows that water |eads
to a significant increase in the viscosity and My,

w0 2@7/0sRbecti vel y decreases the proportion of PCEHEPIHE006857
nol ecul ar wei ght conponent. The 30 very | ow
I ncor poration of conononer i nf® the | ow nol ecul ar
wei ght conponent nade possible by WO 2007/ 012406
PCT/ EP2006/ 006857 47 the iron catal yst sinultaneously
Cogmdtson of exachpies Siand dsbovestbat tharetaties zrenisit ofithe leverorolédular weight
cgrﬁgﬁdnﬁéf fre&?5l§rﬁér%5§u§ J}Mg dé H@p&%%%qﬁt ﬁgﬁgge%%%@st ?]sea result of

tion of carbon di on the ot . _
agfirnsaf wates phichtis shpwa 'rvtihgtoéamptﬂym@rrmorteﬁ@s bBaIW!harr"é\«: and higher

,rdwr@fetvﬁse@el.wna adderd: MWbJ\@dJnQ@y ﬁ@rﬂ%’rrﬁ&re .fscanrberssa&@&n table 2 that
since the activit her nol ecu

“We’?‘@’ﬂ?dy%‘r?ﬁéﬂ"‘e??@“'ﬁ%o”% ey %lR‘?EPQS 'Fé'aﬁf@é?f“t Ear‘ﬁehfaﬂf@'ﬁ'el 'h's therefore
nbodnty déaﬁ:esrdtdmehmmmtethecﬁ usnmhahlberseersmhq ¥RIMpleStaHE gl yuutame for

deactiv t al S sens

spE0 Rk P BRrdhita' e SPRBRC! nul ReiOmpy T 16 pobmer

belfa‘lwdt\atairallo\fvﬂef ineo¢qlation Of tpe mtiosctfitha doynpordntsin @phigisousasocess. A
[ f fi [

pH?i@ctl'I]\'aQFEh@r@éc%Bgd E{rbéc%ﬁnééecaé :Bg ﬁ@lg%eg aﬁF ?‘egldgﬁeq mﬁtﬁﬁ%@ naftow limits by

meght eibe metheshe tag 'éV%@?mﬂ’qrwsé’ﬁﬁW'@ﬂﬂé@ta'ysExan‘pl es 6 and

7 15 Conti nuous gas-phase polynerization In a

conti nuously operated gas-phase fluidi zed-bed reactor,

et hyl ene- hexene copol ynmers were prepared at a gas

conmposition of 50% by vol unme of ethylene, 0.3% by

vol ume of hexene and 5% by vol une of hexane at a

reactor pressure of 20 bar and a reactor tenperature

of 100C using the 20 catalyst solid prepared in

exanple 2. Nitrogen was used as inert gas (44% by

volume). Furthernore, 0.1 g/h of triisobutylalum num

and 6 ppm based on the anobunt of polynmer discharged

(output), of Costelan AS 100 (H Costenoble GrbH & Co.

KG Eschborn) as a solution in hexane were netered

in. The nmetering rate for the catalyst solid was 4.0

g/hin exanple 6 and 2.9 g/h in exanple 7. In exanple

7, 10 nol ppm of water, based on the output, 25 were

additionally introduced in gaseous form wth the

addition being effected by introduction of noist

nitrogen having a water content of 100 ppm The

results of exanples 6 and 7 are shown in table 2. 30

Table 2 Ex. H20 Qut put Productivity Ti Density MFR21

Bulk MW 103 MWM [ppm [kg/h] [g of PE/g of [dl/(g]

[kg/ mB] [g/10] Density [g/nol] cat. [kg/M3] 6 0 5

1360 2.18 944.9 29.5 420 144.4 10.1
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7 10 4 1220 2.42 943.6 17.0 390 167.7 10.8 WO
2007/ 012406 PCT/ EP2006/ 006857 48 Conpari son of
wezxanpiass 6 and 7 shows that the rel ative anmourtT/@P20061606857
| ower nol ecul ar wei ght conononer-free pol yner
conmponent as a proportion of #he total polyner
decreases as a result of addition of water, which is
shown in the total polyner properties by a higher M,
1 shigher intrinsic viscosity and also | ower MR and
nS|ty Furthernore, it can be seen fromtable 2 that
5 the nethod nakes fine regulation of the proportions

11 N taNRetRES GPPpaf m%ﬁ/ﬁﬂe@ @thA Eon’]&nsé!‘fﬁe 8510MErizaliH of at least one

only denonstrate IS, as can be seen
f r o USTRApINE 87 eée%ﬁ?d’f 5 hY%’lS‘l@@HF@OPWUC%%P%‘HF%F@PV ising at least a

ef f fﬁﬁ‘gﬁéﬁ@ol@culaﬁ&@?hwwrﬁb&aﬁ gﬁ? QMW nfoRsuBYwaIg §019rfner
ner u SO

nents o th allo

£ nESTRRRTT I BT IR 0 STOHR TR0 A 6! et Epcfor carvon
CONidioRide ihSanntuuess frof 2 tpriodlmet pdra i ¢xgh paesesededthe total reaction
propertles can be produced and regulated wthin very
narrOM/F|n1ts by 10 neans of the method of the
i nvention when using hybrid catal ysts. W 2007/ 012406
PCT/ EP&PMfQQﬁ%ﬁIZg th%gﬁtlon%'h'i‘@ler]moI@tmwe%‘Ht iynidr %&ﬁﬁdn@gt toa

I n pol yners, rises the polynerization of
at I'%ét“oﬁﬁ‘éa' weight e@vrﬁerwﬁmeﬁr@nbun@eef?ée PRIYME. WiBh pamprises the

cat aby®triZaBorPsrReeS ofe ElQJléf Hﬁf temPBRBIUrSEl I Gots0k@ BRLC andpressures

e araB e b (Lo BOLY TR SoTRanerl ARl &k VB e s e

wat éran amaunt efripog toa0 frmOpantotreddb@(fheimbpcﬂmmoatmd/hcgher molecular
car i i I

in gv%!gjﬂt F?:Ogse gcgrgﬂé%egtnnan?}gpw?{e |9 séor Rgb%mtogntjop ?rﬁ"é to chb:}hol ppm to‘
2. feduee hearapbrticoat thelovanrgolehéarmghbquxrme( chingénent, with the amount in
ol Wkﬁﬁ bdYRd gél-tad M%%ése%qp@ﬁ%meagt%n%lxth@mr

nol ecul ar wei ght pol ymer conponent in an ol efin

pol ymer, which conprises the polynerization of at

3l eaghe Qﬁﬁhoaa@do&ﬂﬂ\g’ko%hy bﬁﬁ@@r@@édﬂg&ﬁfalrﬁi whefIm thé cérionbacontents of
and ressures

to e presenc
s SR P SPAPERALTN o By PHEO PRI SERF: poymer
|n aomporedtdiffeo by Btrleamst 2060 100 nol ppmto reduce the
proportion of the higher nolecular 15 wei ght pol yner
conmponent and/or water is used in an anount of from 2
4t o Tbemethiod peaerding to@ayioidee prigesdinamiring ivdaredst the hebrid galalyst

rml @6 bkes W%étgmt BRBYTERE whTRNISEEs a Whrsflioh HetAEBIdHatibh
ppm bei ng based in each case on the total reaction

nlXFHF@W“SPWWH§"WéPHGH“§@Eord|ng to any of the
preceding clains wher ei n the conononer contents of

t2 geth }J"% fC@{: eculﬁgn éhvf e %rﬁ gpﬁgrfax rrttl%rn rrc1: :mc):oorglnatlon compound has

the general formula (V)

M

220
R

|
2 EZD R%P

D
R U™\ 20 \\20 u

u

I 2 D

z7o
FeX D
290 350
330

Y
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conmponent differ by at |east 30% 4. The nethod
according to any of the preceding clains, wherein the

whybriot4eat al yst conpri ses a catal yst conponePCT/BP10061006857

conprises a transition netal € ordi nati on 25 conpound
conprising iron or cobalt. 5. The nethod according to
claim4, wherein the transition netal coordination

conmpound has the general fornmula (V), R22D 30 R21D
ZRz3fereUE2D \\ E 20 R20D R24D 8270 N R30D (\/) R31D

IN R360 FeX07 ,Dt 35 R32D R28D R2sD R35D R 330 R34D

WO 2007/ 012406 PCT/ EP2006/ 006857 50 where the atons
E2D™MEAOBYEN, i ndependentd§eH: BACAABLNEFONeEAPHEIncarbon, nitrogen
nitrogen or phReRPhISSs, i parialkt tfpdar carbon, 5 R20D

and R24D are each, independently of one anot her,

hydr oge Cl- C20-al kyl, 5- to 7-nenbered cycl oal kyl

or & IaoaRF(@nyI C2- C22- adri eay| ind€p@nddBdi) obanglanother, hydrogen, Cy-
aryl al kyl having 1.3 r i i
al kyl radical lﬁt’gﬁ%&@%#%&eaﬁﬁ%g gc(Pcﬁlk@ & cI(J)arkeL)PeCz Cas-alkenyl, Cq
radi cal, -NR 26bRayk ayBIkRIGD8Y frohdrte 1@ h@bqroat@'ngan'nﬁ:alkyl radical

radi cal s R20D apd 6%‘&9rb€ﬁ¥toﬁ45§r@th?%ryﬂé€é£l' Nﬁz@dorbéémzs%, where the
hal ogens, R21D to R230 arg each, i'ndepend entf of one

anot her, hydr oé’é@?”'cﬁid'ca@z'ﬁ) 2GR By gl te Wéﬁ‘tﬁ‘é?‘é@’ halogens,
cycl oal kyI or cycl oal kenyl, C2-C22-al kenyl, C2-

2- albkenyb, C6-C40-aryl having from1l to
To EEPIEREL o a0t oY ek e gy Bfepegagiye. hdrogen, Ci-
carbon atons i rc¢-hikylaa-yd 7- manhlberau cydialkglge tycloaMeRB 02,-Co,-alkenyl, Co-

or - Si R26D8i V\’he(fz alké}]?/l B e rﬁ Jr@glkﬁﬂ!a\ﬁnmﬁ tP1@RRn atoms in the

may al so be
alkyl radical and 6-20 carbon atoms in the aryl radical, halogen, -NR*%,

26D 23D
R R

or —SiR?*®;, where the organic radicals R*'® to may also be

substituted by halogens and/or two vicinal radicals R*'® to R*P

may also
be joined to form a five-, six- or seven-membered ring, and/or two vicinal
radicals R?'® to R*P are joined to form a five-, six- or seven-membered

heterocycle which comprises at least one atom from the group consisting

of N, P, Oand S,
u is 0 when E? is nitrogen or phosphorus and is 1 when E? is carbon,

R%0 tg R are each, independently of one another, C;-Cyo-alkyl, 5-
to 7-membered cycloalkyl or cycloalkenyl, C,-Cys-alkenyl, Cg-Cyo-ary|,
arylalkyl having from 1 to 10 carbon atoms in the alkyl radical and 6-20
carbon atoms in the aryl radical, halogen, -NRZSDZ, -OR%*P or —SiR26°3,

R27D to R3OD

where the organic radicals may also be substituted by
halogens and/or two vicinal radicals R*° to R**® may also be joined to
form a five-, six- or seven-membered ring, and/or two vicinal radicals R?’°
to R* are joined to form a five-, six- or seven-membered heterocycle
which comprises at least one atom from the group consisting of N, P, O

and S,

R0 to R0 are each, independently of one another, hydrogen, C;-

Cao-alkyl, 5- to 7-membered cycloalkyl or cycloalkeny!, C,-C,y-alkenyl, Ce-
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substituted by hal ogens and/or two vicinal radicals
R21D to R23D may also be joined to forma five-, six-

wW@eo0gevENe menbered ring, and/or two vicinal rBdi/ER1086/006857

R21D to R23D are joined to forma five-, six- or

seven- nenbered 20 heterocycl eswhi ch conprises at |east

one atomfromthe group consisting of N, P, O and S,

uis 0 when E2D i s nitrogen or phosphorus and is 1

when E2D i s carbo C

i ndependent |y gf? erl grg hera)\r”wféﬁ%g% %{&% Q%ms i one alky rj:)lcal
7- menber ed cyclaoaB@Ica@pn e%pmlsdamkéﬁyﬂadlcﬂizhwnaf“ﬁe tOR

C6- C40-aryl, c’gé/zlstal C1Jre m@\ﬁwégm ré’o‘iEE\szamlok@SDWyké% be substituted
atons in the alk cal and 6- carpgn agons

the aryl radi c&v)éa'ﬁ@ﬁr@@éﬁ/or W"RIR‘CE‘@UEd‘Ca'EQZGG’ R™" may 2150 be joined to
or-Si R26D3i  wWh&ehes fke s&f gaRldh-hadbdgiad ﬁngRaﬂd%rttWo R30I radicals R*'°

may al so be substgguted Iogens
vi ci nal radi cal'gR Rz?rBJ‘P'Be gﬁ“ﬁg aP¥o fﬁgVﬁnorpﬂg%er?doheterocyde

forma five-, sihkchcompssteaniea®ohesten fromitie gainp £arsistivgof N, P, O
vi ci nal radicals 7D to R30D are joined to forma
five-, six- or L&¥en- menber ed het erocycl e which
conprises at | east one atomfromthe group consisting
and S, 35 R3
| ndepe'ﬁdce%t ly of one- anot]f E&hfﬁ@%gggﬁt@%ﬁ&eé%{hgl &3%1
5- to 7-nmenbered cycl oal kyl or cycl oal kenyl,

C2- @%Za&ééf@m" C6 WO 2004 @dc?4P8efRadérul 306/ SABHB8H fluorine,

51 C40-aryl, | al k having from1l to 10 rbo

atons in the aIC \pring, gﬁﬂ”’d%ﬁ '°d§ﬁd"y8r°§6n &arctljﬁﬁlggt(ghcg”?'heny]' Ce-Cao-

the aryl radi cairyl dﬁy’c\élb,gﬁai\/mg-m bR, atorfiRA B2 aiyt radical and 6-20

Si R26D3, where t éoD [ g26R36E%s0R 260
%{og% L e gﬁj a‘&%%lh dl\ﬁ? _bR:R3GROBY G o

al so be substit uf *two Vi cl nal

radi cal s R31D t-0-GRQ5B’ rmy‘Naisé—‘cN BaliketonatedC®. B, Pby af ulky
five-, six- or n%ﬁé’o%wm%’gﬁlﬁg é'nﬁ%raéméjé 2P mbyWor ApbobAad, be joined
r adi cals R31D to R36D are joined to forma five-,

si x- or seven- HeAbRe®dehet erocycl e which conprises at

| east one atomfromthe gr oup consisting of N, P, O
notepdoet B2 S ntebl Sl AR Yo LSR5, o
i ndependent |y mﬁkeﬁﬂecmzeiam‘:rajkyrbiyUMVInlgérom ttal10rcemen atoms in the

brom ne, i odi ne,
C2- C10- al kenyl , %%2;8;%%96 ZG%arggSrQat%H@M the aryl radical, where the organic

radicals R“*° may also be substituted by halogens or nitrogen- and
oxygen-comprising groups and two radicals R%P may also be joined to

form a five- or six-membered ring,

S is 1, 2, 3 or 4, in particular 2 or 3,
D is an uncharged donor and
t is from O to 4, in particular 0, 1 or 2.
6. The method according to any of claims 1 to 5, wherein the hybrid catalyst comprises a

catalyst component comprising a cyclopentadienyl ligand.

7. The method according to claim 6, wherein the catalyst component comprises titanium,

zirconium, hafnium, chromium or vanadium as transition metal.
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aryl, arylal kyl having 1-10 carbon atons in the al kyl
radi cal and 6-20 15 carbon atons in the aryl radical,

WO NR26D206 OR260 _SR26D _SO3R26D - O C( O) - R26D, PCTZEP2006/006857
-SCN, 13-di ketonate, CO, BF4 PF6 or bul ky
noncoor di nati ng ani ons and th&radicals XD may, if
appropriate, be joined to one another, 20 the
radi cal s R26D are each, independently of one anot her,
hydr ogen, Cl-C20-al kyl, C2-C20- al kenyl, C6-C20-aryl,
gal Ky lae Wetlod bk difg @'aa}m & Qu kR RE Q%Iyﬁt&m‘éoﬁéﬁt EJFr?pnses hafnium or
al kyl radical and 6-20 carbon atoms in the aryl
radi CA°MYfhere the organic radicals R26D may al so be
substituted by hal ogens or nitrogen- and

0 ris ro
o 20 T8 et Pl SR Yoo VBPreE L eaniep B compounc
ring,are esedsm stipp@ted3orarords solids pahé payhaizatbnor 3, D is

an uncharged donor and 30t is fromO to 4, in
particular O, 1 or 2. 6. The nethod according to any
18f clTae msthpdeecordingi@ne pirelaime 1 W%whdremt@rayspf the higher molecular

CONPheiMbp m&%&loﬁ% the WPHGQEUI&WM E I)W'ger@ractlon is from 5 to 95% by
cyclopenta i enyl ligand od according t

cl ai egh W@PH’?‘I’@Q%&%"@%&W&%O%M conpri ses

titani um zirconium hafnium chrom um or vanadi um as
gr anﬁj L I opﬁggg%lé%faﬂ 8@%89{%69%?2??0%05%%%5 Oog()/)i%%gl?a ion is carrled out

cat allryme geoppiEeaent sepepsiorses haf niumor chromum 5

9. The nethod according to any of clains 1 to 8,

wherein the transition nmetal conpounds are used in
18uppdretiod Greguistingithe safioiofia highertniriecylgr yeightipplimiebepmppoent to a

The We‘ﬂﬁw@le@@gﬂﬁ h@golyrﬁer%ebﬁpé’rfenﬁln%h BRefid &lﬂ"ngr usi &le&oRtrol method
R

the ratig of th nmol ecul ar wei ght ™ pol yner
f r ac BFERIRDBOEREOf ‘ﬂﬂ)\%f‘zr’rﬁlcé’ﬁ‘lﬁ’f'%l'f‘g wei ght pol yner

fraction is from5 to 95% by 10 wei ght, |n parti cul ar
from10 to 90% hy

any 61 clgeRe e ME A P onet RSBl VP SR Renihent o e
carri ed lower mOIenuIarfveﬁlgmsolwhasemoonennmsmmr ordud5 12.

A nethod of regulating the ratio of a higher nol ecul ar

wei ght pol yner conponent to a
- calculation of the amount of carbon dioxide necessary to achieve a prescribed ratio

when the measured ratio is greater than the prescribed ratio, or calculation of the
amount of water necessary to achieve the prescribed ratio when the measured ratio

is smaller than the prescribed ratio,

- introduction of the calculated amount of water or carbon dioxide into the reaction

mixture.

13. The method according to claim 12, wherein the measurement of the ratio of the higher
molecular weight polymer component to the lower molecular weight polymer component

is carried out by means of NMR spectroscopy.

14. The use of carbon dioxide for decreasing the ratio of a higher molecular weight
component to a lower molecular weight component in an olefin polymer during the

polymerization of at least one a-olefin in the presence of a hybrid catalyst comprising a



| ower nol ecul ar wei ght pol yner conponent in an olefin

pol ynmer using the control nmethod according to any of
w@b@ior4®6 11, conprising - neasurenment of the PEI/EP2006/006857

t he hi gher nol ecul ar wei ght pol yner conponent to the

20 | ower nol ecul ar wei ght pol ygrer conponent in the

pol ymer product, - calculation of the anbunt of carbon

dioxide necessary to achieve a prescribed ratio when

S [ reater esc

Fati GedartoampELEeeRoBr S Eeo AR e EREpeH Somprising =

necesgdapgntadiedt igagde t he prescri bed rati o when the

neasured ratio 25 is smaller than the prescribed

rati o, - introduction of the cal cul ated anmount of

19at e hepsecd maten fadingseasing thatratiordh @ higberonelenylar wieighigogmpopt to a

13. Ther %Femg' %@E%Weﬁt% Qri éiéim r%?yme\‘"ﬁ@rfn It Sd\ﬁnerization of at

nmeasur enent of rati o of ecul ar

wei giﬁaSWPmedbeﬁ@rﬁ?ﬁrcet% athh%“dl Cé%éyist ?Pdipé'é'ﬂﬂi a Fatgist GAmPonent
pol Y BBedGRAMBR BEEbalt BiSd & adtdly 2 GorBptineMtoRBadksy HEycNivEhtadienyl ligand.
spectroscopy. 14. The use of carbon dioxide for

decreasing the ratio of a higher nol ecul ar weight 35"
conponent to a | ower nol ecul ar wei ght component in an

ol efin polyner during the polynerization of at |east

one a-olefin in the presence of a hybrid. catalyst
conprising a WD 2007/ 012406 PCT/ EP2006/ 006857 53

cat al yst conponent based on iron or cobalt and a

cat al yst conponent conprising a cycl opentadienyl

ligand. 15. The use of water for increasing the ratio

of a higher nol ecul ar wei ght conponent to a 5 | ower

nol ecul ar wei ght conponent in an ol efin polyner during

the polynerization of at |east one a-olefin in the
presence of a hybrid catal yst conprising a catalyst
conmponent based on iron or cobalt and a catal yst

conmponent conprising a cycl opentadi enyl |igand.



