2 4 APR 2006 5 1 Catalyst solid conprising pyrogenic silica for olefin

pol yneri zation The present invention relates to a catal yst solid conprising
"A) support particles having a nmean particle dianeter d50 of frpomi& 2086 200 m
and a specific 10 surface area of from3Q to 1 000 nR/g and obt ai nabl e by
aggl oneration of primary particles of a pyrogenic silica having a nean
particle dianmeter d50 of from1l to 50 nm and B) at |east one organic
transition nmetal conpound. 15 Furthernore, the invention relates to a

catal yst system conprising the catalyst solid, to the use of the catalyst
solid for tm%tawgtmbbmﬁtsungtpyﬁgerﬁmmbydmref,,ig&yrﬁm.z@tfonol efins and to a process
for preparing polyol efins by polynerization or copol ynerization of olefins
in the presence of the catalyst solid. 20 Organic transition netal
conpound® such as netall ocene conpl exes are of great interest as catalysts
for olefin polynerization because they nake it possible to synthesize

pol yol efins which c¢annot be obt ai d usi ng conventional Ziegler-Nafta

catal ysts. POP pg;amvgntlogu%ﬁego&gqag ¥8§$04d cqmprising st s | ead to pol ymers having
a narrow nolar mass distribution and uniformincorporation of comononer(s).

For these tq,be ﬁPAoﬁ ep%ﬂnc@? hﬂﬁf@da rﬁé&ﬁcp%ﬁﬁfe%érﬁ’etér%m%‘? ré{rﬂ%rté 5(?6 rﬁQnd’é %%mées

carried 25 out in't advant ageous
for the Hetal | oSHTRES an? %80'098&91990 %@awdmbfﬁ"ﬁple&msglpraeravor@f PHBRTY PREFRY 0 be
applied to a solof 8 pgrogenasilica Framirgeahean RirticleltRansdigtag df €6m 1a@b@hyisdrs shoul d

al so have a high productivity. Silica gels are frequently used as solid
support materials for catalysts for olefin polynerization 30 since

particl es wh)chahgasstonre epanic tangitian metekagmeowngki ng t hem suit abl e as supports
for olefin polyrreri zati on can be produced fromthese materials. However, the

use of s els a ort teri as,_been fo vant ageous
in some {ligbpl |“8§‘?'i“8?‘?s e rﬁ' {ﬂﬁ’g red?tg%\ﬂ@tcla%hsgsfys?ﬂ cﬁ{“p?ﬁ"&?&ﬂ% faga'y§ 88 CE'?Jen

specks causdhk djelyst $dlid for el polymetizatipresr copetymerizalipnioholefins apd loymprocesaforocc u r.

The product igpdpafiig Jdlﬁ%flnﬁm%‘teﬁzdt@n & dPolFhGRLEIFRK biefs-in 1hB pFJ%b&e(iﬁﬁ\% a nelt
filtration is usually 35 carried out prior to spinning. If the polyners
contain excé§?|y€PV’Iarge anounts of particulate catalyst residues, an
overpressure can build up on the sieve plate. This leads to consi der abl e

process ﬁsﬂgld}&ﬁat%sﬁbrmagwom séndws.{m afgsn@aus u%.lnagxés rd Hrdt mgerés%sm' ch

the filter can erate ate cata resi ues can nmeasur ed
anal ytical | )FaBVS'ééﬁ" Pi}f'%§°'ﬂm"za??"(9ﬁfqué'éfhey maks Bg?ﬁﬁﬁle@ aydfiesiza PPYefiF Whisht s of
t he smal | estcasiotb€obtsinad ising cofveaticar Ziegke dNato btampsts. Fonexatipehstl sinhle-site

cont am nati Q:Qtaiy§ts Wa‘ﬁ@%lyniué?s ﬁaerjgsai rgt'rgw%‘?d?HaEé/ distﬁbution and uniform incorporation of

comonomer(s). For these to be able to be used successfully in polymerization processes carried

25 outin the gas phase or in suspension, it is often advantageous for the metallocenes to be used in
the form of a solid, i.e. for them to be applied to a solid support. Furthermore, the supported
catalysts should also have a high productivity.

Silica gels are frequently used as solid support materials for catalysts for olefin polymerization

30 since particles which have a size and structure making them suitable as supports for olefin
polymerization can be produced from these materials. However, the use of silica gels as support
material has been found to be disadvantageous in some applications. In the production of film
products, formation of specks caused by silica ge! particles remaining in the polymer can occur.
The production of fiber products is also problematicai. In this case, a melt filtration is usually

35 carried out prior to spinning. If the polymers contain excessively large amounts of particulate
catalyst residues, an overpressure can build up on the sieve plate. This leads to considerabie
process engineering difficulties such as a reduction in the time for which the filter can be
operated. Particulate catalyst residues can be measured analytically by carrying out an optical-
microscopic examination of melts of the smallest sieve fraction of a screened polymer, in which

40 the contamination is present in a visible quantity.



74 uric 2006 However, silica gels are only a subgroup of the materials
designated as silicas. This collective termrefers in general to conpounds
“of the formula SiQ2 - n H2O which are all X-ray-anorphous. @r}gﬁ

obt ai ned by various preparative nethods, and the products si I|

precipitated silicas and pyrogenic silicas differ in their fi ne structure
and norphology. Silica gels are obtained, 5 for exanple, by gelation of
aqueous silica sols, which are mxtures of wat er gl ass and sul furic acid.
MIling and HOWPVGarﬁ'JFép?'F ateonlyrasyBiap efdis materialg dasignated en aliqes Thisropligstivet i cl es
in particl e gmagie’dn g@kmm&@ow@ ot B8 forRnIa Bicsir KiHIO wihicherd émex fa&féﬂ"orphous

|
71 cate sortey eheayEseEby Litdk ke fi EREHe af sl AL SR HlpEodi el  or e

col | oi dal psilieasrapd pmgemﬂ sdzyawdnfferm theig finpstueture aad niohologp Silica gelparegbaieds and

finally gr O%rteQQ#ﬁ!g'%& &Qtl&%f%@f%h@g%%g@tmch aTQﬁm&tﬁE%fmé‘é??Egg &d%u'fdrﬁas
refers to finel %I di vi | cas are groduced from hase at

hi gh t enper 3FrMiling mgﬁﬁ?ﬁ’?{aﬁ f‘?“&‘é(%d aqgé%“e’ ign ofae PRy gt @%F‘db@?’f'c' @Bal s
for ol efin pacysses sxhtas aprag dtyinlg give the finelpalices. PréGaltatbe stitasaes prepsredfidry t he
use of sili % 8L Snithetdlshiat P&m&bﬁ? \Aﬁ)reﬂ%faﬂgf?\pﬁhcmﬁud &o?u%af(r:t?{ préédw 36%%' “9

supported rTEI’I zat1on cat rise there 1 oNn
support ed 6?’ idsbriman pRTees l?ﬁEO@ﬁ@‘%?sﬁ%ﬁt '8R¢tior BfPgresyye and findlly E!PWdP%']%s es
cat al yst® whd ohn aggee@mst i terni pyrodenie siliCasToretsttd BILIIIAGRIHRSs Wiflch 48 piobuced

catal yst compouynds. as gﬁa% &Kzér?pger%%rggeans of noncoordinating or weakly

coordi nating ani o support. Support materials used here
i ncl ude pyrogenic S|I|cas I n modern pol ynmeri zati on processes in which

het er ogeneopgrogadiasilcat Jod tsn ués@gid a6 QliFpdR matdnigls ¢& o@?.n paaﬁérizad.da c%tais,gtsand

particle si but i 4 n of t cata st so ni cal
and econoni gé@:’%&szs esﬁ" e otQ (Y,essug?y %[I'c?gf)' L?/t stttb 5 yrﬁgde\?lcr? © Cff’uarrow
par ti cl elSsi peoddfing supbertedalymerizatiohcat@ystavikichoremprise/the redctipnl rovductarfi e srpogéd

unf ragment egrgHeM@hihuR @bhpdih8and #mitcah€ to be obtained by neans of the
catal ysts. Pyrogenic silicas are generally very finely divided or are in the
formof |oose agglonerates so that the polyner powders obtained in the

pol yneri zat iVe® Of/4é2]d alisclosesivatalysts whpb@re suilalpdiol oggyin selutiopardcesses and iniwthich

pol ymer powigg, Kwyoﬁmboﬁrﬁs BRUci ke bydng BoRoYdRin SIS coﬁalﬁatﬂbfaﬁlbﬁé“ t to

handl e. 30 EP- describes a process for preparing catalyst
conposi t$bndopnd fwtneéﬁp%f’”pﬁv&mearaéﬁf@'s “ﬁ?/dr AR RFIHdeIr9geRicisticas; st |y ni xed with
a cocatalyst which is able to activate a netall ocene catalyst and a

metal | ocene ﬁ Bo@err? Bél%/rﬁé}%at* &%&%&e@qgﬁrﬂch %%f{?ﬂéws cl:aﬁgls@a L%.reg c'o?rect mace of

subsequent |y Ires s
out under al?éB'F'GlsBP #nq prstidle TznARtERUEersOf trg Gaiplyshsalids ip éﬂ‘ﬁPVO éeéh@ﬁ' %eCO”Om'C
subst ances a0¢tesd)litys meaBE3ryl fort polyeHee pdvdars hakiag a memr &l Yarti@@sipcdistabutibg aigbpor t

mat eri al 25 ' by fi)& {nt&?gd ? [R5 %ﬁéﬁttof LH’Fang Rtgblgtljp%gﬂ E&P 8! t%%g aglle% ben obtained by

pol ymerization ca
means of the catalysts Pyrogenic silicas are generally very finely divided or are in the form of

ried

ioose agglomerates so that the polymer powders obtained in the polymerization frequently have a
poor morphoiogy, in particular with polymer powder which is too fine, and the polymer powders
are difficult to handie.

30
EP-A 668 295 describes a process for preparing catalyst compositions in which a particulate
pyrogenic silica is firstly mixed with a cocatalyst which is able to activate a metallocene catalyst
and a metallocene in a solvent is then added. The resulting mixture is subsequently spray dried.
However, this requires spray drying to be carried out under absolutely inert conditions using

35 extremely sensitive substances and only comes into question when merely replacing the support
materials in existing processes for producing supported olefin polymerization catalysts is not

possible.

40



possible. 40 3 2 4 APR 2006 It is an object of the present invention to
provide a catalyst solid which | eaves no or very few troublesone
particul ate catal yst residues in the polynmer, which can be used at a high
catalyst activity in polynerization procegses and by neans ofl mhircHlEi npl e
wor k-up of the polynmers after the polynerization is possible. 5 W have
found that this object is achieved by a catalyst solid for olefin

pol ynmeri zation, conprising A) support particles having a nean particle

di amet er d50't §fNPPIEFhOShE BTESEN ifyenton iripravidgreeatalyst soligwhichdeaves emoraryffewsm 30 t o
1 000 n2/g andblebéneé pedbumtduatzAgDlesoRIsah ihe Polghed WhiBRES HRAIskE 6 £5ghléhtaNst a

pyrogenic silij.ca. i ng._a. article diangter, d50 of from1l tp 50 and
B) at | east %‘H‘é’%&%ﬁ%( C'Z%rogr%&%s%gﬁa?f@ YATea08 Qb HUA TG P”Pfjfé‘fprf’g}h&po&mg?taﬁrfpyst
syst em conprthe pelynerizatianas passibleol i d, t he use of the catalyst solid for the
15 polyngyization or copolynerization of olefins and a process for preparing

pol yol ef i ns olynerization or caopolynerization of olefins in the presence
of the catal %PQ?JM the s chisehis aF‘BE‘f‘F&X’V?I‘@‘aB’EﬁtSQ'IWQE°'%f8IH°H§‘eB¥a"P%é°’HP'5§‘@nt

invention are suitable for the polynerization of olefins and 20 especially

for the pol ygeri ' = ' |6 @ 4 ' ]

doubl o bonde) i o erissRalhds Bt pdrich oGRS B200 08 hFbpaRt |
unsat ur at ed conpdiiAtRaredefiroas30de { @P0 My angipRiginzhis b AgoloneEatian of pEimary;nartigles

met hacr yhoc aci dof afpglogeni@stipa@adcd y mabepartidediracteydaéfe®mor to 58@fyheni tri | e.
Preference is given to nonpol ar ol efinic conmpounds, including
aryl-substituted a- olefins. Particularly preferred a-olefins are |inear or
branched C2-B)12-2ilegstioaparganic Hansitior metdl egmAokptear 25 C2- C10- 1- al kenes such as
et hyl ene, propyl ene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1- octene,
1-decene or branched C2-C10-1-al kenes such, as_ 4-net hyl -| -pent ene, . conj ugat ed
and. - noncon; AP ER SR CARYe SR s PR oit iRy Eiele TR (ot b fRBhe oy PR

1, 7- oct adb enrolyorerigatiay bheopeimprizatienipleliveornd upseresssfosprgpasing polyolefinboy i t ut ed
styrene. M xgdwrRsiz&bn uaédpagraer@zaﬁﬂrﬂffbg&ﬁnsqafheqalr&ené&f tHRQLMIVBY dof®khve BBer-UT t her
sui tabl e olgfln i nclude those in which the double bond is part of a cyclic
structure whdH: may conprise one or nore ring systens. Exanples are

cycl opent ene, norbornene, tetracyclododecene and net hyl nor bornene and

di enes such f% Rkt vblidsds He-pleseR iR e suitdOE RIPEHRHIIyRIRRz48bn of olefins and
ethylnorggrnadlen

espec1al|$ for the polymerization of a-olefins, i.e. hydrocarbons having terminal double bonds.
Suitable monomers also include 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,-C;,-1-alkenes, in particular linear
25 C,-Cio-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. Mixtures of various a-olefins can also be

polymerized.

30
Further suitable olefins include those in which the double bond is part of a cyclic structure which
may comprise one or more ring systems. Examples are cyclopentene, norbornene,
tetracyclododecene and methylnorbornene and dienes such as 5-ethylidene-2-norbornene,
norbornadiene or ethylnorbornadiene.

35

Mixtures of two or more olefins can also be polymerized.

In particular, the catalyst solids of the present invention can be used for the polymerization or
copolymerization of ethylene or propylene. As comonomers in ethylene polymerization,
40



35 Mxtures of two or nore olefins can also be polynerized. In particular,
.the catalyst solids of the present invention can be used for the

pol ymeri zation or copol ynerization of ethylene or propylene. As conpnomers
in ethyl ene pol ynerization, 40 4 2 4 AV X42006 preference is gidef't lusing
C3-CB-a-olefins, in parti cuI ar 1-butene, 1-pentene, 1-hexene and/or
1-octene. Preferred conononers in propyl ene pol yrreri zation are ethylene
and/ or butene, The.catalyst sol f t he present invention conprise support
particles WRICEHETSFE gé‘ﬁf‘é‘%/‘l‘%ﬂ?l %"{537 oa5olgfing 1B pasficiar drpusne {]P‘??&?“? PEPErePEof a
pyrogeni c silioctene. Piéferredmotmonompeas thaantpylepe baymefzatomepeaethylene gpyifoopaenec sil i cas
is flame hydrolysis in which, usually, silicon tetrachloride is deconposed
in a hydro&en/ oxys?en flame. Pyrogenic silicas are comerci al I??/* avai |l abl e
and are mar Iysf gglids ehibgrpresent ipyention epapsisaeuPRA Bartisierwhish:ate Optaifgble by
Aerosil (8) aggldnyer&mh ot priooanp partiolebeot atphegérl" @éﬂl&afﬁfﬁ&nosﬁﬁ@oﬁérﬁnﬂetmﬁ o) prepdind he

primary par Hrgérgﬁﬁ:slgésr@ arhc][:]e;dro s%rlﬁ ]thls,L?qIE/ Osﬁllcgy{e{?gc%%nge !F d{a%ocn?posgdf i ausual ! y'

very fine. |ta ent
i nvention haV%O%” Eé&?” Herne.iRyrageeie a'h@sere wmlallyﬁvaﬂwgan@arswaﬁmtedpioef erably

from2 to 4@xdmpieabylDegusPRAGiuBEEratie tfdde Rbme Arodf dnBY CASHI CorlRiel M8 trBde ndnfte
primary par%Agloe §, 81 ves the support particles present in the catalyst solid.

Aggl omer at i 5 preferably carried out by spray drying a suspensi on of
the pri m@ry particles. The support particles used according to the present

i nvention afge mrﬁérﬁ@rhﬂuéé o e Qxa@mnaaf pyﬁgw.mrcaé e umVW&m?et pI.rBQrm 50

to 700C, a sus$en510n anot her "~ suitabl é

suspensi on R&YS %ﬁﬁ%?‘t‘%%b}“g "tpﬁfﬁfto?g'&ﬂfefsfa@h”v&?“%;5‘?%1"3/3 gesn Ryt %ﬁﬂ{?q‘?tﬁrrq%%f
Ot her cust oframy! t@60 nmpt frefd=bly frosittatp B gm a@d in pagticulauBoro A to 30amm.| Agglemie satorbef

enpl oyed. The pﬁHQ%aanQé‘b%&th@§udb§#9arﬂﬁ&s°;5r9éeﬂgmtn% éaﬁa‘i‘yspéo‘ﬁé ‘?\g;blgln@é‘%ﬂ kon are

in the formof finel avl n nean I ameter d50 of
from5 t® 20G¢RRY ﬁ?f@ldé’l“’h‘{ﬂ %Pra}yrd&‘ﬁgl"’bs“%e”f@ﬂ °f)W‘F pr"ﬁ%mpﬁfw%n y preferably
from15 to 100 pmand in particular from20 to 70 pm The specific surface

25 area is frﬁé)gﬂp?grbf)éh &esg.%gd %%!f)gi;ng%ﬁteg‘:e%g!wtynvfeﬁt%a?@prgﬂraﬁggr%é& @J}g a'gn i o

particular from articulate
silicas usudlng RaR@mpl§aEiryB P ted0d:. afsf’ﬁi?ﬁ”é)'O’lOftRnyEe”"éﬁ'B?ag” Wﬁ‘leb‘?fé”a‘BFry from
0.2 to 4 cnsﬂ.gble“s'b@epgdsremsdmmmwb.emcmbuttdaem@ymguepldsﬂn‘glahmaaxss iCGkher 30stomary

or et er abey PRUBe RESFDIL"BRLLY, 9o IRARRRL EReAE, MmO OPOT oS havi ng

di aneters oHl%grea pores smaller than 5 nm
maki ng up not nore than 5% of the total pore

The support particles used according to the present invention are in the form of finely divided

powder having a mean particle diameter ds, of from 5 to 200 um, preferably from 10 to 150 um,

particularly preferably from 15 to 100 um and in particular from 20 to 70 um. The specific surface
25 areais from 30 to 1 000 m?/g, preferably from 50 to 500 m?/g and in particular from 100 to

400 m?/g.

The particulate, agglomerated pyrogenic silicas usually have pore volumes of from
0.1t010 cm3/g, preferably from 0.2 to 4 cm3/g. The pore structure of the pyrogenic silicas is

30 preferably made up predominantly of mesopores and macropores having diameters of greater
than or equal to 5 nm, with pores smaller than 5 nm making up not more than 5% of the total pore

volume.
The support material used according to the present invention can additionally be heat treated

35 and/or chemically treated using customary dessicants such as metal alkyls, chlorosilanes or SiCl,.
Appropriate treatment methods are described, for example, in WO 00/31090.

40



vol ume. The support material used according to the present invention can
additionally be heat treated 35 and/or chemcally treated using customary
dessicants such as netal alkyls, chlorosilanes or SiCd4. Appropriate
treatment nethods are described, for exanple, in WO 00/31090. 40 5 2 4 APR
2006 The support material can further conprise, as secondary @déndtfi #ifents,
any auxiliaries used in spray drying or residues thereof which remain after
heat treatment and al so conponents resulting fromany chemcal treatnment. 5
As organic an B), it is in.principle oss ible to use
al | corrpountorlé 0 Ip&% '(r?'gtr(?gE tc?%wﬁ'(éeétcgrﬁg%gfgggsﬁm?gw 0?%&?5&@8@% PEF P Tabl e
and the | ansiranirieg oiihasideesdianeah Which eampimafier bgad tigaimam@ng pleé egrevhgnts eswuting
catal ysts agbh 4Ry eHenfdaPhdaing! ymeri zation after reaction with the

components C) and/or D) or D). These are usually conmpounds in which at

| east one nonodentate or polydentate ligand is bound via a sigma or pi bond
to the c&nt Asbrgatiotransios sieldl eonipogedh@s it isrvc prindiplelfds$ine v wa el canpuuadsnfng

cycl opent adgitflon Fréi%'lscég%u%@}o%eo? mweﬁsu AL cff 4rfdgh lgntﬁyrﬁéegwmmnyl

radi cal s. Chem_Rev escrl es many such conpounds B)
which are 8igPRigBIORPS 35D Pb‘ff%’f"i"hf% P?/‘ﬁ’é?‘? E%H"f" @rP'ef'ﬁlRP'b"ﬁéﬁ*%?’baﬂeh{?P?‘I°ﬁ ith Ehgr
cycl opent adcénptnerto Cphrai® D) ar B').dhese aré usuambdotnpooridson whithatpedsydremanadentsle 15

Sui tabl e co , . it ’ at
Peast one. | DHANAHR et ool i UERlatr phioRPR by BB R . 1R ite Hl
( CR27A) nPA Beth onescoptaining cyclepsptadieny! rRsals R1G 2PerWhigh are free of cyclopentadienyl

radicals. Chem. Rev. 2000, Vol. 100, No. 4, describes many such compounds B) which are

suitable for olefin polymerization. Furthermore, multinuclear cyclopentadienyl compliexes are also
suitable for olefin polymerization.

15  Suitable compounds B) are, for example, transition metal complexes with at least one ligand of
the formulae F-I to F-V,

A RIA IT10A
|
RZA
20 IE R'2A —E
R \E (R12A‘)n1A —FE
|4A R13A I
R R1A
F-l F—1l|
25
RBA

5A
— 1 R
(CR,™)n2a R1%A E 1 E
30 ~~E
17A
R5A l‘ R —E RSA R5A

35 F-1l F—IV F-y

40



F-111 R15A RIBA 35 F-11 F-IV F- 40 6 y 4 APR 2006 where the transition netal
.Is selected fromanong the elenents Ti, Zr, H, Sc, V, No, Ta, C, M, W
Fe, Co, NI, Pd, Pt and elenents of the rare earth netals. Preference is
gi ven to conmpounds having nickel, iron, eobalt or palladium a§ gﬁ:g@d al
netal. 5 Eis an elenent of group 15 of the Periodic Table of 1 H* tgrrents,
preferably N or P, particularly preferably N. The two or three atons E in
t he nol ecul e can bte i.fentical % diffferent. Tr]e ratldehc%I s RIA to R19A, which
may be i dent'"TEIMGFP"gT BetaHs sYFIH e engdhric'e et e i £ [ 56 END. Tay e Mg e
fol | ow ng gMblrpsGo, N PUSP12(d RibAeatsdf IR faraparth metdiefrafdeente ig goven mempowtdser ,
hydrocar bonhé\ﬁgi kel irH, cM%Lbéllﬁ&i% as @%rqrraprﬁ@tﬁlbon radi cal s, preferably

adi e

hydr ocar bon r cals in which t carbon atom adj acent to the elenment E is
bound to at | east two carbon atoms, R and RSA are, independently of one
anot her, 5hy é@riogreelemént df @@ 15001 thecRbiriodit Tatdé of tiselbiBinkits!tpeeterayg Nag &1 febticularly

radicals, WAkl BaRSH IR oRls n LRIRIACT cah B8 Befic Jiat em 0 uhi ch

one or nore heteroatons e present, n are, independently
of one anot her, hydrocarbon radicals or substituted hydrocarbon radicals,

RSA and ROATAé Radichls & e RFENIHIoh ridy BeNEerBbd b @fferetl Wilhif d8iBand by Ste@FANOPI, are
radi cal s or the%aiosubst | tuted hydrocarbon radicals, where RBA and RSA or RBA

and ROA may al sowfnggqéotuﬁsé'r forma ring system 30
10

R and R* are, independently of one another, hydrocarbon radicals or substituted
hydrocarbon radicals, preferably hydrocarbon radicals in which the
carbon atom adjacent to the element E is bound to at least two carbon
atoms,

15

R and R* are, independently of one another, hydrogen, hydrocarbon radicals or
substituted hydrocarbon radicals, where R* and R may also together
form a ring system in which one or more heteroatoms may also be
present,

20
R® and R* are, independently of one another, hydrocarbon radicals or substituted

hydrocarbon radicals,

R* and R are, independently of one another, hydrogen, hydrocarbon radicals or
25 substituted hydrocarbon radicals,

where R* and R* or R* and R* may also together form a ring system,

R™A are, independently of one another, hydrogen, hydrocarbon radicals or
30 substituted hydrocarbon radicals, where two R™ may also together form

aring system,

R'® and R"* are, independently of one another, hydrocarbon radicals or substituted
hydrocarbon radicais,
35
R R R'™ and R'™* are, independently of one another, hydrogen, hydrocarbon radicals or
substituted hydrocarbon radicals, where two or more geminal or vicinal

radicals R'™, R'#, R'® and R"** may also together form a ring system,
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35 are, independently of one another, hydrogen, hydrocarbon radicals or
substituted hydrocarbon radicals, where two R7A may al so together form a
"ring system R7A R10A and R14A are, independently of one another,
hydrocarbon radicals or substituted hydrpcarbon radicals, RL1A RI12A, R12A
and R13A are, independently of one another, hydrogen, hydroca%bﬁﬁ Mebdi cal s
or substituted hydrocarbon radicals, where two or nore gem nal or vicina
radicals R11A, R12A RI2A° and R13A may al so together forma ring system 40
7 2 4 APR 2B062MIBA and R18#edpdeprendes iy eeandtier.dydioaen. Syrsedaeton rmi;cygen,
hydrocarbon radicals or sulipbtitited Rgrdtsdonfaiidaen radicals, 5 R 6" and R'A
are, independently of one another, hydrogen, hydrocarbon radicals or
substituted QXdrocggbon radi cal s, R19A 10 nlA n2A is an organic radi cal

whi ch fornsRa” 8d R0 7- menbearedndspbrytentyudf ede anothenriwdiogeri, hydreadrbon madicalstar cul ar

unsaturajed or aromatic, hefRcRK¥EhJdrochitBS radt¥Bl em in particul ar together
wh Il

wth E a pyridine system is 0 or 1, ere F- i's negatively charged when
nlAis 0, and is an integer from1l to 4, preferably 2 or 3. 15 Particularly
useful tranBl*tion netal conkexesnividdial Wigenfdsnsaf5-thBrfeobanet agbskuledioo F- | V
are, for exanple, complexesqhsfiey hiuaRSlibd Ml aledlopabfia RetelbyiChgor Pt
with ligands of the formula F-T. arplcuTar preference 1s’'grven to diimne
compl exes of Ni or Pd, e.g. system, in particular together with E a pyridine system,
di (2, 6-dp-i-propyl phenyl) -2, 3-di net hyl di azabut adi enepal | adi um di chl ori de 20
di (di-i-propxl phenyl)-2, 3-dj y).di az. dieneni ckel di chl oxi de di (2, 6-d
i -1-propyl pﬁlenyl )d inethyl d?gggg’u%hgr?%ﬁggﬁ%k'ﬁeﬁ cﬁgfglegc‘flhﬁnmg i ?‘fng-
di -i - propyl phenyl) -2, 3-di net hyl di azabut adi enedi net hyl ni ckel

n? is an integer from 1 to 4, preferably 2 or 3.

16  Parlicularly useful transition metal complexes with ligands of the formulae F-1 to F-1V are, for
example, complexes of the transition metals Fe, Co, Ni, Pd or Pt with ligands of the formula F-I.

Particular preference is given to diimine complexes of Nior Pd, e.g.:

di(2,6—di-i-propylphenyl)-2,3—dimethyldiazabutadienepalladium dichloride

20 di(di-i—-propylphenyl)-2,3—dimethyidiazabutadienenickel dichloride
di(2,6—di-i-propylphenyl)dimethyldiazabutadienedimethylpalladium
di(2 6—di-i-propylpheny!)-2,3-dimethyldiazabutadienedimethylnickel
di(2,6-dimethylphenyl)-2,3-dimethyldiazabutadienepalladium dichloride
di(2,6—dimethylphenyl}-2,3-dimethyldiazabutadienenickel dichloride

25 di(2,6—dimethylphenyl)-2,3-dimethyldiazabutadienedimethylpalladium
di(2,6-dimethylphenyl)-2,3—dimethyldiazabutadienedimethylnickel
di(2-methylphenyl}-2,3—dimethyldiazabutadienepalladium dichloride
di(2-methylphenyl)}-2,3—dimethyldiazabutadienenickel dichloride
di(2—methylphenyl)-2,3~dimethyldiazabutadienedimethylpalladium

30 di(2~methylphenyl)-2,3~dimethyldiazabutadienedimethylnickel
diphenyl-2,3—dimethyldiazabutadienepalladium dichloride
diphenyl-2,3—dimethyldiazabutadienenicke! dichloride
diphenyl-2,3—dimethyldiazabutadienedimethylpalladium
diphenyl-2,3—dimethyldiazabutadienedimethylnickel

35 di(2,6-dimethylphenyl)azanaphthenepalladium dichloride
di(2,6—dimethylphenyl)azanaphthenenickel dichloride
di(2,6—dimethylphenyl)azanaphthenedimethylpalladium
di(2,6—dimethylphenyl)azanaphthenedimethyinickel
1,1’-bipyridylpalladium dichloride
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di (2, 6- di net hyl pheny

6- di met hyl di azabut adi enepal | adi um di chl ori de
di (2, 6-di net hyl pheny
6-d

1) -2, 3-di
) | ) -2, 3-di net hyl di azabut adi eneni ckel dichloride 25
di (2, i met hyl phenyl ) -2, 3-di et hyl di azabut adi enedi et hyl pal | adi um
di (2, 6-di met hyl phenyl ) -2, 3-di et hyl di azabgt ad i ened |msthylnl(élﬁdlkm[mE
di (2- met hyl phenyl) - 2, 3- di net hyl di azabut adi enepal | adi um di chl o

di (2- met hyl phenyl ) - 2, 3-di net hyl di azabut adi eneni ckel dichloride

di (2-met hyl phenyl ) -2, 3-d i met hyl di azabut adi enedi met hyl pal | adi um 30

di (2- met hyl pehigayinickel dictieridmy | di azabut adi enedi met hyl ni ckel

di phenyl - 2, 31thipeiahyimdingipakuiumdi enepal | adi um di chl ori de

di phenyl - 2, t adi eneni ckel dichloride

di phenyl - 3 %NW%F%&Fﬁh@%Egﬁtadlenedlnethyl pal | adi um di phenyl -

3- d|nethyldlazabutadlenedlnethylnlckel 35

di (2, 6-ds WEbHrY&M%XéfM%ﬁaB&%E PW@%JoL@?h&W&r@'d‘éé’@n%d 9. Am. Chem. Soc. 120,

di (2, 6- dlﬁEtg% ﬁgen %@ g ﬂth heneni ckel dichlorid di (2, 6- di met' hyl phenyl
) azanapht heReti? t(ﬂéq BRI -(9C- §hgD- @unyped 1151 §49% Ripferred complexes containing

) azanapht hengedtsreViayé msmiseh\mo)byrldw dnimpjaxelyfitipetrdnaid orumedis Fle| Os,iNilePd4d P8 in
1,1'-bipyrig¥#§h§¥gl dichloride 1,1 -bipyridyldinmethylpalladi um

1,1 -bipyri i methyl nickel Z 4 AVN 2006 5 Particul arly useful conpounds
F-V are those which are described in J. Am Chem Soc. 120, p. 4049 if.
(1998), 10. @GhemaniSbansitiofhetal cdntpouB), it BAko pBdsble Brusk afindhetdxidelcompiBxes,

) I |
f?g_;g: ,'[1: gg nh%rgﬂgeq@aﬁisgoeaé Eﬁ)a%exg ch e%énh;{?a fr8|)n%¥£§u9%(ed o?%r%bgl)ilﬁeiaahﬁ\éggehédes
transition ﬁﬂﬁlmmﬁ%d‘ FB)*'CU'PTSUP@M?%QI Lﬁ&é@t'tbﬂeé afytpmings. Transitiop metabxi de

corrplbex es, cM«ﬁﬂé@s Whﬁpﬂhbétﬁﬂ@ﬁnt@iﬁlﬁg Bﬁ@@%ﬁ&@het@r@étoﬁéﬁﬁﬁé g,syétérﬁ rfbﬁé*@ﬁ]bllettﬂét ed or
unsubsti t ut

a
aubst ¢ ut edbEPERHEEI RpET e Rpyfin RE b BhoeaRll B #BeBP be Lt beicw ¢ pi
| i gands 1®ontranisition getpheorenoundsr®). het eroatons in the pi system for exanple the
bor at abenzene | i gand, the pyrrolyl anion or the phospholyl anion, can al so
be used as ani ransi tion pnetal art i cuIarI wel |
oui Lod or gan PR el Bvist SRS IR TR ST A AR s AU P AJedt St
one cyclopentadienyl-type ligand, which are generally referred to as metallocene complexes.
Particularly suitable metallocene complexes are those of the formula (1)

20
R® R?
R* R'
R5 (I)
25 MX,,
Z
where the substituents and indices have the following meanings:
30
M is titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium,
molybdenum or tungsten, or an element of group 3 of the Periodic Table and
the lanthanides,
3% X is fluorine, chlorine, bromine, iodine, hydrogen, C,-C-alkyl, Co-C,q-alkenyl,

Ce-Cis-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
from 6 to 20 carbon atoms in the aryl part, -OR® or —-NR°R’, or two radicals X
form a substituted or unsubstituted diene ligand, in particular a 1,3-diene
ligand, and
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cycl opent adi enyl -type |ligand, which are generally referred to as netall ocene
conplexes. Particularly suitable netall ocene conpl exes are those of the
formula (1) 20 25 where the substituents and indices have the foll ow ng
meanings: 30 M35 X (1) is titanium zircenium hafnium vanadi um niobium
tantal um chromum nol ybdenum or tungsten, or an el ement of @GhoA Bfof the
Periodic Table and the I ant hani des i s fluorine, chI ori ne brom ne, i odine,
hydr ogen, Cl-C10-al kyl, - C10- C6- Cl5- ary al k havi n from
1 to 10 carbon atoms |n'st1f?e°r R ?feﬁéﬁfaaﬂ'ae d?F}EBWP%mt'beZ@e é'ﬁ” I‘n t he
aryl part, -ORB or - NRGtRat themetaluseneaaimpixof e fdrouin(qissubstgedut ed or
unsubstituted diene ligand, in particular a 1.3-diene ligand, and 40 9 2 4
APR 2006 nis 1, 2 or 3, where n has a val ue depending on the valence of M
which is su¥M®that the metal | ocene conpl ex of the fornmula (1) is uncharged,
where 586 and R7 are each Cl-Cl0-al kyl, C6-C15- aryI al kyI aryI aryl al kyl ,

fl uor oal kyI af f7uoroar | roml. to t

al kyl radi I ar'#d from Fa(%acérb‘&g %(r)t??é alkﬂar?"hgry%ﬁ?/'l oro(?kcv,l qrﬂuoroadnlo t he
radi cal s X are identi cagachhaid ffasr bmwaaacborraspnben fheiatkpdadieal andfroam®iol28r , 15
Rl to RS are each hydr oggsbn ateknGrs #e@hMdicaPand 0 7- menber ed cycl oal kyl or
cycl oal kenyl which may in turn bear Cl-Cl0-al kyl groups as substituents,

C2- C22- al kenyl , C6-C22-aryl, alkylaryl or arylalkyl, where two adjacent

radi cal 30 nthy regicels X arg @ehteal drdifiereat anatayategaineagirto ansariotheat ed cyclic group
having from4 to 44 carbon atons, or Si(R6)3 where

R'to R® are each hydrogen, C,—C,,—alkyl, 5~ to 7-membered cycloalkyi or
cycloalkenyl which may in turn bear C,—C,p—alkyl groups as substituents,
C—C.alkenyl, Ce—Coo—aryl, alkylaryl or arylalkyl, where two adjacent radicals
15 may also together form a saturated or unsaturated cyclic group having from 4
to 44 carbon atoms, or Si(R®%); where

R® are identical or different and are each C,—Cp—alkyl, C;—Cio—cycloalkyl,

Ce—Cis—aryl, C,—C,—atkoxy or C¢—C,p—aryloxy and

20
R12 Rg
z is as defined for X or is
R11 R10 '
25
where the radicals
R%to R" are each hydrogen, C,—C,—alkyl, 5- to 7-membered cycloalkyl or

cycloalkenyl which may in turn bear C,—C¢—alkyl groups as substituents,

30 C—C,alkenyl, Cc—Coo—aryl, alkylaryl or arylalkyl, where two adjacent radicals
may also together form a saturated or unsaturated cyclic group having from 4
to 44 carbon atoms, or Si(R'*); where

R are identical or different and are each C,—C;g—alkyl, Cs—Co—cCycloalkyl,
35 C¢—Cs5—aryl, C,—C,—alkoxy or C¢—C,o—aryloxy,

or the radicals R* and Z together form an —R'°~A— group, where
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R6 20 are identical or different and are each Cl-Clo-al kyl,
~C3-C,0-cycl oal kyl, ©C6-Cl5-aryl, Cl-C4-al koxy or C6-Clo-aryloxy and R13 R12
Zis as defined for X or is 25 where the radicals 30 RO to R13 are each
hydrogen, C,-C22-alkyl, 5- to 7-nmenbered gycl oal kyl or cycloil %bimhlch
may in turn bear C, -Cl0-al kyl groups as substituents, e

C6- C22-aryl, alkylaryl or arylal kyl, where two adj acent radicals may al so
together forma saturated or unsaturated cyclic group having from4 to 44
carbon atons, or Si(R14)3 mheﬁe R14 arguide tsi cal or ﬁ@dferent and are each
C1- C10- al kyl, CB-CJO-cycIoaIkX Cﬁ--C g-aryl C4- al koxy or

C6- C, o- arylo&y, or the radical's R4 and 'Z t oget her for an -R15-A- group,
where 40 10RRI% R16 R16 R16 1MI~T'| 5 Ri5rsM2a~APR 2006 WER ZI\/[L- ML-

-ML-CR216 | | | R17 R17 R17 FPl? R16 Rer Rl@ I I 10 lq 20 where
5 RY R R RY
R'® R'6 R R'®
l | I
—-—CcC — " —o—M— —c—c¢c—
10 | | | |
R" R R" R
R® R™ R R® R® R™
. L,
15 C C C ) M M M
ILW ILW |L17 ILW ILW |L17

=BR', = BNR'"R", = AIR"®, -Ge—, -Sn—, -O—, -S~, = SO, = SO,,
20 = NR™, = CO, = PR"® or = P(O)R"™,

where

R R and R"™ are identical or different and are each a hydrogen atom, a halogen atom, a
25 trimethylsilyl group, a C4—C,g—alkyl group, a C4—Co—fluoroalkyl group, a
Cs—Cio—fluoroaryl group, a C¢—C4p—aryl group, a C;-C,y—alkoxy group, a
C;-Cis-alkylaryloxy group, a C.—Cj,—alkenyl group, a C—~Cg4—arylalkyl group, a
Cg—Cap—arylalkenyl group or a C,—C,p—alkylaryl group or two adjacent radicals
together with the atoms connecting them form a saturated or unsaturated ring

30 having from 4 to 15 carbon atoms, and

M is silicon, germanium or tin,

, ™~ ~
A i&—0—0y ,— S—vo NR", PR —0O—R" —NR™,0r

—PR",, where
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25 30 -C-C-OM- 1 I I RI7 RlI6 R1I6 R16 | | | R17 CGCC 117 117 117 R17 R17
R16 R16 R16 | | | 1 17 117 1 17 R = BR16, = BNR16R77, = AIR76, -Ge-, -Sn-,
-0-, -5-, =8O =S@, =NR 16, = CO = PR16 or = P(OR16, R76, Rl7 and R78
are identical or different and are each a hydrogen atom a hal %e ?Qt'gom a
trinmethylsilyl group, a Cl-C10-al kyl group, a Cl1-Cl0-fl uoroal kgl %
C6-- C16-fluoroaryl group, a C6--Cl0-aryl group, a Cl-Cl0-al koxy group, a
C7- C15- al kyl aryl oxy group, a C2-Cl10-al kenyl group, a C7-C40-aryl al kyl group,
a (6-C4o-aryl al kenyl group or a C7-Cdo-al kyl ary g%‘r?F or two adjacent
radicals t&gether wit ha'ier?@c’aﬂ'lﬁ’ﬁﬂe%’ﬁrr‘fﬁé’é?'?eﬁmthﬁ@FFn‘f kYl SerCora/le oo~
unsaturated ring havi neydoamygn d,-Co-dlbyla@nbsir@Lons, and M is silicon,
germaniumor tin, 35 Ais-O S NR19, PR19 -0-R', -NR192 or -PR 19 2, where
40 11 Z 4 AYH 2006 Rl are.each, independently of one another, Cl-C10-alkyl,
C6- C15-aryl, C3-C10- cycloal kyl, C7-C18-al kylaryl or Si (R20)3,

5 R® is hydrogen, C,—Cjo—alkyl, C¢~C,s—aryl which may in turn bear C,~C,~alky!

groups as substituents or C;~C,o—cycloalkyl

or the radicals R* and R'? together form an —R"*- group.

10
The radicals X in the formula (1) are preferably identical and are preferably each fluorine, chlorine,
bromine, C4-Cs-alkyl or aralkyl, in particular chlorine, methyl or benzyl.
Among the metallocene complexes of the formula (1), preference is given to
15
R3 RZ
1
R (la),
RS
20 MXn+1
R3 R2
R k
25 R®
MXn ('b),
R13
12
R RS
30 R" R
35
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5 R20 i s hydrogen, Cl-Cl-alkyl, C6-Cl5-aryl which may in turn bear

Cl- C4-al kyl groups as substituents or C3-Cl0-cycl oal kyl or the radicals R4
and R12 together forman -R15- group. 10 The radicals X in the forrmula (I)
are preferably identical and are preferablyy each fluorine, ch ?Q§F%

brom ne, Cl-Cr7-alkyl or aralkyl, in particular chlorine, meth 8 g@nzyl.
Anmong the netal |l ocene conpl exes of the formula (1), preference is given to
15 20 R3 2 MXn 30 35 R12 R11 40 12 5,R15 10 20 MX,, 2 4 ANN 2006 (1c) and
Anong the conpounds of the fornula BI Rtul ar preference is given to
those in which Mis titanium zirconiu hafnium 25 X is chlorine,

Cl- C4-al kyl, phenyl, al koxy or aryl ox or 2 and 30 R to R5 are each
hydrogen or C,-C, -al kyl. Among the f the formula (Ib), particular
preference is given to those in ich MrPs t\tanium zirconium or hafnium
35 X is ghlorine, C -C -alkyl.@r benzyl or two h§dicals X forma substituted

or unsubstituted butadiene |Tgand, . (Ic) and
R
Rg
R11 R10
10
15 (d).
20
Among the compounds of the formula (la), particular preference is given to those in which
M is titanium, zirconium or hafnium,
25
X is chlorine, C,—C4—alkyl, phenyl, alkoxy or aryloxy
n is1or2and
30 R'toR® are each hydrogen or C,-C,-alkyl.
Among the compounds of the formula (Ib), particular preference is given to those in which
M is titanium, zirconium or hafnium,
35
X is chlorine, C,~C4~alkyl or benzyl or two radicals X form a substituted or

unsubstituted butadiene ligand,

n is 2,
40



nis 2, 40 13 2 4 AN 2006 R to R5 are each hydrogen, C -C4-alkyl or Si(R8)3
~and RO to R13 are each hydrogen, Cl-C4-alkyl or Si(R14)3 5 or two radicals
Rl to R5 and/or RO to R13 together with the C5 ring forman indenyl or
substituted indenyl system Particularlytdiseful conpounds of yhearkdgitul a
(I'b) are ones in which the cyclopentadi enyl radicals are identical. 10
Exanpl es of particularly useful conpounds are, inter alia:

bi s(cycl openg;adienyl ) zi rconi i chl qrLde, -

bi s( pent ane%?cf %ycl opentaéed‘faéHg}‘ggqepcgﬁ{:ﬁ%yéf”ﬁi@o}a PaL,

bi s(met hyl cycl opent adi enyl ) zi rconi um di chl ori de, 15

bis(ethyl cyqeqprrit adi enyle ddch fitbae! 61-€ PAIRY bR,

bi s(n-butyl cycl opent adi enyl ) zi rconi um di chl or1 de,

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

bi s(i nde®dy! )or twooreditalsiR b d¥i land/ord’’, to R thdestet @ttt b g riog foche aiy inlenyt arasnbsiitated

di chl ori de %anﬂgi¥$yinethylsiIylcyclopentadienyl)zirconiun1dich|oride and
al so the correspondi ng di net hyl zi rconi um conpounds. 25 30 Anpng the
conpounds of the formula (lc), particularly useful conmpounds are those in
which R amrdriciiady @efulledtigotids o theddriurr(BNérednek i wbich &etybyskn@ARAy Padidals
Cl-C:lO-aIkyIareqirdgHﬁal R5 and R13 are identical or different and are each
hydrogen or "a” nethyl, ethyl, isopropyl or tert-butyl group, R3 and R' are
each C1-™-al kyl and R2 and R10 are each hydrogen 35 or two adj acent

radi cal s R2 g58#lpies ofartiRhigryandruRdohdooaitdne intdr@iign @ sat urated or unsaturated
cvelic oo BaNbOL dd-oidorin diduGREPON atoms, 40 14
bis(pentamethylcyclopentadienyl)zirconium dichloride,
bis(methylcyclopentadienyl)zirconium dichloride,
15 bis(ethylcyclopentadienyl)zirconium dichloride,
bis(n-butylcyclopentadienyl)zirconium dichloride,

bis(1-n-butyl-3-methylcyclopentadienyl)zirconium dichloride,
bis(indenyl)zirconium dichloride,

20 Dbis{tetrahydroindenyl)zirconium dichloride and
bis(trimethylsilylcyclopentadienyl)zirconium dichloride

and also the corresponding dimethylzirconium compounds.

Among the compounds of the formula (Ic), particularly usefui compounds are those in which

25
R'and R® are identical or different and are each hydrogen or a C,-Cq¢-alkyl group,
R®and R® are identical or different and are each hydrogen or a methyl, ethyl, isopropyl or
tert-butyl group,
30
R®and R" are each C,-C,-alkyl and
R?and R" are each hydrogen
35 or

two adjacent radicals R? and R® or R™ and R"’ together form a saturated or unsaturated cyclic

group having from 4 to 44 carbon atoms,
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5 R16 R16 R1I6 Rl15is - M- or - C- C1l | R17 R17 R17 10 Mor = BR16 or =
'BNR16R17, is titanium zirconiumor hafniumand 2 4 APR 2006 X are identica
or different and are each chlorine, Cl-C, -al kyl, benzyl, phenyl or C7-C
15-al kyl aryl oxy. 15 Very particul arly usefal conpounds of the forn¥k§ @ic)
are those of the formula (lc') 20 R13 where 35 the radicals R freh Q i cal
or different and are each hydrogen, Cl-Cl0-al kyl or C3-Cl10-cycl oal kyl
preferably nmethyl, ethyl, isopropyl or cyclohexyl, C6-C20-aryl, preferably
phenyl, naphthyl or nesityl, C7-§40-ary|a|ky|, C7- 40- al kyl aryl, preferably
4-tert-butyl phenyl or 3,5-di-terR%utyl phenyi R"®or ®®c40-aryl al kenyl, 40 15
2 4 AM 2006 R5 and R13 are identical or diffedent and are each hydrogen

C -C6-al kyl, preferably methyl, ethyl, isopropyl, n-propyl, n-butyl,

n-hexyl or t®Pt-butyl, iand the rMhgs soand—T Qfe—u—deﬁiﬁcal, or different,
saturated, unsaturated or partially saturatedi 5 The| i ndenyl or

t et rahydr oi ndenyl |igands of thelnetall ocenes'of thel fornula (Ic') are
preferably substituted in the 2Rposition, 2, Ripositgens, 4,7 positions,
2,4,7 positions, 2,6 positions, 2,4,6 positions, 2,5 6 positions, 2,4,5,6
positions or 2,4,5,6,7 positions, in particular in the 2,4 positions, where
the foll ow ng nonencl at 4r £rISR E8RRIR'™ he site of substitution: 10 4 7

10 M is titanium, zirconium or hafnium and

X are identical or different and are each chlorine, C,—C,—alkyl, benzyl, phenyl or
C;-C,s-alkylaryloxy.

45  Very particularly useful compounds of the formula (Ic) are those of the formula (ic’)

20
(1),
25
Rl
Rl
R13

Rl

30 R’ R®

where

the radicals R’ are identical or different and are each hydrogen, C1—C,¢—alkyl or C5-C4o-Cycloalkyl,

35 preferably methyl, ethyl, isopropyl or cyclohexyl, Ce—Cyo—aryl, preferably phenyl, naphthyl or
mesityl, C;—Cqo—arylalkyl, C—Cjo—alkylaryl, preferably 4-tert-butylphenyl or 3,5-di-tert-butylphenyl,
or Ce—Cyo—arylalkenyl,
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3 15 As conplexes (lIc'), preference is given to using bridged bisindenyl
.conplexes in the racemc or pseudoracemc form where the pseudoracemc
formrefers to conplexes in which the two indenyl ligands are in the
racem c arrangenent relative to one anotheér when all other sub {ip Fs of
the 20 conplex are disregarded. Exanples of particularly usef co@@ exes
(lc) and (Ic') are, inter alia:

O et o<1 | BB S RS b SRR RS iy ot i,
di met hyl si | &nrerdMInb?f%F(Yl otbutyh peheryl nmwuylzu rconi um di chl ori de,
ethylenebis(cyclopentadienyl)zirconiun1dich|oride

et hyl enebi s(i nden QPHIUH]dICh|O

et hyl enebi s%"ﬂ‘b‘f‘? a@%&# d ﬁﬁe)‘%amfd’ﬁ{e[ﬁ’ﬁ griuTRiegy yngaturated or partially saturated.
tetrametfiyl et hyl ene- 9- fIuorenylcyclopentadlenyIZ|rconlun1d|ch!or|d¢ 30
a ety | <1 1 3Re oy Se3nf i aehibhri? ofTRE Felfaceh@PSMABHRIY hoYehd 58RI
di met hyl si | avhstittpr 5y tae B pesition. Bdipppitianset, hpositipes. Ggehpertioah 16 posiiensn? .t

di chl ori de, pogition® 288 pdsttians djays, d);bcs(uansrmtzrnyd 6,n@ednon} ah partiduiad i tié 2 abeditore,

i ot o1 1 QRES Bl b ASRAARK hRE DN el el ol or e

di et hyl si | anedi 2|rcon|un1d|chlor|de 35
dlethylsmlanedlylbls(z nethyllndenyl)2|rcon|un1d|bronlde

di met hyl si | anedi yl bi s( 3- et hyl - 5- met hyl cycl opent adi enyl ) zi r coni um
di chl ori de, s
di et hyl si | anedi yl bi s( 3-

G- >sopr opyl cycl opent adi enyl ) zi r coni um

di chl oride, dinethylsilanedry ¢|s(2 et hyl i ndenyl ) zi rconi um di chl ori de,

di et hyl si | anedi yl bi s( 2- neﬂhyl-l,igben2|ndenyl)2|rconlun1d|chlor|de 40 16 Z
4 an1200 di net hyl si | anedi yl bi s thyI 4, 5- benzi ndenyl ) zi rconi um di chl ori de
nethylph nyl si | anedi yl bi s(2- et hyl - 4, 5- benzi ndenyl ) zi r coni um di chl ori de,
nethylphenyIS|Ianedlylbls(2 et hyl - 4 5 benzi ndenyl ) zi r coni um di chl ori de,

di phenyl si | ageghpiéles gt pmraa@e .é%@nb@%mfaa&! a;héefag%mauéésthgrr%c%c

dlphenyIS|Ianed| | bi s benzi ndenyl ) zi rconi um d | ori
di phenyl si | 8FRd4P 9?%5""%{02“ ﬁ”élegf‘y‘f‘? H%fé‘ﬂ?fﬁﬁeﬁa? Wm TS tafiogIPlees in which the two indenyl
di et hyl si | sigends greln € Pacamiclayrangbmehtrelptivertd eney dnjottier @bén allmtichr elidsttuerdeof the

20 complex are disregarded.

Examples of“panicularly useful complexes (Ic) and (Ic’) are, inter alia:.
dimethylsilanediylbis(cyclopentadienyl)zirconium dichioride,
dimethyisilanediylbis(indenyl)zirconium dichloride,

25 dimethylsilanediylbis(tetrahydroindenyl)zirconium dichloride,
ethylenebis(cyclopentadienyl)zirconium dichloride,
ethylenebis(indenyl)zirconium dichloride,
ethylenebis(tetrahydroindenyl)zirconium dichloride,
tetramethylethylene-9-fluorenylcyclopentadienylzirconium dichloride,

30 dimethylsilanediylbis(3-tert-butyl-5-methylcyclopentadienyl)zirconium dichloride,
dimethylsilanediylbis(3-tert-butyl-5-ethylcyclopentadienyl)zirconium dichloride,
dimethylsilanediylbis(2-methylindenyl)zirconium dichloride,
dimethylsilanediyibis(2-isopropylindenyl)zirconium dichloride,
dimethylsilanediylbis(2-tert-butylindenyl)zirconium dichloride,

35 diethylsilanediylbis(2-methylindenyl)zirconium dibromide,
dimethylsilanediylbis(3-methyl-5-methylcyclopentadienyl)zirconium dichloride,
dimethylsilanediylbis(3-ethyl-5-isopropylcyclopentadienyl)zirconium dichloride,
dimethyisilanediylbis(2-ethylindenyl)zirconium dichloride,
dimethylsilanediyibis(2-methyl—4,5-benzindeny!)zirconium dichloride

40



di met hyl si | anedi yl bi s(2-et hyl -4-phenyl i ndenyl ) zi rconi um di chl ori de,

_di net hyl si | anedi yl bi s(2- net hyl - 4- (1- napht hyl ) i ndenyl ) zi r coni um di chl ori de,
10 di net hyl si | anedi yl bi s(2- et hyl -4-(1-napht hyl )i ndenyl) zi rconi um di chl ori de,
di met hyl si | anedi yl bi s(2- propyl - 4-( 1-napht iyl )i ndenyl) zi r coni um dit it offibde,
di met hyl si | anedi yl bi s(2-i-butyl -(1-napht hyl )i ndenyl)zirconi umdi chl ori de,

di met hyl si | anedi yl bi s(2- propyl - 4- (9- phenant hryl )i ndenyl ) zi r coni um
di chloride, _dinethylsilanediyl bis(2-nethyl-4-isopropylindenyl)zirconium
di chl ori de, dimethylsilanediylbis(2-ethyl—4,5-benzindenyl)zirconium dichloride

gl met Ey: Si : aiMWIgh:ebylﬁlér?edKfltﬁb(mbfmyIM 8-teRiRdedp)dreartlenyithigrideconi U(rjn dihfhl 05 i de,
i met hyl si [ gdrconiumdi chloride,
di met hyl si | ﬁe@@h% @lél%%ed%@tsgyfmgff‘j_—bt%ﬁﬁ ﬂ%"c E‘Hﬂ% or'ﬂf] i ndenyl ) zi rconi um

di chl ori de, dlphenylsnanedlylbls(Z -methyl—4,5-benzindenyl)zirconium dlchlonde

g' mﬁlt hyl ? | afpdhyidilbheutybisiRbhyile, 4-terzindeny BirdBRldydideay,| 1 | ndenyl ) zi rconi um
I C ori e,

di met hyl si | SRbaRYIATegyRisgsmetpyingeqyhhatpiyp dicBigtidA. phenyl 1 i ndeny! ) zi r coni um

di chl ori de, difethyisilanediylbis(2—methyl<4—phenylindenyl)zirconium dichloride,

g: g:ﬂhg'r 55' ANGHLNIb SRSy b donehyRhdenPiindrlie ddhidrdadeny| ) zi r coni um

di met hyl si | Aaeinyiianegiyisgmpthyir4( irnarhiingery)ansenivg Behiagdsny | ) zi r coni um

di chl ori de, dimethylsilanediylbis(2—ethyi—4-(1-naphthyl)indenyi)zirconium dichloride,

di et hy | si | afieglh Wdhedhidts SRPY-#1L AoonbiihacibTHbaEPMLAdrageny ! ) 2i rconi um

di net hyI SI I ainaeihyjsiBnedvibis(Zdrprtyipd(1-rrpthylindepyziserninp#igisFidpi ndenyl ) zi r coni um

di chl ori de, dimethyisilanediylbis(2—propyl—4-(9- phelnanthryl)mdenyl)znrcomum dichloride, _ _
g: gﬁlt 2?’: 3;' ac{%ﬁgh))féilghesdgy%isrez_—pryett%l—?éiéclpzr"opyF Je%yl)glréo}qlu%hcgcr?'n)/onb' ndenyl ) zi rconi um
di met hyl 851 ireethysilpnesyihistd ydimethy-#-isprrppylipdenyl)zseraiin dichietigay| ) zi r coni um
(Cj“ Ch|t (f)lr: del dsmethylsuaned|ylb|s(2—methyl—4 6—dusopro%ylmde l)zirconium dlCthI‘Ide | d B
i me Si 0 i nde i ndenyl ) zir
coni umydl chl 6?%%3%8"&”%’ yibé%?% ”Peiriyf_g %QMVV?T?HQI%%BY‘@W%)&" Dy ‘ﬁ‘ﬁf“ﬁ' Foi ndgnyl )
- (2- et hyl - Zﬂ"tqthﬂ%\lp'hﬁdMHIS(%mﬁﬂB'h#’r[i) 2i-dimethyiphanyllicdeok)zoednde diehloridehy| si | aned
'(32” m(at2hl Foprdﬂm&h{@?%&' ﬂls?f-tmalﬂ’wl[ti Qeﬁﬂytkfhén@glgér?ﬂyl?#rgor@ﬂn dichloride,
- i um di
di met hy|yg9| wwwyf%g%%f*%ﬂvthagbwép eny 'H?PBHEWI“FI ﬂ‘gﬁ%gf‘) -~ (2-ethyl
-[ 4" -t ert - budipétpyisiaydd)yitriad2ehly)-2 4 -gentbutyipttingllimdenyi tegonium dichloride,
di met hyl si | ad}ﬁ&kh%féugzed.m %&gplymz{ 4eﬁ-$lﬁrl;5hethlﬁ@eW?ﬁPéblnLn4 R

(2-met hyl - d*‘f@ -bis-t I ndenyl )zi rconi um di c%ﬂ oride 35
di net hyl si | ﬁhX}?"é@edi'yw (5‘-15’9109\"['&4 "ﬂeé‘r“t“tyﬂﬂjhﬁw']ﬁ‘H%WF'ﬁ%'H@ﬁ&ﬂ"ﬁ"“ e
(2- et hyI - - Adihéthylstiapduliyibyd(3-inrtbeymak ¥ zueﬂmouylpuenyqinddmlylon‘rbdmramdhlonde

et hyl ene U 99 . , ’
(2-met hy fﬁ“?ﬁx*edﬁﬂ%%g? [Q tteﬁ ?Wwygﬁon?l{% S 'ﬂd'cmorc?e 40 17 2
2006 ethylsnaned;yl(2-|sopropy—4 phenylm enyl}-(2—methyl—4- phenyllndenyl)zwconlum dichloride,

4 Aul t
dimethylsilanediyl(2-isopropyl—4-(1-naphthyl)indenyl}-(2-methyl—4-(1-naphthyl)indenyl)zirconium
dichloride,
dimethylsilanediyl(2-isopropyl—4-[4'—tert-butylphenyl)indenyl )}

30 (2-methyl—4-[4'—tert-butylphenyl]indenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl—4-[4'—tert-butyiphenyl]indenyl}-
(2—ethyl4-[4'-tert-butylphenyljindenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl—4-[4'—tert-butylphenyl)indenyl )}~
(2-methyl-4-[3’,5'-bis—tert-butylphenyllindenyi)zirconium dichloride

35 dimethylsilanediyl(2-isopropyl—4-[4’—tert-butylphenyl]indenyi}-
(2-methyl—4-[1’-naphthyljindeny!)zirconium dichloride
and ethylene(2—isopropyl—4-[4'-tert-butyiphenyljindenyl)}-
(2-methyl—4-[4’—tert-butylphenyllindenyl)zirconium dichloride
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and al so the correspondi ng di nmet hyl zi rconi um

~nmonochl oronono( al kyl aryl oxy) zi rconi um and di (al kyl aryl oxy) zi rconi um
conpounds. I n the case of the conpounds of the forrmula (1d), particularly
useful conpounds are ones in 5 which Mi®w titaniumor zirconium in
particular titanium and X is chlorine, Cl-C4-alkyl or phenyl 7drAmvwigis

radi cal s X fornta substituted or 10 unsubstituted butadiene |igand, R16 R16
R16 R15 is - and 15 R17 R17 R17 20 25 30 35 Ais -0 -.

or NR19 RL t"&f"t‘&"‘8ﬁ8°'ﬁép%ﬂd@9€m‘!‘¥ﬁ%‘?"&ﬁbW°“@'W%KW|8W'%WBF@P&’HI 3ndnpt hyI
C3- C10- cycl digditgiaryloxgir€obbimegopipourats. Si (R8) 3 or two adj acent radicals forma
cyclic group having from4 to 12 carbon atoms, with particular preference
being given to all Rl to R3 and R5 being nmethyl. Another group of conpounds
of the fornlM'ae ¢asap’ WAreRPNds eidterfpiEimed fyPaticaiarly usafd CORRRUBDS HERAPSIA M i s

titani unsorwaieh om um preferably in the oxidation state Ill, and X is
chlorine, Cl-C4-al kyl or phenyl or two radicals X forma substituted or
unsubstituted butadiene ligand, R16 RI6 Ri16 1 I | RI5is - Si - or - C-C

and 40 R17 M17 R17 18 Aisititanium-qrzigconiunRDPRrtigyiariRndm, apd 4 AN 2006 5 R1 to R3
and R5 are each hydrogen, Cl-C10-al kyl, C3-C10- cycloalkylz C6- C15-aryl or
?a} bRgal?’ a? {)nét wo ad acenlts CFIl%I’I I Cé —% iaﬂ(ymr%hgr}/y?or two rd%léllg )J}g'r\r/r% z? bfstlttgt?d gr to 12

unsubstituted butadiene ligand,

R16 R16 R16
R15 is — Si—or — C — C— and
15 | l I
R17 R17 R17
20
. ™~ 19
A is — 0 —, — 8§ — or NR™,
-

25 R'to R® and R® are each hydrogen, C,-C,;-alkyl, preferably methyl, Cs-C4c-cycloalkyl, Ce-Cqs-aryl
or Si(RB)a or two adjacent radicals form a cyclic group having from 4 to 12 carbon atoms, with

particular preference being given to all R' to R® and R® being methyl.

Another group of compounds of the formula (Id) which are particularly useful are those in which

30

M is titanium or chromium, preferably in the oxidation state lll, and

X is chlorine, C,—C,—alky! or phenyl or two radicals X form a substituted or

unsubstituted butadiene ligand,
35
R16 R16 R16

R15 IS - Sl —_—  or — C — C—— and

4 | | |

R17 R17 R17



The synthesis of such conpl exes can be carried out by nethods known per se,
preferably by reaction of the appropriately substituted, cyclic hydrocarbon
~anions with halides of titanium 10 zirconium hafnium vanadi um niobium
tantal um or chrom um Exanpl es of appropriate preparative nmethods are
described, for exanple, in Journal of O ganonetallic Chem stry, 369 é1989)
359-370. 15 Further suitable organic transition netal conpounds 7B)At&r &l

net al | ocenes containing at |east one ligand fornmed by a cycl opent adi enyl or
het er ocycl opent adi enyl and a fused-on heterocycle, where, in the

het er ocycl es, at |east one carbon atomis replaced by a heteroatom
preferably by a heteroatomfromgroup 15 or 16 of the Periodic Table and in
particular Ry nif{sogen @re sUNRY, or Sy, conpounds are described, for

exanpl e, in WD 98/22486. They |nclude in particular: 20 dlnethyIS|Ia
nedi yl - (2- met hyl - 4- phenyl i ndenyl ) (2, 5-d

i met hyl - B- pIRé myR> adada%faparete&blelw)cmenab,m1ua1l<ylmse¢hbeydlaie<yl Ce-Cis-aryl or Si(R%); or

g: gﬁf 2?/: Zlel anedi yl bi S( ZWQJQ(;EML}&,&?&%QX m a c}l)féjér&?pz H!a\ﬁrrbyftc)n?h{ &@a%%h atoms.

di et hyl si | anedi yl bi s(2- et hyl - 4- phenyl - 4- hydr oazul enyl ) zi r coni um di chl ori de.
25 Further trhespitesionf $0eh 3bmpleNEp amSScaRledWit B méthedskAblvpéreef méfetablg bpur poses

of the prese |tute mnoc clic
nmonoi ndenyl , &r‘ftﬁoﬁ‘o %%%&)E%{}"aqglf lﬁ)%m? er oc(),{c"c &h rtéc}él < 'O"T’ &%bﬁr%ﬁes é}){'lah*"mchr om um
mol ybdentfm é\fcowﬁ’gmf@'nm meqh@navoun@aéammomhrowwe substl tuents on the

cycl opent adi enyl ring bears a rigid donor function which is not bound 30

excl usively wvia i zed carbo r silic tons. The nost direct
 hkage  to’ EHETRERS PRI FERerEDh Fethede ap deasiBre. Bia i gt 48058 by  di zed
car bon at omOrganemetalib CherhisianBehe 989, 399r3@6. sp2- hybri di zed carbon atons. The
direct |inkage preferably contai ns an unsaturated doubl e bond, conprises an
aromati c,or tq&gthe onor arti Eﬂ%ﬁ% unsat ur at ed or

a
o ot | 015 hEvdiks sy Eble rdefictafoTaeia etk BEATS MBIAEeHER A AEBAZb SRS ( he
cycl opent adiliganglformed gy e ayrlapestedigrey| ar helerdogelomptadiepy Rt did fusegbn hétganydle, | . e.  at

| east one CWhQr%anﬁé)r@té%clgg %Plegﬁ oﬁ@ﬁér%eéilormé r@plaé@@%?%er ag:farlofl'r{ 9@@5% al5 or

16. In this case, a carbon atomin rin repl aced
bhosphor us . NFISTGBISR T BIaHP 13 il O.o) e SSERI LR 1 Pty Uiog D lsdaen oL sl ﬁych
further al kgbmpsuntpsrewhsaibed}for &anbiel inARR dBX2686THeyehS@ief iampettieuldri ve- or
si x-nmenbgyed ring, e.g. tetrahydroindenyl, indenyl, benzindenyl or
dimethylsilanediyl-(2-methyl-4-phenylindenyl)(2,5-dimethyl-N-phenyl-4-azapentalene)zirconium
dichloride,
dimethylsilanediylbis(2—methyl-4—phenyl-4-hydroazuienyl)zirconium dichloride,
dimethylsilanediylbis(2—ethyl—4~phenyl-4-hydroazulenyl)zirconium dichioride.
25
Further transition metal compounds B) which are suitable for the purposes of the present
invention are substituted monocyclic pentadienyl, monoindenyl, monofluorenyl or
heterocyclopentadienyl complexes of chromium, molybdenum or tungsten, where at least one of
the substituents on the cyclopentadienyl ring bears a rigid donor function which is not bound
30 exclusively via sp3-hybridized carbon or silicon atoms. The most direct linkage to the donor
function contains at least one sp- or spz-hybridized carbon atom, preferably from one to three
sp”-hybridized carbon atoms. The direct linkage preferably contains an unsaturated double bond,
comprises an aromatic or together with the donor forms a partially unsaturated or aromatic
heterocyclic system.
35
In these transition metal compounds, the cyclopentadienyl ring can also be a
heterocyclopentadienyl ligand, i.e. at least one carbon atom may aiso be replaced by a
heteroatom from group 15 or 16. In this case, a carbon atom in the Cs ring is preferably replaced
by phosphorus. In particular, the cyclopentadienyl ring is substituted by further alkyl groups which
40



fluorenyl. Possible donors are uncharged functional groups containing an
~elenment of group 15 or 16 of the 5 Periodic Table, e.g. amne, imne,
car boxam de, carboxylic ester, ketone (oxo), ether, thioketone, phosphine,
phosphite, phosphi ne oxide, sulfonyl or galfonam de groups or u sgpstituted,
substituted or fused, partially unsaturated heterocyclic or hetlér Gdr Bfat i c
ring systens. Preference is given to using substituted nonocycl opent adi enyl,
nonoi ndenyl , nofluo.engl_or 10 heterocycl opent adi enyl conpl exes of the
formula (1172 208™ RAY8- Orgix-membered Bng fg- E?Wyﬁfﬁlnégn%éiﬂénlt'v%"#'@ﬂeﬂﬂﬂ ng
meani ngs: Mil@ren0 Z18 is chrom um nol ybdenum or tungsten, has the formula
(lI'la) R B R28 E18-E 28 //---\ E3B E4B R3B / R4B 30 where the vari abl es
have the foll ow ng nmeani ngs: EL1B - E5B are carbon or, for not nore than one
at om E1B t BPEsible donsE pisdneRerend fnictionsh@rRuPsTantainigi2g eiqrs i BropRI BRGTS AHHEB,
SR5B or sn peiptibThblé, W E dminglibsie] amaxdmae, daktoRlic eBtar, kétahd (bxo)Leiset! tHibrdtéHE,
g?gﬁ;g?yzgl gélir%g r%é%trep og;lah(i\'neréx% , sSuYfgr'%y?cr;rjl sulli%l?r?lalrn%e%rr]&pg Lr &nQSbsfti%eldPW ng
substituted or fused, partially unsaturated heterocyclic or heteroaromatic ring systems.

Preference is given to using substituted monocyclopentadienyl, monoindenyl, monofluorenyi or
10 heterocyclopentadienyl complexes of the formula (11)

[Z1B—M1B—X:1% (1),
m1

15

where the variables have the following meanings:

M'™® is chromium, molybdenum or tungsten,
20 z"® has the formula (l1a)
1B
R
\ RZB
1B -
E  ~—_ 28

/ E
1B B 5 (ha)
25 AT Rk E @ \Esa

30 where the variables have the following meanings:

E'™-E%®  are carbon or, for not more than one atom E'® to E*®, phosphorus or nitrogen,

A'® is NR*®R®, PR*®R®, OR™®, SR or an unsubstituted, substituted or fused, partially
35 unsaturated heterocyclic or heteroaromatic ring system,
R® is one of the following groups:
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15 where R7B R8B ROB R10B R11B | -C=C- -C=C-L1- R12B 2 4 APR 2006 and, if
'AlB is an unsubstituted, substituted or fused, partially unsaturated

het erocyclic or heteroaromatic ring system may also be L1, L2 are each
silicon or carbon, 20 k 25 30 is | or, whgy Ale is an unsubstituted,
substituted or fused, partially unsaturated heterocyclic or ?Qemgagmpatlc
ring system my also be 0, XIB are each, independently of one another
fluorine, chlorine, brom ne, iodine, hydrogen, Cl-Cl10-alkyl,

C2- C10- al kenyl , C6-C20-ary . alkylar¥ haV|ng 1-10 carbon atons in the

al kyl part and 6-20 car BonRat ons i a"A part, NR15BR16B OR15B SR15B
SABR15B, OC(O) R15B, CN, [SCN, p-di k?to ate, CO, BF4 , PF6, or a bulky
noncoor di nati ng ani on—igB¢c-R16B-agpe=gach,' i ndependently of one anot her

hydr ogen, Cl-C2o0-al kyl, C2-C20-al kenyl, - C20-aryl, alkylaryl having from
1 to 10 garbon atons in the al kyl part anthe6-20 carbon atonms in the aryl
part, Si R17B, where the organic radicals 7B-R18B may al so be substituted
by hal ogens and two gem nal or vicinal radicals RLB-R16B nmay al so be joined

to forma five- or sind iEPReMeAsEbsRTted 30bSRAER @rf&e%gfahsag GHsnendeRlotyGt one
anot her, hydrogen, C2B-aryl, al kyl aryl

C20 | -
having from1 to 10‘%5&%8W%ﬂ4%ﬁP3$ﬁ a é?ﬂ*bart and 6-20 carbon atoms in

the aryl part and two gem nal radlcals R17B may al so be joined to forma
five- or4ei x-nmenbered ring, 40 21 ni1B nlBis 1, 2 or 3 and

138
R

| 2

_L_

|R14B ’

15

L' L2 are each silicon or carbon,

20 is 1 or, when A'® is an unsubstituted, substituted or fused, partially unsaturated

heterocyclic or heteroaromatic ring system, may also be 0,

x'® are each, independently of one another, fluorine, chlorine, bromine, iodine,
hydrogen, C;-Cip-alkyl, C,-Cqo-alkenyl, C¢-Coo-aryl, alkylaryl having 1-10 carbon
25 atoms in the alkyl part and 6-20 carbon atoms in the aryl part, NR"®R'®®, OR'*,
SR™®, SO;R™®, OC(O)R™®, CN, SCN, p-diketonate, CO, BF,", PF¢’, or a bulky
noncoordinating anion,

R™®-R' are each, independently of one another, hydrogen, C,-Cyo-alkyl, C-Cop-alkenyl, Ce-
30 Cxo-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon
atoms in the aryl part, SiR'’®;, where the organic radicals R"®-R'® may also be
substituted by halogens and two geminal or vicinal radicals R'®-R"®® may also be

joined to form a five- or six-membered ring,

35 R are each, independently of one another, hydrogen, C,-Co-alky!, C,-Cx-alkenyl,
Cs-Cx-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20
carbon atoms in the aryl part and two geminal radicals R'® may also be joined to

form a five- or six-membered ring,
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is 1,2 or 3. 51n particular, the transition netal MIB is chromum 2 4 ANN
2006 Z1' is a substituted cycl opentadi enyl systemin which the radical
"-RBk-A1B bears a rigid, bound donor function. The cyclopentadienyl ring is
bound to the transition netal via an ,t5,bond. The donor can be cgorﬁld nat ed
or not coordinated. The donor is preferably coordinated i nt ramoll&AiRd By 10
to the netal center. EE to E5B are preferably four carbon atons and one
phosphorus atom or only carbon atons; very particular preference is given
to all E18 n'®d E5B beilriorceardon. 15 AlB nmy, for exanple, together with the
bridge RB forman am ne, ether, thioether or phosphine. However, A1B may

al so be an upsubstit 'ﬁjt ed, substituted or fused, heterocyclic aromatic ring
system whi R can cdif=f W3 apart fromring carbons, heteroatons from the
group consisting of oxygen, sulfur, nitrogen and phosphorus. Exanpl es of
5-nmenmberged i Qrgiclﬂgrt@E?r@ﬁéﬁlon%e?éﬂ%ism%mm can contain, apart from carbon
atons, from She 1o’ four nitrogen atonms and/or a sulfur or oxygen 20 atomin
the ring, are 2-furyl, 2-thienyl, 2-pyrrolyl, 3-isoxazolyl, 5-isoxazolyl,

g- i sot h: alz OfZis,a gﬁbstita@d Wg@éﬁtéﬂielnyﬂsyﬂgrh&ﬁﬂhiw tlhe i?adllzw az?l_lw b(laa'ﬁT pyigiazelnd , ol

- oxazolyl, ,h 4- 0 - 0Xxaz . 2-1hi azo 4- thiazo s b-thiazo ,
> dazol YOSy s eyioeRE el ring bUnBTOY englion a8 o¥ 5t oo a1 Y
1, 2, 4- oxadi ¢epe1 canbegpordinatgd gr ek eadrdinetgd. Phe/gongr is preferably ¢aordingteddntigmoleBManpl es
of 6- menbverigehdpétarcemey! groups, which can contain fromone to four
ni trogen atons and/ or a phosphorus atom are 2-pyridinyl, 2 25
phosphabenzol yl 3-pyridazinyl, 2-pyrimdinyl, 4-pyrimdinyl, 2-pyrazinyl,

1, 3, 5- t ri azk RiEY laresmeferably foudcarpireatoms @rdydne phospharus afoazr ARIBcarboroatoms; very

1,2, 4-tri azjpdhchray prefeldhBe R-gVRAREJIGI® RIREP gb‘lrgc@%ﬁ.ed ring heteroaryl groups
may al so be substituted by Cl-Cl10-al kyl, -Cl0-aryl, al kylaryl having from
1 to 10 carbon atons in the alkyl part and 6-10 carbon atons in the aryl
part, tnbal XYMyl fyl exempleabgeayiem svith thebridgesR™ foroan areine, lteq thisethep or fitosphiimee or be
fused with (eTpe-NN d t - 165 - anp]

benzo- f us edﬁ%h?er\;g%:?ﬁ% acﬁs{gt‘er oattjr %bgg?tgﬁggssg%%@?dﬁ g%lh;?%poc%'?%%gﬁ 3?.%

2- counar ony3ystemmhich &8 CoHgN. aport %?ﬂ' Bﬁ%fﬁﬁ‘?%éd}ﬁ“?man’Pﬁr%Q'ﬁWfWé Ggnsisting of

3-i ndazol yl oxyden, saulaz @ltiphen ahdiphosphofuslaExamples o 5-Membead fing Héaszedny groupss afigh es  of
benzo-fuse - he t = QU] I - i nol yl

<01 ol yi . canan yeafl o lkBRitns H kB Bk 1 AN R ol o B Kgen

8- qui naiél yatom i the rings RER 4/iuryl, 2A4bigmt. i2chyIrolyll 3-jspxazali PrsexRzPYlpd-isethisreMary| .
gpmencl at grieotﬁgganynurﬁyearzblmgsb@ilrawcr?ﬂz G L6HIC 3-okeBiyh &%x&@lybg%ﬂaio@KQﬂhigiongL:

i eser and M _Fi I rbuc r_.organkschen me, . .3rd.reyise ition,
Ver T ag cherl €Nt Figesh 2 gureoy Firatfth PGSR 0 Bapdidiayl f o ¥Rt
unsubst i t ut e, 1.3.4i9x2diazat-24 or h2.4ftliazets-yihetagniag obrinembered heterwprart arpyRsr WINFYS BRGB.
Here, pref edRR6MaihFroliong b folr ritiddBh SomY Sh@6a phabdHeFusidn, aRAE byridinva | abl e and
cheap and ane SebeGLErs byrdmidNS oy ahludy ROy AGGHR: 2.0y ezinyl, 1,3,5-triazin-2-yl and

1,2,4-triazin-3-yl, 1,2,4-triazin-5-y! or 1,2 ,4-triazin-6-yl. The 5-membered and 6-membered ring
heteroaryl groups may also be substituted by C4-C,¢-alkyl, Ce-C1o-aryl, alkylaryl having from 1 to
10 carbon atoms in the alkyl part and 6-10 carbon atoms in the aryl part, trialkylsilyl or halogens
such as fluorine, chlorine or bromine or be fused with one or more aromatics or heteroaromatics.

30 Examples of benzo-fused 5-membered heteroaryl groups are 2-indolyl, 7-indolyl, 2-coumaronyl,
7-coumaronyl, 2-thionaphthenyl, 7-thionaphthenyl, 3-indazolyl, 7-indazolyl, 2-benzimidazolyl or 7-
benzimidazolyl. Examples of benzo-fused 6-membered heteroaryl groups are 2-quinolyl, 8-
quinolyl, 3-cinnolyl, 8-cinnolyl, 1-phthalazyl, 2-quinazolyl, 4-quinazolyl, 8-quinazolyl, 5-quinoxalyl,
4-acridyl, 1-phenanthridyl or 1-phenazyl. Nomenclature and numbering of the heterocycles has

35 been taken from L. Fieser and M. Fieser, Lehrbuch der organischen Chemie, 3" revised edition,
Verlag Chemie, Weinheim 1957. In a preferred embodiment, A'® is an unsubstituted, substituted
or fused, heteroaromatic ring system or NR*ER®®. Here, preference is given to simple systems

which are readily available and cheap and are selected from the following group:
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22 R19B 5 R188~ R20B NR21B 2-pyridyl 10 R24B R25B 8-quinolyl 2 4 Al MK 2006
Possi bl e substituents R18B to R278 are the sane radicals as described for

" R78-R768 and hal ogens such as fluorine, chlorine or brom ne, where two
vicinal radicals R'11to R27B may al so be gooined to forma 5- or 6 menher ed
ring and the radicals may al so be substituted by hal ogens such ak AR I8r i ne,
chlorine or bromne. Preferred radicals R18B to R27B are hydrogen, nethyl,
ethyl, n-propyl, 15 n-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl,

n-octyl, vinyl, allyl, benzyl, phenyl, naphthyl, biphenyl and anthranyl

and al so fluorine, chlorigesand bronine. PRSI B8 or ganosi | i con

substituents are, in particular, tri 3434<y| sj 'yl Jgroupss having from1 to 10
carbon atons in theRé caI %s : et hyl silyl groups. AlB is
substituted, e.g.

al kyl -substituted, qui Llound, |pedpa . %ﬂsthe 8 position, e.g.
8-quinolyl, 20 8-(2-nethylNqui rﬁ)l yl), 8-(2,B,4-trinmethyl quinolyl),
8-(2,3,4,5,6,7-hexanethylquinolyl. It is very sinple to prepare and at the
sanme time gives very geqgrié¢tivities. The ri gs-quidyl dge RB bet ween the

cycl opent adi enyl ring and the functional group AlB is an organic diradical
conprising carbon and/or silicon units and having a chain length of froml
to 3. RB can 25 be bound to A18 via L1 or via CR9. OMng to the ease with
whi ch they may be prepared, preference is given to the conbination of RB =
CH=CH or 1, S t | ald@ CH2,
C(CH3) 2 or Bos?wgﬁﬁu%nﬁ‘é = uar{gygstgﬁtgl? or d@? 'BE E cﬁ ”anmwa@%nf/l or
unsubst i t ut B§"@p ﬂ‘é‘lﬁ'ﬂ%tq"toﬂ’ﬁee‘ﬂ bEQ”EjW mwagne. tW@\S\]@'f‘@r'i%d'Wst%on Ra Bey elsebeBnehtonhi ch
k IfS 0 g{e foeth @8- Grap-hérabdred fing «&a e rbdicddiay dlso $fs®5ﬂt&e@ﬁﬁl%logéﬂ£sﬂcﬁas
preferably un 1§ Ut S Qitben oLy ar

8- qui nol yl .Hufﬁggﬁhlﬂ%% °$gT§{'n 2 %#ewéq%ac? '}%k are hﬁg)ro%en {% )%F’ﬁ‘aﬂ'?r%w"st ate
of the tlbansbutylptertibetyhn- pﬁ‘l‘ty"l"héeXYhO'r'?‘B@V' Preglylodmyl, tahﬂ@enz-)ﬂ pbenyglnemw n gener al

terms. The Pasml@taneranmtaamearmfawohleoﬁrrea@ﬁdrhe aRd mmlesmswe ofdanéstican ytical 'y
active conp

35 nol ybdenf‘fﬁ’st ﬁ%i“{ﬂg%aerlné’uéarr 3”?/(—:)' s)}ﬂ FOSE%@ V)}"gﬁrlpg’s etﬂ'ﬁg cﬂrb?'hgto@g fr EIQ? %ﬂo;nt ;'[n e
+3. However radicgl, ¢@egaly(§nmethylsnyl groups. A'®is very particularly preferably an unsubstituted or
substituted, e.g. alkyl-substituted, quinolyl bound, in particular, via the 8 position, e.g. 8-quinolyl,
20 8-(2-methylquinolyl), 8-(2,3,4-trimethylquinolyl), 8-(2,3,4,5,6,7-hexamethylquinoly!. It is very
simple to prepare and at the same time gives very good activities.

The rigid bridge R® between the cyclopentadienyl ring and the functional group A'® is an organic

diradical comprising carbon and/or silicon units and having a chain length of from 1 to 3. R® can
25 beboundto A" via L' or via CR®. Owing to the ease with which they may be prepared,

preference is given to the combination of R® = CH=CH or 1,2-phenylene with A'™® = NR®*R®® and

the combination of R® = CHoa, C(CHj3), or Si(CH3), with A'™® = unsubstituted or substituted 8-

quinoly! or unsubstituted or substituted 2-pyridyl. Systems without a bridge R® in which k is 0 are

also particularly easy to obtain. In this case, A®is preferably unsubstituted or substituted quinolyl,
30 in particular 8-quinolyl.

The number n'® of the ligands X'® depends on the oxidation state of the transition metal M'®. The
number n'® can thus not be given in general terms. The oxidation state of the transition metals
M in catalytically active complexes is usually known to a person skilled in the art. Chromium,
35 molybdenum and tungsten are very probably present in the oxidation state +3. However, it is also
possible to use complexes whose oxidation state does not correspond to that of the active
catalyst. Such complexes can then be appropriately reduced or oxidized by means of suitable

activators. Preference is given to using chromium compiexes in the oxidation state +3.
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possi ble to use conpl exes whose oxi dation state does not correspond to that
of the active catalyst. Such conpl exes can then be appropriately reduced or
“oxi di zed by nmeans of suitable activators. Preference is given to using
chrom um conpl exes in the oxidation stat e%3+3. 40 23 2 4 AP H 2006 The
transition netal conplex of the forrmula I7T° can be a nononeri C,Z(diAmEI?@UG or
trimeric conpound, Le. m is 1, 2 or 3. It is possible, for exanple, for
one or nore ligands X to bridge two netal centers MLB. 5 Exanpl es of
preferred cdngiransitien aetal complex of the formula Il can be a monomeric, dimeric or trimeric compound,

1- (8- qui nol 212 et hyl £ 4- et | ] ' ride,

1- (8- quinol %g’“ ::u;sfgoﬁﬁolgélpﬂgsﬁﬂ%{fcﬁ%%r%ﬁg%gﬁ% g'gl}{ég%%%ﬁ% gnq‘% hi‘{g%rﬂﬁ%%ghl oride,
1- (8- qui nol #¥Ne8Mert - but yl - 5- et hyl cycl opent adi enyl chromi un{111)

dichloride, 1-(8-quinolyl)-2,3,4,5-tetranethylcyclopentadienylchromunm(111)
di chloride, 210 1-(8-qui ngl vyl ){etrahydroindenyl chromun{I11) dichloride,

1- ( 8- qui %m yi“j’?pﬁe e°§;‘/’fb<'f:| ’rregﬁgﬂ%r'%’f‘ﬁsﬁe di chl ori de,

1- ( 8- qui nol Yi(§-aginetdrhipethrcemgthyeyctoreniadienylchroiugtillbeichieride,

1- (8- qui nol Yl3-qdndiPRiseRYp-BHRMYIcGhEFRRTad R Idhkomitth G dithiofge,

1- (8- qui nol ¥|(§f‘2- q)ta)oh;/)l ?&&ﬂéﬂry' cg{xo?n' uﬁr?r?l |.|$;;g1i chl og'Bd,e %

1- (8- qui nol y1§-99nUk--teffy 6 “MEAHGYIRe BRI ure 'R HIcBiPidfe

1- ( 8- qui nol yH§-bendydidapttettanethylengiodentadignyddnramiurd@)) dichloride,
1-(
1

(80U 00! Yl nind b pRgRcABTIGR Gy | ) i chloride,
-(8-(2-met hyl gu_l nol_r¥I ?1 - 2- e h}/l - 4- et hyl cycl opent adi enyl chrom un{111)
di chl ori de, 1:(8-duinolyl)indenylchromium(lit) dichloride,

1- (8- ( 2- met hy(8-quinaig)-3-mehylid8nythtentieb (iR iebibydecy cl opent adi enyl chromi un(111)

di chl ori de, 428 k{84 2= Lol hydr oi ndeny! chr omi un{ 111
Gi ohi ot ge. *ABagindtict %?ﬁ@ﬁ‘%%ﬁﬂ%ﬁ?@”ri@!ﬂ%ﬁ%@% ot un(1T1) i chi ot i de.
1- ( 8- ( 2- et AyP-geiretdr3retylindenyichiomiymy H'yfl"?!w%om um(111) dichloride,

1- ( 8- ( 2-1%et hyb-quinein)-3eyt)butindeaperpgpibmatiaighloats, omi um( 1 11) di chl ori de,

1- (8- ( 2- met i s | i 111) dichloride, 25
T (8- (2 ottt Sk SRR T T W U1 )l el or i de,
1- ( 8- ( 2- met ﬁ;ﬁﬁ-qwn%l-sz Weerzindereiroeiyra(H) distipride)  di chl ori de or

1-

(8- (2- met hys-quinaByiylingy 2 2-MRtHyy4-Brmgiciupe b giiywntodiiinhdil) ticllbedel or i de. The

Prepar ot 00 b HPE TR £ SRR SRl R AR R R, o = o

descri bed, fidB-(@watpnanclyjietianygsaigaenylcaromiug(ll) dighioride,
1-(8-(2-methylquinolyl))indenylchromium(ill) dichloride,
1-(8-(2-methyiquinolyl))-2-methylindenylchromium(llt) dichloride,
1-(8-(2-methyiquinolyl))-2-isopropylindenyichromium(lil) dichloride,
1-(8-(2-methylquinolyl))-2-ethylindenylchromium(ill) dichloride,

25  1-(8-(2-methylquinolyl))-2-tert-butylindenylchromium(lil) dichloride,
1-(8-(2-methylquinolyl))benzindenylchromium(lll) dichloride or
1-(8-(2-methyiquinolyl))-2-methylbenzindenylchromium(ill) dichloride.

The preparation of functional cyclopentadieny! ligands has been known for a long time. Various

30 synthetic routes to these complexing ligands 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. (1995), 500,
175-185.

The metal complexes, in particular the chromium complexes, can be obtained in a simple manner
35 by reacting the corresponding metal salts, e.g. metal chlorides, with the ligand anion (e.g. using
methods analogous to those of the examples in DE-A 197 10615).

Further transition metal compounds B) which are suitable for the purposes of the present
invention are imidochromium compounds of the formula (111),
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Chem Ber. (1996), 129, 459-463 or P. Jutzi and U Sieneling in J. O gnet.
Chem (1995), 500, 175-185. The netal conplexes, in particular the chrom um
_conpl exes, can be obtained in a sinple manner 35 by reacting the
corresponding nmetal salts, e.g. netal chlorides, with the Iigand anion (e.qg.
usi ng nethods anal ogous to those of the pxanples in DE-A 197 10615).
Further transition netal conpounds B) which are suitable for the P ﬁo gs of
the present invention are im dochrom um conpounds of the f or mul & ? ?@ 40
24 L1C (NRCnlc C 5 XlcnlC where the variabl es have the foll ow ng

meani ngs: 24 APR 2006 Rc is RIC=NRx R1CC=0 R1CC=0 OR2C , RICC=S, (R c 1c 1c
() )2P=0 (OR )xP=0 S2RIC, 1 RICRRO=N, NRLCR2C or BRICR2C

Cl- C20-al kY1, Ci1-C20-cYcl oal kY1, -r/CZO- al kenYl, C6-C20-aryl, alkylaryl
having from1 to 10 carbon atons if the al kyl{(!lBart and 6-20 carbon atoms in
the aryl part, or hydrogen if it i%pound to a carbon atom where the

organi ¢ sadi cals RIC and R2C may al'se'bear inert substituents, 15 X1C are
each, independently of one another, fluorine, chlorine, brom ne, iodine,
NR3cR4c NP(R3C),, OR3C, OSi (R3C)3, SBR3C, OC(O) R3C, p-diketonate, BF4, PF6
or a bul ky whewithe variebleslhavathefglosingmegaomgs:di nati ng ani on, 20 nlC 25 are
each, independently of one another, Cl-C2,-al kyl, C2-C20-al kenyl,

C6- C20-aryl,_. al kyl aryl._havi.ng.from,d to 10 carbon atons in the al kyl ,part
and 6-20 carbon atoﬁ%’¥i ﬁ‘Nl?he'gﬂa?‘ » B TR Wiy dr oy dR 12P=P+(ORs )ﬁﬁgnﬁg%% a
carbon atlom where RITRBCaMRICR* A BRIFR™, RIC-aihyl R gayciakgn Cpearalkeng, t
substituents, R G RICA Syh Qhyidy b 1 ¥ 10%artM Slcis T rie RfASH rt 4R4 BS0
dependi ng on the val e6n5°ear§)1f drg’yéucﬁnql{ﬁoat ﬁw ar dinelf e 331 2
carbon atoms in the aryl part, or hydrogen if it is bound to a carbon atom, where the
organic radicals R'® and R*® may also bear inert substituents,
15  X'© are each, independently of one another, fluorine, chlorine, bromine, iodine, NR¥*R*,
NP(R%*);, OR¥, OSi(R*)s, SO;R*, OC(O)R*®, B-diketonate, BF,, PF¢ or a bulky

weakly coordinating or noncoordinating anion,

R~ R  are each, independently of one another, C;-Co-alkyl, C,-Cyo-alkenyl, Ce-Cap-aryl,
20 alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in
the ary! part, or hydrogen if it is bound to a carbon atom, where the organic radicals
R'® to R*® may also bear inert substituents,

1C

n is1or2,
25
m'c is 1, 2 or 3, where m' has a value depending on the valence of Cr such that the
metallocene complex of the formula (I1) is uncharged,
30 L'C is an uncharged donor and
y is from 0 to 3.

Such compounds and their preparation are described, for example, in WO 01/09148.
35
Further suitable organic transition metal compounds B) are transition metal complexes with a

tridentate macrocyclic ligand.

In particular, compounds of the formula (IV)
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nmet al | ocene conplex of the formula (11) is uncharged, 1C m 30 L1C is an
~uncharged donor and y is fromOto 3. Such conpounds and their preparation
are described, for exanple, in WO 01/09148. 35 Further suitable organic
transition nmetal conpounds B) are transitjsopn netal conplexes with a
tridentate macrocyclic ligand. In particular, conpounds of the farhktil 06 1 V)
40 25 R1 D5 AR 2D Z2 10 where the variabl es have the follow ng neani ngs:
MD 11D | z1D 3D XIDZ I1t'll n10 ~/ MDA3D/ 2Dis a transition netal
of groups 3-12 of the Periodic Table, Z1D-Z3D is a diradical selected from
the follow ng group 15 20 where RID R6D ROD Eio E?D Ea2 R5D Rl R 7D lgo 2

4 APk 2006 |
/“ A1D ’\
1D

z 10
5 ( 30/ \ 20) (IV)
30/ \_ zz‘i_/

10  where the variables have the following meanings:

m'™® is a transition metal of groups 3-12 of the Periodic Table,
z2'°-z® is a diradical selected from the following group
15
R?D REP REP
o _lo Lo
| g |
5D 7D 9D
R 4 R R ’
20
where
g'°-g%® are each silicon or carbon,
25
A'P_ AP are each nitrogen or phosphorus,
R'’-R® are each hydrogen, C,-Cx-alkyl, 5- to 7-membered cycloalkyl which may in turn
bear a C¢-Cyp-aryl group as substituent, C,-Cyo-alkenyl, Cg-Cop-aryl, alkylaryl
30 having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the
aryl part, SiR'®;, where the organic radicals R'°-R° may also be substituted by
halogen(s) and further functional groups which preferably bear elements of
groups 15 and/or 16 of the Periodic Table of the Elements and two geminal or
vicinal radicals R'°-R" may also be joined to form a five- or six-membered ring,
35

X'° are each, independently of one another, fluorine, chlorine, bromine, iodine,
hydrogen, C;-C,q-alkyl, C,-Cqp-alkenyl, Cs-Caop-aryl, alkylaryl having 1-10 carbon
atoms in the alkyl part and 6-20 carbon atoms in the aryl pant, NR1°D2, OR’OD,
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E1D- E3D are each silicon or carbon, 25 ALD- A3D are each nitrogen or
phosphorus, 30 35 RLD-ROD are each hydrogen, Cl-C20-al kyl, 5- to 7-nenbered
cycl oal kyl which may in turn bear a C6-ClD-aryl group as substituent,

C2- C2D- al kenyl , C6-C20-aryl, alkylaryl having from1 to 10 carbon atons in
the al kyl part and 6-20 carbon atons in th@ aryl part, SiRLODS, ArWrg@ge t he
organic radicals RID-ROD nmay al so be substituted by hal ogen(s) and turther
functional groups which preferably bear elenments of groups 15 and/or 16 of
the Periodic Table of thg mBNLtS an em nal or vicinal radicals

R D-RDD may al so be | (ﬁt% dg(#% fo‘?%oéR?? b ng“ Wb-HesieneteaBFriflg; onelyikyy e

each, independently ofmomerdaatiigemion, f| uori ne, chlorine, brom ne, iodine,
hydr ogen, C,-Cl16-al kyl, C2-C10-al kenyl C6- C2D-aryl, al kylaryl having 1-10
carbon atong,in the aI kyl part and 20 carbon atons in the ar part,

NR1OD2, om@b 40 26 2 2P gach We@dsmmon%mmyd@x@?m%@'kym ‘)‘/’gCN =0,

[err]- di lset onat e, BF4,mdﬁ%red®lycl@IR9MWﬁM1 map.nmﬁbsuraaa:g 0g- a@mg:@np aésdB&tQLE}nar e
each, independently of eal%% e{:fﬂ dr.o e
P

I
menbered cycl oal kyl WP Sy a(‘%‘g{ffﬁ‘ Qb% ",bg?lf)togjg in'the alky
substituent, C2-C20- @?Réww 20 %bmorm Vlthe qyllpyntamq/ﬂwohamaiang’rmaya_sth 10

car bon atom; in the alididdd to RAh b iR Gr SixAlenfbefeBPRg &M in the aryl part and
two radicals R ID nay also be joined to forma five- or six-nmenbered ring

and 10 nl1D is a nunber from1l to 4 such that the netall ocene conpl ex of the
formula (@V)n't's unchérgednbeafremd o 4 alshdha theonejaliocenetcomplek bf toaformadiallv) is
conpounds B). 15 Pref gnéehegr ganic transition netal conpounds of the fornula
(Iv) are: [1,3,5-tri(methyl)-1,3,5-triazacycl ohexane] chrom umtrichloride,
[1,3,5-tri(ethyl)-1,3,5-triazacycl ohexane] chromi umtrichlori de,

[1,3,5-tri (cat:etgdnt)abldaﬁorﬁamwirmacrymbtah@mnex]dslm)om umtrichloride, 20
[1,3,5-tri(dodecyl)-1,3,5-triazacycl ohexane]chromumtrichloride and

15 Preferred organic transition metal compounds of the formuia (IV) are:

[1,3,5-tri(methyl)-1,3,5-triazacyclohexane]chromium trichloride,
[1,3,5-tri(ethyl)-1,3,5-triazacyclohexane]chromium trichloride,
[1,3,5-tri(octyl)-1,3,5-triazacyclohexane]chromium trichloride,

20 [1,3,5-tri(dodecyl)-1,3,5-triazacyclohexane]chromium trichloride and
[1,3,5-tri(benzyl)-1,3,5-triazacyclohexane]chromium trichloride.

Itis also possible to use mixtures of various organic transition metal compounds as component
B).

25
In addition, the catalyst solid preferably further comprises at least one cation-forming compound
as component C).

Suitable cation-forming compounds C) which are able to react with the organic transition metal

30 compound B) to convert it into a cationic compound are, for example, aluminoxanes, strong
uncharged Lewis acids, ionic compounds having a Lewis-acid cation or ionic compounds having a
Bronsted-acid as cation. In the case of metallocene complexes as organic transition metal
compound B), the cation-forming compounds C) are frequently also referred to as compounds
capable of forming metallocenium ions.

35
As aluminoxanes, it is possible to use, for example, the compounds described in WO 00/31090.
Particularly useful compounds of this type are open-chain or cyclic aluminoxane compounds of
the formula (V) or (V1)
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[1,3,5-tri(benzyl)-1,3,5-triazacycl ohexane]chromumtrichloride. It is also
possible to use m xtures of various organic transition netal conpounds as
conponent B). 25 In addition, the catalyst solid preferably further
conprises at |east one cation-form ng conpound as conmponent C). Suitable
cation-formng conpounds C) which are able to react with the ofdaKc006
transition netal 30 conpound B) to convert it into a cationic conpound are,
for exanpl e, al um noxanes, stropg uncharged Lewi s acids, ionic conpounds
havi ng a Lew s-acid cation or ionhde coppounds Eavigg a Bronsted-acid as
cation. In the case of netallocene dmpPexed asoMjanic transi(Yon netal
conpound B), the cation-forningRodﬁbounds C) are frequently also referred to
as conpounds capable of form ng netall ocerg2umions. 35 As al um noxanes, it
is possible to use, for exanple, the conpounds described in WD 00131090.
Particularly useful conpounds of thrs—type arejopen-chain or cyclic

al um noxane conpounds of the fornquoLyhth_Lyl) 40 27 Al +0- ofy--}- R2

R21 R21 5 where R21 is a Cl1-C, -al kyl groyp, preferably a methyl or ethyl
group, and mis an integer 10 from5 togr80, preferably from 10 to 25. These
ol i goneri c al um noxane conpounds are usually prepared by reacting a solution

of trialkylalum.numw th er. The ol ri c, al um noxane conpounds

obt ai ned i nwt?11 r|ersH way ar & 2 Gty §rguR. Rre{%%qf%wﬁ%hg]for gihgltgﬁ?“@sa'}?fﬂg’oﬁnﬁrq?qeﬁear
and cycli0c chai n nol ecufrem 5d¢ 3&rafesally fremd@ tes25. so 15 that mis to be
regarded as a nean. The al um noxane conpounds can al so be present in

adm xture wiith other netal alkyls, preferably alum num al kyls. Furthernore,
in place o:‘MTE‘?‘F@ Oiwchr?ﬁr'ﬁ@ DN FEHERAYYSS gfe L{SHﬂxfpfﬁpﬁﬁFé?y(e\?ft"@)r/a PUIRNfi ¢t i s al so
possi bl e t tialkslelumismogitpreatee nthe@)igommid iafumidxareLnompowraln ebtained intihis way dre
hydrocar bon lgéﬁé?'él&@r{ e Rirm Y ALRALNT bt ifkaP B é}?ﬂéﬁ:g?ﬁ%l&@l%é fogﬁcgjg h%gm@, Ry

al koxy, ary ox%],, siloxy or amde radicals. | been foun ¢

advant agRoud® § g 9LererardsAGa Rineanr HisaYm iprangtomporsissatialse B Prasrit tthe

al um noxane adaixpeamithsotien neeted Bik isyprafidrably dlamintmealkgsom ¢ rati o of al um num from
t he

Furthermore, in place of the aluminoxane compounds of the formula (V) or (V!), it is also possibie
to use, as component C), modified aluminoxanes in which the hydrocarbon radicals or hydrogen

20 atoms have been partly replaced by alkoxy, aryloxy, siloxy or amide radicals.

It has been found to be advantageous to use the organic transition metal compound B) and the
aluminoxane compounds in such amounts that the atomic ratio of aluminum from the
aluminoxane compounds to the transition metal from the organic transition metal compound B) is

25 in the range from 10:1 to 1 000:1, preferably from 20:1 to 500:1 and in particular in the range from
30:1 to 400:1.

As strong, uncharged Lewis acids, preference is given to compounds of the formula (VII)

30 MAX XX (Vi)
where
M? is an element of group 13 of the Periodic Table of the Eiements, in
35 particular B, Al or Ga, preferably B,
X', X*and X° are each hydrogen, C,—Co—alkyl, Ce—C1s—aryl, alkylaryl, arylalkyl,

haloalkyl or haloaryl each having from 1 to 10 carbon atoms in the alkyl
radical and from 6 to 20 carbon atoms in the aryl radical or fluorine,
chlorine, bromine or iodine, in particular haloaryls, preferably
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al um noxane conpounds to the transition netal fromthe organic transition
.metal conpound B) is 25 in the range from10:1 to 1 000:1, preferably from
20:1 to 500:1 and in particular in the range from 30:1 to 400:1. As strong,
uncharged Lewis acids, preference is give?to conpounds of thesﬁo Wé”ﬁﬁmw 1)
30 2 4 APR 2006 (V) O Al)m (V) R21 M2X X2X3 where 35 M2 is an e

of group 13 of the Periodic Table of the Elenents, in particular B, A or
Ga, preferably B, X1, X2 arbg fucRdpRed@ach hydrogen, C1-Cl10-al kyl,

C6- C15-aryl, alkylaryl, aryl aI kyl, hal oal kyl or hal oaryl each having from1
to 10 carbon atoms in the al Kyl r adi cal and from®6 to 20 carbon atons in
the aryl radiuBaa" MRl Rfsirong, Unchanoed Hevds adidsaig mentioped HAYAB/31090par ti cul ar

hal oaryl s, preferably 40 28 pent afI uor ophenyl. 2 4 APR 2006 Furt her exanpl es

br ef er ende. SnGReaCpRRILE B8 oARSTE AT RERuE ROV X e K oBe and xa
are identi c@lntlcapP@*@P@btrly(pemta%@mmruhquophenyI )borane. 10 Further strong

uncharged Lewi s acids suitable as cation-form ng conpounds C) are the
reaction products fromthe reaction of a bor ogl c acid with UI val ent s

of a trial kﬁ“ah% S NgrHNGhargeqd-ewsagids Pwﬁb'ﬁﬁaaﬂ@f‘ OfW@rﬁown%uwdégi?W gectign
tri al kyl al urprasucts fwbrh bhet reactien) of avtdranint aidofithawo aquivchients of b itriatikyiatuatireseh orithie

parti cul gcg RELH mrbmk%m tﬁ@re*a%n%mempguam%vatﬁt@@gwaleugsc@ﬁgmé or

bi s(pent af | uor ophenyl )borinic acid able ionic c vin
Lewi s-aci d d4eringies. g particigrperliqrinated 369A §eMetund Rechastrepiafiuprorhenol or

bis(pentafluorophenyl)borinic acid.

Suitable ionic compounds having Lewis-acid cations are salt-like compounds of the cation of the
45 formula (Vill)

[(Y*")Q,Q....Q,]" (Vi
where
20
Y is an element of groups 1 to 16 of the Periodic Table of the Elements,
Q; to Q, are singly negatively charged groups such as C,—C,s—alkyl, Ce—C,s—aryl,
alkylaryl, arylalkyl, haloalkyl, haloaryl each having from 6 to 20 carbon
25 atoms in the aryl radical and from 1 to 28 carbon atoms in the alky!
radical, C;—Cjp—cycloalkyl which may in turn bear C,—C,o—alkyl groups as
substituents, halogen, C,—Czs—alkoxy, Ce—C s—aryloxy, silyl or mercaptyl
groups,
30 a is an integer from 1 to 6 and
z is an integer from 0 to 5,
d corresponds to the difference a ~ z, but d is greater than or equal to 1
35

Particularly suitable cations are carbonium cations, oxonium cations and sulfonium cations and
also cationic transition metal complexes. Particular mention may be made of the triphenylmethyl
cation, the silver cation and the 1,1’—dimethylferrocenium cation. They preferably have
noncoordinating counterions, in particular boron compounds as are mentioned in WO 91/09882,

40 preferably tetrakis(pentafluorophenyl)borate.



15 formula (MII1) [(Ya)Q Q...Qd" (MI1l) where 20 Y is an elenent of groups
.1 to 16 of the Periodic Table of the Elenents, 25 30 a z d 35 40 are singly
negatively charged groups such as Cl-C28-al kyl, C6-C, 5-aryl, alkylaryl,

aryl al kyl , hal oal kyl, hal oaryl each having from6 to 20 carbon/* Atordbin the
aryl radical and from1 to 28 carbon atons in the al kyl radical,

C3- C10-cycl oal kyl which may in turn bear Cl-Cl0-al kyl groups as

substi t uent , Cl- -al koxy, -C 5-aryloxy,. silyl or rcaptyl
aroups. Q EasRuRgR o el apE K o et ot Bt Byl ot IBREER: & o
cor r espondsCampoptt ed@i #1f @lvaing® alkyl, with a gagondicampogicdewhiey cap ieast @rinketneor mote 1.

Parti cul ar | yorstibrizRhigunt &bm8 NSy, Makr, GAE B HHdEBMBAINdNhTh 1S B WMzAatidn@ns and
sul f oni um cati ons aggpe E\JHSO cqt ionic transiti s. . Particul ar

gn me} al Cog{ﬂ ege

menti on may“BEPOHEHY 8" oYY FORAT. €% KPhesyichiopaetiane dv addlion 8n - and

t he 1, 1'S di feethgdripeumderget likewis@teacts witl theypomnef eluamibLiy dospeundo@g.oor di nat i ng
count eri onSpentAuRBpHehGIULA ,Sgcbre%ﬂ&qrrpounds as are nmentioned in WO 91109882,
preferably tetrakis(pent afa| uor ophenyl )borate. 29 2 4 1 r 2306 Salts having
noncoor di nati ng ani ons can al so be prepared by conbining a boron or alum num
conmpound, elogic canpauhtsThavingBadrisied acids ddicatiosdikewige prefepdiytehve\horeborgiastingeact to

l'ink two or cJtm{eﬁons,bﬂg Bi3n§lka %i&éﬁ%%ﬁ@gﬁhﬁ%ntcﬁ is%%vgﬂ@%&gtonggéja inL Q} gnqingor’rpound

which fornms an 1onizing 1onic . th )ron or al um num conpound,
e. g. tri'BheffiveiiyPd Forfertadaatons are Maatimetwlanilinurm.NrdmetbyiersieneryRRIMORIUN 308wi se
reacts w t hNNaginfeeyBenglamaionlim ahnake Aputivks ofthd latteP@dt af | uor ophenol , can
al so be added.

Preferred ionic compounds C) are, in particular, N,N-dimethylanilinium

tetrakis(pentafluorophenyl)borate, N,N-dimethylcyclohexylammonium

156 tetrakis(pentafluorophenyl)borate and N,N-dimethylbenzylammonium
tetrakis(pentafluorophenyl)borate.

It is also possible for two or more borate anions to be joined to one another, as in the dianion
[(CsF5)2B-CsF4-B(CsF5)2J2', or for the borate anion to be bound via a bridge to a suitable functional
20 group on the support surface.

Further suitable cation-forming compounds C) are listed in WO 00/31090.

The amount of strong uncharged Lewis acids, ionic compounds having Lewis-acid cations or ionic
25 compounds having Bronsted acids as cations is preferably from 0.1 to 20 equivalents, preferably

from 1 to 10 equivalents, based on the organic transition metal compound B).

Further suitable cation-forming compounds C) are boron-aluminum compounds such as
di[bis(pentafluorophenylboroxy)methylalane. Boron-aluminum compounds of this type are
30 disclosed, for example, in WO 99/06414.

It is also possible to use mixtures of ail the abovementioned cation-forming compounds C).
Preferred mixtures comprise aluminoxanes, in particular methylaluminoxane, and an ionic
compound, in particular one in which the tetrakis(pentafluorophenyl)borate anion is present,

35 and/or a strong uncharged Lewis acid, in particular tris(pentafluorophenyl)borane.

Both the organic transition metal compound B) and the cation-forming compounds C) are
preferably used in a solvent. Preferred solvents are aromatic hydrocarbons having from 6 to 20
carbon atoms, in particular xylenes and toluene.
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| oni ¢ conpounds having Bronsted acids as cations |ikew se preferably have

. noncoordi nating counterions. As Bronsted acids, particular preference is
given to protonated am ne or aniline 10 derivatives. Preferred cations are
N, N- di met hyl ani | i nium N, N-di et hyl cycl oh#yl anmoni um and 24 APK 2006

N, N- di et hyl benzyl anmoni um and al so derivatives of the latter two. Preferred
ionic conpounds C) are, in particular, N, N-dinethylanilinium

tetraki s(pe r : Lret hyl ¢ e nmoni um

totr aki o ponrorTis SARSH e B rect o SEPRR HTRIFLEIS PR TP o e
tetraki s( pefA™@PPUE)ophenyl )borate. It is also possible for two or nore
borate anions to be joined to one another, as in the dianion

[ (C6F5) 2B- C6F4- B( C6F5) 2] 2-,«,635 I.{g (gz;he borate anion to be boundﬁéi a a bridge
to a suitable functional "2 d(ou on)‘the support surface. Furt¥¥r suitabl e
cation-fbrm ng compounds C) are listed in WD 00/31090. The anount of strong
uncharged Lg@wee acids, ionic conpounds having Lewi s-acid cations or ionic
25 conpounds havi ng Brbnsted acids as cations is preferably fromO0.1 to 20
equi val ents, preferably from1l to 10 equival ents, based on the organic
transition nmetal conpound B). Further suitable cation-form ng conpounds C)
G [bi (et o1 Uor ophenyl oo e skaline ety metlor melel of grous 18 ot e
this typ@ are 30 discl oseg,g%%/orf%g?akr?pﬁjg,gn‘iaﬁ“’@@@@f@@’wurﬁnf”tﬁgsmua 'so
possible to yse m xtures of all the abovenenti oned cation-form ng conpounds
C). PreferRed mixtures cofgwi®eensCorfmakdnesCis-arylpalkylargor amytalkyl each having

met hyl al um noxane, and an iromiido 1¢carp@umans inthepaityt paridndifroortetoi20 cavbbrch t he

t et raki s(pent af | uor ophenyl hidaisat Beanyi g, i s present, 35 and/or a strong
uncharged Lewis acid, in particular tris(pentafluorophenyl)borane. Both the

or Srer bty oot o sol veRte ear) DrDasl hoiogy Srkw el B ot SR @Vocar bone.
having from6 to 20 car boAakyRs alkpyy 838 baving| e Lip18 sadoralame #1thealky 40 30

2 4 APR 2006 The cat al yst saslidethnddnemfétot2hearberpatpms sidhe argl radichlt | onal
conponent D), a netal conpound of the fornmula (1X), M3 (R22)r (R23)5 (R24)

5 where 10 is an integer from 1 to 3
20 and
s and t are integers from 0O to 2, where the sum r+s+t corresponds to the valence
of M?,

25 where the component D) is not identical to the component C). It is also possible to use mixtures of
various metal compounds of the formula (IX).

Among the metal compounds of the formula (1X), preference is given to those in which

30 M3 is lithium, magnesium or aluminum and

R?% and R* are each C,—C,g~alkyl.

Particularly nreferred metal compounds of the formula (I1X) are n—butyllithium, n—-butyl-n—
octylmagnesium, n—-butyl-n—heptylmagnesium, tri-n—hexylaluminum, triisobutylaluminum,

35
triethylaluminum and trimethylaluminum and mixtures thereof.

If a metal compound D) is used, it is preferably present in the catalyst solid in such an amount
that the molar ratio of M® from the formula (IX) to transition metal M from organic transition metal

compound B) is from 800:1 to 1:1, in particular from 200:1 to 2:1.
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20 and is hydrogen, C -C o-alkyl, C5-C 5-aryl, alkylaryl or arylal kyl each
_having from11 to 10 carbon atons in the alkyl part and from®6 to 20 carbon
atons in the aryl part, are each hydrogen, hal ogen, C, -Clo-al kyl,

C6- C15-aryl, alkylaryl, arylalkyl or alk¥dxy each having from1l to 10 carbon
atons in the alkyl radical and from6 to 20 carbon atons in thehrt ymﬁ
radical, is an integer frontl to 3 s andt are integers from0O to 2, where

the sum r+s+t ¢ S the V, nce  of e _co n nt D)
is not ident1%X ra[ ﬁ@%%{e;l (s:to NLie @é&hﬁrt"mpgf hef mf)tS csof“BP‘éf‘d [g) ‘ﬁé’? Qres’ of
various net éK) (Wbﬁf}sé'tmﬁl@ymdlffﬂemtff@ﬁﬁm melal cdmpogaror gombeundebpbsed éntpeunds  of

t he for mul apfebathiiondt @fe@aSsolid a8 carhtub@ of Qeéglydt@yémfh ?Jﬁtr%%oMnbﬁzalnbﬂ JS}' um
ma.gneSI um or e each [ S an

al kali et aF°p°§weafﬁ3'at PIiRETES T A Do, bt e g Fphst saicoet f Contan
Per i odi c5Tabklcemponest C)bfor tha catalystrsysiemmto cpadpriseione dr mbreication-fotrhiag koropaunds in

Particul arl )édcﬁﬁo%ftgfh'e%gta%ts@hd Wfﬂgwtga%oﬁ)forrtnnﬁ %rﬂ;;c{rﬁbsabeﬁﬁ@ﬁ ynlﬂéaq to or different

n-butyllithium n-b %/ -n- magnesi um magnesi um
tri-n-hexyl HPRFEHERP" ‘?""I"Q(SHUP‘SH”% Uﬁf%ﬂt’h‘he atglyst ﬁWaI umi num and
trimethyl al um num and m xtures thereof. If a netal conpound D) is used, it

[ f bl I h t
ImS)I 2; er :[ ao Irﬁ&rﬂkﬁl@eﬂe cét%]#t Q@ndg % tﬁe é{% 3@ %venqlf)r an#(%:pare %@?R# Q{vﬁs‘t ?Té]cgr} an| c
transiti¥n geEDRANENE EXpdernd ) supBOT BYYSiBWRtiDN top by Meansioha glanitat (Hagtions i 'reem 200: 1

to 2:1. 31 Zovhieft tb’lnd?r@ocﬁ tHetoBpOIngl, witr ﬁé@ctﬁé‘bl%hy§6n tﬁ@ku@oh §ur¥b%8dThEQﬂﬁF fier with
a further tj qund D) )

different fromt 'ILP@ et A °“e“‘n%°”‘tPr?89”§Ps n?%&ﬂ%té ')I%f %)saé%lccf"ﬁb"t%ecagg%/‘éqﬁ?'ht i on
of the cat atrygly The comipongats Bdeoe It crsrite agfiecingenendeptly orsyraulienedusly. Affesthe

pol ymer i zat iiaRidQsl précefPdtdp¥eihk EaldicBR b&lvasHe With Suitabik ineht sBivefls BRH 5 Rlighatic or

parti cul at al yst solid does not contain 5 a conponent C), for
t he cat ﬁ{/ %rowgqucgr 857‘rpr| se one or nore cation-form ng conpounds in

addition to the catalyst solid, with these cation-form ng conpounds being
identical t g, Qprefbirbd 8MB&iment, the organic transition metal compound B) is brought into contact with
the cation-forming compound C) in a suitable solvent, usually to give a soluble reaction product,
an adduct or a mixture. The preparation obtained in this way is then brought into contact with the
20 support particles A), which may have been pretreated, and the solvent is completely or partly
removed. The catalyst solid is then preferably obtained in the form of a free-flowing powder.
Examples of the industrial implementation of the above process are described in WO 96/00243,
WO 98/40419 or WO 00/05277. A further preferred embodiment comprises firstly applying the
cation-forming compound C) to the support particles A) and subsequently bringing this supported
25 cation-forming compound into contact with the organic transition metal compound B).

Furthermore, it is also possible for the catalyst solid firstly to be prepolymerized with a-olefins,
preferably linear C,-C4o-1-alkenes and in particular ethylene or propylene, and the resulting
prepolymerized catalyst solid then to be used in the actual polymerization. The mass ratio of

30 catalyst solid used in the prepolymerization to monomer polymerized onto it is usually in the range
from 1:0.1 to 1:200.

Furthermore, a small amount of an olefin, preferably an a-olefin, for example vinylcyciohexane,
styrene or phenyldimethylvinylsilane, as modifying component, an antistatic or a suitable inert

35 compound such as a wax or oil can be added as additive during or after the preparation of the
supported catalyst system. The molar ratio of additives to transition metal compound B) is usually
from 1:1 000 to 1 000:1, preferably from 1:5 to 20:1.
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fromany cation-form ng conpounds present in the catalyst solid. In
_principle, the catalyst solids of the present invention are prepared by
fixing at | east one of the 10 conponents B) or C) on the support by

physi sorption or by neans of a chem cal raaction, i.e. coval enk bw%&g of
t he conponents, with reactive groups on the support surface. é

whi ch support conponent, corrponent B) and any corrponent C) are conbi ned can

be chosen if]eel)y. Thte compon éecan kadded i ndependent or

o il aneoud PNk ERTepE B TR e Pyt BeS e it TP ebBT i PRt A hed
with suitabpen iamepetrcrﬂiod:lvfmdwm is theteustemarly irgetstot s wsed for tm@mnmtlpcomlnsdtanabons.
In a prefer B@garﬁé'ﬂj&ﬁlbm»se 5r$?ef&5[9?53n9m§oru§19§1' an%ﬂm%?éﬁége@%mﬁblﬁ‘gro@sséss

brought into contact wt & cation-fornm ng npound ? in a suitable
sol vent, us a‘éﬁpf*’fﬁ"%”d”@‘ie?;%es 3"&’8 BT RIS BIOESaTS ?ﬂd@aa @Pase Myidizadrhertrrogssses are
m xt ur e. 5 Theogsib&pAs ativedts aisuspensich medid, itiisspassiple its udel it Hydmagrhonsi, fot exagpiet act

with the 20; sﬁb{ﬂf)r%rgre‘?s%rtﬁé SbSoind theftbi ) My have been pretreated, and the

solvent is conple or partly renoved. The catalyst solid is t hen
preferably obtained in the formof a free-flow ng powder. Exanples of the
i ndustrial TRpp&yEEtization@Bn bé carfie @b@MQmp—EGOQ@SGD @lafd 6@5§frésbﬂd1eiréhg\é\®o&6ﬂ£0243

f I
Xgpﬁsﬁﬁgﬂlﬁéﬁ anlgaQ(yr(%}ér%Zga is glvénutlétté}r?f){f %Erg? %rtrlm’eﬁran%e rom éTF %tg(r)ﬁ)c ralmséi%r I rSt y

subsequet® | $0 ks 100 18gd PWF%H@U@HW@@G frem Stat!P@ barf Iommnlgard@ﬁp‘rﬁmao bart chont act

with the orgrah €estd6ﬁ’d’é3kﬁe‘s@l‘b malglfrom@muﬁ) preFe\tHbiyhﬁ)rnﬂ@Bﬁw thdurd. § isHisHO0
possi ble for t St so id f

cata epo r| z ol efi ns,
preferably Pf’?’?g’gertoﬁﬁe lﬁr TR rﬁ%%aé%'s jﬁfﬁ?ﬂp'ﬁﬁw EHh %{r 'ﬁ?ry @ﬂ%‘“‘@? s‘ﬁ%@ﬁyl ene,
and t he resabhtistatigs inthreepebymenieatiozed cat al yst solid then to be used in the
act ual poI yrreri zation. The nmass ratio of 30 catalyst solid used in the

prepoly t|o nerized onto it in the range
From 17 0751 {5 Sei9u SolBE PLRE P Ve e AFr iR ot ol v IR PONPEFERTI Ly an
a-ol efi n, f ofolefinarmffecadvamadesyrcihe veskaupeof thepblymerseafter the polymerization and lead to

phenyl di et RighivéAN ébuc@@%rob@%s@t@%;ﬁéﬂ 6?%@%99&&1&% ’|n tﬁ@p@%érsf@tdoﬁn@&

suitabl e inert 35 conpound such as _a wax oOr dded as "additive
during or aPi@pref HENGIhE RNt S¥TeB P! 'f‘ﬁ@res%ﬂﬁBﬁ?fft‘P%are(P&ftﬁP'ﬁr&s“g%‘? ©m The nol ar
rati o of addpmnmesswnmmnmumaamgnmnmmahnqonpound B) is usually from1:1 000
to 1 000,51, preferably from1:5 to 20:1. 40 32 2 4 APR 2006 The

pol ymerization can be carried out in a known manner in bulk, in suspension,
in the gas PpH&BReS or in a supercritical mediumin the customary reactors
used for the polynerization of olefins. It can be carried out batchw se or
preferably continuously in one or nore stages. Solution processes,
suspensi on processes, stirred gas-phase processes and gas-phase

f1 ui di zed- bdhe fgll@@@@@étg wgrescarried out to characterize the samples:

25
Determination of the specific surface area:

By nitrogen adsorption in accordance with DIN 66131
30 Determination of the pore volume:
By mercury porosimetry in accordance with DIN 66133

Determination of dyo dso and dgq:
35
The particle size distribution of the particles was measured by light scattering using a
Malvern 2600 Sizer from Malvern, Great Britain. In each case, 100 ml of sample material
were used in air. For the present purposes, the parameters do, dsp and dg, are the volume-
based percentiles of the diameter. ds, is at the same time the median of the particle size
40



5 possible. As solvents or suspension nedia, it is possible to use inert
hydr ocar bons, for exanple isobutane, or el se the nononers thensel ves. The
pol ymeri zation can be carried out at from-60 to 300C and pressures in the
range from0.5 to 3 000 bar. Preference is given to tenperatures in the
range from50 to 200C, in particular from3l0 60 to 100C, and pressures in
the range from5 to 100 bar, in particular from15 to 70 bar. Thezhdﬁéﬂmﬁ
residence tinmes are usually from0.5 to 5 hours, preferably fromO0.5 to 3
hours. It is al §gnRg@ssible to use nolar mass regul ators, for exanple
hydrogen, or customary additives such as antistatics in the polynerization.
15 The catal yst solids of the present invention display a very high
product i vi t peterimitaien pahy/ 136y orzighiicwn  of ol efins, of fer advantages in the
wor k-up of the polymers after the polynerization and lead to significantly
reduced problens in respect of catalyst residues in the polyner. The
pol ymer s5 pr epafeslogssinrignitionds thewaiolyidoss sypariensedfby alsempleadéohtis hieatedin iwon ar e
particul arly sukbghli kel for 80 Rlidutealat SEbSC WA 8Xing BN 48 trenfbraithdBF RGYeC iRYr i Y.
20 Exanples The following tests were carried out to characterize the
sanpl es: 25 EEF@ﬁﬁfﬁﬁFFon of the specific surface area: By nitrogen
adsorption in accordance with DIN 66131 30 Determ nation of the pore
vol ume: By BefihtioR8f RS bidBirioh c;f%l?tﬁé;&fngﬁu&ﬁs:mth DIN 66133 Determ nation
of dlo, d50 and d90: 35 The particle size distribution of the particles was
neasure&oby light scattering using a Malvern 2600 Sizer from Mal vern, G eat
Britain. |n eachhepgsgrtich@dvatdtiieodonstaugplsovasmiefmiaéd byvaeasutesedt undeddnrinerfy2s t he
present purpose ¢ @Qg h | > sed
percentiles of tgtwgg |éeg€strm§§% %ﬂ% ngiggﬁto gtﬁjgee S r%g%&ﬁﬁgttﬂ%'?%%’ g'n%(%?sg?'he
particle size 48wipsrignddpfrared dryesMettiset bt iromaMetipr-deleds Siatga.Casnanygni tion: 2 4
AYH 2006 5 The loss on ignition is the weight |oss experienced by a sanple
whi ch '%5“96&3871#[1 ioh YRt eSr%Eeﬁ.?e iné’r&a%s-eéigg@%bb’ﬁnfra‘?%n:30 mnutes at 200C in a

I'n a

. h
dryi ng oven an en for oura
The pressure increase during melt filtration was determined by extrusion of the
polypropylene in a standard laboratory extruder (3-zone screw) at 265°C through a metal
filter disk with a support mesh having a mesh opening of 5 pm at a throughput of 2 kg/h.

20 The pressure increase was recorded as a function of time for 1 hour at a constant
polypropylene throughput.

Determination of the particle size distribution of the polypropylene powder:

25 The particle size distribution of the polypropylene powder was determined by sieve

analysis.
Example 1
30 a) Pretreatment of the support

Use was made of a pyrogenic silica which had been agglomerated to secondary part'icles by
Degussa AG in a spray drying process using a spray drying auxiliary foilowing the method
described in German patent application 101 63 179.0. The primary particles had a mean particle

35 diameter ds, of 7 nm. The spray drying auxiliary was removed by calcining the material at 480°C.
The intended particle size distribution was set by sieving to d;o/dse/dgo = 30/52/78 um. The specific
surface area was 380 m?/g.
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muf fl e furnace. Determ nation of the proportion of volatile constituents: 10
~ The proportion of volatile constituents was determ ned by neasurenent under
an inert gas atnosphere using a Mettler LJ 16 Misture Analyzer from
Mettler-Tol edo, Geifensee, Switzerlandynfrared dryer Mettler LJ 16 from
Mettler-Toledo, Gellen, Germany. 15 Determ nation of the pregswﬂ‘é Mcr ease
during nelt filtration: The pressure increase during nelt filtration was

det erm ned on of the ol ypro y ene in st andard | aboratory
ext r uder (B-Pi%’ﬁé '%'bt?‘%\ﬁ}jppﬁ? 1?819@?‘?‘? ﬁ‘ wergpessivatefin ¢ BPoraleydnifa 9ves support

mesh havi ngvagutireshfrgp ériaags @ff 36 hoorabt 180 tumegi pyrtamif vagudegéfta diatBraglve pressure

| ncrease “@%cu&ﬁﬁtﬁrﬂﬁﬁoﬁ%&umﬂ&twmem ée'rrﬁfn I fle shoiQite vk 1rngt Re%tuﬂ&{)
pol ypr opyl ene t hroughp ferm nation of Phe particle S|ze stribution of
t he pol ypr dﬁgfﬂgéﬁé‘"rf%wé? to aZ‘B‘e‘T%h‘ﬁé‘theFiel‘ ang f°2§°'a1 jogiien #ier rarditigning wes 1.21%

pol ypr opy| eavgignivder was determ ned by sieve analysis. Exanple 1 30 a)

Pretreatnment of the support Use was nade of a pyrogenic silica which had
been aggl onerated to secondary particles by Degussa AGin a spray drying
process usihgredusiangy tharcpialygt auxi | i ary following the method described in
Ger man patent appl i cation 101 63 179.0. The pri mary partlcl es had a nean

particle 3 er n I ar noved by
cal cining t rﬂ%? é’??ne?IdS'B?thW dmbﬁ%meﬁ‘?@ﬁé@gz' P&“@I‘c@log Xscﬂefaroftgﬁt i on was
set by 4Pevinesp IsqmenjDwretﬁlcmaﬂQﬂstaill@@¢>r5@/b¢®W[tmNMR}SpE’M@sw@defephpn ligutrof 3%e ar ea
was 380 n2/ g g Mg (1B bl lﬂe%&ﬂﬁnﬂ@ra@%&'& W disBSived iR RRF tem Qtu& 08 sth1e

mat eri al 8 pas EJ g a Iagorator |nr9 oven Vacutherm from Her aeus
for 30 houré gtm"i%@g:ﬂ il 8/ Sérefﬂm hVRions é%et'lefﬂY%'f' axanh SOUPHARIUeRE ST B from
Vacuubr and, Cotgorativei BatorSBougeniauisEne, WIA) sTrersoktiovagast dilates vén 1 & t muoidevere and

ni trogen at éTR%@QPZs@c i ﬁoewfﬁg b%%ﬁr@@gteyﬁ&ﬁ%ht ﬁnesotugééwggﬂaddga},ﬁ.mga ﬂf;\f ter

condltlonlng Was ? Product i on he cata
net al | od@nel™f ‘ﬁéPr‘hﬂ ‘glﬂleeﬁ‘?@ﬂ FﬁP%r?@e”fFesf'ﬁ?/fr?’HEéﬁW"’/’ 2?%%?1?‘{5%9&“8!‘\”%?'?‘@@ was
freed of theas slifedrias andtisnnemirdiesfafterche aduition aby sdnapléte. Zak indxiure vab elbsequehty

NMR-spectr 0&%8%.{ 50°e%thg%'é r(?lgarlfé)rmi ﬁougf Tl‘ﬁso/g;ave 12.97 g of a pink free-flowing powder whose

proportion of volatile constituents was determined as 2.47% by weight.
20 c) Polymerization

A dry 5 ] reactor which had been flushed firstly with nitrogen and subsequently with propene was
charged with 3 1 of liquid propene. In addition, 1.5 standard liters of hydrogen were metered in.
4 ml of a 20% strength by weight solution of triethylaluminum in a high-boiling dearomatized

25 hydrocarbon mixture from Witco were then added and the mixture was stirred at 30°C for 15
minutes. A suspension of 250 mg of the catalyst solid prepared in Example 1b) in 10 ml of a high-
boiling dearomatized hydrocarbon mixture was subsequently introduced into the reactor, the
contents of the reactor were heated to the polymerization temperature of 65°C and the
polymerization system was maintained at 65°C for 1 hour. The polymerization was stopped by

30 venting and the polymer obtained was dried under reduced pressure. This gave a yield of 720 g of
polypropylene, corresponding to a productivity of 2 880 g of polypropylene/g of catalyst solid.

100 g of the polymer powder were fractionated using an analytical sieving machine Haver EML
200 digital T from Haver & Boecker, Oeide, Germany. 10 mg were isolated below the 100 yum

35 screen, melted on a hot stage and examined by means of an optical microscope. No unmelted

objects larger than 5 um in diameter were observed over an area of 300 ym x 1 000 ym.
Comparative example A

40



92.6 ng (194.3 [err]nol) of the remaining rac isoner were dissolved at room
_tenperature in 8.6 mM (40.9 nmmol of A) of 30%strength by weight

met hyl al um noxane solution in toluene (Al bemarle Corporation, Baton Rouge,
Loui si ana, USA). The solution was diluted3smth 16.1 m of toluene and
stirred at 25C for 1 hour while being protected fromlight. This solution
was added a little at a 15 tinme to 10.4 g of the conditioned E@enlc
silica from [Tgtm]l while stirring and the m xture was st4 dllfkor

anot her 10 G eAMEP LI SHRPORdi ti on was conplete. The nmixture was
subsequently dried at 40C and 10-2 nbar for 4 hours. This gave 12.97 g of a
pink free-f foyaiyat=) t ;

et or m nod oS Ao MRl USEPREs SIRRSIELT ikatie K Shick TIRGME! po WESHIY, 1
had been fI ¢2h&dord '?Qé’{sl y with nitrogen and subsequently vvlth propene was
charged % th 3 1 of liquid propene. In addition, 1.5 standard liters of

hydr ogen weg i of a 20% strength by wei ght sol ution of
triethylal uﬁfﬁ%cﬁﬁﬁgth %a‘hbg} ling dearomati zed 25 hydrocarbon m xture from
Wtco were then added and the m xture was stirred at 30C for 15 mnutes. A

suspensi on EkaRf0 10vSfrefearRd il 89.3 ig (wl 1 ﬂtn@r@masrrﬁaalioee@@dmb&i lil»la)s rhief 10 m

f a high- )
"ht roduced TS APSEEAIES (RN 3R Aol hyEs g VT A B pere, o ¢ ne
pol ymer i Wat were qoatined aiti @0 gof s surpad Matrsial freon Wraﬁm e@mpisysa)ethenas

mai nt ai ned @topbRibn BﬂlblaﬁleB&hﬂltueﬂ-aﬂagﬁ)bYWBS’Mﬁé%ﬁi on was stopped by 30 venting
and the polyner obtained was dried under uced pressure. This gave a yield

of 720 g of polypropyl ene, corresponding to a productivity of 2 880 g of
pol ypropyl esePyyrodrizational yst solid. 100 g of the pol ymer powder were
fractionated using an anal yti cal sievi ng machi ne Haver EML 200 digital T

from Haver %é oeckg t Ggégtda % rr% were isol ated bel ow the 100 pm
35 screel’ MePTRE '9Vas "FP(‘}? egtté‘t’ el °fé§%1?ﬁ S PrRZLTRY iy pomparative pragple A
m cr oscope. bNeenensed. Thid gavelfj4€ gtos pdlyrgpytent lvamedpopding tn aghraiuetivity ofidetee gatbser ved

over an ar e%oggrome@’gf&tg{ Qgg,dpm Conpar ative exanple A 40 35 a)
Pretreatnment Of the suppor%’ ON 2006 The support material used was

Syl opol 948, a silica gel from Grace. The silica gel was calcined at 700C
for 8 hour s.106gb) th€pagruetpowdercerd sieved ahdbxastinetbea ipdx@mpie )1 c)Vas aveepgeadi eol, but

o2 b TR RSl B Yo

t ol uene um x 1 000 um

Example 2
25 a) Pretreatment of the support

Use was made of a pyrogenic silica which had been agglomerated to secondary particles by

Degussa AG in a spray drying process without spray drying auxiliary. The primary particles had a

mean particle diameter dsp of 7 nm. The intended size distribution was set by sieving to d4o/dse/dgo
30 = 19/46/75 um. The specific surface area was 380 m?/g.

100 g of the material were passivated as in example 1a). The loss on ignition after conditioning
was 2.72% by weight.

35 b) Production of the catalyst

The metallocene dimethylsilanediylbis(2-methyl-4,5-benzindenyl)zirconium dichloride was freed of
the meso isomer by fractional crystallization to below the NMR-spectroscopic detection limit of
5%. 114.6 mg (198.7 umol) of the remaining rac isomer were dissolved at room temperature in
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10 were conbined with 10.0 g of the support material from conparative
.exanple A a). The proportion of volatile constituents was 1.97% by wei ght.
c) Polynmerization 15 Exanple 1c) was repeated, but 250 ng of the catal yst
solid produced in conparative exanple A 3) were used. This gave 540 g of
pol ypropyl ene, corresponding to a productivity of 2 160 g of 74 Arx 7{05

pol ypropyl ene/ g of catal yst solid. 100 g of the polyner powder were sieved

and exam ne exa An ave  of 20 20 unnelted particles

havi ng a di gﬁé‘?é%rkf E@’\Sé’ é0° rErEn Y)%S'@htr?\‘ed\@’} "(’JB@‘@P‘?/%’&P“BRP@rtO'%Fear ea of
300 mx 1 OO@qumrleESEmmhaloﬁwﬁ5d®)edMlﬂ3t1eeaﬁlmemtuemé andwired pR5rC¢ folls @owadilerade
of a pyrogepjigg web@afrmln&m ﬁﬁsdscmémwgg dgggr.ﬂaspaﬂrﬁeﬁ%%rbd&ﬁ ?JrgEheles by

Degussa AG I n spr ay rzy process wt sp rag aUXI _Iy

primary par F'I"@If@g‘ ‘ﬁ‘éﬁ‘pﬁ ah\%@ﬁ siPg pRq ‘@em'%waw edbqasrnﬁmm%@h ifeended
Si ze di s$§ri puporosn ofaslatie torditusitewagod% bdheigat50/ d90 30 = 19146175 ,um The
specific surface area was 380 n2/g. 100 g of the material were passivated as
i n exanpl e 13 The loss on ignition after conditioning was 2.72% by

wei ght . 35 B)Pabmsdigaoron of the catal yst The netal | ocene

di met hyl si | anedi yl bi s(2- et hyl - 4, 5- benzi ndenyl )zi rconi um di chl ori de was
freed of t So Isomer b r t i onal i zation ¢ el ow_t h
Nl\/R—spectrots}g%g?%med'é?stggto:f%x p 95 wa%rep@/e "{s %éb %%@f?.at?%ftte}rroﬂ%ﬁw%&f))'the
remai ni g r dbis gavsreevield\el /@0 di @sraswdmato a ertatyst ernp&emmgfé%mg 4poB@ropyldnelg n
2005 8.8 nl o &lay@t soi@! of Al) of a 30%strength by wei ght nethylal um noxane
solution in toluene (Al bemarle). The solution was diluted with 19.2 ml of
toluene and stirred at 25C for 1 hour while being protected fromlight.

Thi s sol uti 600 gwisheapllykr gowddrwWees seved and eramined 26 inGexgmple 1th 8o pymegdnbjects

silica fromxamahe 4fih aliele? welel dbbdrikd RBCL 4182 &F138b Yhe Y\t pr ked up as in

exanple 1 b).” The 5 proportion of volatile constituents was 1.04% by wei ght.
c) Pol yn@rl zation The polynerization of exanple 1c) was repeated using 310
ng of the c&babyrstvefexanpleBanpl e 2b). 10 This gave a yield of 720 g,

corresponding to a catalyst productivity of 2 320 g of polypropylene/g of
catal yst solid. 100 g{ of the polyner powder were sieved and exam ned as in

exanmpl e 1c) 2) RistreaiReN cbhe s¥Patt s

20 The support material from comparative example A a) was used.
b) Production of the catalyst

Example 2b) was repeated, but 109.8 mg (190.4 ymol) of the metallocene dissolved in 8.5 ml of

25 the 4.75 M MAO solution (corresponding to 40.5 mmol of Al) and diluted with 11.9 m! of toluene
were combined with 10.2 g of the support material from comparative example A a). The
proportion of volatile constituents was 1.4% by weight.

c) Polymerization

30
Example 1c) was repeated, but 310 mg of the catalyst solid prepared in comparative example
B b) were used. This gave 640 g of polypropylene, corresponding to a productivity of 2 060 g of
polypropylene/g of catalyst solid.

35 100 g of the polymer powder were sieved and examined as in example 1c). An average of 25
unmelted particles having a diameter in the range from 5 to 50 um were observed over an area of
300 um x 1 000 pm.

Example 3
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| arger than 5min dianeter were observed over an area of 300 Nmx 1 000 ,um
15 Conparative exanple B a) Pretreatnent of the support 20 The support
‘material fromconparative exanple A a) was used. b) Production of the

catal yst Exanple 2b) was repeated, but 10878 ng (190.4 pnol) of the

met al | ocene dissolved in 8.5 mM of 25 the 4.75 M MAO sol ution
(corresponding to 40. 5 nmmol of Al) and diluted with 11.9 m of tol uene were
conmbined with_10.2 the support material from conparative ami HIA a) .
The pr oportai)gF?“B‘Ft"@B foAthesuPRaSnst i t uent s was 1. 4% by wei ght . c?l)q'

Pol ynmeri zation 30 Exanple 1c) was repeated, but 310 ng of the catalyst solid

prepared in (cpghakabl r\sserﬁmrwlﬁsm rﬁgpgsgws% Ae,soegd ngU« g%g%%mgé%e&neéd in

pol ypr opyl ene, correspon
pol ypr opyl er@r@a’bl’a‘%’ﬁ?a‘?"ﬁtpném P31 9353"PG@V'QQ B\d O{dw@spoﬁg/ﬁ%‘?a pvicwecilier e
sieved amd exdisterseh diS80 M/g)XAdtd luee of 148 ralgeinagenddh paficle dARRIe Bhprirtdrg | es

havi di b d f
300 pim x 1 OO0 R B LR e Eaeed AT i R B R URSERC Slippor 1 74 AR

2005 5 000 g of a pyrogenic silica from Degussa AG spray-dried follow ng the

net hod descrﬁhemsbﬁ\.gn@@ﬁm1 DALY Wei application 101 63 179.0 and having a
d10/ d50/ d90 30/ 53/ 78 pm a speci fgl c 5 surface area of 380 nR/g, a pore

vol une of 1. 55 m/g and a nean particle diameter of the primary particles
d50 of 71thmbaEmdoctioniohtbelcatalysi80C and handl ed under nitrogen. The | oss on :
ignition was 1.3% by weight. 10 b) Production of the catalyst 4 000 g of the

support mater | from exa gf?g wer e suasg(ended in 32 1 of toluene at room
tenperature 4 gﬁfﬁ’ef(’@p%%‘?”a M ORI FRGSHIDIGED JAL O RYHGI2LI0R noxane
sol uti on i n teropesatnre and Al1b éhkd) @) a 8@% etrarigivilyywedgtitimethyl@lnminogae tsblotionrim toluene Was

stirred at rRB%&&g%FeasﬁdMFaJd% RO Featonfiidlre3nd sﬁar%saet%%hpewsetfsf&@ 'n

paral l el thereto rac-d | anedi yl bi s(2- net
benz! ndeH1 F2bT TS RN oS R ToRip 0.8 G Ao epedy S b 3096

st rengt h by bestigenyl)zirconium dichloride were admixed with 7.1 1 (6.6 kg) of the 30% strength by weight
methylaluminoxane solution in toluene and 17 | of toluene and stirred at room temperature for one
hour. The MAO/metaliocene solution was slowly added to the suspension of the support material.
The solvent was subsequently slowly separated off by filtration over a period of two hours and the
20 solid was washed twice with 18 | each time of heptane. The catalyst was finally suspended in
isododecane. '

The support material was laden with 0.2 g of metallocene/100 g of supported catalyst and 14 g of
MAO/100 g of supported catalyst.

25
c) Polymerization

A continuous propylene homopolymerization was carried out in a vertically mixed 800 | gas-phase
reactor using the catalyst prepared in example 3b). The reactor contained a bed of finely divided
30 polypropylene powder and was operated at a constant output of about 100 kg/h. The reactor
pressure was 24 bar and the reactor temperature was 64°C. 300 mmol/h of triisobutylaluminum
were added as a 1 M solution in heptane. A polymer powder having a bulk density of 480 g/l, a
mean particle size of 1.2 mm and 2% by weight of particles larger than 2 mm in diameter was
obtained. The catalyst productivity was 4 500 g of PP/g of catalyst solid.
35
The melt filtration test carried out on the polypropylene obtained gave a pressure increase of

10 bar/kg of polypropylene.

Comparative example C
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met hyl al um noxane solution in toluene and 17 | of toluene and stirred at
roomtenperature for one hour. The MAQ netal |l ocene solution was slowy
added to the suspension of the support material. The solvent was
subsequently slowy separated off by filt3gtion over a period zqut;(wmmours
and the 20 solid was washed twice with 18 | each tinme of heptane. The
catalyst was finally suspended in isododecane. The support material was

| aden with Q 'g of mehgl | ocene/ 100 g of supported catalyst and 14 g of

MAQ 100 g of) s'ﬁg??é?‘?’é& &CHIRPEL. 25 c) Polymerization A continuous propyl ene
honmopol yreri zation was carried out in a vertically m xed 800 | gas-phase

reactor usiRge L@%oﬁﬁﬁgféhéﬁ%rsed% a%p. da8, %gﬁ@'eﬁm%%racg he sﬁa@é:@e%a&mgd%rned a

bed of fi nelé ene r and was _gperated at a constant
out put of aB B‘frsfbbwl“(%}”?f’e”ﬂﬁ’éché’é??ﬁﬁle Trﬁr"é%‘%r@"\%é’a?ﬁo y Wit he reactor
tenperatare was 64C. 300 mmol /h of triisobutylalumnum were added as a 1 M

sol ution IanﬁBB&%n?ﬁleo%l‘ér&n‘I’?anpomer having a bulk density of 480 g/l, a

mean particle size o d 2% by wei ght of particles larger than 2 mm
in diameter was obtained. The catal yst productivity was 4 500 g of PP/ g of

catal yst soEkghpiéso) W répebled Lsihg fhatsumntneasénac&rcams&amfexmplé be),pal, yWrepyl ene

bt d I
Compar at | v Erpa e rs 40 PRBRe e sEruttsrereiia BB TR R %805 The
support at €9 &d) olitbe G0%haterBih Rypwdiohd 4@thyklugiinoxane sgitior in tolveBe e adihdang, Ini ca
gel was dri ¢fd sb@nd p%pa%@sta;s 1&@59 M&@Wetﬁy&%@@lbﬂ(ﬁﬁ&%-ﬁ ;5- The loss on

- Cpeat 60 e PR PRVIERHA AT T 1 Eab R e ts0Rh Ry Ho8 ) - Dut, i M 1 ne

first prepamethyeunmgiogane sdtidn loﬂolwembueraaxsnere used for suspendi ng the support
material and 4.2 | 10 (3.9 kg) of the 30%strength by wei ght

met hyl al um noxane sol ution | n toluene were ad and, in the s

pr epar at 1°on T8¢ &4ppor Fgtegalyyas jagen H’l“i’r%@IQﬁf gie}aéi??éa?/y?%s %f(SEP‘??é'FT’IWta'YFtB”d 16 g of
benzi ndenyl MAQ/ oy of sugboaéd catalybe and 7.8 1(7.2 kg) of the 30% strength by
wei ght et hyl al um noxane solution in toI uene were used.

c) Polymerization

20 Example 3c) was repeated using the catalyst from comparative example C a). This gave a
polymer powder having a bulk density of 470 g/, a mean particle size of 1.4 mm and 3.2% by
weight of particles larger than 2 mm in diameter. The catalyst productivity was 5 500 g of PP/g of

catalyst solid.

25 The melt filtration test carried out on the polypropylene obtained gave a pressure increase of
160 bar/kg of polypropylene.
30

35
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15 The support material was |aden with 0.3 g of netallocene/1 00 g of

supported catalyst and 16 g of MAQ 100 g of supported catalyst. c)

" Pol ynerization 20 Exanple 3c) was repeated using the catalyst from
conparative exanple C a). This gave a 41r)olym3r powder having a bul k density

of 470 g/, a nmean particle size of 1.4%mand 3.2%by wei ght vk p#rticles

| arger than 2 mMmin dianmeter. The catal yst productivity was 500 g of PP/ g

of catalyst solid. 25 The nelt filtration test carried out on the

pol ypropy! e #ht ai ned gave a pressure increase of 160 bar/kg of

pol ypropyl ene. 30 35 40 39 W claim 1. A catalyst solid for olefin

pol yneri zation, conprising 7 4 Alit 20P5 5 A) support particles having a

mean parti el e dicawystesolidiobolerfn dolyarerizative, cdfprigh® and a specific surface area

of from30 to 1 000 nR/g and obtai nabl e by aggl oneration of primary

particles of a E)yrogenic silica having a nmean particle dianeter d50 of from

1 to 505nm and®) 10syppor partigdesshaving @ reagaaitice diemetsr dso@hfrore b id 20ompandied. 2. A

catal yst solid as gperifiesHdcs aebat fand 304y Cabolmfd dRIob&MEBIE IbG 8§giSmeration] €ast one

cation-form ng conpou I i n claim 2,

nd. %5 3. . A catalcysi.t ﬁolld as cl ai dd |
wherein the cati onorBRRSTIEISS L RECKSIC i Pevga Men e sy asgeler o o
al um noxane conpoufiemdfto bhemfandnula (V) or (M), 20 25 RR1 Al +O Al -]- R21
m R21 R1 [O--Alm

10 B) atleast one organic transition metal compound.
2. A catalyst solid as claimed in claim 1 which further comprises

C) atleast one cation-forming compound.

15
3. A catalyst solid as claimed in claim 2, wherein the cation-forming compound C is an
open-chain or cyclic aluminoxane compound of the formula (V) or (VI),
™~ 21
20 A-0— A —]}—R V)
~ m
R21 I
R21
l—lo Al — (V1)
2 I,
where
R* is a C4-Cg4-alkyl group and m is an integer from 5 to 30.
30
4, A catalyst solid as claimed in any of claims 1 to 3 which further comprises, as additional
component D), one or more metal compounds of the formula (1X),
M (R), (R™); (R*), (1X)
35

where

40



R21 where R21 30 is a Cl1-C,-al kyl group and mis an integer fromb5 to 30.
(V) 4. A catalyst solid as clained in any of clains 1 to 3 which further
conprises, as additional conponent D), one or nore netal conpozgq@qu%the
formula (1 X), M3 (R22), (R23)s (R24)t 35 where 40 2 4 APR 2006 M3 1s an
alkali metal, an alkaline earth netal & a metal of group 13 of the
Periodic Table, 5 10 15 R22 is hydrogen, Cl-Cl16-alkyl, C6-Cl6-aryl,

al kylaryl or arylal kyl each having from1l to 10 carbon atons in the alkyl
part and from @fto 20 cardoesnbm.err&andﬂ AiBfheddalth nfR@i br a RESI AQFbURAG 0T € each
hydr ogen, hal ogen, Cl1-C10- aI i iﬁ Cl5-aryl, alkylaryl, arylalkyl or

al koxy each having fron11t90 @ & 3PHn atons in the aIkyI radi cal and from
6 to 20 carbon atons in the aryl radical, r is an integer from1l to 3 and s

and t are integgrs from0d@yq eM’f&?r@1otJ]@| ék‘r@ﬁ-ﬁ@l”alkﬁQr;yf&%R%ﬁeatcR the

val ence of MB. 5. A catal yst' sol
obt ai naBl e by bringing i n)r(‘é‘”%%fﬁ?’%&fo Waﬁﬁ)ontqt%“sé'ﬂlﬁ‘ﬁ(ﬂ}/“ty' Rerane Epad Y ng a
mean particle di ameter d5@ambn btoewirbthé eryPft, m and a specific surface area
of from30 to 1 000 nR/g, and obtai nable by aggloneration of primary
particles of a erogspic silica having a nmean particle

and are each hydrogen, halogen, C,—C,s—alkyl, Cs—Cs—aryl, alkylaryl,

arylalkyl or alkoxy each having from 1 to 10 carbon atoms in the alkyl

10 radical and from 6 to 20 carbon atoms in the aryl radical,
r is an integer from 1to 3
and
15
sandt are integers from 0 to 2, where the sum r+s+t corresponds to the

valence of M® .

5. A catalyst solid as claimed in any of claims 1 to 4, obtainabie by bringing into contact

20
A) the support particles having a mean particle diameter dsg of from 5 to 200 um
and a specific surface area of from 30 to 1 000 m2/g, and obtainable by
agglomeration of primary particles of a pyrogenic silica having a mean particle
diameter dg of from 1 to 50 nm,
25
B) the organic transition metal compound or compounds,
and optionally
30 C) the cation-forming compound or compounds and/or
D) the metal compound or compounds of the formula (IX).
6. A prepolymerized catalyst solid comprising a catalyst solid as claimed in any of claims
35 1 to 5 and linear C,-C4,-1-alkenes polymerized onto it in a mass ratio of from 1:0.1 to

1:200.
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di aneter d50 of from1l to 50 nm 25 B) the organic transition nmetal conpound
., or conpounds, and optionally 30 C) the cation-form ng conmpound or conpounds
and/or D) the netal conpound or conpounds of the formula (1X). 6. A

prepol yneri zed catal yst solid conpri si ng a catalyst solid as clai rrfd in any
of clainms 35 1 to 5 and |inear C2-C16%%1-al kenes pol yneri zed Intdt in a
mass ratio of from11:0.1 to 1:200. 40 41 2 4 Ark 2006 7. A catal yst system
conprising a catalyst solid as clainmed in any of clains 1 to 6 and a netal

compound ¥) oA cétéwst Eméwb@m;(nbﬁ@ adahiysieelid a3 didirédth 4ny diiciding e g@idal corrpound

D) and the met.a D) to, be identical or dif ent.

8. The use of 'Bet actogp%;alﬂ))oq§ih§ formu@R%)ﬁgfjn%d m °é‘15’94o‘f"ﬁ‘qf‘ e{al mpou@‘? r the
pol ymer i zat i orandithe metpisiomnpeynids 8) beimg ajfie tolbefidentical &, difikrent. ocess for preparing
pol yol efi ns by pol yneri zation or copol yn'eri zati on of oI efins in the
presence of a cat al XSt solid as cl ai 1 to 6. 10 15 20 25
30 35 10. & priedseotacaqlyt sid ap ﬁ'a'mea|'f}ﬁ'©f°f9€ﬂ5?éﬂﬁ6&’ Woé’ﬂ’é”%ﬁm%ormnoner

m xture of propgyeeaeatietdiglefinse and/ or Cs- C, 2- 1- al kenes whi ch contains at

| east 50 nol % of propylene is used as nononer(s) in the polynerization. 40
42 Catal yst solid conprising en|c silica for olefin polynerization
Abstract 5°-A caPraFepsfor oeaPpEn wﬁ‘ﬁ&e Ins; By polymgrizeppp ormgpolymerization of olefins in

the presence of a catalyst solid as claimed in any of claims 1 to 6.

10
10. A process as claimed in claim 9, wherein propylene or a monomer mixture of

propylene, ethylene and/or C,-C;,-1-alkenes which contains at least 50 mol% of
propylene is used as monomer(s) in the polymerization.

15

20

25

30

35
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A) support particles having a nean particle diameter d50 of from5 to 200 m
,and a specific surface area of from30 to 1 000 n2/g and obtai nabl e by

aggl oneration of primary particles of a pyrogenic silica having a nean
particle diameter d50 of from1l to 10 nm and B) at |east qnexqogani c
transition netal conpound, can be used tor the polynerization or

copol yneri zation of olefins. 15 20 25 30 35 40

Catalyst solid comprising pyrogenic silica for olefin polymerization
Abstract
5 A catalyst solid comprising
A) support particles having a mean particle diameter ds, of from 5 to 200 um and a
specific surface area of from 30 to 1 000 m%g and obtainable by agglomeration of
primary particles of a pyrogenic silica having a mean particle diameter ds; of from 1 to
10 50 nm, and

B) atleast one organic transition metal compound,

can be used for the polymerization or copolymerization of olefins.
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