WO 03/ 054027 PCT/ EP02/ 14373 1 Catal yst solid conprising pyrogenic silica
for olefin polynerization Description 5 The present invention relates to a
cat al yst wolo@swenpri sing A) support particles having a nean/Rpar/i43cs e

di ameter d50 of from5 to 200 mand a spegific surface area of from30 to
1 000 nR/g and obtai nabl e by aggl oneration of primary particles of a
pyrogenic silica having a nean particle dianeter d50 of from1l to 50 nm
and 10 B) at |l east one organic transition nmetal conpound. Furthernore, the
i nvent i on r ektalygsolidroapisnatyyagenis giitadon aedinpelywetirgtierhe cat al yst solid, to
the use of the catalyst solid for the polynerization or copolynerization
of olefins and to a process for pre 15 paring polyolefins by polymerization
or copol yneP$sFERi®Bn of ol efins in the presence of the catalyst solid.
Organic transition netal conpounds such as metal |l ocene conpl exes are of
great ingergst, ntlﬁ\?etn%ryréfaﬁsft écaﬂélﬁ]gtﬂldg&ln f&li zation because they nake it
possible to s nthesi ze pol yol e I NS cannot be obtained using
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the fornpof a solid, i.e. for themto be applied to a solid support.
Furthernore,, th upport ed. oul d al so have a high

producti vi t? ?leaétpdl%agfgémggran 'rogmlfttaarllgcf Oﬂgé(;d as solid support materials
for catalysts for olefin polynerization since particles which have a size
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caused by sidijyca gel particles remaining in the polynmer can occur. The
production of fiber products is also problematical. In this case, a nelt
filtration is usually car- ried out prior to spinning. If the polyners
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out in 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 cata-
25 lysts should also have a high productivity.

Silica gels are frequently used as solid support materials for catalysts for olefin polymerization
since particles which have a size and structure making them suitable as supports for olefin po-
lymerization can be produced from these materials. However, the use of silica gels as support
30 material has been found to be disadvantageous in some applications. In the production of film
products, formation of specks caused by silica gel particles remaining in the polymer can occur.
The production of fiber products is also problematical. In this case, a melt filtration is usually car-
ried 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 considerable process
35 engineering difficulties such as a reduction in the time for which the filter can be operated. Par-
ticulate 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 the contami-

nation is present in a visible quantity.
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nation is present in a visible quantity. 40 WO 03/054027 PCT/ EP02/ 14373 2
However, silica gels are only a subgroup of the naterials designated as
silicas. Wbhios/osmkt ective termrefers in general to conpoicdgEPot/143ne
formula Si2 n H2O which are all X-ray-agorphous. They can be obtained by
various preparative nethods, and the products . silica gels, precipitated
silicas and pyrogenic silicas differ in their fine structure and .

nor phol ogy. Silica gels are obtained, 5 for exanple, by gelation of aqueous
si | ica sol sHowugnet siliga gelsrrg poly @suledrougert the mgterists dasignated dsusilices. This talectivel | i ng
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and finally growt orm ag gat ermpyrogenic silicas
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catal ysts "‘ﬂbrﬁtt‘negd;aggﬁé@eta? !g E_@Sra & i n solution processes and in which
r

cat al yst comnpoun e ac y means of noncoordi nating or weakly
coordi nating anions 20 bound to the support. Support materials used here

Ih nfl ude pyr paegénic sHichd, msCanlu'e Uzedigs suppsit ma@ralgﬁt bl&xh q@ryaﬁﬁmenscatmysm ch
et er ogeneo corre
parti clge Si EE Ad‘i%?ag#é%%"f' er? ”8?05%“&9 saE't elsotfu?% {hg ug?' ?f: g?n'(f Tl fle)le cal

and ecorléni prodgningcuipeertei polvrgerﬂewﬁ@wtsmwh gonprise thegeegtien Brofel pirecsuaratiedr ow

particle si g@agiafiidtédnBundarfliOhettlebéne25 densiity and a | ow content of
unfragmented support particles to be able to be obtained by means of the

catal ysts. Pyrogenic silicas are generally very finely divided or are in
t he for m of WoE4s2dg disgbsereatalysis whioh ek atitapledonist inrmelutiponideassesaint & wikeh i n
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pol ymer 2gowcler IS too are ifficult to

handl o, 80" ePrAToes Suerduert BRESE teddaeF APBRIA TG cat al yst

conpositions in which a particulate py- rogenic silicais firstly m xed
W th a cocajhydin #intehzdtn BRE&sEOinich YidteRg8nddBS BltdiAGEAE s AréstlendiBslor
particle size and pérticle size distribution of the catalyst solids is critical to technical and economic
success. It is necessary for polymer powders having a narrow particle size distribution, a high bulk
25 density and a low content of unfragmented support particles to be able to be obtained by means
of the catalysts. Pyrogenié silicas are generally very finely divided or are in the form of loose ag-
glomerates so that the polymer powders obtained in the polymerization frequently have a poor
morphology, in particular with polymer powder which is too fine, and the polymer powders are
difficult to handle.
30 .
EP-A 668 295 deséribes a process for preparing catalyst compositions in which a particulate by-
rogenic 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. How-
ever, this requires spray drying to be carried out under absolutely inert conditions using extremely
35 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.

It is an object of the present invention to provide a catalyst solid which ieaves no or very few trou-
blesome particulate catalyst residues in the polymer, which can be used at a high catalyst activity
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a nmetall ocene in a solvent is then added. The resulting m xture is
subsequently spray dried. How ever, this requires spray drying to be
carri ed owD oafsime7 absol utely inert conditions using extre®eEMEPBYISENSitive
substances and only cones into question whgen nerely replacing the support
materials in existing processes for producing supported olefin

pol yneri zation catal ysts is not possible. It is an object of the present
invention to provide a catal yst solid which | eaves no or very few trou-
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pol yneri zati'on processes and by neans of which sinple work-up of.the
polynmers after the po- lynerization is possible. W have found that this
obj ect i s adVe levetbuby that hiatobjeytss achivedbyf acatahfsesdlid fqp olefmealyraeaikdtion, comprising
conprisigg 5 A) support particles having a nean parti cle dianmeter d50 of
from5 to 200 pmand a specific surface area rom30 to 1 000 n?/g
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conprising a cata t” soll t use the catalyst solid for

pol ymeri zati on or copol ynmerization of olefins.and a process for preparl ng
pol yol efins Bpy @odash@id organititiz@sitian maapomypomai zati on of olefins in the
presence of the catalyst solid have been found. 15 The catal yst solids of
the present invention are suitable for the polynerization of olefins and
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gated dienes such as 1,3-butadiene, 1,4-hexadiene, or 1,7-octadiene or vinylaromatic compounds

25 such as styrene or substituted styrene. Mixtures of various a-olefins can also be polymerized.

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, tetracyclodo-
decene and methylnorbornene and dienes such as 5-ethylidene-2-norbornene, norbornadiene or

30 ethylnorbornadiene.

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
35 copolymerization of ethylene or propylene. As comonomers in ethylene polymerization, prefer-

ence is given to using Cs;~Cg—a—olefins, in particular 1-butene, 1-pentene, 1-hexene and/or 1-

octene. Preferred comonomers in propylene polymerization are ethylene and/or butene.
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decene and net hyl norbornene and di enes such as 5-ethylidene-2-norbornene,
nor bor nadi ene or 30 ethyl norbornadi ene. M xtures of two or nore ol efins
can al so we opob4paeri zed. In particular, the catal yst soli @#€THP2/M37Pr esent
invention can be used for the polynerizatjon or 35 copol ynerization of

et hyl ene or propyl ene. As conononers in ethylene polynerization, prefer-
ence is given to using C3-C8-a-olefins, in particular 1-butene, 1-pentene,

1-hexene and/or 1- octene. Preferred conononers in propyl ene polynerization
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mar ket ed, fqr_ex 5ganpl e, by Degussa AG under t trade nane Aerosil (r) or

by Cabot CoPﬁB Gfitter .the trade name CAB-O S | L(r). The primary particles
formed in the preparation of pyrogenic silicas are usually very fine.
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a mean particle dianeter pr ef erab rom
40 nmand i Ha"b%‘v?stﬁ“E%H'eafPr e BrPEses 6T 159 P?‘?ﬁ‘?”tﬂb{@’ltﬁﬂﬁ?v&ﬁ 'B??”dﬁe”tcﬁé’aﬁ}ef
particl e girored td senrs Upgforably framt2i tc hesmpne bematticilar ftores me&omhyagglmnératdm of

A9l ome at | 69 cifaryREAEBE A0LE AKbb fl i Dkl B SENLGIRASUTRERR D Of

the primary p es us I ng e present
i nvent i on aPE€efoferigs oyt Wﬁ@@d@é’@gtﬂﬁuéﬁﬂnﬁﬂ?” offthe HW%@amq%r exanpl e at from
50 to 700C, a suspension of pyrogenic silica in water or another suit- able

Suspenst on SESLIE 8,8 LA AHL bt o BB B R0 RUKEL AL S

O her custonm %j extrusi on,
enpl oyed? THINgIpiRPIPIg4t e PRt 7@9 aééﬁ?@ﬁﬂ?w PYTe9eiresilisR Bswater of ARAKIEr P¥h ar e
in the fornmugé sispafion reldilintl@th ora\ﬁ}h@@\éﬂtﬁﬂonfbﬁyﬂr@gdrﬁnmﬂlamr bihel @stdimaryet er

d50 of from5t 0 r r abl m particularly
preferably PFBh S_L% E%Dnﬁfoggm ngson Xan iy \p']s%g %’rgp] regm 20 to 70 m The specific

surface area is from30 to 1 000 nQ/g, preferably from50 to 500 n2/g and
in particul @fe duppsh a&ﬁblésmsé@ébcsﬁlng to B8 %b@ntnﬁérttbﬁuieaﬁ fhe f@@\galfmré@roan@d

pyrogen |I| a usua romo.1 to
prefer alfi drp‘?{ga 99%% Qf}/coﬁ%/sﬁ ger;gi?r g{;@?? c%oflﬁ)r”@ 8fefetr beyfrom 3)&tgﬁ|5chsl | icas
is pref- er aaﬂlgulan!nd@famlypfmm&ﬁori@ﬂumwnéfn mwwfmﬂmd’omtﬁcifhﬂme@éc $wafadeng
di amet ers ofreg8RNEH0 thAA0 Af/g, preferably from 50 to 500 m%g and in particular from 100 to
400 m¥g.

25 The particulate, agglomerated pyrogenic silicas usually have pore volumes of from
0.1 to 10 cm®g, preferably from 0.2 to 4 cm®/g. The pore structure of the pyrogenic silicas is pref-
erably 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 vol-
ume. 4

30
The support material used according to the present invention can additionally be heat treated
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.
35 The support material can further comprise, as secondary constituents, any auxiliaries used in

spray drying or residues thereof which remain after heat treatment and also components resulting

from any chemical treatment.
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equal to 5 nm wth pores smaller than 5 nm maki ng up not nore than 5% of
the total pore vol- une. 30 The support material used according to the
present iwoeasona7 can additionally be heat treated and/ orCalepor/calsy
treated using customary dessicants such as nmetal alkyls, chlorosilanes or
SiCl4. Appropriate treatnment nethods are described, for exanple, in WO

00/ 31090. 35 The support material can further conprise, as secondary
constituents, any auxiliaries used in spray drying or residues thereof
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whi ch are sifrelgh Rovmegizationef i n pol yneri zati on. Furthernore, multinucl ear
cycl openpadi enyl conpl exes are also suitable for olefin polynerization. 10
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25 (CR27/A)n2A R16A /OgiE " \E E ~
RS S
RSA ‘L‘ Rm\ —E . RSA R5A

30 R18A

FII F-IV F-V

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

having nickel, iron, cobalt or palladium as central metal.

E is an element of group 15 of the Periodic Table of the Elements, preferably N or P, particularly
preferably N. The two or three atoms E in the molecule can be identical or different.
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RL 5ARRBH/E ORA RA 25 (CRR7TA n2A RIGA\ EEE\E R5AI R 17A -E
RSA R5A OR RsA H1sA 30 R1I8A F-11 F-1V F-V where the transition netal
i s sel ectwo oBiosptwemnong the elenments Ti, Zr, H, Sc, V, NoPCT&PIIA4373b, 35
W Fe, Co, Ni, Pd, Pt and elenents of theerare earth netals. Preference is
given to corrpounds havi ng nickel, iron, cobalt or palladiumas central
netal. Eis an elenent of group 15 of the Periodic Table of the Elenents,
preferably N or P, partlcul arly preferably N. The two or three atons E in
the nol ecul hemdictle Ri“de R{T odlichanaydiefidesticaher difEieni\GItoBA 0G40 27SITOTA BFOY/ 2@ 373
6 The radi C@lefonawﬁ?beu&gA whi ch may be identical or different within a

| i gand system F-1 to F-V, are the follow ng groups: RLA and R4A are,
independentl¥ of one anot her, hydrocarbon radicals or substituted 5

hydr ocar bonRMaid &4t s, pref earabhqepbycthnmccarobaanqﬂwdihyariosarbcm ratiicaidortshisstitdad-  bon
atom adj gcent to the el emenj d%cbi%ommst@efﬁsablbﬁmca}am SRERANw L e, A

and R3A are, independently of one anot her X rocarbon radical s
or 10 substituted hydrocarB‘tﬂ?t‘?fﬁai’JE‘%ﬁ”EtO”\‘ﬁr%‘?rée /5 BoHpd iRA leqgtwogaghon at-
together forma ring systeoms,n which one or nore heteroatons may al so be
pre- sent, R6A and RBA are, independently of one another, hydrocarbon
radicals or gubstituted 15 hydrocarbon radicals, R5A and ROA are,

i ndependent Ry 29f Rone anot hed'e: IRGRRPRASEHY Of Q)8 RRRRET HY Aropa hydspeeragp radicals or

substi t utbed hydrocar bon radsualitsted hydrocarbon radicals, where R** and R* may also together
form a ring system in which one or more heteroatoms may also be pre-

sent,
R® and R® are, independently of one another, hydrocarbon radicals or substituted
15 hydrocarbon radicals,
A and R* are, independently of one another, hydrogen, hydrocarbon radicals or

substituted hydrocarbon radicals,
20 where R* and R* or R* and R* may also together form a ring system,

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

25

10A 14A
R R

and are, independently of one another, hydrocarbon radicals or substituted

hydrocarbon radicals,

R"A R™ R and R™ are, independently of one another, hydrogen, hydrocarbon radicals or
30 substituted hydrocarbon radicals, where two or more geminal or vicinal
radicals R"™, R™* R' and R"™ may also together form a ring system,

R'* and R"™® are, independently of one another, hydrogen, hydrocarbon radicals or
substituted hydrocarbon radicals,
35
R"® and R"* are, independently of one another, hydrogen, hydrocarbon radicals or

substituted hydrocarbon radicals,
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20 where R6A and R5A or R 8A and ROA may al so together forma ring system
R7A are, independently of one another, hydrogen, hydrocarbon radicals or
substi t utwo odpsiroetar bon radi cal s, where two R7A may al so PegatPhmi43fdrm a
ring system 25 R1OA and R14A are, indepepdently of one another,

hydr ocar bon radicals or substituted hydrocarbon radicals, RL1A R12A R12
and R13A are, independently of one another, hydrogen, hydrocarbon radicals
or 30 substl o ut ed hydrocarbon radicals, where two or nore gem nal or
vicinal raBi®tals R11A R12Asm2maa|ﬁcﬁdmtamqhef9rm§l%ﬁatqbg‘@tnlh@ned gubstitiigd pi ng

system R15A and R18A are, ifdeseadentpbitic@br Lﬂ@ﬁurﬁfé@foh%maﬁwﬁ’ét&g@&hc ring
hydrocarbon radicals or substitut eﬁ ng n_radi aI s,. 35 RI6A and R17A
are, independently of one aNWgtHel" PERGHF" 8%'% erw @F@c%? BHYPSE cal s or
substituted hydrocarbon radicals, 40 WO 03/054027 PCT/ EP02/ 14373 7 Rl 9A
i's an organje radical whi ChishQF AByRrer-Iiili@ ndgalRMPGERED SHBSA™ [sU§, &Hd O

unsubstituted, in particular unsaturated or aromatic, heterocycl icring
system in partlcul ar together with E a pyridine system 5. nlAis 0.or. 1,
where F-111nTs negatively cihanintaenien 4 preferhly 2008. n2A is an i nt eger
froml to 4, preferably 2 or 3. Particul arIy useful transition met al
conpl exes vmth | i gands of the fornulae F-] to F-| re, for ex- 10 anp

conpl exes oPa’f"%a”ﬁ/Pé‘?f%'lt'iaﬂ%i??”ﬁ%?t%{lc%m@%mswh liggnds ?fdh%ﬁo"wa% th Fr'Y@é?nf‘}’ée’bf t he

f gr mul a 18- | amplPatohiplekésadt tHerehsitiannestals Se,gioy 8h PH or Bl withilipande ofipé faxeda 6. NI or

Pd, e.g.: I L o) i.azabut adi enepal i adi um

gi chl ori de 94’8[?'%”?%%%@%3% égﬁgﬁwgg%d%&%égéw g%/’g‘ga ut adi eneni ckel
ichloride 15

di (2, 6-di-i dummylmmﬁéamim@amk@ima@wdwabmemmmqu@al | adi um di (2

gl ((j|2 I6 8: gg J? 'S%n%ﬁPpP yg-zgal gﬁ-'tnewﬂrq%k%ﬁazabgﬁé gpﬁ%ﬁa&g\g Ihg::hmu%kg: chl ori de
di (2, 6- dﬁne@'@ﬁ*ﬁh’é?ﬁ%y h@mdlmewpﬁ%tﬁtad@a%f@ﬂyll@ﬂéﬁ%keI di chl ori de
di (2, 6- di megilpE-phesybyphdnd-2i-aRihykdi aualichadinengdtieet hyl pal | adi um
di(2,6-dimethylphenyl)-2,3-dimethyldiazabutadienepalladium dichloride
di(2,6—dimethylphenyl)-2,3-dimethyldiazabutadienenickel dichloride
di(2,6—dimethylphenyl)-2,3-dimethyldiazabutadienedimethylpalladium
20 di(2,6-dimethyiphenyl)-2,3—dimethyldiazabutadienedimethylnickel
di(2-methylphenyl)-2,3-dimethyldiazabutadienepalladium dichloride
di(2—-methylphenyl)-2,3-dimethyldiazabutadienenickel dichloride
di(2-methylphenyl)-2,3-dimethyldiazabutadienedimethylpalladium '
di(2—methylphenyl)-2,3-dimethyldiazabutadienedimethylnickel
25 diphenyl-2,3-dimethyldiazabutadienepalladium dichloride
diphenyl-2,3—-dimethyldiazabutadienenickel dichloride
diphenyl-2,3—dimethyldiazabutadienedimethylpalladium
diphenyl-2,3—dimethyldiazabutadienedimethylnickel
di(2,6-dimethylphenyl)azanaphthenepalladium dichioride
30 di(2,6~dimethylphenyl)azanaphthenenickel dichloride
di(2,6—dimethylphenyl)azanaphthenedimethylpalladium' :
'di(2,6—dimethylphenyl)azanaphthenedimethylnickel
1,1-bipyridylpalladium dichloride
1,1 -bipyridylnickel dichloride
35 1,1'-bipyridyldimethylpalladium
1,1-bipyridyldimethylnickel

Particularly useful compounds F-V are those which are described in J. Am. Chem. Soc. 120,
p. 4049 ff. (1998), J. Chem. Soc., Chem. Commun. 1998, 849. Preferred complexes containing
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20 di (2, 6-di met hyl phenyl ) - 2, 3-di net hyl di azabut adi enedi et hyl ni ckel

di ( 2- met hyl phenyl ) - 2, 3-di net hyl di azabut adi enepal | adi um di chl ori de

di (2- met hwbphespk) - 2, 3- di net hyl di azabut adi eneni ckel di chl @Cird®02/14373
di (2- met hyl phenyl) - 2, 3- di net hyl di azabut adigenedi met hyl pal | adi um

di (2- et hyl phenyl) -2, 3-di net hyl di azabut adi enedi net hyl ni ckel 25

di phenyl - 2, 3- di net hyl di azabut adi enepal | adi um di chl ori de

di phenyl - 2, 3-di et hyl di azabut adi eneni ckel dichl ori de

di phenyl - 2 JganderEtMare dibisdiminoslidvheatnmexed ¢f thardngiipumetals Fe, Co, Ni, Pd or Pt, in
di phenyl - 2, 3xgturmtAay| di azabut adi enedi et hyl ni ckel

di(2, 6- d|nethylphenyl)azanaphthenepalIadlunldichloride 30

di (2, 6-di net hyl phenyl ) azanapht heneni ckel dichloride

d| (2, 6- di metAsyrgahie frphsjtan aveégd berrened Bl isadormbsilzie tourse ImlnophenOX|de complexes,

'di (2, 6-4i nWhBBéltm%QB(As)aﬁ‘gé‘r@%m '?&%‘2%;5’[@%’3%@%&?&&& or hingubsiitey diehdiddhpddsadi um

dichloride 1, % % ni ckel
1, 1' - bi pyri &9 BiRRSY %’W‘ﬁ 11 REF{CH R s”fSth”te‘?)PrWPﬁ‘Wﬁ”H’d PRETRAS Nl TeRsion Pk FX ar | y
usef ul conpoelereswith-piligands ¢dntwmg\dne©hmarreeueweza¢nmabedwelmsyétemm eXahpa thSoe .
120 P. 4049atét§enze(nx1_\%8§1)d the g;ﬁ"QP\iorﬁS)rqh hG? als"ogo%%secgésgor dricafRL T ed
conpl exes cont ai ni ng [ 054027 EP32/14373 | 1 gands % V are
2, 6- bls(lnlﬁﬂ?%VF?H?FWEWWﬁ@éxes of the transition netals Fe, Co, Ni, Pd or
Pt, in fmarticular Fe. As organic transition netal conpound B), it is also
possible to | exs :
pr epar ed, gg ﬁ'g%%mw%ﬂgmﬁa%magﬁgg?ﬁ%ﬂ te t:ormgons St |r% Erfegébﬁgﬁgi 'ﬁéﬂ%to F ydes
and primary cgglﬁpﬁ@tgdlethtyp%lpqap@ uhigh 285, grerafly fedares fo mﬂﬁ@me&p@al%ﬂsﬁ adi‘ﬁ”nes
Transition nmrsfalhnaalemnetaub@nes:omplé)&spre thogan the fereladl) ni ng one or nore
heteroatons in the pi system for exanple the bo- ratabenzene |igand, the
pyrrolyl anion or the phospholyl anion, can also be used as organic tran-
sition Mdtal conpounds B). 10 Par®&fsul arl .Réll suited organic transition
nmet al conpounds B) are ones contai ni | east one cycl opent adi enyl -type
i gand, which are generally referk Hetallocene conpl exes. Particu-

U

20 /S

where the substituents and indices have the following meanings:

25 M is titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, mo-
lybdenum or tungsten, or an element of group 3 of the Periodic Table and the
lanthanides,

X is fluorine, chlorine, bromine, iodine, hydrogen, C;-Cyp-alkyl, C,-Cqo-alkenyl,
30 ' Ce-Cys-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl partand
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 li-
gand, and

35 n is 1, 2 or 3, where n has a value depending on the valence of M which is such

that the metallocene complex of the formula (1) is uncharged,
where
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| arly suitable nmetall ocene conpl exes are. those of the fornula (1) 15 R3 R2
RA RLi (I) Mn 20 Z where the substituents and i ndices have the

fol | ow ngwomans4egs: 25 Mis titanium zirconium, hafni umpCrarazii4sng

ni obi um tantalum chromum no- |ybdenunyor tungsten, or an el enent of
group 3 of the Periodic Table and the |anthanides, X is fluorine,

chlorine, brom ne, iodine, hydrogen, Cl-Cl10-al kyl, C2-Cl0-al kenyl, 30

C6- C15-aryl, alkylaryl having froml to 10 carbon atons in the al kyl part
and from 6Rl@dR] car boaremBonG:- CiratkheCabylaryp alkylary-ama!kylr fluoNRER DT fluproaryio

radicals X forma SUbsééth%ﬁﬁ’g ﬁ’cEm H"ﬂﬂd&%ohléﬁd?r@ |mh€@ﬁ’<ﬁllrg&§’élqgnd floth Rl cul ar
a l, 3-diene li- gand, and 35 ere n has a val ue dependi ng

on the val ence of M whi & ‘?”sat@'%'ﬁtheﬁ‘i}éfadf%b r|’\‘)el\/nal | ocene conpl ex of the
formula (1) is uncharged, where 40 WO 03/054027 PCT/ EP02/ 14373 9 R6 and
R7 are egchyCladelobkilen Qe Giisdh Ylomal dofliatoth ondsodhal ky! . fluoroal kyl or
fluoroaryl eac avl ng rom to 10 carbon atons In e al kyl radical and
from6 to 20 carbon atons in the-aryl .radical, and.5 the radicals. X are.

i dentical oR'®@iRferent aedacryydhgen, Gﬁﬁ@gi—alk@l b 7ameinherd cfebalky oREyclar e each

hydrogen, CL. C22-al Ky - eyt fhid AB/TRRiEbhel KElcORLKN by 5Y Gl dilek ey b, whi ch

may in turn bear Cl-Clo- Al as su
C6- C22-aryl, al kyl aryl n‘@i‘?%ﬂyla@k?kz“ar\)%@F@W'Wﬁardﬁlkﬁc‘@ﬁre ProcRdiRatns rafW'ﬁay
al so t oget her form a satnuy abewgétherusrind datpdtedlor)sdtirated c@ip gloay havingffioaa 4

to 44 carbon atons, or entical or different and are
L 418) Ogaﬁ oreﬁ%g @1459

each Cl1-C10-al kyl, C3- 0 cycC aryl, Cl-C4-al koxy or
C6- C10- aryl oxy and
R® are identica] or different and are each C—Cyo—alkyl, Cs—C,o—cycloalkyl,

Cs—Cs—aryl, C1—Cy—alkoxy or C¢~C4o—aryloxy and

15
R13
R12 Rg
V4 is as defined for X oris
R11 R1O '
20
where the radicals
R to R™ are each hydrogen, C;—Cy—alkyl, 5~ to 7-membered cycloalkyl or cyclo-
alkenyl which may in turn bear C,~Cqo—alkyl groups as substituents, Co—
25 Cao—alkenyl, Ce—Cap—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;—Cyg—alkyl, Ca—Co—cycloalkyl,
30 Ce—Cqg—aryl, C1—Cy—alkoxy or Ce—Cyo—aryloxy,
or the radicals R* and Z together form an —R'*~A~ group, where
35
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15 R13 R12 RO Zis as defined for X or is R11 ): & R10 20 where the
radicals RO to R13 are each hydrogen, Cl-C22-alkyl, 5- to 7-nenbered
cycl oal kyWoas/os4pet o- al kenyl which may in turn bear Cl-Cl®calaegt/1grdups as
substituents, C2- 25 C22-al kenyl, C6-C22-gyyl, alkylaryl or arylalkyl,
where two adjacent radicals nmay al so together forma saturated or
unsaturated cyclic group having from4 to 44 carbon atons, or Si(R14)3
where R14 are identical or different and are each Cl-Cl10-al kyl,
C3- C10-cycl oal kyl, 30 C6-Cl5; aryl Cl- GA al koxy or Cg1eC10- aryl oxy, or the
radi cal s R4 and Z toget her form an -Rl% ér oup, wherie 35 40 WO 03/054027
PCT/ EPO2/ 14373 10 R16 R16 R16 R16 | R15is ML-. -ML-l ML- -ML-CR218 | | |
5 R17 R17 RRTiR17 R16 R16 RI6MRI6'| + M't— ' =O M= ISZI1-—QR116T‘-I | 1 R17
R17 R17 R17 R16 R16 R16 R16 I1216 R16 ~]} 1 I|1 15 1 17[ 117 1 17 117 117
117 :
5

R17 R17 R17 R17
R RS R R
—Cc— ' —o—M-— —¢c—c¢c—"
10 | | I
R" - RY R R
T16 Tm Tm T16 Tﬂi T16
‘5 L T
R17 ' R17 R17 R17 R17 R17
=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 C—Cyo—alkyl group, a C4~Co—fluoroalkyl group, a
Ces—C1o—fluoroaryl group, a Ce—C4g—aryl group, a C+~Cyo—alkoxy group, a
C,-C4s-alkylaryloxy group, a C,—~C4g—alkenyl group, a C—Cso—arylalkyl group, a
Ce—Cao—arylalkeny! group or a C;—Cyg—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 is—™O0— ,~—8—, | NR" PR, —0—R" —NR"0r
— PR192, where
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=BR 16, = BNR16R17, = AIR16, -Ce-, -Sn-, -0-, -S-, = SO = S, 20 =NR 16,
= CO = PR16 or = P(OR16, where R16, R17 and R18 are identical or

di f f er entwerd/oatoe7 each a hydrogen atom a hal ogen at om aPCIBP02/14373
trimethylsilyl 9roup, a Cl-Cl0-al kyl group, a Cl-Cl10-fluoroal YI 9roup, a
C6- C10-f l uoroaryl group, a C6-Cl0-aryl group, a Cl-Cl0-al koxy group, a

C7- Cl15- al kyl aryl oxy group, a C2-Cl0-al kenyl group, a C7-CAD aryl al kyl

group, a C8 C40 aryl al kenyl group or a C7-C40-al kyl aryl group or two

adj acent raBi’cal s t ogearheachnindépentientinpionme apethereCtngalkhéinremreml.Lss@bur at ed
or unsaturated ring 30cy€%¥|kﬂQ:,f—CQIEII&IaP;@oﬂé'R(FﬁQ?J bon atons, and ML is
silicon, germaniumor tin, I s-0- NR19, PR19, - 0 - R19, -
NR192 or 35 -PR 19 2, vvhere 40 VD 03/ 054027 PCT/ EPO2/ 14373 11 R19 are
each, independently of one anot her, C1-C10-al kyl, C6-Cl5-aryl, C3-Clo-

cycl oal kyl , €7- C18-al ky.gﬂgafé o ¢ St FQQA %e-é %?ﬁ’whéh PsImAER BearGl-GLaKkA! k! |
C6- C15- aryl WhICh may in turn bear roups as substltuents or
C3- C10- cycl oal kyl or th@o‘t‘pé(ﬁsééli’%t“ﬁ&tsa QP‘E\'PZ%'P'B@@\( her forman -RI5- group.
10 The radicals X in the formula (1) are preferably identical and are -
preferably each fl uori ne chlorine, bromne, Cl-Cr-alkyl or aralkyl, in
particul ar chlorine, hyl, or benzyl. Agmn the netal | ocene conpl exes of

t he for mul aor(t'l‘e)fad'ﬁﬁl'%ﬁe? fqgsthgrfﬂ?réfhafhﬁ 9103}PR3 RR R4 (la), R5 20 MX", R3
R R4 4e 1

The radicals X in the formula (I) are preferably identical and are preferably each fluorine, chlorine,
bromine, C4-Cv-alkyl or aralkyl, in particular chlorine, methyl or benzyl.

Among the metallocene complexes of the formula (1), preference is given to

15 _
R® R?
R ’ (1a),
Rs
20 MXn+1
R3 RZ
R* !
25 ' RS
. MXa (Ib),
R12 R
Rg
30 R11 R10
35
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25 RS MXn (I b), 13 R12 (R9 30 R11 R135 40 WO 03/054027 PCT/ EP02/ 14373 12
RBRR Rs 5 R15 M, (1c) and RI3 Rs R11 RI0 10 R332 1 Rs 15 R s M,
(1d). Awb@3mssway t he conpounds of the forrmula (la), par®Pcamprar/14reference
is given to those in which Mis titaniump zirconiumor hafnium 25 X is
chlorine, Cl-C4-alkyl, phenyl, alkoxy or aryloxy nis 1 or 2 and 30 RL to
Rs are each hydrogen or Cl-C4-al kyl. Anmong the conpounds of the formul a
(I'b), particular preference is given, to those in which Mis titanium
zirconiumor hafnium 35 X is chlorf®n Cl--CAR%l kyl or benzyl or two
radicals X forma substituted or un- s tuted butadiene |igand,

5 (leyand
10
15 (id).
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—Cs—alkyl, phenyl, alkoxy or aryloxy
n is1or2and
30 R'toR® are each hydrogen or C,-C4-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 un-

substituted butadiene ligand,

n is 2,
40



nis 2, 40 WO 03/054027 PCT/EP02/14373 13 R1 to R5 are each hydrogen,
Cl-C4-al kyl or Si(R8)3 and R9 to R13 are each hydrogen, Cl-C4-al kyl or

Si (R14) 3 wWoas/os4ee7 radicals R to R5 and/or RO to R13 togetrarEPa2/14373 he C5
ring forman indenyl or substituted indeggyl system Particularly useful
conmpounds of the fornula (lb) are ones in which the cycl opentadi enyl
radicals are identical. 10 Exanples of particularly useful conpounds are,
inter alia: bis(cyclopentadienyl)zirconiumdichloride,

bi s( pent ameRhylR3ycl openiradaehhykijogen, Coai-alkyldr SR rande,

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

bi s(et hyl cyc] opent adi enyl ) zi rconi um di chl ori de,,,

bi s( n- but yI By®IRopent adi ¥AFrIAVEERH. GrCerkHIcoPi®):

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

bi s(i ndenyl ) zi Ldmdi gh i de, 20 Di - ' I I

di chl ori %e éﬁ‘gg Fa%lngb(é{ﬁ r ?arr'gt%@{oglﬂl ?I%y@?%ﬁ%h@h% re%ﬁ“???’ﬂ%ﬁﬁ%@ éﬁcsgﬁ%t%dde and
al so the colf&wpyaigMnhg di met hyl zi r coni um conpounds.. Among the conpounds  of
the formula (lc), particularly useful compounds are those in which 25 Rl

and RO are pdentical aor differe nd . a ach I - = yl
group, RS ahﬂ%ﬂiﬁlyi?eéaica'gﬁ?"ingsé ﬂ%?%ﬁ‘?'“fl? {L.bﬁeane[&]g?]gly %H%qg%%y%roﬁ%éa%é'gﬁg%g%
met hyl , et hgredentiesbr opyl or tert-butyl group, 30 R3 and R11 are each

Cl- C4- aligyl and R2 and R10 are each hydrogen 35 or two adjacent radicals

R2 and R3 o ng aogd chlullﬁ It ogﬁ«;t herg1 fuor m a .sat yrat ed or unsaturated cyclic
group havi néan}peﬁ] PericulaRly By SAMBUBH% " '
bis(cyclopentadienyl)zirconium dichloride,
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  bis(tetrahydroindenyl)zirconium dichloride and
bis(trimethylsilylcyclopentadienyl)zirconium dichloride
and also the corresponding dimethylzirconium compounds.

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

25 )
R'and R® are identical or different and are each hydrogen or a C4-Cp-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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40 WO 03/ 054027 PCT/ EP02/ 14373 14 R16 R16 R16 5 R15 is M- or -C C R17
R17 R17 or = BR16 or = BNRL6R17 10 Mis titanium zirconium or hafnium and
X are idewpDiosabs00or di fferent and are each chlorine, Cl-CAParipoz/i143enzyl ,
phenyl or C 7-C15-a |l ky | ary | oxy .4415 Very particularly useful
compounds of the fornula (lc) are those of the formula (Ic') RR R Ryg
20 R R15 MX" (Ic'), 25 R R TRI3 30 R RO where the radicals R are
identical or different and are each hydrogen, Cl-C10-al kyl or

C3- C10-cycl oal kyl, 35 preferably nethyl, ethyl, isopropyl or cycl ohexyl,
C6- C20-aryl, preferably phenyl, naphthyl or me- sityl, C7-C40-arylal kyl,
C7- C40-al kyl aryl, preferably 4-tegte butyl phenyl qre 3, 53di -tert-butyl phenyl,
or C6-C40-aryl al kenyl, 40 WO 03/ §54027 PCT/ EPO2 437% 15 R5 and R13 are
identical or different and are ea lp hydr ogen, Cl |CG kyl, preferably

met hyl, gt hyR') is or —

|
R17 Rl17 R|17
or = BR' or = BNR"R",

10 M is titanium, zirconium or hafnium and

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

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

R R’
Rl
RE —(D
20
R,
MXg
05 (Ic),
. R
Rl
@ R'®
R’
30 R’ R

where

the radicals R’ are identical or different and are each hydrogen, C—Cyg—alkyl or C5-Co-cycloalkyl,

35 preferably methyl, ethyl, isopropyl or cyclohexyl, Ce~Cao—aryl, preferably phenyl, naphthyl or me-
sityl, C7—Cuo—arylalkyl, C;—Cqg~alkylaryl, preferably 4-tert-butylphenyl or 3,5-di-tert-butylphenyl, or
Cg—Cyo—-arylalkenyl,
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i sopropyl, n-propyl, n-butyl, n-hexyl or tert-butyl, and the rings Sand T
are identical or different, saturated, unsaturated or partially saturated.
5 The i ndwoyB/ost21 et r ahydr oi ndenyl 1igands of the netal | oeemgPovisdvhe
formula (lIc') are preferably substitutedgin the 2 position, 2,4 positions,
4,7 positions, 2,4,7 positions, 2,6 positions, 2,4,6 posi- tions, 2,56
positions, 2,4,5,6 positions or 2,4,5,6,7 positions, in particular in the
2,4 p03|t|ons where the follomnng nonencl ature applies to the site of
subst it uti oR: antiR'%arg ideptical @ditfeentars! arg Sachdydrognsl Exesalkil.argferaly mpr@ylesiasd i s
given to usg mgthQﬁg|h%gwpﬂﬁg%Aoﬁgﬂghﬁxes in the racemc or
pseudoracenlc form where fhe pseudoracem c formrefers to conplexes in
which the two indenyl ligands are in the racem c arrangenent relative to
one anot heranghiearirgs|S antifeare slaftelor diferest, sfturatae, ung@ureterhol eadtiadly satetated.egar ded.
Exanpl es; of particularly useful conplexes (Ic) and (Ic') are, inter alia:.

di met hyl si | anedi yl bi s cl opent adi en
di met hyl si |'Q}?éeﬁe§$y Ier geérp%ﬂigw&ey;gﬂlg@Sﬁng%qZ%fg@?ﬂ%%%T& the%mula?lc’) are preferably

di met hyl si | subetlityd itis{ 2 pésitiahy 2l pbsith@ryd,7) gdsitionmn 2 M mhsiidrisp2, b gesitions, 2,4,6 posi-
et hyl enebi S Q%¥?éé;é)?ggt%qé %}’é %ﬁ%ﬁtﬁﬂ?b% 9!3 QQBQ{anQn particular in the 2,4 positions,

et hyl enebi s(1n Zl rcon

et hyl enebi s\iese 'fhéﬁ‘%) Wi5p ﬁﬂ’@ﬁwa)mﬁ PRRYAT f@ﬁ*?ecﬁ'té Rf tPpifjetion:

t et r anetipyl et hyl ene- 9- f | uor enyl cycl opent adi enyl zi r coni um di chl ori de, 30
di et hyl si | anedi yl bi s( 3- tert butyI 5-met hyl cycl opent adi enyl ) zi r coni um

di chl ori de,

di et hyl si | anedi yl bi s( 3- i ogp»b-S-ethyIcyclopentadienyl)zirconium
dichl oride, dimethylsilganed hh', s(2-net hyl i ndenyl ) zi rconi um di chl ori de,
di met hyl si | anedi yl bi s(2-1 sepr opy |ndenyl)2|rconlun1d|chlor|de

di et hyl si | anedi yl bi s(2-tert-but Rlndenyl)2|rconlunldlchlorlde 35

di et hyl g6l anedi yl bi s(2- nmet hyl i ndenyl ) zi r coni um di br om de,

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

di chl ori de,

di met hyl si | | AHSEIRARES 45 8 PiEfarsnce .98 3 g RUg s I Rsnge s F%nﬁ% B NS eee o

di chl ori de, pseudoracemic form, where the pseudoracemic form refers to complexes in which the two indenyl

ligands are in the racemic arrangement relative to one another when all other substituents of the

20 complex are disregarded.

Examples of particularly useful complexes (Ic) and (Ic’) are, inter alia:.
dimethylsilanediylbis(cyclopentadienyl)zirconium dichloride,
dimethylsilanediylbis(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 dimethylsiIanediylbis(3-tert-butyl-5-methylcyclopentadienyl)zirconium dichloride,
dimethylsilanediylbis(3-tert-butyl-5-ethylcyclopentadienyl)zirconium dichloride,
dimethyisilanediylbis(2-methylindenyl)zirconium dichloride,
dimethylsilanediylbis(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,
dimethylsilanédinbis(2-ethylindenyl)zirconium dichloride,
dimethylsilanediylbis(2-methyl—4,5-benzindenyl)zirconium dichloride
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di met hyl si | anedi yl bi s(2-et hylindenyl)zirconiumdichloride,

di met hyl si | anedi yl bi s(2- et hyl - 4, 5- benzi ndenyl ) zi rconi um di chl ori de 40 WO
03/ 054027WB@3NERe2/ 14373 16 PCT/EP02/14373

di met hyl si i anedi yl bi s(2-et hyl -4, 5-benzi ndgnyl ) zi rconi um di chl ori de

met hyl phenyl si | anedi yl bi s(2- net hyl - 4, 5- benzi ndenyl ) zi r coni um di chl ori de,
nmet hyl phenyl si | anedi yl bi s(2-et hyl -4, 5- benzi ndenyl ) zi rconi um di chl ori de,

di phenyl si | anedi yl bi s(2- et hyl - 4, 5- benzi ndenyl ) zi r coni um di chl ori de, 5

di phenyl si | dimethyigilabediyids@tethy-4 4 npiadenyirireeniun) dichlerisiei um di chl ori de,

di phenyl si | ﬁ‘i@@lﬁbﬂ/ﬁln k%@d;ﬂﬁ&(ﬁ)ﬁhét r5¥Bén|2ﬁEéHyH£ﬂch§thhféﬁlb%

di met hyl si | di chl d

di et hyl o1 RGPS Iﬁo}%gd B BT BERPR i ool v e

di met hyl si | diplehylyilabedifi@s(@etdtiyl-44-banzindgtyhigbjiumdiehiglidezi r coni um di chl ori de,
10 di metqyl é.bmém@%xé leaﬁ%frfgm%él be%z.saenvwmm bubtﬂ%@%' ) zi rconi um

di chl ori de, (h napht hyl )i ndenyl ) zi rconi um
di chl ori de, dlphenylsﬂanedlylbls(Z methy ndenyl afmu ohlorlde

di et hyl si | dimethylyilabediji@s Q—rbethy;IM—éhe(nlhndaupﬁr)tnltphs)Jmrddi:eloydie) zi rconi um di chl ori de,
di met hyl si | r - I yl)zirconium

di chl ori de, é‘iﬂﬁﬁi\k‘a‘aﬁé(ﬁgaf(ﬁ Q@Y_‘l %&?feﬁﬁﬁﬂﬁwﬂﬁd?gﬂﬁn | i ndenyl ) zi rconi um

di chl ori de, d|[[§thylsnaned|ylb|s(2—methyl—4 (1 naphthyl)mdenyl )zirconium dlCh oride,

di met hyl1si | aﬁeﬂhwdalaeaﬂasz iyt (hnkpHinyi)BogiyOpiebniod @ryiblidgs, r coni um di chl ori de,
di met hyl si | of coni um di chl ori de,
di met hyl si | g’ﬁggplx'aggéé %'_4301 ?ﬂﬂﬁﬁ?&gw cbr{fﬂ#ﬁ%ﬁéﬁd [1i ndenyl) zirconi um
di chl ori de, dlmethylsnaned|ylbls(2—-1 butyl-4-(1-naphthyhindenyl)zirconium dlchlorl e,

gl mﬁlt hyl 3! | aiRReh ¥ildhb&i{IEsBirbi-44s-bRenabthrylina@iyilcphen vichibm@eny| ) zi r coni um
i chlori e,

di net hyl si | SJH“SEE‘.‘MEBF%' ”i‘s( T%th¥l_4-'sf91-rpp)il' etnylg'rgonl'unhdlcm? ll hdenyl ) zi rconi um

di chl orilde, dlg@thylsnanedlylbls(2 7—-d|methyl—4—lsopropylmdenyI)ZIrcon|um dichloride,
di et hyl S' | a&ﬁ‘\‘élhylklﬁnécﬁ AiseLhsthyi s, d-diisob@bjimBaHyydirebaiy bichibetRny| ) zi rconi um

g: (r:rg!t ﬁ)r/: si i ARt Siappdys@rRehYZpAruperety RS IR A PR YN Y P c oni um

di chl ori de, dimethylsilanediylbis(2-methyl-4-[3",5'-dimethylphenyllindenyl)zirconium dlchlorlde
di et hyl si | gpeelMiRbsliss@LAMMI-Aaldr-tugipheRiinéraryhilh adaBAde) Zi r coni um

g: (r:rg!t g;:@l | diptbdriEneridRiss2rasiy-sig rted-optyip ey Hipdq Ve JFR P 8eny 1 ) zi r coni um

di chl ori de, dimethylsilanediylbis(2~ethyl—4-[4'—tert-butylphenyl]indenyl)zirconium dichloride,

g: ety hyl 3' ! @lﬂ%ﬁxl)/%lllalﬂbc?i§las(ﬂ—ﬂ?bﬂy}’—4 A= bulBhdmy MRl IRREMIA bigdery! ) zi rconi um

di net hyI si | Q%W?‘f%?@('@s(ﬁéi‘ﬂﬂmpdl“ﬁzﬁ“ e Pty Y inste R S eSO 9% r coni um

di chl ori de, dimethylsilanediylbis(2-n-butyl-4-[4'-tert-butylphenyllindenyl)zirconium dichloride,

di met hyl.gi | aﬁ\%ﬁwuﬁ?(\éamg’@rr%%u frRRERY) ineARML Ay Lifo B ihoflsPheny | i ndenyl ) z

di
Enr (r:rg? 'h§|m5| : dimetiy§ianediyi@oispRipRM-4ahenylindes g mettybrdmperindenyhzisppiumgighiprige pht 1

yl )i ndenyl ) gietgiilansaiyid-ebdrosyi-de 1 -naphthyl)indenyl)~(2-methyl—4-(1-naphthyl)indenyl)zirconium

dichloride,
dimethylsilanediyl(2-isopropyl—4-[4'—tert-butylphenyllindenyl)~

30 (2-methyl-4-[4'—tert-butylphenyljindenyl)zirconium dichloride,
dimethylsilanediyl(2—isopropyl—4-[4'—tert-butylphenyllindenyl)-
(2—ethyl—4-{4'—tert-butylphenyllindenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl—4-[4'—tert-butylphenyllindenyl)—
(2-methyl-4-[3’,5'-bis—tert-butylphenyllindenyl)zirconium dichloride

35 dimethylsilanediyl(2—isopropyl—4-[4'—tert-butyiphenyl]indenyl)—
(2—-methyl—4-[1'-naphthyljindenyl)zirconium dichloride
and ethylene(2—isopropyl—4-[4'—tert-butyiphenyllindenyl)—
(2-methyl—4-[4'~tert-butylphenyllindenyl)zirconium dichloride
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di met hyl si | anedi yl (2-i sopropyl -4-[4' -tert-butyl phenyl ]indenyl) -

(2-methyl -4-[4"-tert-butyl phenyl ]i ndenyl) zirconi um di chl ori de,

di met hyl swbanesliogt ( 2-i sopropyl -4-[4' -tert-butyl phenyl ] i ndeayiBPo2/14373
(2-ethyl-4-14"-tert-butyl phenyl]indenyl)zj# coni um dichl oride,

di met hyl si | anedi yI (2-isopropyl-4-[4'-tert-butyl phenyl ]indenyl) -
(2-methyl-4-[3" ,5 -bis-tert- butyl phenyl ]i ndenyl ) zi rconi um di chl ori de 35
dlnethyIS|Ianed|yI(2 i sopropyl - 4' -tert-butyl phenyl ]i ndenyl) -

(2- et hyl - 43[‘Cia'5?ﬁ§9ﬁ?ffﬁﬁp?fidmélﬁwﬂ) ZIEQNOHN. LIANGETEdTPBeN ofRikykaRdpXy)zirconium and

et hyl ene( 2- u&@mwy)z&cc{nﬁ.m&ﬂﬁbUMI yl phenyl ]i ndenyl ) -
(2-methyl-4-[4'-tert-butyl phenyl ]indenyl)zirconiumdichloride 40 WO

03/ 054027 PCT/ EP02/ 14373 17 and al so the correspondi ng di net hyl zi rconi um
monochl or omBnb¢ easeyef e ghrorgunds efdenfoumnladidl. pagticplatikydefut gdnpoy)dsiarecanes imwhich
conmpoundg. In the case of the corrpounds of the formula (1d), particularly
useful conppunds are ones, | titaniumor zirconium in
particul ar t1tanium anf g@niugn ?fﬁl“ﬁﬂ“l”ﬁb'” F@T'Ck'ﬁr Uiy 2g¢ phenyl or two
radicals X forma substituted or un- substituted butadiene |ligand, 10 R16
RI6 R16 R1Sxis - SI - Of chferine, €, '&%@I ér pheyl &ﬁwBila%ch%& fgﬁ'r?a @tlb%tfgtute(por un-~S Of
NR19, 20 R1 to R3 and RS are each drogen, C1-Cl10-al kyl, prefterably

met hyl , C3- C10-cycl oal k?LI'bSt'tEde@ith'%rie))!ga” r Si(R8)3 or two adjacent radicals
forma ciclic group having from4 to 12 carbon atoms with particular
preference being given to-all Rl ®R¥ R3 and RS beigg nmptehyl . 25 Anot her
group of conpounds of the fornmula |(Id) which are Eal’tl cuI arly useful are
those in whigh Mis tltanl um or_ (‘Skll&m uorrn preferably 'in the oxidation

state I, and | —C —C — and
15 ' R" R7 R
. \
A - is —0 —, — S — or NR19,
/
20

R' to R® and R® are each hydrogen, C4-Cyg-alkyl, preferably methyl, C5-Cyo-cycloalkyl, C¢-Cis-aryl
or Si(R%; 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.

25
Another grouﬁ of compounds of the formula (Id) which are particularly useful are those in which -
M is titanium or chromium, preferably in the oxidation state Ili, and
30 X ‘ is chiorine, C—Cys—alkyl or phenyl or two radicals X form a substituted or un-
substituted butadiene ligand,
R R® R
35 R s _3|i— or _CI_C|—“ and
IL” Fl{17 R|17
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30 X is chlorine, Cl-C4-alkyl or phenyl or two radicals X forma
substituted or un- substituted butadiene ligand, R16 R16 R16 | 35 R15 is Si
- or - Cwo@3mssaetd R17 R17 R17 40 WO 03/ 054027 PCT/ EPO2/ P&3ER02/187A is - O
- R79, - NR192 or- PR192, Rl to R3 and R5g are each hydrogen,

Cl- Cl10-al kyl, C3-C10-cycl oal kyl, C6-Cl5-aryl or Si(R8)3 or two adjacent
radicals forma cyclic group having from4 to 12 carbon atons. 5 The

synt hesi s of such conpl exes can_be carried out by nmethods known per se,
preferably By reactionisof-®heRappr8RFi aitePR substituted, cyclic

hydr ocarbon anions with halides of titanium zirco- nium hafnium

vanadi um ni,ebi um .tantal um.or chromn | es of appropri_at

prepar at i vekn&#c?agkar e 2§} ri‘ygé"é’?”'rgd';gp@? e ,1¥Fyﬁ%§'5ﬁr%é 15’8%/%%5%?
metallic Chem stry, 369twWolRig8ent r8E@s3qt a ¢yalictdieup savirigdibnet torigaarben atoms.
transitign nmetal conpounds B) are netal |l ocenes containing at |east one

| i gand fornmed by a cycl opent adi en%,lqor het er ocycl| opent adi enyl and a

fused- on het BF &{epigof %EW@?SP STEMeE CHTRYCTRINQSS knoyyn Rep & PrefRiRPeYr bon
atom i s replrexcin dbihe apprepritahasubstitutpd, efaic apdrycalpn anioheiér fatidearor fitargum gireadp 15

or 16 of thﬁiuﬁ\?ﬁéfm%,cva;qr’ ,lIJ rﬁ’d%%n{%nf%{rﬁ%}rﬁ:‘ﬁ{x%ﬁg@y nitrogen or sul fur. Such

conpounds are descri be 'or exanp [22486. They include, in
particul ar:

di met hyl19i | ararblad of 6@promtabeydrephratine mgthb ke a végclizedd fod exaripiy In- Nuplaesiyrgahoazape

nt al ene) zi r ™ [ Nel-Ng
di net hyl si | gx%e@y?)%%rﬁgt{gsﬁgbﬁé )'-%gp 78'ny| - 4- hydr oazul enyl ) zi rconi um
di chl ori de,
gi rrﬁlt hyl 3 i | aodd ylitbls oryanit yhsitidn mwnl ydm;fbuhdw)@aezmbtawéaeéicbmﬁﬁwan|ea|st or}e
i chl oride. . Fur [ i ti . nds .. I C Sui e for
t he purpos els'gagld tf??'ﬁ%d %’{%C é"r?ﬁoérﬁ%{}%ﬁfOqut%&qgcﬁ])o%gﬁédlg%}'ﬂ)é@?@fegdt %#Sﬁeé‘%"g@?’i C
pent adi €yl Whereroinedierejacycler Adeastioneetniton gionhie repiasey b @ [rieroalam - prefanpbly by a
conpl exes ohetEloEEM e gril) 1 8B YNME PelidditOsbRRind WRFRuIBE byl RASEn etaIRfsuche
substituents on he §¥cl.o‘%e{1t adi e%yl %b%g ?‘FB%LE a.r&gig do.oLairfuncti on
whi ch is nof°BRUAY %% LFTEPsre of/ew SB - )/8 | DY B dNPEICUE i con at ons.
The nost direct |inkage to the donor function contains at |east .one sp-
or sp2- hybr hfieafdiHadiPqi-radima—preAfiRaaih)ie, 5-diReh e phepyt4H-8 fertltre PV &I zed
car bon azto di . :
ichloride, :
dimethylsilanediylbis(2—-methyl—4—phenyl-4-hydroazulenyl)zirconium dichloride,
dimethylsilanediylbis(2—ethyl-4—phenyl-4-hydroazulenyl)zirconium dichloride.

Further fransition metal compounds B) which are suitable for the purposes of the present inven-

25 tion are substituted monocyclic pentadienyl, monoindenyl, monofluorenyl or heterocyclopentadi-
enyl 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 exclusively via sp*-
hybridized carbon or silicon atoms. The most direct linkage to the donor function contains at least
‘one sp- or sp>-hybridized carbon atom, preferably from one to three sp-hybridized carbon at-

30 oms. 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.

In these transition metal compounds, the cyclopentadienyl ring can also be a heterocyclopentadi-
enyl ligand, i.e. at least one carbon atom may also be replaced by a heteroatom from group 15 or

35 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 may aiso form a five- or six-
membered ring, e.g. tetrahydroindenyl, indenyl, benzindenyl or fluorenyl.
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30 onms. The direct |inkage preferably contains an unsaturated doubl e bond,
conprises an aromatic or together with the donor forns a partially

unsat ur atwo oaf5@eonat i ¢ heterocyclic system In these tramsiTtEPon143es al
conmpounds, the cyclopentadienyl ring can glso be a heterocyclopentadi- enyl
ligand, i.e. at |east one carbon atom may al so be replaced by a heteroatom
fromgroup 15 or 35 16. In this case, a carbon atomin the C5 ring is
preferably replaced by phosphorus. In particular, the cycl opentadi enyl ring
i s subst it uPesbibie/ddhonstareunchirisd fugetionsd groups cintaiming aalesmehbofrgraup fi§ vets dithesi x-

menbered Ti BGi Bt £L T | .
400 03/ 05T O PeEb A U (R FIE e SERELBREIRG. Mar PO o
groups cont BI9SPREE. zﬂh"s@l‘@r@‘i“ﬂw@f‘e @’F‘%ﬁ”@?&y'BFSUfﬁ‘aﬁ’f‘dech@JpslﬁéF'?SBEﬁ E‘teﬁaﬂ{bé - e.g.
am ne, i M NetedcR 3O PaEitidie, uneatulatd \heietoc@sit or hetdtedromatic(iay oysterat her

t hi oket ope, phosphi ne, phosphite, phosphine oxide, sulfonyl or sul f onani de
groups of unsubstituted, substi- tuted or fused, partially unsaturated

het er ocycl i Brefarenseiserivsaronsng wbstitvef moracesiepentgdienys mangiRgesyl Bopafiergnyl 8" usi ng
subst i t ut ednh&BraeRIBENREEHYBEbnitXbs of iRy Teingiemy | , nonof | uorenyl or

het er ocycl opent adi enyl conpl exes of the for rruI a (Ir)y 1011), 1 n Z( where
the variables have the follow ng neanings: 15 M B is chromum nolybdenum
or tungsten, ZIB has the formula (lIla) RB RRB 20 E B E2B AIB RB - E /

|1 13B E4B R3B R4
(h1a) 4 TZZBS———MW——X‘;% an,
m’

where the variables have the following meanings:

15
Mm'e is chromium, molybdenum or tungsten,
z'"® has the formula (lla)
1B
R R%
20 1B .
E ~—— 2B
/ E
1 B 5 \ (lla)
A R, —E
k N\ £
£ N R
/
4B
25 R
where the variables have the following meanings:
E'-E®  are carbon or, for not more than one atom E'® to E*®, phosphorus or nitrogen,
30
A'® is NR®R® PR%®R® OR™, SR™ or an unsubstituted, substituted or fused, partially
unsaturated heterocyclic or heteroaromatic ring system,
R® is one of the following groups:
35
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where the vari abl es have the foll ow ng neani ngs: E B- EBB are carbon or,
for not nore than one atom E B to EBB, phosphorus or nitrogen, 30 AlLBis
NRSBRBB, WB®BBB#B27 OR', SR' or an unsubstituted, substitut @dTmEPot/usesl,
partially unsaturated heterocyclic or hepgroaromatic ring system RBis
one of the follow ng groups: 35 40 WO 03/054027 PCT/ EP02/ 14373 20 R7B RBB
ROB R10B R11B -C=C- -C=C-L1 5 R1 | 12B and, if Al1B is an unsubstituted,
substituted or fused, partially unsaturated heterocyclic or heteroaronmatic
ring system may also be, 10 R13B 1.2 L1 14B R 15 where L1, L2 are each
silicon or carbon, 20 kRisRI" or; WREnRALR'’s an unsubstituted, substituted
or fused, partially unsatunated hef- 49ro yclic or heteroaromatic ring
system may al so be 0;—&iBcare eacbh—cndqpendently of one anot her,
fluorine, chlorine, brom ne, iodine, hydrlo- gen, Cl-C10-alkyl,
C2- C10- abkenyl , C6-C20-aryl, alkylaryl haweng 1-10 carbon atonms in 25 the
al kyl part and 6-20 carbon atons in the aryl part, NRL5BR16B OR15B, SR15B
SABR15B, OC(O) R15B, CN, SCN, p-diketonate, CO BF4 , PF6 , or a bul ky
noncoordi - nating amhdnA"REBnundibsiuted, euteatied ot mzd@cﬂ@aﬁiiﬂmtuh?(agmléte@Hfterﬁ!%ti@er,
hydr ogen, C1-C20-al - - , - C20-aryl, alkylary avi ng
f?/om% to 10 car bon%gb%?{s%f)ﬁ%t @bgﬁ%{] nﬂ)agr%isoa%d 6-20 carbon atons in the
aryl part, SiRL7B3i where the organic radicals R1LB-R16B nay al so be sub-

10

13B

T
—_—
ILMB '
15
where
L' L2 are each silicon or carbon,
20 k is 1 or, when A'™® is an unsubstituted, substituted or fused, partially unsaturated het-
erocyclic or heteroaromatic ring system, may also be 0, ‘
X8 are each, independently of one another, fluorine, chlorine, bromine, iodine, hydro-
gen, C4-Cyp-alkyl, C,-Cqo-alkenyl, Ce-Céo-aryl, alkylaryl having 1-10 carbon atoms in
25 the alkyl part and 6-20 carbon atoms in the aryl part, NR'*?R'®®, OR'®®, SR8,
SO;R™®, OC(0)R™™®, CN, SCN, p-diketonate, CO, BF.", PFs, or a bulky noncoordi-
nating anion,

R'™-R'™  are each, independently of one another, hydrogen, C;-Cag-alkyl, C5-Cao-alkenyl, Ce-
30 Cao-aryl, alkylaryl héving from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon
atoms in the aryl part, SIR'"®3, where the organic radicals R'®-R"®® may also be sub-
stituted 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-Cag-alkyl, Co-Cag-alkenyl,
Ce-Cao-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 car-
bon 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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stituted by hal ogens and two gem nal or vicinal radicals R1B-R16B may al so
be joined to forma five- or six-nenbered ring, 35 R17B are each

i ndependewslog/osfozpne anot her, hydrogen, Cl-C20-al kyl, C2- CeGERoOXNe43YS

C6- C20-aryl, alkylaryl having from1 to 3Q carbon atons in the al kyl part
and 6-20 car- bon atonms in the aryl part and two gem nal radicals RL7B may
al so be joined to forma five- or six-nenbered ring, 40 WO 03/054027
PCT/EP02/14373 21 n'Bis 1l, 2 or 3 and mMBis 1,20r3. 5 In particular,
the transith'n netabIM@&3andchromium Z B is a substituted cycl opent adi enyl
systemin which the radical -RBk-A B bears a rigid, bound donor function.
The cycl opentadi enyl ng is bound to the transition netal via an 715 bond.
The donor ®an be caar%?%%ted or not coordinated. The donor is preferably
coordinated intranmolecularly 10 to the netal center. E B to E5B are

preferably [ QukicQa" {gg@aﬁg,%e@@,m,ggh@m%phor us atomor only carbon atons;
very particular preference is given to all E B to E5B being carbon. 15 A'B

may,. for exanple, together with the bridge RB forman anine,. ether, ..
t hi oet her oz'®prwsphituted cycldpewadieny! skéBmrimyhioh the rdsican ARYAA' bsars & ugléchound

substit ut edyQp, FuH&%H' Th@%c%p%ﬁt)é%hﬁ nﬂ{x@%@ﬁdd% fhle RnsHER métﬁ%‘é(ﬂh%brﬁi&ﬁme

contain, apart fromring carbons, eroatons fromthe group consisting of
oxygen, sufidnGF candecPegiBated AENg ﬁ%ﬁ?ﬂf?‘h dhe gonopisiperiergfly @09 rRiEEmelesYer

het er oarigl ®@rteaipstal cehtech can contain, apart from carbon atons, fromone to
four nitrogen atons and/ or a sulfur or oxygen atom 20 in the ring, are
2-furyl, 2-thienyl, ]p yrrolyl, 3-isoxazolyl, 5-isoxazolyl, 3-isothiazolyl,
5-i sot hi azoEyIto £ BLERP a@almurcgbﬁwa%m 0”65’1‘%*‘9’?‘9%'6?59[7‘ OFQD'&SQ%{EQﬂ gfpms; very

4- oxazol yl , plricweageleydnce B-diah &zl 5P to B bhihgamboyl . 5- thiazolyl,

2-1m dazol yI 4-im dazolyl, 5-imdazol yI 1, 2, 4- oxadi azol - 3-yl,

1,2, 4- oxadlazol S5-yl, 1,3,4- oxadiazol-2-yl or 1,2,4-triazol-3-yl. Exanples
of 6- merBer & eyt ek example, geeiiesavith it beHoe Bhform AR amine. etfies iierieer ppHosRiine.

nitrogen at HBWev@ﬂWBQﬁaﬁelﬁBMhﬂé&b%mafeG@ubﬁﬁtﬁec?orrﬂysl’ed dieféYéoycl@-atHﬁﬁS@h@bﬁﬁZOl yl .

‘z’ :2),55p%/;: gif %?caaﬁ%ﬁlﬁ_m f%larrt] er éQ? gé?gons lgéte_?gaéérzs frc%?'x {he u}égbnsllsh%g} of oxygen,
1, 2, 4-t ri azsuifugnrbgenEing paowbme@amdﬁﬁof@m@m@@gmﬁwanég@wmwwh efnoups
my also b@on%*b%bérﬁﬁﬂn@élar@c\ﬁ &dmEromahk W four@@ro@é{pat%yEnd/&'al@ﬂ|f@bybxybéw¢t&ﬁ

(o B LR peme B ook o SR e SRRRGRA e o
or be fusedlyrerplyhriepycazolyh b-@yrarayie-oxasolyir4- traealyl Faprerelyli Zthiaze ohipleaslyl -
benzo- f usediiazolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl, 1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol-5-yl, 1,3,4-
oxadiazol-2-y! or 1,2,4-triazol-3-yl. Examples of 6-membered heteroaryl groups, which can contain
from one to four nitrogen atoms and/or a phosphorus atom, are 2-pyridinyl, 2-phosphabenzoly! 3-
25  pyridazinyl, 2-pyrimidinyl, 4—pyrimidinyl, 2-pyrazinyl, 1,3,5-triazin-2-yl and 1,2,4-triazin-3-yl, 1,2,4-
triazin-5-yl or 1,2,4-triazin-6-yl. The 5-membered and 6-membered ring heteroaryl groups may
also be substituted by C4-C4¢-alkyl, Cs-Cio-aryl, alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-10 carbon atoms in the éryl part, trialkylsilyl or halogens such as fluorine, chlorine
or bromine or be fused with one or more aromatics or heteroaromatics. Examples of benzo-fused
30 . 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 been taken
35 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°®R®. Here, preference is given to simple systems which
are readily available and cheap and are selected from the following group:
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30 5-nmenbered heteroaryl groups are 2-indolyl, 7-indolyl, 2-coumaronyl,
7-coumaronyl, 2- thionaphthenyl, 7-thionaphthenyl, 3-indazolyl,

7-i ndazolwbD,03@5492nzi m dazol yl or 7-benzi m dazolyl. ExanplPe3/EP02/bBn¥o0-fused
6- member ed heteroaryl groups are 2-quinolyl, 8-quinolyl, 3-cinnolyl, 8-

ci nnolyl, 1-phthalazyl, 2-quinazolyl, 4- qU|nazonI 8- qui nazol ylI ,

5- qui noxal yl, 4- acrldyl 1 phenanthrldyl or 1- phenazyl. Nonencl at ure and
nunberi ng of the heterocycles has been taken 35 fromL. Fieser and M

Fi eser, Lehrbuch der organi schen Chem e, 3rd revised edition, Verlag
Chem e, Weinheim 1957. In_ggpreferred ean@#nenﬁﬁ A "B is an unsubstituted,
substituted or fused, hefler oar omatii ¢ e 1 NO systen1OQﬁNRBBRBB Her e,
preference is givengt ' Iefﬁ?%ted% Whj R eadily avail abl e and
cheap and are sel ected
PCT/ EP02{ 14373 22 R19BIR2 R1, '¢OB/.“: “Zs . 2-pyridyl
8-quinolyl 10 Possi bte suobstiRuents R 8B o Ry7B dte the same radicals as
described for R'-R'"" and hal ogens such as! fluorine, chlorine or brom ne,
where two vicinal radi galgqR18B to R27B nay a-qendye joined to forma. 5-
or 6-nmenbered ring and the radicals nmay al so be substituted by hal ogens
such as fluo- rine, chlorine or bromne. Preferred radicals R18B to R27B
are hydrogen, nethyl, ethyl, n-propyl, n 15 butyl, tert-butyl, n-pentyl,

n- hexyl ,1on- heptyl n- octyl vinyl, allyl, benzyl phenyl , naphthyl,

bi phenyl a ' 780 rine n Br, i ble
or ganosi | i co%35§%€§'§ ?6{ %agtr?t@ gorgJ are{hes Evkg radr'ﬁa% aS%F écr'g‘?‘ﬁ]{j}? Rpmanghal %ﬁ%aw
from1l to 18ichas fb‘mﬁlnatcblfmnﬁ@fbf%n%llwlh?ﬂe twcaﬂweairadlcetspﬁecitcaﬁ ym@wlso bﬁd@'h%ﬂ tgj | yI

gr gufst f\ gfo'rrﬁ a‘ﬁeérBG rﬁé‘rﬁ&ér@dﬂn@ra{nﬁ tr@’@&@@rﬁéw‘al%é@uﬁﬁm&d [By-ﬁaﬁ@eﬁg such as fluo-
substitute sk NQl2 r ular. . via
the 8 posi tflr}g:‘nclgcgma or oamen fﬁrre %P?S#E E)a% AR g)fc()cig)en t@@ eEhyFn propyl, n-
(2, 3, 4- tIbi meathytertrbuton-pentyl, rghexgl, B-heiptB, r6ocTy, meﬁlb't h?ﬂlzqtjphﬁﬁwyhaphihw pighepgr y
f: glpljebi ?dggﬁ%&ﬁar@r@n@&?J g%gné l%,lici)‘l'@réﬁrvla'ta'ﬁ'@ bﬁbhﬂr%sryﬁfblé cﬁ@é?@m%h'swcs%lmgﬁs ar@hﬁo )
i i u
MBI s an OFEURIPE Al PA PR (RATER 1o CE bt el dre 4B FEbn: RredY iR
havi ng a chaethylsighgrodpsoh™ fisvem particolaBy priBrablan uaS:bbiutbd orrdbstitutedl Bgvaligyl-L'  or
via CR9. O’Vélﬂ)gtltEth tqh]mory?ﬁo%«anw@grwmiamattmp&%ntéeg @rq@mamest(z ﬂétﬁ%@tﬁncﬂ%‘j@- s

gi ven to t he conbi nat ene

and t he 2 co??b?l"riﬁf“ieB‘M'qB‘f‘dﬂég:(Z éﬁfsaw@ylgym@ﬁ @Flgl? Wd%*oﬁfe%arﬂ and &
unsubst i t ut esnedimesgiestvietyloedlad@ivities. nol yl or  unsubstituted or substituted
2-pyridyl. Systenms without a bridge RBin which k is 0 are also par-

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 fo 3. R® can
25  be bound to A™ via L' or via CR®. Owing to the ease with which they may be prepared, prefer-

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

combination of R® = CH,, C(CHs), or Si(CHs), with A'® = unsubstituted or substituted 8-quinolyl or

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

ticularly easy to obtain. In this case, A'®is preferably unsubstituted or substituted quinolyl, in par-
30 ticular 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 cata-
lyst. Such complexes can then be appropriately reduced or oxidized by means of suitable activa-
tors. Preference is given to using chromium complexes in the oxidation state +3.
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ticularly easy to obtain. In this case, AB is preferably unsubstituted or
substituted quinolyl, in par- 30 ticular 8-quinolyl. The nunber n'B of the
| i gands XD odepwnts on the oxidation state of the transitipen/Epe2/ad37M The
nunber n' B can thus not be given in general terns. The oxidation state of
the transition netals MB in catalytically active conplexes is usually
known to a person skilled in the art. Chromium 35 nolybdenum and tungsten
are very probably present in the oxidation state +3. However, it is also
possi bl e t o Toskanstiopineteempteaobthe ardeit il oan ke atrenahoee, dinericw trimgesip oetapauod,t hat
of the acti Ve P A2 dr¥Sitis pSliH, W@Hn@@%r%ﬁ@oﬂrﬁ@@hé&%d@?ﬂf&%é RloSheta bEIUCEd
or oxidized geans of suitable activa- tors erence IS given to using
chrom um co I}é'xes in the oxidation state +3. 40 WD 03/ 054027

PCT/ EP02/ 14373 23 The transition netal conplex of the fornmula Il can be a
rmnorrerlg gké}ﬁ‘ﬂléscofﬁlreféﬁreb%&ﬁbl@xe@%@)ound i.e.m is 1, 2o0or 3. It is

possi bl e, for_ exa nore |igands X to bridge two netal cen-

ters MLB. 5 W'l@sz B‘Pthﬂr“e’f‘%tf‘¥'@'6'06%ﬂt?ﬁjl'e€)€'é'§°ra%‘ (1) dichloride,
1- (8- qui nol yi(9- qlﬁndhge)tmgbprépyﬂahﬁeyﬁymy@dp@memémhhmnydnc(hr) dighiamdel 1 1) di chl ori de,

L- (8- qui nol Y1z dyheRicRibtlyr 2B BIpU LSRG RAAMFRH) 6BAGRT ! 1)

1- (8- qui nol i(§-aunaidrd. 3 hatisiansihrisydigpraipeiemisarmidan@h ¢icelpidsn um(111)
di chl orife, 1-(8-quinolyl)tetrahydroindenylchromium(lll) dichloride,

1-(8- I t ad | ch I11) dichlorid
Lo 0 e i AR e syl o (1) ot entor e

1- (8- qui nol JH(§-hyirRiya- @hﬁhwmﬁﬂw(chiomun@il”é:#ﬂpfmﬂdée
1- Eg qui no: yhg- @nmtmbpraq@méhﬂm@ﬁwnm |dioh?olrltlﬁi=.; cgl or : de, |

ui no i chl ori de,
(8- gw nol y1 % qlﬁ”%@%ﬁﬁﬂ% Fﬁrﬁ%&[ﬁ?u& r\lﬂq ®di chl ori de, 15
(8- qui 9ol yi(§-qEnadra-tebtbuiylindetideipdngim@iridighipride, )  di chl ori de,
(£ N e

i ori de,

(8- (2- met % vE-auT %%)aégylg rﬁ@gﬁiﬁlc W”W’émlu@%@%rlc%pent adi enyl chrom un{111)

i chl ori de, 1-(8-(2-methylquinolyl))-2-methyl-4-methylcyclopentadienylchromium(lll) dichloride,

1-(8-(2-met hL\éé @%&WE inolyl) 234% térrén?ettﬁw:z@&;mﬁ a@béﬁ}l&i?&ﬁih:%@ﬂ eivlordy; oni un( I 11)

di chl ori de, t q d I'ch |1
di chl or :2(9e 1- (%(2('3 t Wﬁ}}ﬁéﬂ%a‘ﬂ% yf e rﬁ):%‘f i %nf(alnlyl ;: (rj?(r:nthg: de, :
1- (8- (2- et hys- @anettwlqun)o)yl)ﬁndm}zlhydmmrdelmdiobhndnn um(lil) dichloride,

1-(8-(2-methylquinolyl))-2-methylindenylchromium(lfl} dichloride,

1
1
1
1-
1
1
d

1-(8-(2-methylquinolyl))-2-isopropylindenylchromium(lil) dichloride,
1-(8-(2-methylquinolyl))-2-ethylindenylchromium(lil) dichloride,

25  1-(8-(2-methylquinolyl))-2-tert-butylindenylchromium(lil) dichloride,
1-(8-(2-methylguinolyl))benzindenylchromium(lil) dichloride or
1-(8-(2-methylquinolyl))-2-methylbenzindenylchromium(}ii) dichloride.

The preparation of functional cyclopentadienyl 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,
175-1885.

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 187 10615).

Further transition metal compounds B) which are suitable for the purposes of the present inven-
tion are imidochromium compounds of the formula (ill),
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2- et hyl qui nol y

( I i sopropylindenyl chromun(I11) dichloride,
(2- et hyl qui nol yl
( I

( ))-2-
( ))-2-ethylindenyl chromun(Il1) dichloride, 25
( 2- rephoglospornol yl ) ) - 2-tert - butyl i ndenyl chrom un(1 | |) Pdirtro43de,
(8- (2-net hyl qui nol yl')) benzi ndenyl chroniyn(111) dichloride or
1- (8- (2-met hyl qui nol yl)) - 2-net hyl benzi ndenyl chromiun(I11) dichloride. The
preparation of functional cyclopentadienyl |igands has been known for a
long tine. Various 30 synthetic routes to these conplexing |ligands are
descri bed, for exanple, by M Enders et. al. in Chem Ber. (1996), 129,
459-463 or P. Jutzi and U Sieneting iered,e Orgmet. Chem (1995), 500,
175-185. The netal conpl exes, inJpagkicul'ar the chrom um conpl exes, can be
obtained in a sinple nanner 35 by§'reacting tite corresponding metal salts,
e.g. netal chlorides, with the IigEnd anion (e.g. using nethods anal ogous
to those. of the exanples in DE-A 20%.:40615). Further transition metal
conpounds B) which are suitable for the purposes of the present inven- tion
are i m dochrom um conpounds of the fornmula (111), 40 WD 03/ 054027
PCT/ EPO2/ 14gHste thd4akidblds halNReg RillGwingedrdidgds) | X1CGmLC 5 where the vari abl es
have the followi ng neanings: Rc is RcC=NR2C, R cC=0, R cC=Q(OR2c) R cC=S,
(R O2P=0, (OR Q) 2P=0Q, S2Rilc 10 CR2CC=N, . NR C or BR cR2C,
O - C20- al kyRS C1- C28 REGEINGAL, §/‘IC,=OcE!-R°)1@2@(%ﬁ RYC=S, (gg%@z@ IQF%@P%H, RPPRIry |
havi Rg f1bolm 1to 10R@RF°I§LGN, RRGRE dJr BRIRE, @I-k;%lamacn-ogortgclﬁauaﬁ O-&h-alleafl, at onms
in the aryl part, or hydr n_if it is und to a.carban r e
or- ganic radicals %—ongwg%@lerthmgfrgrgqg%é&callrﬁ%q, t Onéﬂﬁg?el %dgér%nsa%%gﬁfgg are
each, independent | ybafatemsindectriear}, of hydorgen 8 it iscpluod foreecartion @ipimwhere difi afie,
NR3cR4c NP(R3C) 3, %%iégdicé@h(cgﬁéh@immr ik&H $oERGents( 3- di ket onat e, BF4 |
I

PF5 or a bul ky weakly coordinating or noncoordinating anion, Rc_ R4c are
each, independently of one another, d -C20-al kyl, C2-C20-al kenyl,
CB- C20- @byl X'© - are each, independently of one another, fluorine, chlorine, bromine, iodine, NR

NP(R*%)5, OR*, OSi(R*®)s, SO;R*®, OC(O)R*, p-diketonate, BF,, PF¢ or a bulky
weakly coordinating or noncoordinating anion,

1- (8-
1- (8-
1- (8-
1- (8-

3C R4C
'

R~ R*  are each, independently of one another, C4-Cyg-alkyl, Co-Cao-alkenyl, Ce-Cap-aryl,
20 alkylary! having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in
the aryl part, or hydrogen if it is bound to a carbon atom, where the organic radicals
R' to R*® may also bear inert substituents,

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 (1l) is uncharged,
30 L' 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 (1V)
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20 al kylaryl having from1 to 10 carbon atons in the al kyl part and 6-20
carbon atons in the aryl part, or hydrogen if it is bound to a carbon
atom whewe oslogtoer ganic radicals Ric to RAC nmay al so bealPCirmPo2/14373
substituents, n"Cis 1 or 2, 25 mMc is %5 2 or 3, where ni C has a val ue
dependi ng on the val ence of O such that the netallocene conplex of the
formula (I1) is uncharged, 30 L'Cis an uncharged donor and y is fromO to
3. Such conpounds and their preparation are described, for exanple, in WO
01/09148. 35 Further suitable organic transition netal conpounds B) are
transition netal conplexes with g tridentate macrocyclic ligand. In
particul ar, conpounds of the forlTruI a (1v) 40 WO 03/054027 PCT/ EPO2/ 14373
25 RDIIDTh 3DZ1 D Z 1D;,D~AA\DA&D\(IV) C3D R Z aD R 2D 10 where the
vari abl es have the fol |l ow yg nea ingg MPD is a transition netal of groups
3-12 of ghe Periodic Table Zl Z °i's}a di r adi cal Bgl)ect ed fromthe

follow ng group 15 RAD R6D RsD__gg> _E20 [3- ESD E7D E 20 where

AZD

A%
Rso/ \_ S~ 2D
722 R

10  where the variables have the following meanings:

M*® is a transition metal of groups 3-12 of the Periodic Table,
z'°. 7P is a diradical selected from the foliowing group
15
R R® R®
_J_ZlP _[I_:Z_D_[lz@
| |5 |
5D 7D 49D
R ! R R 1
20
where
g'P.g*® are each silicon or carbon,
25
AP A% are each nitrogen or phosphorus,
R®-R® ' are each hydrogen, C;-Cao-alkyl, 5- to 7-membered cycioalkyl which may in turn
bear a Cs-Cg-aryl group as substituent, Co-Cyo-alkenyl, Ce-Coo-aryl, alkylaryl hav-
30 ing from 1 to 10 carbon atoms in the alkyl part and 6-20 ¢arbon atoms in the aryl
part, SIR";, where the organic radicals R'°-R* may also be substituted by halo-
gen(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 radi-
cals 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, hy-

drogen, C4-Cqo-alkyl, Co-Cg-alkenyl, Ce-Cao-aryl, alkylaryl having 1-10 carbon at-
oms in the alkyl part and 6-20 carbon atoms in the aryl part, NR'®®,, OR'®,

40



E1D- E3D are each silicon or carbon, 25 A'D _ A3D are each nitrogen or
phosphorus, R1D- RIOD are each hydrogen, Cl1-C20-alkyl, 5- to 7-nmenbered
cycl oal kyWwowhiosde2ay in turn bear a C6-Cl0-aryl group asPEEEPO2A43ENt,

C2- C20- al kenyl, C6-C20-aryl, alkylaryl hag 30 ing from1l to 10 carbon
atons in the alkyl part and 6-20 carbon atons in the aryl part, Si R10D3
where the organic radicals RID-ROD may al so be substituted by hal o- gen(s)

and further functional groups whi ch preferably bear el enents of groups 15

and/or 16 of the Peri88lc SPaRi’e QHORIE, ENSRMES, Brdiietonate, (i&ii RFal, oog bulyci nal
radi - cals RI D-RID nmey,gbst@ndifglefibiied to forma five- .or six-nenbered ring,
35 XID are each, independently of one another, fluorine, chlorine, brom ne,
i odi ne, hy- drogen, Cl-Cl10-alkyl, C2-Cl10-al kenyl, C6-C20-aryl, alkyl aryl
havi ng 1- 10REar bon at are@esh, indepdnderdly kfdne@aptheramairdyel @C,eas-alkyh 5atoohs i n t he

| J 0D2 ORI e (o in'tu -Cyo-a r s
330 Riob o SN o AT Cakl AR e TR s G o S 1 no

ani on, R10D are each, C%‘ﬂﬁ@ﬁ‘@%&?tqzva‘féﬁ Ay AAYpgEem 1 IR, GERoR atopicde 2y lky |
5- to 7 5 nenbered cypgdromldieyd0 aattion latomayin iha atylpant dndawo mdicds BfDmay yiso be oup as

substituent, C2- Qo-ﬁtlgfmgm %eﬁgﬁ%Aqber@%ﬁ_ﬁlagayl having from1 to 10

carbon atons in the dl part a car atons in the aryl part and
two radicals RL OD nay also be joined to forma five- or six-nmenbered ring
and 10 ndD a'S a nunbeis afnumberiroot % 4ssuehthbitad metatocard ampsxentie complex) of t he
fornula (1V) is uncharged,  are suitable as organic transition metal
conpounds B). 15 Preferred organic transition netal conpounds of the
formula (1V) are: [1,3,5-tri(nethyl)-1,3,5-triazacycl ohexane] chrom um
tri chl ori deare slLifabR, R-okdanic@lahsiion-rstad cbmpdunagBeycl ohexane] chr om um
trichloride, [1,3,5-tri(octyl)-1,3,5-triazacycl ohexane]chrom um
trichloride, 20 [1,3,5-tri(dodecyl)-1,3,5-triazacycl ohexane] chrom um
t ri chl or'bdePegffired proagic Sansitiop hetar garounds of therforgiad e Behexane] chr omi um
trichloride.

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

[1,3,5-tri(ethyl)-1,3,5-triazacyclohexanejchromium 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(benzy!)-1,3,5-triazacyclohexane]chromium trichloride.

It is 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 un-
charged 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 com-
pound 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 (V)
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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 cwopsios®s7 at | east one cation-form ng conpound a®ca@EPprnsm C).
Sui tabl e cation-form ng conpounds C) whi are able to react with the
organic transition netal 30 conmpound B) to convert it into a cationic
conpound are, for exanple, alum noxanes, strong un- charged Lew s acids,

i oni ¢ conpounds having a Lewi s-acid cation or ionic conpounds having a
Bronsted-acid as cation. In th&k’tase of metal |l ocene conpl exes as organic
transition nmetal com pound B), theapdtoon-A ing?'conmpounds S& are
frequently also referred to as cgapounds cqpab”b of formng {allocenium
ions. 35 As al uni noxanes, it isRpossible tqyuse, for exanple, the conpounds
described in WO 00/31090. Particularly usgful conpounds of this type are
open-chaén or cyclic alum noxane c the formula (V) or (VI) 40
WO 03/ 054027 PCT/ EPO2/ 14373 27 R%l(ﬁ%_+P- Alf-j- RR1(VV mR11 R1 5
O- Alm(VI) R21 where R21 is a - 'W@ﬂ__group, preferably’a methyl or
ethyl group, and mis an integer 10 from5 to 30, preferably from10 to
25. These oligoneric al um noxane conpourids are usually prepared by reacting
a solution of tr%al- kyl alum numw th water. The oligoneric al um noxane
conpounds oWbeitRed i n tihpSrEayplkerosougepreferably|al methyhor aiey! grevamand Mrs &t inteed of
both lingar and cyclic magfbm)f,r@re\;gb@srdaﬁoftalzs_ous | engths, so that m15 is
to be regarded as a nean. The al um noxane conpounds can al so be present in

adm xture with other netal alkyls, preferably alum num al kyl s.
These oligomeric aluminoxane compounds are usually prepared by reacting a solution of trial-

kylaluminum with water. The oligomeric aluminoxane compounds obtained in this way are gener-
ally in the form of mixtures of both linear and cyclic chain molecules of various lengths, so that m

15 is to be regarded as a mean. The aluminoxane compounds can also be present in admixture with
other metal alkyls, preferably aluminum alkyls.

Furthermore, in place of the aluminoxane compounds of the formula (V) or (V1), it is also possible
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 in the range

25 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 MEXTX3XE (Vi)

where

Mm? is an element of group 13 of the Periodic Table of the Elements, in par-
35 ticular B, Al or Ga, preferably B,

X', X?and X* are each hydrogen, C~Cso—alkyl, Ce~Cs—aryl, alkylaryl, arylalkyl, haloal-

kyl 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, chiorine,
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Furthernore, in place of the alum noxane conmpounds of the fornula (V) or
(M), it is also possible to use, as conponent C), nodified al um noxanes

i n whi ch wbhesjgencar bon radi cal s or hydrogen 20 atons ha&eca/Eperm3part|y
repl aced by al koxy, aryloxy, siloxy or amide radicals. It has been found to
be advantageous to use the organic transition nmetal conmpound B) and the

al um noxane conpounds in such anmobunts that the atomc ratio of .al um num
fromthe al um noxane conpounds to the transition netal fromthe organic
transition netal conmpound Bpmire drivdinken partiguar R8odryle pref@alily pentaflu@ogheby!.
preferably from20:1 to 500:1 and in particular in the range from30:1 to

o he Tor el AUt PER LA OIS o B GRR O R ComoLs

of the Periodic Table of the Elenents, in par- 35 ticular B, Al or Ga,
prefer ab%, Y Bartictlar pXé2eré&ite io@veane caamindtyd tredemula@iH)Glonied KY X arfdo<’ Gibidertiy | |,

al kyl aryT, yl al kvl , . - al oaryl each having from1l to 10

car bon aton%gﬂﬁgéﬁéygFE%bgﬁggﬁﬁébD&gﬁ ‘from6 to 20 carbon atons in the

aryl radical or fluorine, chlorine, 40 WO 03/054027 PCT/EP02/ 14373 28

Itgr omhne or Fmﬁkn@m?@ Ondhargbd Qél/l/iélEciﬁ@étﬁéﬁﬂé’éé}cati@f—@frﬂihg?l&ianopm"s_t(E)fanxﬁé eabAy| -
urt her exanples .of stron ncharge s acids .ar |

00/ 31000, 5PBSIEES o Be reparcgq‘“e#é%%é’”?gs?ma Wﬁ'\é%Wte&”%’%ﬁ%%ﬂﬁaégaq@?é“ﬁq@ﬂ? brtnafe.

(V1) i ngwhigihn poduckpireamthe Xgactigreofiadiatitylalumiraim withrterp equitsiapts of an acidic, fluori-

tri s(pent af haed snbaRYk RefidnSated. Bab&Efonbl ik BE hdta86toprRNbISr aCi ds

sui tabl e asbcatl%@-fOEHIP%fcpnﬁgunds C) are the reaction products fromthe
reaction of PEPHEFYACRISVIRRACERY wo equi val ents of a trial kyl al uni num or

the re- 10 action products fromthe reaction of a trialkylalumnumwth two

equi val ent s sQfapRibrCofipGundb heafd Cewibdifoatibrid dPsdilikébhpddRds df WRICEMRAISRthe

carbon conpound such as pentafl uorophenol or bis(pentafl uorophenyl)borinic

aci d. Suist afofaul? 6fic conpounds having Lew s-acid cations are salt-1like

conmpounds of the cation of the 15 forrmula (VMII1) [(Ya+)QLQ2...Q]d+ (M 11)

where 20 [(Y*)QsQz... Q™ (i)
where
20
Y is an element of groups 1 to 16 of the Periodic Table of the Elements,l
Q;i0Q, : are singly negatively charged groups such as C—Cyg-alkyl, Ce—Cs—aryl,
‘ alkylaryl, arylalkyl, haloalkyl, haloaryl each having from 6 to 20 carbon at-
25 . : oms in the aryl radical and from 1 to 28 carbon atoms in the alkyl radical,

Cs~C1o—cycloalkyl which may in turn bear C,—C,q—alkyl groups as sub-
stituents, halogen, C,—Cgg—alkoxy, Ce—Cs—aryloxy, silyl or mercaptyi

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, oanium 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 noncoordi-
nating counterions, in particular boron compounds as are mentioned in WO 91/09882, preferably

40 tetrakis(pentafluorophenyl)borate.



Y is an elenent of groups 1 to 16 of the Periodic Table of the Elenents, QL
to QZ are singly negatively charged groups such as Cl-C28-al kyl,

C6- C15- arwb,03/08d0ky| aryl , aryl al kyl, hal oal kyl, hal oaryl e&ch/Eravi43g3from 6
to 20 carbon at- 25 ons in the aryl radicgl and from1 to 28 carbon atons
in the al kyl radical, C3-Coo-cycloal kyl ich may in turn bear Cl-Cl10-al kyl
groups as sub- stituents, hal ogen, Cl-C28-al koxy, C6-Cl5-aryloxy, silyl or
mercaptyl groups, 30 ais an integer froml to 6 and =z is an integer from
0 to 5, d cesltsampiagdencbordinbingdinfohecaretse b preparedibytcomibinisg giberab er algrhiavm or

equal to 1. corﬁa,uﬁ’&g_d's.g%ﬂﬁﬁnm%@, i Qs&%b& eRSpoRhPwRiRT BANLAENGGRAK MR more

oxoni um cat 1 ons and onium cations and also cationic transition netal

conpl exes. PRAPR PR RIPURBIRMSoR 9 e R R bie OMPPHE WhiGhIprEIS AN iRBTZHRGIONIGSRfT on,

th he silver g&ind@ith@kbordheor hlubiinueh soaipbyrdf e griogrenyichorcatthare. inEdeiorps felier abl y
ave nongoordi - NG, , I G re

mont i onetl | FoU BT HERUEMS SRl R nd diy B i ek RY FETRAMGI AT . .

WO 03/ 054027arFds ilergided. 4373 29 Sal ts havi ng noncoordi nati ng ani ons can

al so be prepared by conbining a boron or alum num conpound, e.g. an

alum numal kyl , with a, secand conpoun ' t ' . Qr nore
boron o al e alPaPeRaS A e TRRN S N ReiRE olBRE e bRt T
i oni zi ng i ondunterions. Ap Brinatediacitis, PAECURS Ptsferenceds divAnrie RooAES BMiAS oeanyine de-
? ;;g?gnyﬂoﬂhgﬁ%%bw@d c!atﬂ:ln@dféi N,Nm}mahilﬂmgﬂuhw, ﬁ,mmw@f cl:lMxﬂétﬂﬂnbﬂﬂlfﬂWaﬁcﬁ

Wi e. boron or al um num conpoun ...pent af | uor ophenol, can
al so be addé‘d&‘dln?)%’?yﬁ’eegmﬂ?{w ﬂ'ﬁﬁqﬁ?g%%¥a6'ﬁ%%°iﬁgé%tf%a@°as cations |ikewise
preferably have noncoordinating counterions. As Bronsted acids, particular
B of or  ed. oo arog e R T e 1 cycl ohexyl amoni

) , Y, iliniu , i et hyl cycl ohexyl anmoni um

and N, N-di nﬁtrﬂw(ﬁgﬁifg?'%’ﬁ&%})fb?ﬂﬁt%Whﬁgl%hyh:é%f}féw?@@gmw t heyl atter yt Wo.
Pref err ed i oariakis(pentgfoarndseng)baaate and N, Npdmethygiednaylammombrdi met hyl ani | i ni um

tetrakis( pe(&,@?%@g{@m%@y{%mg&e, N, N- di met hyl cycl ohexyl ammoni um 15
tetraki s(pentafltoropheny orate and N, N-di net hyl benzyl ammoni um

tetraki s(pentafl uorophenyl)borate. It is also possible for two or nore
bor at e ani onss dlsv gassibleiforéb tron@e Borate@hioes to bagoined to bree ahiother, @min the dianion

[(CeFs)2B-CsF 4-B(CsFs)2]*, 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 Brénsted 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 dis-
30 closed, for example, in WO 99/06414.

It is also possible to use mixtures of all the abovementioned cation-forming compounds C). Pre- .

ferred mixtures comprise aluminoxanes, in particular methylaluminoxane, and an ionic compound,

in particular one in which the tetrakis(pentafluorophenyl)borate anion is present, and/or a strong
35 uncharged Lewis acid, in particular tris(pentafiuorophenyl)borane.

Both the organic transition metal compound B) and the cation-formihg compounds C) are prefera-
bly 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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[ (C6F5) 2B- C6F4- B( C6F5) 2] 2-, or for the borate anion to be bound via a
bridge to a suitable functional 20 group on the support surface. Further
sui t abl e watmosokdr m ng conpounds C) are listed in WO 00/ 2C08(P02/T43¢3 anount
of strong uncharged Lewi s acids, ionic cggpounds having Lew s-acid cations
or ionic 25 conpounds having Bronsted acids as cations is prefer ably from
0.1 to 20 equivalents, preferably from!| to 10 equival ents, based on the
organic transition netal conpound B). Further suitable cati on-f or i ng
conpounds Ohear@lylstosotinecanl furthiencomzieaze additongLeomparent D), a metal compound of the

di [ bi s( pentfg;ngl}ég)(r)gphenyl bor oxy) ] net hyl al ane. Bor on-al um num conpounds of
this type are 30 closed, for exanple, in WO 99/06414. It is also

possi ble to use m xtures of ‘all the abovenenti oned cation-form ng conpounds
C). Pre- ferred nixtures MURf)(FEY, @wni noxanes, in particular (X)

net hyl alum noxane, and an ionic conpound, in parti cular one in which the
tetraki s( pent af | uorophenyl )borate anion is present, and/or a strong 35
unchar ged L¥® acid, in particular tris(pentafluorophenyl)borane. Both the
organic transition nmetal conpound B) and the cation-form ng conpounds C)
are prefera- bly used in a solvent. Preferred solvents are aromatic
hydrocar bons, having from6 to 20 carbon atons particul ar xyl enes and
tol uene. 40MWD 03/ 054027 PﬁPEMW%ﬂ‘BWBa'k%Oe%r&%‘i?'&f?/ﬁletaé?flgfod'pééﬁ”f"%rther
conpri sgg as additional cofgodieieblg)ie. keroreelamingongalivnd indtimdnéhallifrar mul a
(1xXy, M8 (RR2)r (R23)s (R24)t (I'X) 5 where M is an alkali nmetal, an

al kal i ne eag#zh netal or a gRjdhgenf Cgb%ugkylft .Oéﬁlahﬁ alk%@r;P&*deryﬁea‘Eﬂlalaﬁng i

boron, alum num gallium
Cl- C10-al kyl, ©8-Cl5-aryl, ‘l"ﬂﬁk “rafg gr% °§4rsth %déggﬁé,ﬂ%@?ﬁd;zo Fbg&a"mtso 10

carbon atons in the alkyl 'ﬁ r Ha from6 to 20 carbon atons in the aryl
part, 15 R23 and R24 are each hydrogen, hal ogen, Cl-C10-al kyl, C6-Cl5-aryl,
al kyl aryb, RF¥wh@R* kyl or akleactyhydmgén, halugangCi-CarralkyltG-Ca-ardraiolarvhtots- i n
the al kyl radical and frog ooy @4thGavilpfondt @Y dafboh ABnaliythe tiRgiraidal r is

an integer froml to 3 and from 6 to 20 carbon atoms in the aryl radical,
r is an integer from 1 to 3
20 ang
sandti are integers from 0 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 Mm? is lithium, magnesium or aluminum and
R?® and R* are each C;—Cso—alkyl.
Particularly preferred metal compounds of the formula (IX) are n-butyllithium, n-butyl-n—octyl-
magnesium, n—butyl-n—heptylmagnesium, tri-n—hexylaluminum, triisobutylaluminum, triethylalu-
35

minum 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 com-

40 pound B) is from 800:1 to 1:1, in particular from 200:1 to 2:1.



20 and s and t are integers fromO to 2, where the sumr+s+t corresponds to
the valence of M3, 25 where the conponent D) is not identical to the
conmponentw@)03/054027 s al so possible to use m xtures of varPCUEPIBIBI3
conpounds of the formula (1X). Anong thegyretal conpounds of the fornula
(I'X), preference is given to those in which 30 M3 is |ithium nagnesium or
al um num and R23 and R24 are each Cl-Cl0-al kyl. Particularly preferred .
nmet al compounds of the formula (1 X) are n-butyllithium n-butyl-n-octyl- 35
magnesi um Ingknergl] theediapt polideegused lagaher with-arfutfex yietel eamneurd D') of the formula
triisobut Y' (ﬂgqme?é"ﬂms nﬁaw b%td}bélré\l \‘rbm fﬁbrmal e&ﬁlpauha afecfohmb@{dam D&ENiRIRE pr’@péfbur es

t her eof . resent in

|
EaCET VSt S giondr PR ceavs B S e aeP o oty sysRaorihs bl Rt P e
formul a (1 Xatibrooftotesimes ittid asp possiaie, detticaleny wregdird aataysbndd tossmohmntein acempo40

d B f
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ner a e cat al
t oget her W|thehcaéalvsﬁP@'Hew'tm%%sswaw?f%nwompyuw b?'ﬁ%'dfa?)tlcﬁ‘ﬁ? ar éj'f(qr%t go'ﬂﬁ@f e this
may be di f fefi@nborrhin@eongvandsiredentdntipestalystiaplicconpounds D) used in the :
prepara- tion of the catalyst solid, as constituent of a catalyst system
for the polynerization or copol rrerl - zation of olefins, It is also

possi bl e, partincalg. el CW%E?‘PW% ree)idRvestaniae eeeAIehdt g i 157, o LMo 5
nent C) qof Od'on{pbﬁén@@)azlrﬁbn ﬁw}é%b;ﬁiﬁﬂtb@ pRYBRPrbtiGEor @R eneafis mroaemﬂhurmadrorem ng
conmpounds in, 3 8%'%1'&@\”0 t%? émpongrﬂ Q]\(%Zéacﬁ\%ld{algs%w% SORFRubRE AR & H N9

conpounds b&i rent m-an cation-formn
conpounds pwhigesyppdricompenecampaiens®iang any WWWPF%%M@ Comhlaect%ﬂaﬁygqsegm i ds
of the presghiy. TW&Hdoﬁéht@B)earW@Fbaﬁ 86ladned fridspargenty of gmﬁan@aalyoi\ftdrhemcw

components O} alnhs Sk 12 SPOSEL A SRR RnL 2l &

chem cal t g 0 onen reactive
groups 06 tdremgtiggydocarsensf ace. The order in which support conponent,
conponent B) and any corrponent C) are conbined can be chosen freely. The

conmponent s B) and dded nd e d
the indi- VPGPS® beg)c%'é)sog'"@te gorqaﬁljg '8y Iogng ah %Tép unéhgglo o%’}ﬁ%goﬁ.% taﬁﬁé{hﬂ]ert
sol vents suthé ca@n-édrmpha:bmpottmd C1 5 eesuiatiie $advehly deuatiaiolgiva S soluple seastiaafnsrdueld

enmbodi ment,, ?ﬁmﬁ QloP2RGurk. rﬁ@%*éph@ﬁorf@ﬂtéﬂed@r@ﬂﬁ@%@%tﬁén brSu q’hf ﬂ%&hﬁtaétmtﬁ)the
contact wt e cation-f ab | vent .. usual | y

o g1 ve2h sHPERl ARt U RHIRYE Do QP RO SRR TP Py
pr epar at i onreplveai. Meslcatatyst bolig istbgn prefetehignbtbinedighite form of adftetfiawing wpwder.tBxe

amples 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 cation-
25  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,-Cqo-1-alkenes and in particular ethylene or propylene, and the resulting pre- ‘
polymerized catalyst solid then to be used in the actual polymerization. The mass ratio of catalyst

30 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 vinylcyclohexane,
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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20 support particles A), which may have been pretreated, and the solvent is
conpletely or partly renoved. The catalyst solid is then preferably

obt ai ned wo oslgtobpr m of a free-fl owi ng powder. Ex- anpl espefi/RPaz143mglustri al
i npl enent ati on of the above process are dgscribed in WO 96/00243, WO

98/ 40419 or WO 00/05277. A further preferred enbodi nent conprises firstly
applying the cation- form ng conpound C) to the support- particles A and
subsequent |y bringing this supported cation- 25 form ng conpound into

cont act wi tThetdoiymerizeiinn cantbezagiet iodtrin ansbeyn eampoin kdk B) suspensidngn thergas phasei s

al so possi bje, § Qﬁpch!ﬁﬁcaq:ﬁE@LM %‘Fthé Qus'tcﬁind(r}b feﬁ&tbﬁé uEéH f@ﬁh@b@ﬂﬁér&%ﬁ 'o?—&gfm‘é‘ it &an
(x-ol efins, re era ticular ethyl ene

OF or opy! e Bied S HRIhulSEICT PRGBS SUP R Poer TESte SP9S SUBRT aRERREY o be
used in thesuapénsiah ppmég;smarstnz@tgaemhas‘ﬁkpeoaem anédpasephabe fiadizddyet p®desses ard used

in the perepwfx.g@ s%wfﬂteomsgaﬁ%ﬁ%{ edROk %%ééntﬁ@fé u@@h@ﬁh%dréc%rdéﬁéj%reyarhﬂethe

range fro rnofe, 'a shal | amoun lefin
preferably 'é?P“Eﬁ“BvI‘é]elsﬁthefr@)‘?”o@?'érfb?"@e{)’%yl cycl ohexane, styrene or
phehyl di et hyl vi nyl si |l ane, as nodi fyi ng conponent, an antistatic or a

sui table | n‘ﬁ'[e Jolyﬁ%rlfa?gpg rb% C%H%Q ?tsattﬁoM@éO R)rBOB"Cl n%gﬁ %Q&eé‘%qﬁedra wb%' Ve

during or a aration ported st s ste e nol ar
rati o of ad@i3tG0Q&sr. P@fetrerr&ﬁmweaﬁo iffmpaqat%nwewgsﬁoméod%%%q AN PR Fom 000
to 1 00Qp1,eqxeabecabidprédsnss ki the tapgefom. 5 teH{DOWERY, A3p bR iforP @l folieQar. 74873 32

The pol yrrerr%‘néaant r{e%gen%gpmg%arg %&Janf#orﬁ”d% tb Q h rg ’L?%%}Cg?ﬁ&%g 5 tQ Sl%{l %(’lt lé Biso

suspensi on, PEr Cr he cust omary
reactors USMS'PIGFO mﬂ@énqﬁslngﬁﬁﬁrqulator%fw e*arreﬂlsehyriwgen |of Cl@ﬁ%ﬁ“aﬂb@d%ﬁsﬁ“é’ﬁa%ut

bat chwi se ofntipe@fser MbbyyeaRkiighuously in one or nore stages. Solution

processes, suspension processes, stirred gas-phase processes and gas-phase
flui di zed-bed processes are 5 possible. As solvents or suspension nedia, it
i s possilbl eThecatatyet sofidsraf theyrdesetinsolins, display ae/ﬁe{rhpﬁheoroqug%nméfr@eoolymeﬂéat'@@oft he

nonomer s t hgams| afﬁsadvmggdm mer%rkaa)tdfma poRMmeR&RERNE B&ﬂné?liétloatand le@iMosfiP to
300C and pre sur es rence is |ven

Do e D bty Roce b Biate et a8 bt stauds { e pDimiy o PPERE Presie
100C, and prsigshe ealyshsystem of dregredentnvebtioroard 0@tidydarly suiiabjedertapplightions fvhigin 15

to 70 bar. "I;ngrergqq@.,rgrgﬁjcpﬂ?gye times are usually from0.5 to 5 hours,
preferably fro hours. It is also possible to use nolar nass

regul at éPs, for exanpl e hydrogen, or customary additives such as
anti st ati csExampldse pol ynerization. 15 The catal yst solids of the present
invention display a very high productivity in the polynerization of
ol efins, offer advantages in the work-up of the polyners after the
pol yneri zation and |l ead to sig-
The following tests were carried 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 dyg dsp and deg:
35 '
The particle size distribution of the particles was measured by light scattering using a Mal-
vern 2600 Sizer from Malvern, Great Britain. In each case, 100 ml of sample mateﬁal were
used in air. For the present purposes, the parameters dyg, dsg and dgo are the volume-based
percentiles of the diameter. ds; is at the same time the median of the particle size distribu-
40



nificantly reduced problens in respect of catalyst residues in the polyner.
The polyners prepared using the catalyst systemof the present invention
are partiwoloanb4p2sui t abl e for applications which requirepPaThHPghi1grodduct
purity. 20 Exanples The follow ng tests re carried out to characteri ze
the sanples: 25 Determi nation of the specific surface area: By nitrogen
adsorption in accordance with DIN 66131 30 Determ nation of the pore

vol une: By nmercury porosinetry in accordance with DIN 66133 Determ nation
of dlo, d5o0 andti@®0: 35 The particle size distribution of the particles was
measured by |ight scattering using a Mal - vern 2600 Sizer from Ml vern,
Great Britain. In each case, 100 m of sanple material were wused in air.
For the preS&temipilicpasias lost prigptienanet ers dlo, d50 and d90 are the

vol une- based percentiles of the diameter. d50 is at the sane tinme the

medi an 0f the pagd el & Sl s Welohtloss A0 M0 03034020 RITERIAALS. 33
tion. Determ nation of the |oss on i nltﬁon: 5 The 10ss on ignition is the
wei ght | oss expéliepse Medtsthjor &O%W%tgm?w 7 dvie QYR AheniRy 1 hopegs §50°Giin 2
firstly for 30 mulibfesacdt 200C in a drying oven and then for 1 hour at 950C
ina nmuffle furnace. Determi nation of the proportion of volatile
constituents: 10 The proportion of volatile constituents was determ ned by
measur enent D@ﬁa@inaﬂamftgemopgﬂ@ofaﬂlﬁﬁ%mféﬁtéerm%i ng a Mettler LJ 16 Misture
Anal yzerqgf rom Mettl er-Tol edo, Geifensee, Switzerland/Infrared dryer
Mettler LJ 16 from Mettler-Tol edo,. .G effen, Cermany. 15 Determn nation of
the pressure iniﬁ%%{g%o nr°|f H%Jgtﬁee?otnstftﬁfsrvéa{sidgﬁrm Eb%'P%assgﬁp]tae nfuﬁg}frea s"éertc?ﬁFi ng
mel t filtrati onaimesphdes esing Wdettidyy.J d& Moisgirofnalizer fraen PoltigpF agrpl Gredensee.n a

Z't aEdard | abor ab@ierignd/inied dil et iR LS 68 #M MRlieRF8iEdd, iepugBemmamt al il ter
i's

15  Determination of the pressure increase during melt filtration:

The pressure increase during melt filtration was determined by extrusion of the polypropyl-

ene 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 um at a throughput of 2 kg/h. The pres-
20 . sure 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:l

25 The particle size distribution of the polypropylene powder was determined by sieve analy-
sis.

Example 1
30 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 using a spray drying auxiliary following the method de-
scribed in German patent application 101 63 179.0. The primary particles had a mean particle

35 diameter dsp 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 dio/dso/dgg = 30/52/78 pm. The specific
surface area was 380 m%g.
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Wi th a support nesh having a nmesh opening of 5mat a throughput of 2 kg/h.
The pres 20 sure increase was recorded as a function of time for 1 hour at
a const arwvopologgedpyl ene throughput. Determ nation of thecpaPv2/edles size

di stribution of the polypropyl ene powder 25 The particle size distribution
of the pol ypropyl ene powder was determ neé by sieve analy- sis. Exanple 1
30 a) Pretreatnent of the support Use was nmade of a pyrogenic silica which
had been aggl onerated to secondary particles by Degussa AGin a spray

dryi ng processordsion heausyitayoody ofitiegmaterial Werapysshatedawa lagortitoey dnprtgven de-

scribed in %gu{mﬂrﬂ%gﬂdaeﬁp%rjﬁ%ggrggt fé%lc Qr%el%%yr%mrcﬂé%u {%Ié/ h%[’nt\}ael €s

had a mean par spray yi ng P! | iary was

removed by edn@HRAP fign MaeuukinerWertheln, Gegorny: Themab rtm%maa@%@ﬁer%erelnﬁr@-

di stributi ogeM@mosiierelty asiiieySdhgnk 0esddIOT tEO s Gyrition Aftér2brditiopiny wahe.2spegi fi C
surface regve.\r\%% 380 n2/g. 40 WO 03/054027 PCT/ EP02/ 14373 34 To condition
t he support, g of the material were passivated in a |laboratory drying

oven Vacutherm from Heraeus for 30 hours at 180C under a dynam c vacuum of

a di aphr agmpygeducsHdmedtdiysom Vacuubrand, Wertheim Germany. The substance
was transferred under a nitro- gen at rmsphere to a dried Schlenk vessel.

The loss on ignition after conditioning was 1.21% by 5 weight. b)

Pr oducti on dfe mh‘ellqpameidiryrgiﬂwylmlaeedmmeﬂz-ln@@“gmenyl)zrrconlum dichloride was freed of the

fb”ﬁé?ﬁ' ﬁsgﬁe@r@%w&l b%&r%ctrasﬁérwsran.gﬁgy lka HeldwCha Nmm@b&ms@crmcoh@tm iiteeskof the
i.za

det ection | ?%16{“9%139453) moly%%e | g‘(‘T@ﬁaCQSQBWBWfreod%S?H%dO?‘téW tﬁ[nﬁaaﬁ T '”Eéoﬁcopl :

ver e di ssol wad matolrad Aot Tpereagtn bg weighiBn@hytdlumita@n@salation ingplugiie)(AlbemIBo

strengt h by caelo@bn, %Efom&' @{ Hbd?é?é?%“@sﬁ Oh’#et éowﬁoh Wa§ A8 Mih G\ hﬁgﬁélh@w and
Cor porati on, Baton oui s

To 5omm of EUTERE St hourvhle peds p@seétefﬂérpmlhgh ole PR BE R pTbE A b
fromli gts . tifbits10s0d oftthecondiisnedggegerae silicatiom Exemale 16) whilestirtig @t rgixfe t he

condi ti oned \ABE’E@%@ é%}péthér 1%6?11"“’[&%%?%?1%5&@% wb cHbiLE. ﬁ%‘rﬁ&thr@%a@@%s%&l%ntly

m xture was stirre or ,anot m nutes after the d
conpl et e. THECRt$PGrand\I4S mbabieed bRUR TS IaNS 1@@7§t°f&@@k§rﬁﬁ' 'ﬁ"U"gzpCW‘\fl)ygr WHOSP 4

hours. Thi s pgpyorle vBi4tilg caistitaens wis daterminkt av2 AT%peweight. whose  proportion of
vol atile constituents was determ ned as 2.47% by wei ght.

20 c) Polymerization

A dry 5 | reactor which had been flushed firstly with nitrogen and subsequently with propene was
charged with 3 | of liquid propene. In addition, 1.5 standard liters of hydrogen were metered in.
4 mlof a20% strength by weight solutron of triethylaluminum in a high-boiling dearomatized hy-
25 drocarbon mixture from Witco were then added and the mixture was stirred at 30°C for 15 min-
utes. 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 polymeri-
. zation system was maintained at 65°C for 1 hour. The polymerization was stopped by venting and
30 the polymer obtained was dried under reduced pressure. This gave a yield of 720 g of polypropyl-
ene, 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, Oelde, Germany. 10 mg were isolated below the 100 pm
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 um x 1 000 ym.
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20 ¢c) Polynerization Adry 51 reactor which had been flushed firstly with
nitrogen and subsequently with propene was charged with 3 1 of liquid
propene. Wp oagsioei on, 1.5 standard liters of hydrogen wer @Cratrez/egd7sn. 4 m
of a 20% strength by weight solution of tggethylalum numin a high-boiling
dearomati zed hy- 25 drocarbon m xture fromWtco were then added and the
m xture was stirred at 30C for 15 mn- utes. A suspension of 250 ng of the
catalyst solid prepared in Exanple | b) in 10 mM of a high- boiling

dear omat i zedCamREraraeisowlet xt ure was subsequently introduced into the
reactor, the contents of the reactor were heated to the polynerization
terrperature and olynmeri- zation systemwas nai ntai ned at 65C
for 1 hour. #&éeqrﬁg Pr%cfjrtrﬁea*g%oﬁtyms st opped by venting and 30 the pol yner
obt ai ned was dried under reduced pressure. This gave a yield of 720 g of
pol ypropyl - ﬁ@%updéﬂrnﬁaﬁ‘e?ﬂpurk@ﬂ Qs Eﬂoﬁbl Msoggf%d%é'lfrdﬁn efacd. BRQiiga Qefl was calcined at

pol ypropyl e of catalyst solid he pol ynmer powder were
fracti onat e(r}%ag"l R B%"Sinal yti cal sieving machi ne Haver EML 200 digital T

from Haver & Boecker, Celde, Gernmany. 10 ng were isolated bel ow the 100 pm

35 screen, %}O%gctgﬂo@thgggta@sttage and exam ned by neans of an opti cal
m cr oscope. unnmel ted objects larger than 5 min dianeter were observed

over an area of 300 pmx 1 000 pm 40 WO 03/054027 PCT/ EP02/ 14373 35
Conpar at 1ve Exapphe) wesappdatea e 89.0emyt (1871 irhd) & WhzrasthllcbenEdisssiugpin 183 ik er i al
used was Syl i ned
2t 700 for b ol %fle‘" (GhefBhald PR ANR DRy E00108) 1 MBy GALE.
repeat ed, buterae®@mPineg with §9-0 8 ohivgsyProft MaRsialfinptamnaeEtee %ag@lsv\/@dThenor@oswm

of the 4. 75;fM|MMBo&§tltwntms(1ca7P/Jmm}d| ng to 39.5 mml of A) and diluted
with 11.7 m of toluene were conbined with 10.0 g of the support material
from conparative exanple A a). The proportion of volatile constituents was

1. 97% by'weicyRelymarzaion pol yneri zation Exanple 1 c) was repeated, but 250 ng
of the catal yst soI id produced in conparative exanple A b) were used. This

Y wor ooy erer BB OB BRs GRES SR B0y RAUEHA Urh Bl B0
si eved and @ké[ﬁﬁerﬁ'é%ﬂ é’Q'S|9ﬁV9e‘§€er9p3IféOlSipr@f)ylenﬁrFOGWP@@@ f@ PMU thlty Of2 160 g of
polypropylene/g of catalyst solid.

20
100 g of the polymer powder were sieved and examined as in example 1c). An average of 20
unmelted particles having a diameter in the range from 5 to 50 um were observed over an area of
300 pm x 1 000 pm.

25 Example 2

a) Pretreatment of the support

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

30 Degussa AG in a spray drying process without spray drying auxiliary. The primary particles had a
mean particle diameter ds, of 7 nm. The intended size distribution was set by sieving to dyo/dso/dgo
= 19/46/75 pm. 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
35 was 2.72% by weight.
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unmel ted particles having a dianeter in the range from5 to 50 mwere
observed over an area of 300 mx 1 000 m 25 Exanple 2 a) Pretreatnent of
t he suppowD ogeetoems made of a pyrogenic silica which had rearEPaggi3oier at ed
to secondary particles by 30 Degussa AG igs a spray drying process w thout
spray drying auxiliary. The primary particles had a nean particle dianeter
d50 of 7 nm The intended size distribution was set by sieving to
d10/d50/ds0 = 19/ 46/ 75 The specific surface area was 380 n2/g. 100 g
of the mat erb?arl°d\i€é‘f”é°fﬁﬁ%§?l§}ﬁed as in exanple | a). The loss on ignition
after conditioning 35 was 2.72% by wei ght. 40 WO 03/ 054027 PCT/ EP02/ 14373

36 b) Pr Od%é h-@[éll c%f %glﬁﬂeﬁl?%ﬁain}é%%gg@ W fi‘lsl 8ﬁ§ nyI)zwconnum ddlchmrlde was freed of

di et hyl si | anedi enzi'nden zi rconium OF I'de was
freed of tHE rﬂ%’i@dﬁ% Paéﬁfacwaﬂ priielfizgtien to éie'y\gm NNIB-gpqctpscopic petpesian timigof
NVR- spectr 05e:0pi46 et €aBt7 jobol)l df fetrerbdinipg ﬁ%soﬂnéﬂw&e A8 sdvVeQ it %oﬁh@haerﬂureﬁrhe

ol of Al S *'39%5)%?5@*Hd°*§%§w§%"%§ PR TR B PR g B
tol uene (Al be@@iﬁéﬂ“@)“'“ﬂ%é”@é*l"'ﬂ?‘i’ with mbﬁfltq}leéé apd sthred ot 26°@ifor dhogrothilene and
stirred at 2bifg fu@fect'éd fﬁ@MﬂlgWﬂ'Hl@SOlLﬁlSh 0es Md@& @‘ﬁﬁl@ﬁt afﬂirﬁ)éﬁohb@"&of thE"Hy@g@r% ution

was addeda ttle a a

exanpl e 2a) \/\;%“come all felztﬁ% cf?f”ﬂ%a?lﬁ @? UV’%“%?Q&B?%@%D " Séa"?p @iﬁ’ﬁlpép 1
b). The &opg@om@fﬂpbtﬂm@ﬁtlwmtaw% bo¢onyweiiient s was 1. 04% by wei ght. «¢)
Pol ynmeri zati on The pol ynerization of exanple 1 c¢) was repeated using 310 ng
of the catal fro exanple 2b). 15 This gave a yield of 720 g,
correspondi ﬁéé% (5neé'2%5’f1al yst productivity of 2 320 g of polypropylene/g of
catal yst solid. 100 g of the polynmer powder were sieved and examned as in

exarfpl e 1c) Thé\PowﬁmEéﬁo%f %H% wé@ﬁeﬁ&éﬁedtd%ﬁﬁ@ 320 mg'oﬂthélcétaﬁét%m‘@élﬁ i9bger ved

over arative exa Bretr eai ment
of the sﬁ’ gP'P 9e aﬁﬂgd gﬁﬁﬁﬁr?orrﬁgqoé‘ij'f‘wo %%S&Uﬁ?}& "5%0%3%‘1’1&9%" 2PYASne(Ras
used. b) andatmylstmndof t he catal yst

100 g of the polymer powder were sieved and examined as in example 1c¢). No unmelted objects
larger than 5 pm in diameter were observed over an area of 300 ym x 1000 pm.

20
Comparative example B

a) Pretreatment of the support
25  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 pmol) of the metallocene dissolved in 8.5 ml of

30 the 4.75 M MAO solution (corresponding to 40.5 mmol of Al) and diluted with 11.9 mi 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.

¢) Polymerization

35 ‘
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.
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Exanpl e 2b) was repeated, but 109.8 ng (190.4 pnol) of the netall ocene
dissolved in 85 mM of 30 the 4.75 M MAO solution (corresponding to 40.5
nmol of Avpoanstodi | uted with 11.9 m of toluene were compCagPow43ns 10. 2 g
of the support material from conparative gxanple A a). The proportion of
vol atil e constituents was 1.4% by weight. c¢) Polynerization 35 Exanple 1c)
was repeated, but 310 ng of the catalyst solid prepared in conparative
exanple B b) were used. This gave 640 g of pol ypropyl ene, corresponding to
a product i vileG/g ofthepdergowder wers sigyed pyd @amingd e$ incaxemaply 4¢). Aobvethge $023\0

03/ 054027 PGAL&R 9%&%61@57 I:x”avm§7a dlé?ﬂet& ihhe A PO YTBE0 RAWLR 0bdEH&y SelXPsleaBd

exam ned as. I n exa C). An average of 25 wunnelted particles having a
di aneter i n3themxd “f“rom 5 to 50 mwere observed over an area of 300 pm
X 1 000 m 5 Exanple 3 a) Pretreatnent of the support 5 000 g of a

pyrogeni g stkénqaegrom Degussa AG spray-dried follow ng the nethod described
in 10 German patent application 101 63 179.0 and having a d10/d50/d90 =
30/53/78 pm a specific sur- face area of 380 nR/g, a pore volune of 1.55
m/g and a apRstrganéntof ke dipport er of the primary particles d50 of 7 nm was
cal cined at 480C and handl ed under nitrogen. The Ioss on ignition was 1.3%
by weight. 15 b) Production of the catal yst 4 000 of the support
material fr 8R8P@gahpPecgealr siiea &ora Regsrritd SPrﬁV'QQedI fO'W‘“Q(S'PQJB%Oda‘ieSFWGPd"t em

per at ur elcandednsh phtehPagddlite@n 001 63 FOL0aHY hangtdd by: & =053 tuhy b apdsiit saxane

solution i ”ftc?'.al}é%‘?s%)qn npdg“ %%WJ o‘P"?%@m%hQM ot m@%ﬂ |eTé?£nét§rao? h]g,?;ﬂt g xture

was stirred ture our sequen ed. In
paral | el thearégles dsoF 7@%%?%@&9’@?@&%&9& and bandigd yndsy Q'GFQQQ*Pet hyl - 4 5-
benzi ndenyl ) zi rconi um di chl ori de were adm xed with 7.1 1(6.6 kg) of the 30%

strength by th noxane solution in toluene and 17 | of
t ol uene andTé\Eeogsr%pdg'H °nrv%ac§211# \g?gque for one hour. The MAQ netal |l ocene
sol uti oMawas sl ow y added to the suspension of the support material. 25 The

sol vent was pFpHiGRAsEsH JQWy separated off by filtration over a period
of two hours and the solid was washed twice with 18 | each tine of

hept ane. The catal yst was finally suspended in
4 000 g of the support material from example 3a) were suspended in 32 | of toluene at room tem-

perature and 3.1 1 (2.9 kg) of a 30% strength by weight methylaluminoxane solution in toluene
20 (Albemarle) were slowly added. The reaction mixture was stirred at room temperature for one
hour and subsequently filtered. In parallel thereto, 93 g of rac-dimethylsilanediylbis(2-methyi-4,5-
' benzindenyl)zirconium dichloride were admixed with 7.1 | (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/metallocene solution was slowly added to the suspension of the support material.
25 The solvent was subsequently slowly separated off by filtration over a period of two hours and the
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
30 MAO/100 g of supported catalyst.

c) Polymerization

A continuous propylene homopolymerization was carried out in a vertically mixed 800 | gas-phase
35 reactor using the catalyst prepared in example 3b). The reactor contained a bed of finely divided
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
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i sododecane. The support material was |aden with 0.2 g of netallocene/1 00
g of supported catalyst and 14 g of 30 MAOQ 100 g of supported catal yst. c)
Pol yrrer i z&aDiosfs#M2Tont i nuous propyl ene honopol yneri zati on \Ra3/EPaz/143esl out in
a vertically m xed 800 | gas-phase 35 regctor using the. catal yst prepared
in exanple 3b). The reactor contained a bed of finely divided

pol ypropyl ene powder and was operated at a constant output of about 100
kg/ h. The reactor pressure was 24 bar and the reactor tenperature was 64C.
300 mol / h afeah partis@kize of11ad ramiand 8% bysveghbd gediclesiaggedthbh 8 oimuin id@metenwhept ane.

A pol I . ﬂgp% f 0 WO 03/ 054027
PC'Ip' ? E%gg; 12 %EE%Qﬂ %E%%y%gﬁd !Jégllve SI ;4;%8% O{.ﬂ,ggnqrgﬁéééﬂéﬁgg/loﬂby wei ght of

particles larger than 2 mmin dianmeter was obtai ned. The catal yst
product i vi t Whavae!t ditrs0 te@t ediriddRiugorothe palymbpyine sthined gavlbeea preadstire firictetaseadfi on

test cargie propyl ene obtained gave a pressure increase of
5 10 bar kgq8§g’%k8f%§%‘§r‘%bg‘§19§h%. Conparative exanple C a) Pretreatnent of the

support 10 The support material used was Syl opol 948, a silica gel .from.
G ace. The ®ohipsativeexamaecdried for 8 hours at 130C under reduced
pressure. The [oss on ignition was 3. 0% by wei ght. b) Production of the
catal yst 15 Exanple 3b) was repeated using the support material of
conpar at i ve apRgtigatmertogihe stpert in the first preparation step, 20 | of
tol uene mere used for suspending the support material and 4.2 1 (3.9 kg)

of the 30% sf{rength by weight h um.noxane sl uti.on in tol uep re
added and, isrhe SRRt E’@KGB%E'S%F‘@?)SEVL %L%lss? %EC, g%gg’mgagfe' The'stich gePwasdiga 1

rac- di nmet hyBsolrapetio)C bidsf Bduesdippdssure 5THR(osls @n iinitidewss 3-8%orby steighinm di chl ori de
and 7.8 | (7.2 kg) of the 30% strength by wei ght methyl al u- m noxane
solution in taluene were used. The support material was |aden with 0.3 g of
met al | ocenePLBEYRR OTNGFRYED catal yst and 16 g of MAQ 100 g of supported
catal yst15 25 c¢) Pol yneri zati on

Example 3b) was repeated using the sUpport material of comparative example C a), but, in the
first preparation step, 20 | of toluene were used for suspending the support material and 4.2 |
(3.9 kg) of the 30% strength by weight methylaluminoxane solution in toluene were added and, in
the second preparation step, 138 g of rac-dimethylsilanediylbis(2-methyl-4,5-

20 benzindenyl)zirconium dichloride and 7.8 1 (7.2 kg) of the 30% strength by weight methylalu-

minoxane solution in toluene were used.

The support material was laden with 0.3 g of metallocene/100 g of supported catalyst and 16 g of
MAO/100 g of supported catalyst.

25
c) Polymerization

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

solid.
The melt filtration test carried out on the polypropylene obtained gave a pressure increase of

160 bar/kg of polypropylene.
35
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Exanpl e 3c) was repeated using the catal yst from conparative exanple C a).
This gave a poly- nmer powder having a bulk density of 470 g/l, a nean
particl e woaa/06fo21. 4 mm and 3. 2% by wei ght 30 of particl @STIEROYer373 han 2
mmin dianeter. The catalyst productivityszgas 5 500 g of PP/ g of catalyst
solid. The nelt filtration test carried out on the pol ypropyl ene obt ai ned
gave a pressure increase of 160 bar/kg of polypropylene. 35 40 WO

03/ 054027 PCT/ EP02/ 14373 39 dains 1. A catalyst solid for olefin

pol ymeri zat iGaimsconprising 5 A) support particles having a nmean particle
di aneter d50 of from5 to 200 mand a spe- cific surface area of from30 to
1 000 n2/g and obt ai nabl e by aggl oneration of pri- mary particles of a
pyrogeni ¢ silti czf‘%é”wshﬁ’“éf%'éf‘f‘ W‘?q”@t@”&o&‘ﬁﬁ"@r d50 of from1l to 50 nm
and 10 B) at |least one organic transition nmetal conpound. 2. A catalyst

s 5o et sBb AR Bt SRR S oFhrl d 8850 0% oo

cati on- for mng C rrpou
wherei n the cati on- fCHE gifRge é@ﬁﬁb‘iﬁi@i?’@oﬂsooaﬁ” @r?@ﬁﬂb@ﬁa‘i’lﬁ bb@nggrqtlen of P”‘
al um noxane conpoungn:Hf patrﬂ’lﬁsfo@é pptbgen(c\lic®Favingla medRdbrticRQliafeter 5, Qf frdth 1 4d -

R21 (V) m R21 R21 . nm | (M) 25 121 where R21 is a Cl-C4-al kyl group
and mis an integer Tromb5 to 30. 30 4. A catalyst solid as clained in any

of claims 1 to 3 which further conprises, as additional
10 B) at least 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),
R* ,
™~ ' 21
20 A-1-0— Al—]—R V)
R21/ I
R21
|—-[O — A, — (V1)
25 R|21
where
R? is a C4-C4-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™)s (R), (IX)
35

where
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conponent D), one or nore netal conpounds of the formula (1X), M3 (R22)r
(R23)s (R24)t (I X) 35 where 40 WO 03/054027 PCT/ EP02/ 14373 40 MB is an
al kal i meweloz/oan2al kal i ne earth netal or a netal of groupPC3I/EPD2/1433

Peri odic Table, R22 is hydrogen, C1-Cl0-gkyl, C6-Cl5-aryl, alkylaryl or
aryl al kyl each having 5 from1 to 10 carbon atons in the al kyl part and
from6 to 20 carbon atons in the aryl part, R23 and R24 are each hydrogen,
hal ogen, C1-Cl10- aI kyl, C6-Cl5-aryl, alkylaryl, arylal- kyl or al koxy each
having from 1 t&° 10 car bonissnciei metat,laea%salloyleawamef@bmanlqbalafmmfpr@mf@eto 20
carbon atons in the aryl radiig®taple IS an integer froml1l to 3 and 15 s and
t are integers from0O to 2, where the sumr+s+t corresponds to the val ence
of M3. 5. A catalzyst solid as clainmed in any of clains 1 to 4, obtainable
by bringing int8%contact &OwApgerh€-shpptirlt Coplrstaryl akylandwr aglaliyl geetrhaving
particl egdi ameter d50 of f'fremﬁoﬁ@ca’f%%@m%eaamyﬁpﬁpanelf@m%ﬁ@eﬁb&rﬁamgf
from30 to 1 000 n2/g, and oFtal nabl e by aggl oneration of primary
particles of a pyrogenic siNPe&8YH&% ng a nean particle dianeter d50 of from
1 to 50 nm 25 B) the organic transition netal conmpound or conpounds, and

opti onal | y 30 Chetahf reat | Ot kT ELoEATROKEH ol SampOD @ss_arpﬁéxaﬁarw arjine

metal compound or conpounds o pre neri z

catal yst solid conprising éy'ea@'%ﬂwﬁcwwaﬁa@ 16‘P é‘? ?Péﬁor‘i"’ﬁo%'ﬁ} "Gfa‘ké’! ra?FPé | to
35 5 andidl i near C2- C10- 1- abkeines 6 i 0/daeion z6thsomthe ant radieala mass rati o of
from1:0.1 to 1:200.

r is an integer from 1 {0 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, obtainable by bringing into contact
20
A)  the support particles having a mean particle diameter ds of from 5 to 200 pm 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 dso 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 1 to
35 5 and linear C,-C4¢-1-alkenes polymerized onio it in @ mass ratio of from 1:0.1 to 1:200.

7. A catalyst system comprising a catalyst solid as claimed in any of claims 1 to 6 and a metal
compound D’) of the formula (IX) defined in claim 4, with the metal compound D’) and the
metal compounds D) being able to be identical or different. '

40



7. A catalyst systemconprising a catalyst solid as clained in any of
clains 1 to 6 and a netal conpound D) of the fornula (I X) defined in

cl ai m 4, wotod/os4ee7 met al conpound D) and the netal conpowcdgEPD)/14323 ng abl e
to be identical or different. 40 WO 03/ 054027 PCT/ EP02/ 14373 41 8. The use
of a catalyst solid as clainmed in any of clains 1 to 6 for the

pol yneri zation or co- polynerization of olefins. 9. A process for preparing
pol yol ef i ns by pol yneri zati on or copol ynerization of olefins inthe 5
presence of 8a cdhalsasef aselalyat seld a9 eaimediiniany alrpjaires 1 tol GfoRtge polyrpergation@r oy
process as cl ai pegimbfkatbrPdiFedns. Wherei n propyl ene or a nononmer m xture of
propyl ene, ethylene and/or C2-Cl2-1-al kenes which contains at |east 50

nol % of propylene is used as nononer(s) in the polynmerization. .10 15 20.
25 30 35 940 A process for preparing polyolefins by polymerization or copolymerization of olefins in the

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

10.  A'process as claimed in claim 9, wherein propylene or a monomer mixture of propylene,
ethylene and/or C,-C4,-1-alkenes which contains at least 50 mol% of propylene is used as
monomer(s) in the polymerization. '
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