WD 03/ 054027 1 Catal yst solid conprising pyrogenic silica for olefin

pol yneri zation Description 5 The present invention relates to a catal yst
sol i d conwoiesion2PCT/ EP02/ 14373 A) support particl es haviPag/ERomesns
particle diameter d50 of from5 to 200 mand a specific surface area of
from30 to 1 000 n2/g and obtai nabl e by aggl oneration of primary particles
of a pyrogenic silica having a nean particle dianmeter d50 of from1l to 50
nm and 10 B) at | east one organic transition netal conpound. Furthernore,
t he i nvent i Qatalygtisalide®mposieg ryatoahiy sticadyratiefimpolpmpiizatiomg t he catal yst soli d,
to the use of the catalyst solid for the polynerization or

copol yneri zati on of olefins and to a process for pre 15 paring polyolefins
by pol yrrem?%?tcf'm‘?“or copol yneri zation of olefins in the presence of the
catalyst solid. Organic transition netal compounds such as netall ocene
conpl ex a ' I jor ol efin polynerization
because f&@é;ﬂf.ﬁ%g&sﬁg eg%%@az?/l%&%glgl&z{@b%ﬁ yol efi ns which 20 cannot be
obt ai ned u5| ng conventional Ziegler- Natta catal ysts. For exanple, such

si ngl e- si t eA) casupbyrspstidiaadvibga peby petice diavietagdsaofi@nt Hiw 200 hakndrasgecific

di stribution ang, upi {0 ??u} E‘Fﬁf tB%@@ b rr/\g. afid obthi waﬁ%ratlgﬁ& rp}lmgﬁl‘?)ahﬁle@e

able to be used success zat1 on processes
the gas phase o@fawr@eeﬁeh@f@wng Fi“eP@P%’f'ct'%?'ia’ﬁ%W%ﬁw efdepustorgrmg and
netal | oggnes to be used in the formof a solid, i.e. for themto be

applied to sol.i d port. ., Further nor supported cata- 25 lysts
shoul d al sog)navaellegsiolngﬁrgﬁ% cst'tlon'e'}en? %\qoﬁlﬁ(g gel s are frequently used as
solid support materials for catalysts for olefin polynerization since

particles V\hur%'arnl‘ftﬁe\! 8heAndenféh r@@@s% & b’eﬁélw’t %/s@kd:dhﬁ)rlklh@fﬁe%ﬁﬂatyﬁbblﬁi RINSUHRPOI t S

for olefin on can. produ r ver,
the use of E'Flc?t@&‘g%@'l %ttbe B?J%%\Z?t'ogﬁr i1 éf?ne”ﬁagl%n Ofoegisna‘?i%g ogéé forlgpél\e

di sadvaribagewing ppipolefmmby agphérzatianen sepolymetizatiomeioihiios NP REesentd qﬁtheﬁe@djﬁfot S,
formation ofy;gpecks caused by silica gel particles remaining in the polyner
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
pol ynmer s cof0tgania trensites siete bympoaindpesuaimesimetsllastngzonpiexes aie of graatifitsredt as

resi dues, a@atQ &d BF 9§f§1 o@tm%ﬁféh@r%ecguééﬁheyqﬂak‘éh%o&l@é’@ PhiBtde pﬁ?bl@ﬁrﬂs%@ﬁ to
consi derabl e ocess Ineering_diff @ y *ae as a r§ uctian in t he
time forzo\AhF%W'?Ottbr‘?é’qu"]ePéF‘” QWV%'OB%«ZJIBQ'F% atigga yStLSI ccﬁleé?”ép et IV@% ¥'€si dues
can be neastdtaigstalsad Wipolymkisyhabiyg & aaron mgaroudss distribptidneat unifoom dseropiation of

Ie)r(]avru“ngal ?E%&I\on Lt r@ O ule tosdeaalb|eEE§ be 848\ EcdeE B0l iPFbiPeriBatRf hREAREs RpfiiMer ,
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 form aggregate ermcgro genic silicas
refers to fAA&IMliRg Wldd'éﬁppé‘?ﬂ”?@a@”?n‘ﬂ‘ﬁdcﬂqghﬁ?"éraﬁ?'bﬂd‘t?é:kﬂ'mafyrﬁi‘ﬁi A& RFHSISThERE at
hi gh t enper plobesess sy eogeay dryiag bive ts findl particle Rrebipitatesliicas aeippgpared fiat er i al s
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supported @ fganadgaics Metanytbyeniasiitas retet & finelp @nided Y20 Whith 2réPretiused oses .

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

the pol ymer pgafdt Q&n;gd’uﬁ@éj@r@‘é&t)(/at}é@%?nﬁarR:Qf?ﬁoncﬂg’alﬁg'ﬁ?l'g%gwealdlyrbo@@fn%hr‘gtanﬁfnsW' th
pol ymer 2gowcler IS too are ifficult to

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

conposi tions in which a particulate py- rogenic silicais firstly mxed

with a cocajahydkhn wvnrehzétén a.ta'c@ss&é)m%kw%%g@néas& @étélpﬁﬁé}@ uge?st @draéatchae@of a

netall ocene in a solvent 1s then added. The resul ti ni Xt u
subsequent | 9ar§06§ %{§e Ndj péalcleﬁgﬁ/_dlstnbutlon of the catalyst solids is cri cal to technlcal 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
40



ever, this requires spray drying to be carried out under absolutely inert
conditions using extrenely 35 sensitive substances and only cones into
guesti on woan/osmeel y repl aci ng the support materials in @XT#PONY3PS ocesses
for produci ng supported ol efin polynerizagion catalysts is not possible. It
is an object of the present invention to provide a catalyst solid which

| eaves no or very few trou- bl esone particulate catalyst residues in the
pol ymer, which can be used at a high catal yst activity 40 WD 03/ 054027

PCT/ EP02/ 1437®lyn@rizatiopptopeases arat iyaneaps olvdicheimpdortsyip wbiae solpneraitas theglonpl e
wor k-up of §RRPELY RBSsigdt er the po- lynerization is possible. W have
found that this object. is achieved by a catalyst solid for olefin

pol ymeri zation, conprising 5 support particles having a nean particle

di amet er d5OVedfavé foond Hat this 2bjectisradhirdedbysgpestalyfst golid upkfic pohunagiaation, dompnsiB0 t o
1 000 nRkg and obtai nabl e by aggl omeration of prinary particles of a
pyrogenic silica haV|ng a nean particle di anet d50 of fron11 to 50

and 10 B) af")| eA4PO8REERYEAYING SRR PRRIF Al SFStES 508UF&5’6§|F9020 P‘Jﬁ”ﬂérsﬁﬁ‘?‘fé’ N
cat al yst syst emsartxepaicaionfiora 3¢ &t d0Psh/gSavidiotitainbbie by sgyiafierstive otminanysttices| i d
for the pol yrfea%@%g%ﬂ.c%n.c{%% 721k BiafletcP b b i Ak bagess T or
preparing pol yolefins - zatiton or co oﬁynerlzatlon of olefins in
t he presence of the catalyst solid have been found. 15 The catal yst solids
of the preesent atneeBNdretogaicaraasitidrathétel cb@pounie pol yneri zati on of ol efins and
espe- cially for the polynerization of a-olefins, i.e. hydrocarbons having
term nal doubl e bonds. Suitable nononmers also include functionalized

ol ef i ni cal | Juiiipsaeraraeaalyst SYsiFOUPRTPIISING A cRi3lVE selier the psepfithfecatalst solidior i8s of
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acrylonitri
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are linetr or branched C2-Cl2-1- alkenes in partlcular Ilnear C2- C10- 1-

il Eentes suc h’h@§at§§sﬁ'¥$l%@@f th® preBHt ﬁ‘lﬂ@atlorlarl@léhﬁb% for]th@ﬁd])tn@ématlo]roh@é(fﬁl@@nd espe-
ept ene,

4- met hyl - 1- @ﬁxftgr tBe b%l&rﬁfr&até&nega he&n% 6%318%0%1(@%5&?\8%@; tag eagggusbﬁec onds %untable
1, 3- but adi emwnormerAahemtﬂldefuegtiooahzgd Flefrinalydinsataratad opinnguUnds svritaR estémmmds

25 such as %EWa%@ o%crﬁ?ﬁ!@ﬁhb%é’érﬁg aélti)/fBleé?@mleaérS/féfe@Sm&fnac bt Sctomtriee | ns
can al so_be gﬁ nerl zed. Furtgg8IF ulta e olefir éﬁg

the doubt® BEHYCHE 'i)%ﬁ“?” fgfronpo S QY eeygnecn Smtuéeg%$$§%$8%“
nore ring sYeslypreferefxenigiing sredinear oy blaoghe Cefie; 1-alieanbs imeantisuliar btepaCyCloddo-
decene and %Rarhaé'sna{ Q&étﬁs%% &!S‘;Slflé#ﬂeeﬂ&ﬁerﬁuﬁﬂaerﬁéné'l BERYL ] Oedpen2-1ekder nene,
nor bor nadi ene or | nor bor nad ﬂ
decene or branched -C1o-1-alkenes suc as 4-methyl-1-pentene, conjugated and nonconju-
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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M xtures of two or nore olefins can also be polynerized. In particular, the
catal yst solids of the present invention can be used for the polynerization
or 35 cowologerpzati on of ethyl ene or propyl ene. As conomcwmEPe2/i1437&t hyl ene
pol ynmeri zation, prefer ence is given to uging C3-C8-a-olefins, in

particul ar 1-butene, 1-pentene, 1-hexene and/or 1- octene. Preferred
conononers in propylene polynerization are ethylene and/ or butene. 40 WO
03/ 054027 PCT/ EP02/ 14373 4 The catal yst solids of the present invention
conpri se supporatalyshealiiepidee nmmhmwf@omnﬁmwp@orb@/art'%ﬁjg\rfmh@fee&ht@wbtsfrby
prinary par bydidr@sath oﬁprpyarrpsa?wlézs o% b bir6@eniclsNRa. MRS s TRBstaRNhetiR] dﬁ@dep@#ng
preparing

B P9 Ve Far Mt Retshsis iRt Vel S setbeol s PRt 2 o geni o

si |l i cas ar ehysoraspiorygeh FigmeaFaidgatit slicas dreaommersialeevailabld and asx merketaghl fer,exby
Degussa AG Hrﬂﬁ@rbéljb%u&%@@?urﬂi@mﬁe AsdOhle(Aetosii®r b Cab@RRbp. (AP the WAEERarkd1 €
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trade nane The primary particles formed in the preparation
of pyrogeni EARG- ?'&as .are usually very fine. Primary particles suitable for
t he purposes of the present invention have a nean particle dianeter d50 of

10 from 1 teno0inium pdf c?és%rﬂ#%hy h thé Prdbaration o‘?’@irw’e‘hﬁ@mcésrbr@@é’utahﬁ}émmefF‘rPHQrP

30 nm Aggl oneration o romary parti ives the SUP ort particles
present in PW'W&?%@@%PP@OSE‘R@@ hBH@F%{’ctl’rUﬁ”t'P‘é a"ﬁrae'?’%ﬁ”ef’ﬁweéj@mefeéﬂso(%t by
spray drigi nfjora 1suSpenSirefarabll frohe tpad nrryd paaticdbeom Ts0suppggidmerationhiot | es

used acoor diagh gy LRL GREhe LINGRLLAl-AR &N ARl sgropﬂg@&ﬁer&m@r ay

15 dryi ng, suspension o rogenic silica
in water or PafesbieRTEd Ot byISPERY SIS RIFRARS AR B IMPIANATMPBHCISR t hout -addition of
spray drying auxiliaries. OQher customary nethods of shaping, e.g.

extrusi on, ﬁe{" Jph&ﬂf%rﬁ ?es%@e@%hr%%ﬁ% ?‘IJP!%S H?Qﬁtltbllw BRY d}réfgljaﬁz prlégngcgd %ggp%\)ﬁ' ng

to the presen | on ar I ne
havi ng d5nedmingdprexameledt ferpbio 7981, eﬁumemwraofwom sca m\@éﬁ%ﬁoaﬁwcgﬂ"er Fdm 10
to 150 m paslé bsgbmidnynddived mtre&lvmhém afditn of SprdyOddying andiafids. PMetdusiahary from

20 to 70 m selflc surface is fr to 1 000 nR/g, preferably
from50 to %‘8@“ ?ﬁz‘? <k - BUFF GFY A R8ykE od EBTbEL. 10, m2/g. 25 The

particul ate, aggl onerat ed pyrogenl c SI | i cas usual ly have pore vol unes of

fromO.1 tOTﬂeQSL@)Eﬁ Shrtidiis@ked adebiing MRk Qreaertt@wénti@ﬁra/egn thyf&mFHBfr%lySﬁ\fdé@t ure of
|
Vi

and macPBpor B habTRg TraRer B Sy el Lo b RaeCat A {o5” a0 HSORf £

pores smal | partiquizan pBfanahinfedod Agtodf0 notangy r@rttcnlarrfrm@%fo 70h1!é1 o specifipsusiaga| -
ume. 30 area is from 30 to 1 000 m%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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The support material used according to the present invention can
additionally be heat treated and/or chemcally treated using customary
dessi cantwognohoas netal al kyls, chlorosilanes or Sid 4. PAEmPODL43at e
treatnent 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 which remain after
heat treatnment and al so conponents resulting fromany chem cal treatnent.
40 WD 03/ 05492 paCTArERoe merBFenpoursl B)AR isdr inaiple pessineiotuse all easralndsehinshd

B, it isi Porﬂﬁété\&?'o%r@ud%@séhﬁ)bﬁhé perwa@ Tabik aﬁ@mwn@ﬁxdéﬁwmé@mam drde@rR nmetal s
of groups 3 to whi.ch contain

or gant o or BB T Ene Fa o tettar s L P e Rl T R i e SRbS
pol yner i zat hes @fdndfor Deard?’). Ghesaiatehusubily comppumds imevitich aCeastiod¢ ovnddentete o ) .
These arg ugbialchitRERPY 'Bglﬁwd'v% mrﬁélorapﬁ bdn@aéihe%ﬁramam%g@m o ﬁclude

pol ydentate l1gand I's bound via E%n% $ bond %

Possi bl e |.i BharesiRetRnge CV%‘Eﬂeﬂta@ﬁ'éVé 5 FSF% R laE?HE":ﬁto @fc ﬁ?ﬂta N rﬁ%ﬂ s
and ones whtald Caem. Rewee0af Vaytloppe At debicidiey manpaeiich compaundChpwhichRes suitaRieo,
Vol . 100, Noy odsn QG5 nE%ﬁﬁ ﬁmﬂé(mﬂ'écp\ufﬁﬁm% PARRp g)tamy%n@reﬁeﬁﬂé Elétpédﬁabléor
olefin polynerlzatlon her nore, tlnuclear cycl opent adi enyl conpl exes
are al so sufor gsfinePolmsriz#iosf i n pol ymeri zati on. 10 Suitabl e conpounds B) are,
for exampl e, tranS|t|on metal conplexes with at | east one ligand of the

formul ae F-L .t ?@ ,&oéﬁﬁ\&é %Q& f%Pex@nBe tl%%étlon\r{\gtal%%exesﬁw%h 2R3 f gan@of

(R12A' ) n1A
the formulae F-| to F-V,

| R1A | R11A R|10A
1 R /IE R12A —F
RA IE (RwA)n1A —E
F\I’4A R13A I_-\|,14A
20 P F-Ii
RBA

R15A i
RSA "-E‘ /_“*H o o
25 (CR27/A)n2A R16A ;.giE § \E E /R
~E >
R ‘L‘ R —& RSA RoA

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.
40



F-1 RBA RLOA RlL 5A H25 RSA 30 0 HRI8A F-1 | F-1V R 19A F-V E where the
transition netal is selected fromanong the elenents Ti, Zr, H, Sc, V, Nb,
Ta, C, MO 03®>0WY Fe, Co, Ni, Pd, Pt and el enents of thePCarEPORM3TH
metals. Preference is given to conpounds ghaving nickel, iron, cobalt or

pal |l adium as central netal. Eis an elenent of group 15 of the Periodic
Tabl e of the Elenents, preferably N or P, particularly preferably N The
two or three atonms E in the nolecule can be identical or different. 40 WO.
03/ 054027 PUT Epoas RX37 86, viinh maydieddsnticaRpraliffaseniRudiin a igang lsysteny F-bie F-Weane i cal
or differenteWibling gibubt:9and system F-1 to F-V, are the follow ng groups:
5 10 R1A and R4A are, 1 ndependently of one another, hydrocarbon radicals or
substituted - hydrocarbon radicals, preferably hydrocarbon radicals in which
t he car- boR"andm*adj acent e, indeperdentipsitonEanghdpdyndcdrboratditaawtsubsititatiar bon
at- ons, ; R2A and R3A are, 'W@%@ﬁé&h&a?&re@%@lyﬂ?@&&%@n AN HQIFReh the car-

hydr ocarbon radi cals or substitute rocarbon’radi cal s, where R2A and

R3A may al so toget her bon atom adjacent to the element E is bound to at least two carbon at-
oms,
R? and R* are, independently of one another, hydrogen, hydrocarbon radicals or
10 substituted 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,
R* 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
R'% and R™ 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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forma ring systemin which one or nore heteroatons may al so be pre- sent,
R6A and RBA are, independently of one another, hydrocarbon radicals or
substi t utwo 03A05t0kydr ocar bon radi cals, R5A and ROA are, inaepaErdent3ry of one
anot her, hydrogen, hydrocarbon radicals of substituted hydrocarbon

radi cal s, 20 where R6A and R5A or R 8A and ROA may al so together forma
ring system R7A 25 are, independently of one another, hydrogen,

hydr ocar bon radicals or substituted hydrocarbon radicals, where two R7A
may al so toBBther form a risagompeic eadicalRrdon ferims a5t 40V -membered sibstitnigent | y of
one anot her, hydrocarbon raghsgadtigitc@dl inperishibiuibRcrated YeEBMAD Adlerbe icitgs, 30
R11A R12A R12 ' and R13A are |ndeppg.nﬂe3tl of.oEe anot her . hydrogen,

hydr ocar bon radicals or suBSEM [HFEHCHT P%%'he}r%fh ﬁ&df‘@%ﬂ@'?k%ére two or
nore gem nal or vicinal radicals RL1A R12A R12A and R13A may al so toget her

forma ring,system RISA and oR18AiRfer-1l D HERAMIERNIE FhePiIeisaRIGhAeT ,
hydr ogen, hg‘/drocar bon radi clal S or substli ﬁﬁg{&ed hydr%car%on Irsadi cals, 35

R16A and R17A are, independently of one another, hydrogen, hydrocarbon. ..
radi cal s orn**substituted hyideoaeageoiom &tk 4 atefgrabhp2 BCIT/ EP02/ 14373 5 nlA n2A
is an organic radical which forms a 5- to 7-nenbered substituted or
unsubstituted, in particular unsaturated or aromatic, heterocyclic ring
system in PabieyaEyussiultgaRioneretzlicpRPiexes Wil figands ef tas Ofrarige fi-kio§1Y are; for Gher o
F- 1 ][ | glcmegablb,\/cﬁhmlegdfsaifgedrawm mdtds Fs, @b, NaRd of Bt véith ligatde gethe forrouta F-1t 0 4,
preferably Leul-arly . t.al conplexes with

| i gands of %%'g&?agpﬁuﬁqé@e%ql@e{néygﬁg%Hrmé)?erxggﬁll\ggf)@dl’ ~anmpl e, rrI(::)orrpl exes of the
transition nmetals Fe, Co, Ni, Pd or Pt with ligands of the forrmula F-1.

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

15  di(2,6~di-i-propylphenyl)dimethyldiazabutadienedimethylpaliadium
di(2 6-di-i-propyiphenyl)-2, 3-dimethyldiazabutadienedimethylnickel
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
40



Particul ar preference is given to diimne conplexes of N or Pd, e.g.:
di (2, 6-di-i-propyl phenyl) -2, 3-di net hyl di azabut adi enepal i adi um di chl ori de
di (di -i - pwopglopteenyl ) - 2, 3-di net hyl di azabut adi eneni ckel di eoT@EPO2I®I31H
di (2, 6-di -i - propyl phenyl) di net hyl di azabut gdi enedi net hyl pal | adi um di (2
6-di -i - propyl phenyl ) - 2, 3-di net hyl di azabut adi enedi net hyl ni ckel

di (2, 6-di net hyl phenyl ) -2, 3- di net hyl di azabut adi enepal | adi um di chl ori de
di (2, 6-di met hyl phenyl ) - 2, 3- di net hyl di azabut adi eneni ckel di chl or.i de

di (2, 6- di netigandphetsre R.5digimiiomytidy tathriexad oft theliransition metals\Rep@d, INAdfidwenPt, 10
di (2, 6- di methytphreryl ) - 2, 3-di et hyl di azabut adi enedi net hyl ni ckel

di‘(2- met hyl phenyl) -2, 3- d|nethyldlazabutadlenepalIadlun1d|chlor|de

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

di (2- et hyl ws@rgﬁh):tranﬁiodimml borhmbiuag B, it iscatiogroesiblertst Usy limipephkaakide womplexes,
di (2-net Byl Rm@@ﬂlu@hggmcﬁ e H@EQ&IJ %r%%ﬁfpﬁé %h%SQhJ@&Mhmb%ﬁlad hcylaldehydes

di phenyl - glnet i azabut adi enepal ['adi um d B

di phenyl - 2 g0 Pﬁ‘f%ac’h%rr‘ﬁ?%fh%”t"aﬁf%ﬁ Ptﬁ‘?(%flunaﬁ‘tt?ﬂﬁ”@ a&’éam'”es Transition metal com-
di phenyl - 2, Bledeswathipy lighndz adntsirérgi can edmmethleterqatdnsaiol therpi system, for example the bo-
di phenyl - 2, $at9heﬂ?én@3ﬁbéﬂda%@§&n§@%ﬁ&?&1tﬁ@;&ﬁ&%ﬂ%‘iﬁ&ﬁén cH Ao i Lg!acf@sté?éﬁmc tran-

phenyl)azanaphthene al | ad] chl or
di (2, 6- d|neﬁﬂ??ﬁﬁ@ﬁ?ﬁ?@fﬁﬁgbhthenenlckel di chl ori de
di (2, 6- dioret hyl phenyl ) azanapht henedi net hyl pal | adi um
" di (2, 6-di di | adi um
di chl or i de”?’%?%ul%@%v sé&%ﬁ%?baaaﬁthgﬁ n@él gyrlw;%éjggseé aré‘oriles CQI"ItBXIF\b gMéaSp@r‘Ie
1,1 -bipyri 6%'%’??@‘{’ ?M -ae ligzar. lWh'ChfrelgﬁnﬁiaﬁX/ﬁefetﬂW@ FraeilipreniecRBPIesr Paréyt ar | y
usef ul conpinesitabe Yhskicdnb esmpiwtts @Fe @6 oAeetsimard)in J. Am Chem Soc.
120, p. 4049 if. (1998), J. Chem Soc., Chem Comun. 1998, 849. Preferred
conplexes contai ning 40 WO 03/054027 PCT/EP02/14373 8 ligands F-V are

6- bi s(15mi no) pyri dyl conpl exes oR®the tr .B?tlon metals Fe, Co, Ni, Pd or
Pt, in particular Fe. As organic tr ion nmetal conpound B), it is al so
possi bl e to use i m nophenoxi de co swhere the ligands are
prepared, for exanple, from substftute nsubsti tut ed salic%IaLdehydes

MX,

20 /S

z

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

40



and primary amnes, in particular substituted or unsubstituted aryl am nes.
Transition netal com plexes with pi |igands containing one or nore

het er oat owe 05402 pi system for exanple the bo- ratabenrem&Epro2/gsmnsl, the
pyrrolyl anion or the phospholyl anion, cgn also be used as organic-tran-
sition metal conpounds B). 10 Particularly well suited organic transition
netal conpounds B) are ones containing at | east one cycl opentadi enyl-type
| i gand, which are generally referred to as netal |l ocene conpl exes. Particu-
S larly sui RapldR'net al | seench GobplhlyeS:-Gr-ery, alpsyl, afyiatkieflfoomatkloafiydrjard5 (1)
20 where the substituentsnaaend fich ¢ &510@MRn RSl Ink AWYINSdIEER &1 tReES6 102 M 30
Xis titanium zirconium, hafniu vanadi um  ni obium tantalum chrom um
nmo- | ybdenum or tungste?ﬁrb%‘rat%{ﬁs'élrtp@r‘?éﬂfadéﬂa" §'bup 3 of the Periodic Table
and the lanthanides, is fluorine, chlorine, brom ne, iodine, hydrogen,

Cl- C10- ak ky{he.r%a%%@ét@'id%ﬁﬁ%! or dif@%ngrfd'rﬁ‘éyyde’joiﬁédk%loﬁé é(Aotl‘léﬁV' ng from | to 10
carbon atons in the alkyl part and rom6°to 20 carbon atons in the aryl
part, =0OR6 or -NR6R7, or two radicals X form a substituted or I
unsubst i t ut elitodi®ene | i gawdach hydpaet, oGl aalkql, 4 B-7dinemberked eyotpalrg or eyatd- 35 n i s

1, 2 or 3, where n has j the_val i.ch i s such
that the netall ocene CO%E%@LMﬁ?hqﬁﬁéH@Br%ﬁf% %I?c) a%@gﬁd&@ﬁgf%ug%t%ére ?b WO
03/ 054027 PCT/ EP02/ 1437822V afer Cr7amly dikdand i9r exylasylowharg o, adisgentigslicgley | |

al kyl aryfo, aryl al kyl, fhapaieaiolsther@srmld daauratad ¥l uns@aatedRaalic 9Buf hoangFrobos 10

carbon atons in the al kyl,, radi o0 20 carbon atons in the
aryl radical, and 5 the%r‘lgcﬁg%gﬁgéosr('ggo?gf@ﬁ&%r%al or different and may be

j oi ned to one anot her,
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

40



10 R1 to R5 are each hydrogen, Cl-C22-alkyl, 5- to 7-nenbered cycl oal kyl or
cycl o- al kenyl which may in turn bear Cl-Clo-al kyl groups as substituents,
C2- C22- aWwbanyb4021C6- C22-aryl, al kylaryl or aryl al kyl, whePeTERO2/a37RCcent
radicals may al so together form a satur d or unsaturated cyclic group
having from4 to 44 carbon atons, or Si(R8)3 where R8 are identical or
different and are each Cl1-Cl10-al kyl, C3-Cl10-cycl oal kyl, C6-Cl5-aryl,

Cl- C4- al koxy or C6-Cl0-aryloxy and 15 R12 Z is as defined for X or is 20
where the radicals 25 R9 to R%a are eaﬁn hygkogen, Cl.,e22-al kyl, 5- to

7- menber ed cycl oal kyl or cyctg- al kenyl; whi ¢h may in ﬁurn bear C1-C10-al kyl
groups as substituents, C2- 2-a|keny”, C6-C22-aryl, 'al kylaryl or

arylal kyl, Wiése two adj acemt Mfadi catsm' maymatso 't ogeMherCRer ima sat ur at ed
or unsaturated cyclic group h%ving froq14‘ 0 44 carbgn atons, or Si(R14)3
where R14 are identical or different and ar 7each Cl- C10- al kyl,

C3- C10-cycl oal kyl, 30 Cs6-Cl15Raryl, ClREA-aRkoxy or CB-Cl10-aryl oxy, or the
radicals R4 and Z together forman -R15-A- .group, where 35.40 WO 03/ 054027

PCT/ EPO2/ 14373 10 R16 RI15 is&% 10 15 20 mhqge R R'6
—Cc— ' —o—M-— —¢c—c¢c—"
10 | | I
R - RY RV R
T16 Tm T16 T1G 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
35 — —
— PR192, where
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25 30 R1I6 R16 | | -ML-' -M- M_ R16 ML -CR218 R17 R17 R17 R17 R16 R16 R16

RI6 | | | | -C-0OM- _C_C1l T | RL7 RI7 RL7 R17 R16 R16 R16 R16 R16 RL6
111111 11WONAs@27 117 117 117 =BR 16, = BNRI6RL7, = Al RLOCTAHBE/J4378n-
-0-, -S, =SO =S® =NR16, = CO, = RR 16 or = P(QYR16, R16, RL7 and

R18 are identi cal or different and are each a hydrogen atom a hal ogen
atom a trinethylsilyl group, a Cl-Cl0-al kyl group, a Cl1-C10-fl uoroal kyl
group, a CG ClO fluoroaryl group, a C6-Cl0-aryl group, a Cl-Cl10-al koxy
group, a CRCCL5-al kyl azrgeastyingersngentinoipe @natherl kefyt-algh. GG s-@ryl, Co—Cio—
C7-CAD aryl al kyl gr oup,cy@oa@j Al kese©)group or a C7- C40-al kyl aryl
group or two adjacent radica together with the atons connecting them
forma saturated or unsaturated ring having from4 to 15 carbon atons, and
ML A 35 is silicon, germaniumor tin, is-0- , - S -, , NR19, PR19, - o -

Rig, - NR19gwor -PR 19 2y yhehecs @mV\!quﬁ’% 054021 wﬁ’f@ﬁh%?%ér%@e?r 1—éLlalkyl

~ groups as substituents or C;—C4g—cycloalkyl

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

10 ,
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?
1
R* (la),
Rs
20 MXn+1
R3 RZ
R* ‘
25 ' RS
MW (Ib),
R12 Rg
30 R11 R10
35
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R19 are each, independently of one another, Cl-Cl10-al kyl, C6-Cl5-aryl,
C3-C10 cycloal kyl, C7-C18-al kylaryl or Si(R 20)3, 5 R20 is hydrogen,

Cl- C10- alw@loz/o£®21T15-aryl which may in turn bear Cl-C4-al lPgIl/EPQr/oBps as
substituents or C3-Cl0-cycloal kyl or theoradicals R4 and R12 together form
an -R15- group. 10 The radicals X in the formula (1) are preferably
identical and are preferably each fluorine, chlorine, bromne, Cl-Cr7-alkyl
or aralkyl, in particular chlorine, nmethyl or benzyl. Anong the netall ocene
conpl exes of the formila (), prefe$e~ e is gRven to 15 20 R12 30 35 MX",
MXn 40 12 (1c) and R3\ MX, 20 Anobng t onpounds of the formula (la),
particul ar preference is given to thags Wpich Mis titanium zirconium
or hafnium 25 X is chlorine, Cl-C4~al kyl|, phenyl, alkoxy or aryloxy n is
1 or 2 and 30 R1 to R5 are each hydrogenrér - C4-al kyl . Anpng the
compoundg of the formula (IDb) wpartlcular pref~&§nce is givento t hose in
which Mis titanium Z|rcon|u or hafnlun1 35 ts chl ori®Rani- c4- al kyl

or benzyl or two radicals X form subst Rf’'ut.ed” or .un- substituted butadiene
| i gand,

R R
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 R1L to R5 are each hydrogen,
Cl-C4-al kyl or Si(R8)3 and RO to R13 are each hydrogen, Cl-C4-al kyl or
Si (R14) 3 wb 0af054008p radicals R to R5 and/or RO to R13 tog@Cha@romi43m3 t 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&wpya@Mg di met hyl zi r coni um conpounds.. 25 30 Anong .t he ,
conpounds of the formula (lc), particularly useful conmpounds are those in
which Rl apd.. are identical Lfferen nd. Cc :
CL- C10- al kg T <ot Gt ot Sl RS i for SRS B RFARD 2l
hydrogen orargidestiday| , et hyl, isopropyl or tert-butyl group, R3 and Rll are
each Cl-ig4-al kyl and R2 and R10 are each hydrogen 35 or two adjacent
radicals R2_and, K R3.or .Réar%yanq R11 toget her, forma saturated or unsaturated
cyclic grobfF IR B FRERY #55°d CARPRRrDER "WPLHE, 40

bis(cyclopentadienyl)zirconium dichloride,

bis(pentamethylicyclopentadienyl)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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WO 03/ 054027 PCT/ EP02/14373 14 5 R15is R16 RlI6 RI6 or - C- G , -MI |
| I R17 RI7 R17 or = BR16 or = BNRI6R17 10 Mis titanium zirconium or
haf ni um awo oXos4e7 i dentical or different and are each chl ®@CiTrEP92/14373
Cl-C4-al kyl, benzyl, phenyl or C 7-C 15-g Iryloxy 15 Very particularly
useful conpounds of the fornula (Ic) are those of the formula (lc') 20 25
R13 30 where the radicals R are identical or different and are each
hydr ogen, Cl-C10-al kyl or C3-Cl10 -cycloal kyl, 35 preferably nethyl, ethyl,
i sopropyl or cyclohexyl, C6-C20-aryl, preferably phenyl, naphthyl or ne
sityl, Cr7-C40-arylal kyl, C7-CA40-al kylaryl, preferably 4-tert-butyl phenyl or
3,5-di-tert-butyl phenyl, or C6-¢40-arylal kenyl, 40 03/ 054027
PCT/ EP02/ 14373 15 R5 and R13 are !i dentical or dinferé\ﬁt and are each
hydrogen, Cl-C6-al kyl, preferably 'methyl, ethyl, |iso ropyl, n-propyl,
n-butyl,5n-H%xyI or tert-butyl —aMdThe ori ngs S-dhd—T Qire identical or
different, saturated, unsaturated|or partially sqturated. 5 The i ndenyl or
t etrahydroi ndenyl |igands of the netall ocenes of_the fornula (Ic') are
preferably substituted in the 2 %osition, 2,4 p%siti%ns, 4,7 positions,
2,4,7 positions, 2,6 pogilkong, . gydegposi tions, 2,56 positions, 2,4,5,6
positions or 2,4,5,6,7 positions, in particular in the 2,4 positions,
where the follow ng nonenclature applies to the site of substitution:

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’
MX,
05 (Ic),
. R
Rl
@ R'®
Rl
30 R’ R
where

the radicals R’ are identical or different and are each hydrogen, C;—Cyo—alkyl or Cs-Cyo-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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10 4 15 3 As conplexes (Ic'), preference is given to using bridged

bi si ndenyl conplexes in the racem c or pseudoracemc form where the
pseudor acwoios/ofmem refers to conpl exes in which the two i edampo2/1437yands
are in the racemc arrangenent relative g one another when all other
substituents of the 20 conplex are disregarded. Exanples of particularly
useful conplexes (Ic) and (Ic') are, inter alia:
d|nethyIS|Ianedlylbls(cyclopentadlenyl)2|rconlun1 di chl ori de,

di net hyl si | BhadiR! #rk slentimbongifierint asrireipactingdipean GeCe-aliyl, preferably methyl, ethyl,

di met hyl si | sy hbrsii 8hl@nyAeal sdefdithzi rconi um di chl ori de,

et hyl enebi s(cycl opent adi enyl )zirconi um di chl ori de,

et hyl enebi s(i ndenyl ) zi rconi um di chl ori de,

et hyl enebi sértdebe drtyg &ramd Tdeaige)tcairar different shtwhtedrundayratet ot paatindy sapiretethy| ene- 9-

Eluoreny cyclopentadienylzirconiun1dich|oride 30 di net hyl si |l anedi yl bi s
3-tert | -5-meth clopentadlen Zi rconi um

di met hyl si Iﬁ'f?éﬁﬁewltﬁ’ir Q"IdeﬁmSJFI“dﬁgfé%%?'?t@gp@?'E?ﬁé’g{hﬁg‘?r@wqﬁFrF(E’BEi’;‘?rﬁt?W

di chl ori de, subsitured hylhes:k b(ﬁslﬂedl 9.4 pbsifcds et positiom @ Ayl pozitiorsoRB positdng 12| 4 pase,

Qi methyl S! 1 @REU Y B 50 129006 B Mo Wé%% Db GRASUTLAL A, O hélE4 posfions.

di met hyl si | anediy rrconiumdichlorid

di et hyl si | amesie SV‘FE‘P”@(V?Q ﬁﬁ@ﬂﬂ%%@lé?ﬁ“?? t?lﬂi'ec%tﬁloﬁ?Hbati‘tY}PBm de,

di met hyl4gi | 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 | anedi yl bi s( 3- ethl
di chl ori de, dlnethyIS|I.
di met hyl si | anedi yl bi s(2- %t by
03/ 054027 PCT/ EP02/ 14373 16 1
di met hyl si i anedi yl bi s(2-et hyl -4, Rbsenzindenyl)zirconiumdichloride

met hyl pHényl si | anedi yl bi s(2- nethyl - 4, 5- benzi ndenyl ) zi rconi um di chl ori de,
met hyl phenyl si | anedi yl bi s(2- et hyl -4, 5- benzindenyl)zirconiun1dich|oride

O | BD S Bl 2R e B R AP A bl o

pseudoracemic form, where the pseudoracemic form refers to complexes in which the two indenyl

- i sopropyl cycl opent adi enyl ) zi r coni um
Ng( 2- et hyl i ndenyl ) zi r coni um di chl ori de,
5- benzi ndenyl ) zi rconi um di chl ori de 40 WD

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

40



di phenyl si | anedi yl bi s(2- et hyl i ndenyl ) haf ni um di chl ori de,

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

di met hyl swoanmsiogt bi s(2- et hyl - 4- phenyl i ndenyl ) zi r coni um diPChEPO2/0H373

di net hyl si | anedi yl bi s(2- net hyl - 4- (1- naphtgyl ) i ndenyl ) zi r coni um di chl ori de,
10 di net hyl sii anedi yl bi s(2-ethyl -4-(1-naphthyl)indenyl)zirconium

di chl oride, dinethylsilanediylbis(2-propyl-4-(1-naphthyl)indenyl)zirconi um
di chl ori de,

di met hyl si | eimethylyilabpdiyitis-chut-y15-uengitdanglipreenun) diadieridgl ) zi r coni um di chl ori de,
di met hyl si | ﬁ‘i@@lgb%ln k%@d;ﬂﬁu@(@%eﬂﬂﬁ-@% w@maénybi.aébamrndmwlaezl rconi um

g: gm 8:: gg mfguylpheny lhanedl)ﬂlgs(Z e¥hyB4%—benzméen¥Bzwconlum B;cﬁé’r}’c}e' ndenyl ) i rconi um

di met hyl si | aipiesiylyilaodiyi@s(Z-naithye #18ybendintiggPrinpylm ddBinyde) zi rconi um di chl ori de,
di-met hyl si | ap I%&MIIalﬂéﬁ%las(ﬁ%H}w'5%&12“%@1?&95&% bipglgqug! ) zi rconi um di chl ori de,

di met hyI sila | uor onmet hyl phenyl ]i ndenyl ) zi r coni um
nyl ylp y y
di chl ori de, dlphenylsﬂanedlylbls(2 methylindenyl)hafnium dichloride,

di met hyl si | aimethylyilabedifi@s@etétiyl-Aphadylinbenytizirebinmld@hierigd, | i ndenyl ) zi r coni um

di chl ori de

' dimethylsilanediylhis 2—eth I—4-— henylindenyl)zirc mum dIC Iorlde
di methylsHanedy 'ab %%( peﬁ ! gl) B Pn r:jy ]lndenyl)zuconl um
di chl ori de, dlmthylsnaned|ylb|s(2—met yl—4 (1 naphthyl)mdenyl ZIrconlum chloride

di et hyl siol agiedihykiinsdidbis@tdiyli-444 Indphtitydntiedyyzicbiitve michibiidedeny! ) zi r coni um
di chl ori de, .

di met hyl si i gwgtcilvls',aged'{"ﬂs @ Fﬁ?ﬁyl-ﬁ Eﬂaphtthgl)wd%'ypzmorf'uum d'lcilondgényl ) zi rconi um
di chl ori de, dlmethylsnaned|ylbls(2—-1 butyl—4-(1-naphthyl)i ndenyl)zwcomum dIC loride

gl rrﬁlt hyl 3 i | anRel¥ldnb&{I8sPLOON-a4s-blenahry)inbeHyliRbemy bichiseteny! ) zi r coni um

i chl ori de,

di net hyl si | SJH“SEE‘?/WB %' 'E‘s(lz's'%%tp 'soa-rorfy}fndetnél} 'rc%mfm ?'Cm%”r??u i ndenyl ) zi rconi um
di chl orilde, dlmethylsnanedlylbls(2 7—-d|methyl—4—lsopropylmdenyI)ZIrcon|um dichiori

gl mﬁlt hyl 3 il aiﬂﬁﬂhwllalabw@s<a—rhéwl¢eﬂaﬁhgbpmbﬁlhaer@n&.nébmmawhubmdédenyI ) zi rconi um
I C ori e,

di met hyl si | M&HV&?PBF@(’QS@ RS- pArflupreme b eV RISV PR PV S % c oni um

di chl ori de, dimethylsilanediylbis(2-methyl-4-[3",5'-dimethylphenyllindenyl)zirconium dlchlorlde

dlr (r:rgtn hylms :j | aiﬂr%ﬁhw.la(@a,y|§9(@£r9&w|-44r4ntéecrmlynpﬂswnmhény()ﬁrcam&rmsicménd@henyI i ndenyl ) z
| I U |

di met hy1%9i | gﬁ*@ﬂ?‘i?r‘%dzl“? P4 - et HY R WIS RIS ™ FiShIoR%Phy | - 4- (1- napht h

yl )i ndenyl ) dimethgisilanediylds@hdtion-i4elé’-tert-butylphenyljindenyl)zirconium dichloride,

?'eren; PK' f" ﬁ%ﬁ?%l&;ﬁ'\g@%ﬁit@(@rﬁﬁ’wkﬁh{-ﬁn‘glﬁlt?l enwsaenpmeaﬂ.dm me\%mé)- 30
di net hyI>IS| I Q'H'@H‘i}"ﬁ'l'a(‘éd'Ylg‘E(é"ngx%Lﬂ%te’f %'EZ’*I?HY'%}”J&HQHS/ °j”|”

(2- et hyl - 4- fidiethileifanediyibiy(Rhiutyi-4- i4hdaemuly)pt1&m3¢]mdenmxlt¢omhrh(drchldmie

di met hy' "aﬁgﬁwéda%ga@w@mgl_a@Jﬁhm& A Wﬂlm&\&emwd\%ﬂsm@)

(2- et hy zirconi um di chl o (% g

di met hyI si | alﬁ@leyliaozd'v'@o§9ﬁswl—4zphﬁw"n e@Y'H?b‘ﬂ”t v—ﬁéﬁwm%a\él}-’wﬁ'“m dichioride,

(2- et hyl - 4d|h1bihylﬁlwhb<ﬁlfjl§21—bbmﬁkﬁﬁn-}4l()-Zlapsm}tynindénym(z-lﬁ‘rhmhyl-dle(1aladhthyl)mdenyl)znrconlum

et hyl ene(2 'ﬂ ﬁd%pyl 4-[4' -tert-butyl phenyl ]indenyl)-

(2-met hyl - -tert-butyl phenyl ]indenyl %ZI rconi um di chl ori de 40
dlmethylsnaned|yl(2—|sopropyl—4[ '~tert-butylphenyljindenyl)-

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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WO 03/ 054027 PCT/ EPO2/ 14373 17 and al so the correspondi ng

di met hyl zi rconi um nonochl or onono( al kyl aryl oxy) zi r coni um and

di (al kyl awgloanydozi r coni um conpounds. I n the case of the cecp@poddsi3es t he
formula (1d), particularly useful conpoungds are ones in which 5 Mis
titaniumor zirconium in particular titanium and X is chlorine,

Cl- C4-al kyl or phenyl or two radicals X forma substituted or un-
substituted butadiene ligand, 10 15 R16 | R15is Si - or I R17 A- is 20
-0-, R16 R13"q alsgdhe corgasgonding dimethyiirgoniign, repnoplferomonrialityiariksy EmeniR® ade each
hydrogen, Ci(£imadbd)ttreontineéddipabhas. met hyl , C3- C10-cycl oal kyl , C5-Cl15-aryl
or Si(R8)3 or two adjacent radicals forma cyclic group having from4 to 12
carbon atons, with particular preference being given to all RL to R3 and
R5 bei ng meimipe casenf ha gemesunds efulpe fofmuisiig onantigslady usefubcdniponmdsarg drebl inwhichh
are partpgcul arly useful are those in which Mis titaniumor chrom um

preferably kp the oxidation state |]]

. ang, o
Is titanium or zirconium, in particular titanium, and

X is chlorine, C+—Cs—alkyl or phenyl or two radicals X form a substituted or un-
substituted butadiene ligand,

10
R'® . R® R
R is — Sll — l I
or —GC —C — and
. ) -
15 | R7 RY
~
A . is —0 —, — S — or NR19,
g
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 4'
Another group 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,

|'\|>15 F\l,us R|16
35 R° Is — |Si — or —¢c —¢C — and
I
R R R
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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 R1I6 R1I6 51 | RLis Si
- or -C -wGOo03/oad7 | R17 RL7 R17 40 WD 03/ 054027 PCT/ EPO2/ PEIEPOABIM 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 Adeastioneerniton gionhie repiasey b @ [rieroalam, repipiably 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 cyclopentadienyl
ring i s subBbdstbl adorsyard unchirged fahdtiphal groopspsontaminghanreieymeat Fgrdupr froatd ofvle-  or

si x- nmenber gd: i R G- ondi bRyl pd , L odenyl

fl uorenyl. g%‘%“%&ﬁ)%%&f@% P%gég%rg%ﬁNBéara%@%%bs%’gﬁgﬁ%?ﬁ@f gﬁ%’r%@&eﬁ%ﬂﬁér ged
functional Bhesaiae. eBYRPRIS PRRgPRIRS @fidsnaiond Pr YifeRARidesareiPs PEURSHRited. Bdsi-odi ¢
Tabl e, e. g. tutddi dused, Paniely uhssthad Me@decydiabbiexyrbaromaitiag syskaisone (0xo0),

et her, thioketone, phosphine, phosphite, phosphine oxide, sulfonyl or

sul fonam de groups or unsubstituted, substi- tuted or fused, partially
unsat ur at edPreérence iyaiyendo wyindrepeitides BarRCYdonentagiery) staapigdeny!, ppegfideramdel i s
gi ven to ush&erosRpénthdidryicorprasy slieremivkdiienyl , nonoi ndenyl, nonof | uor enyl
or heterocycl opentadi enyl conplexes of the fornula (11) 10 [Z1B MLB_X
1B nl ImM where the variables have the foll ow ng neanings: 15 MIB is

chrom um nol ybdenum or tungsten, Z1B has the fornula (Ila) 20 25 Roe
where thg variabl es have the, fol | gwi ng, freani ngs: El B- EBB are carbon or,
for not nmore than one atomZE1B 1M EBB{m hosphorus or #¥trogen, 30 AIB is
NRSBR6B, PRSBRBB, ORSB, SR-9B or an uns#dastituted, substituted or fused,
partially wunsaturated heterocyclic or heteroaromatic ring system

where the variables have the following meanings:

15
Mm'e is chromium, molybdenum or tungsten,
z'"® has the formula (lla)
1B
R RZB
20 1B -
E ~—— 2B
/ i (lla)
a
AT—R?—F° \
k N 38
£ 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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RB is one of the follow ng groups: 35 40 WD 03/ 054027 PCT/ EPO2/ 14373 20 5
10 15 where | -C=C -C=C-L1- 112B and, if Al1B is an unsubsti tuted,

substi t utwo oansfoesed, partially unsaturated heterocyclic Poi/HPe2/&30ar omati c
ring system may also be L1, L2 are each gjlicon or carbon, 20 k 25 30 is |
or, when Al1B is an unsubstituted, substituted or fused, partially
unsaturated het- erocyclic or heteroaromatic ring system nmay also be 0,
X1B are each, independently of one another, fluorine, chlorine, bron ne,

i odi ne, hydro- gen, Cl-C]0-alkyl, cz ClO aI kenyl, C6-C20-aryl, alkylaryl
havi ng 1-10 carbon ato | the aRK yR paﬂB and 6-20 carbon atoms in the
aryl part, NRL5BR16B Z SR15B |SOB8R15B, OC(O R15B, CN, SCN,

p- di ket onate, CO, BF4-——CEE — or —achutky-[Aoncoordi - nating anion, R1B -
R16B are each, independently of one another, hydrogen, Cl-C20-al kyl,

C2- C20- alskenyl, C5- C20-aryl, alkylaryl i ng from1l to 10 carbon atons in
the al kyl part and 6-20 carbon atons in the aryl part, Si RL7B3i where the
organi c radicals R1B-R16B may al so be sub- stituted by hal ogens and two
gem nal or vicinal radiifod! s aRlBsuRGRedrBYbsBluRE cbRiséD bBGElY uhSatiraam@elobyefic OF

si x-menbered ri ng, %5Tﬂ§§ %é%fﬁ?‘égﬂeri" mqa?%%g%%ntly of one anot her,

hydr ogen, Cl1-C20-al k O-aryl, alkylaryl havi ng from
1 to 10 carbon atons in the alkyl part and 6-20 car- bon atoms in the aryl

part and!@wo gemi nal radicals RL7B may al so be joined to forma
13B

16

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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five- or six-nmenbered ring, 40 WO 03/054027 PCT/ EP02/ 14373 21 nlB miB is
1,2or3and is 1,20r3. 5 In particular, the transition netal MB is

chrom umw@' 0B/0s®2a substituted cycl opentadi enyl system i nPailfiEP02/14323 r adi cal
-RBk-A' B bears a rigid, bound donor fungi on. The cycl opentadienyl ring is
bound to the transition netal via an ri5 bond. The donor can be

coordi nated or not coordinated. The donor is preferably coordinated

i nt ranol ecul arIy 10 to the nmetal center. E B to E5B are preferably four
carbon at ong"and one 1phesi#er us atom or only carbon atoms; very particul ar
preference is given to aII E'B to E5B being carbon. 15 AlB may, for

exanpl e, to%@et her V\nt1h t bridge RB forman amine, ether, thioether or
phosphi ne. MHowever'® oY y al so be an unsubstituted, substituted or
fused, heterocyclic aromatic ring sys- temwhich can contain, apart from

ring carg;)onﬁ,| ahﬁlt”g,rggq,gm,owngggé]q\me,sgﬁ,ghl,gmponm sti ng of oxygen, sulfur,

nitrogen and p osphorus Exanpl es of 5-nenbered ring heteroaryl groups,
which can. contai.n,.apart fromcarbon atons, fromone to four nitrogen .
at ons and/ o2'®gs ssﬂb‘stlhwted)cycmpgrgm‘lerat&ymeﬁﬂn whicli the ra‘dldag—Ra-H@mﬁeérSlaylglﬁ bound

2-thienyl, ﬁorfayfuﬁ&lloﬁ( lThe%yél@p%ﬁt%E@h;X bing lébbﬁﬂ)f@%@ltr)éhsntloﬁ n‘ne?éﬁng'aﬁ%%c?ﬂd ' The

5-isot hi azo razol yl, 3-pyrazol ¥ razo 2-0Xxazo

4- oxazol yl , d%ﬂ%&a@zb&owdmzteﬁ Af raozawqimat%ﬂ R a%?r %’mrefefsg y W%dymfamdew'aﬂy

2-i m dazol yiothémetmdéatzol yl, 5-imdazolyl, 1,2, 4-oxadiazol-3-yl,

1, 2, 4- oxadi azol -5-yl , 1, 3,4- oxadi azol - 2 yI or 1,2,4-triazol - 3 yl .

Exarrpl es of Q- nepbered heteroar roups, which can contain fromone to
four nitrogEn taEorE RirfarEl f%w5@%@%%@?&gn%@f@&m%?heruzatﬁwqren'mrbon atoms; very

2- phosphabepartdular prfe?dncpisrdivéazs aINE 'S tok="Pyéinddabony | , 4- pyri mi di nyl,
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- tr|a2|n 6-yl. The 5-nenbered and 6- menbered ring heteroaryl gr oups
may al 96 bA saysor varels. @wt@“@m@eeﬁ”ﬁ%'* feso en amiae.ather.gnirgthes pyPhoRRifen g

from1l to 190\&@@#3@@ rﬁéyQiﬁb Berhntdh@bsﬁthiéh”suBﬁﬁJtechT%s@d l@te(ﬁcﬁjy@@@roa‘taﬂﬂﬁng $sthe
o PPl PR o el B0 BB R e R e Db By Hoctr e
benzo- f usedSl3fOr Bitrpgamiad ehodpberas. @aafyplemfcﬁup@ﬂlaﬂf@d ringihatgeiapl grogps; WH'G*I‘ fﬁ"
:2)) Cogmar lony}zontaYﬁ ?\d SAHRIOBtbon adomd, frb@nAe tbtfb@rﬂM}og?V :la)tbrlﬂé Qrﬁlﬂ&fétsh]mﬂ)élr oxygen atom
el RTAL i T AR PO E E T
3- ci nnol yl , 1-yrazilyhrdedyyazolyll 5-pirahet.zgdazold - Fexaneiyl.of-piazoiv- 2ythiaaei cA-fhiazolyl, 5-
8- qui Nazol Yiia, gy BlinAeRs8IlY b-imidaRGT 5S¥ibazolyl, 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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phenant hri dyl or 1-phenazyl. Nomencl ature and nunbering of the heterocycles
has been taken 35 fromL. Fieser and M Fieser, Lehrbuch der organi schen
Chem e, 3wo0 msevi03ed edition, Verlag Chenmie, Wi nhei m195PCTIRPOZ14r7Ef erred
enbodi ment, A "B is an unsubstituted, substituted or fused, heteroaromatic
ring systemor NRBBRBB. Here, preference 1s given to sinple systens which
are readily avail able and cheap and are selected fromthe foll ow ng group:
40 WD 03/ 054027 PCT/ EP02/ 14373 R19B 5 R18B° R20B \R 21B N 22 R24B R25B
2-pyridyl 8-quinolyl 10 Possible substituents R18B to R27B are the sane
radi cal s as described for RiB-R16B and hatxfgep®® such as fluorine,
chlorine or brom ne, wherg two vicinal 4 R18B4 0 R27B may al so be
joined to forma. R*2or B mesrir ed RTng aJddi cals may al so be
substituted by hal ogens as fluo- ri | orline or bromine. Preferred
radi cal s; R18B to R27B a rogen, ; et hyb s mpropyl, n 15 butyl,
tert-butyl, n-pentyl,-“n-haxyl ,Rn-heptyl, n oct!?'l , v'?nyl , allyl, benzyl,
phenyl , naphthyl, biphenyl and anthranyl,!and also fluorine, chlorine and
brom ne. Possi bl e organoskibycon substituents @gsolyin  particul ar,
trialkylsilyl groups having from1 to 10 carbon atons in the al kyl radical,
especially tri- methylsilyl groups. ALB is very particularly preferably an
unsubstituted or substituted, e.g. alkyl- substituted, quinolyl bound, in
particuligr, via the 8 position, e.g. 8-quinolyl, 8-(2-methylquinolyl), 8 20
(2,3, 4-tringthyl quinol vl )oss,8=4= 4, A= hex hyl gui Bl yds. I er
sinple to gE %Sﬁélegug%@’%{s % héo Rsaarrrgtqeisr%%qgé?d\'/cgs a\%e%lg %/C”ée%'lﬁcﬁ‘via? %’ Fé%lég%‘?%e Y
rigid bri dgeuchRBs fusrinehlotitrordyaion ahergdveriginal radieglsid ta Re mansisd kedeiredieoup
AlB is an OfogRBIsCor ehERBkrE@ingCePaTid rSditds ey A beidétRlitediby HARBnsLh Ss fuad

having a chain length of fr 1 to 3. B 825 b Al ia Ll

Uia Go- onititg e Rbo B (et e Fe Hmro besRenaratsh SVEp ikt o o
gi ven t d5t heutddebbutalt i-pentyf n-RByl=n-GeptytH-entyl, Mirah pllve vgnzehehanyk repAthB. BipiRBBRBB
and the coghji NahdddN afd alEBnuorifd Rriofre@R@ brnfte. Bbdsfotddrdandéiliddn AddtitGents are, in

Tk T e

methylsilyl groups. A'® is very particularly preferably an unsubstituted or substituted, e.g. alkyl-

substituted, quinolyl bound, in particular, via the 8 position, e.g. 8-quinolyl, 8-(2-methylquinolyl), 8-
20 (2,3,4-trimethylquinolyl), 8-(2,3,4,5,6,7-hexamethylquinolyl. It is very simple to prepare and at the

same time gives very good activities.

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

diradical comprising carbon and/or silicon units and having a chain length of from 1 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, AlIB is preferably unsubstituted or
substituted quinolyl, in par- 30 ticular 8-quinolyl. The nunber nlB of the
| i gands XD odepwnts on the oxidation state of the transitipen/Epe2/ad37M The
nunber nl B can thus not be given in general terns. The oxidation state of
the transition netals MLB 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
nmononeri g, gké}ﬁ‘ﬂléscofﬁlreféﬁreb%&ﬁbl@xe@%@)ound i.e. mLis 1, 2 or 3. It is

possi bl e, for_ exa nore |igands X to bridge two netal cen-
ters MB. 5 W’iﬂﬂ'lé)sz B‘Fthﬂr“e’f‘%¢¥'@'&'°€%\?ﬁ’l‘%¥'é’§°@%‘ (HH)) 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 hatisiramsthrisydigpraipeienisaronidan@h ¢icelpidsn um(111)
di chl or iwde, 1-(&qlifoiaEtRddindedylchrdmibmtiBtdicaBdd)y| cycl opent adi enyl chr omi um
111)

[11) dichl hydr oi nd | ch i
((ZII chl) or: ge ? égl?? %derBAC%f@m'ﬁ@hglcmhﬁoFnau?lr(Ir|O: )n gpghfo;?{jneun(

1- (8- qui nol §i(§-qgin %m?thtwéWlCéWﬂW(UM'Pﬂlqﬂ)ded| chl ori de,

} Eg qui no: yls- @ndlﬁmrs@w ymtséa Mrehiu® Illd:%logdjé hIOll chljorl gg
qU|no n ro i chloride

1- (8- quinol y1§qlﬁn°?@t¥ethﬂlp%rﬂﬁg(8 rrglﬂ rdrfl 1) dichloride,

1- (8- qui ol J4(3-bémnilrtteriyputylindenylamgriibrn(il) dictintidsy | de,

1- Ea qui nol yJaq@nmwea.rae rRSaaH{Ig BcABRdent || 1) di chl or i de.

dic

ﬁl (()r2| ggt t1“(% g]lumol ?) él et)hyl zmder}g/\chromlum(hydl grld%pent adi enyl chrom un(l11)

1- (8- ( 2- et hy8-(pametbyiglino) W) R2-BiethyB4-tmethylaysiopentadisnyicomoaitmz ) dinlyidridar omi um(111)

di chi orf de. + alnbnddrp Buluabratad o bsihatissarsronhchsemanti | 1)

)1 hden di chl ori de,
1- (8- (2-3%et ﬁﬁ*@dﬂﬂ&ﬁ% ')ij')éetF%t/?{W%{eﬁi‘gi'é?{9mE h)n‘? F‘H) di Z:hl ori de, |
1- (8- ( 2- met hy8-(punetbyiguino) ) Rrdespgirapiyin{lifdi@hiptiddhr omi um(111) di chl ori de,
1-(8-(2-methylquinolyl))-2-methylindenylchromium(lfl} dichloride,

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),
40



))-2-ethylindenyl chromun(Il11) dichloride, 25
2-met hyl qui nol yl))-2-tert-butylindenyl chromun(lI1) dichloride,
( 2- nwolwloseenol yl ) ) benzi ndenyl chromi um(111) di chl ori ®€T@P02/14373
1- (8- (2-met hyl qui nol yl)) - 2- et hyl benzi ndezQyI chromum(111) dichloride. The
preparation of functional cyclopentadi enyl |igands has been known for a
long tinme. Various 30 synthetic routes to these conplexing |igands are
descri bed, for exanple, by M Enders et. al. in Chem Ber. (1996), 129,
459-463 or P. Jutzi and U Sieneling in J. Ognmet. Chem (1995), 500,
175-185. The netal conpl exes, ic part(NQujn@r the chrom um conpl exes, can be
obtained in a sinple manner 35 seacting the corresponding netal salts,
e.g. nmetal chlorides, with the |ligdnd anion (i) g. using met hods anal ogous
to those of the exanples in DE-A 197 10615). Further transition netal
conpounds B) which are suitable fofSithe purposes of the present inven- tion
are i m dochrom um conpounds of the formula (I11), 40 WO 03/054027
PCT/ EP02/ 14373 24 L\ / (NRc)nic Cr 5 Xlcmlc where the variabl es have the
fol |l owi ng Ny M aridlesi avdRnErdIRAEmedRinge=0O, R CC=Q( OR2C) R CC=S,
(RO2P=0 (OR O2P=0, SR C, 10 R1 CR2CC=N, NR CR2C or BR CR2C,
d - C20-al kyl , C1-C20-cycl oal kyl , C2- C20-al kenyl, C6-C20-aryl, al kyl aryl
having fromkl to 10iSBéér/Qf(NR2%1RgC@Oi, R'“CRe(QR’ R%Eéﬁt(Récﬁﬂ*@* @{R%zﬂ:@v §Qrﬁ1gvtoms
in the apyl part, OR'R$=RIRR'°RI or BRIR*DeiLag-dig1, &,-Cardyebalaf, OXCdieshg, t he

or- ganic radicals R ¢ an C . al.so he inert substituents ' C are
each, independentl ygﬁﬁgz"’@ﬁg aﬁlsriyﬂli%ng{rmg?? ﬂéa?arc% %?T?\Q,%hebarl@ﬁ?a&]teafnd i%gzgi)éﬁ'é,
NR3cR4c NP(R3C) 3, @ERI®MOBitERBCPIt, oSORIRSEN if (5 IOHRBD, a qagodiakest, wheredne Br4 |
PF5 or a bulky weakdny cQedigkvahi RY dy AMeaanrsh adtiurgisani on, R c_ Rdc are
each, independently of one another, C-C20-al kyl, C2-C20-al kenyl,

C6- C20-aryl, 20 alkylaryl having from1 to 10 carbon atons in the alkyl

part ands6-26 car boareatcnndependérite obanglangthert fluogne, slidiinsgleraming, ipding, NRE&IHd t o

a carbon atom wherQpihg, PSSR BISEHS 0dtbR*E, B-dicttontRY A}, PP; BEABuIyNET t
substituents, nic

1- (8- (2- et hyl qui nol yl
1-(8-( I
1- (8-

weakly coordinating or noncoordinating anion,

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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25 ml cis 1 or 2, is 1 2 or 3, where m C has a val ue dependi ng on the
val ence of Cr such that the netallocene conplex of the fornmula (Il) is
unchar gedw030/0840¢7 i s an uncharged donor and y is from O POCTEPISuUSM
conpounds and their preparation are descpibed, for exanple, in WO 01/09148.
35 Further .suitable organic transition netal conpounds B) are transition
netal conplexes with a tridentate macrocyclic ligand. In particular,
conpounds of the formula (1V) 40 WO 03/054027 25 5 RID 1 D Th 3D zZID Z
X1Dh~o MDD Oc 3D A2D R Z 2D R 2D 10 where the vari abl es have the
following nmeanings: MDis a trag®ition netal of groups 3-12 of the
Periodic Table, Z1D- Z3D is a difadical selected fromthe follow ng group
15 20 where R4D R6D RsD Elo//Ezng R5D R7D ROD E1D _ E3D are each

silicon or carbon, z'®
z*° X" o
5 ( »Mw/ " _> (V)
A% / \ 220 )

RsD/ \_ 20 \Rzn

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_[lE?Q
| |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'®,
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25 AID _ A3D are each nitrogen or phosphorus, 30 PCT/EP02/ 14373 R1D- RAOD
are each hydrogen, Cl1-C20-al kyl, 5- to 7-nenbered cycl oal kyl which may in
turn beaw0a3@BHC10-aryl group as substituent, C2-C20-al keayIEPOLZE+3CR0- aryl ,
al kylaryl hav- ing from1l to 10 carbon atgns in the al kyl part and 6-20
carbon atons in the aryl part, SiRLOD3 where the organic radicals RLD- ROD
may al so be substituted by hal o- gen(s) and further functional groups which
pref erably bear el ement s of groups 15 and/or 16 of the Periodic Tabl e of
the Elements and two GBI, $8LRET. GG(QIRIZI CNREN, =Oap-gikRpmaRED, ki, al skultye
joined to forma fivesorRbordihatmgBABEred ring, are each,. i ndependently of one
anot her, fluorine, chlorine, bromne, iodine, hy- drogen Cl- C10- al kyl,

C2- C10- al kenzf C6- C20-aryl, al kylaryl having 1-10 carbon at- ons in the

al kyl part BHY 6-20 caelesch, atiemendenty bhaneanyhepaydrogehiR: SRRaIKRIEOD 740 WO

03/ 054024 PCT/ EPO2/ 14!%Zr%bgr§d (%B}B% %m %@eg‘]@ es-g\lo’-arﬁ%u% =Y substltuent

R-di ketonate, BF4 , PF6 noncoor di nat i ng ani on
each, independently of? Qﬁé"kﬁ%tc\ﬁé}ﬂ"arﬁly@“%@ﬁav'@fr‘@? t°a1Wfb°”§t°”ISd” t”‘e a”‘y'
menber ed cycl oal kyl whdrcdndiea0 darboh atomslirethe agy! 26t B8 Ovarayicalg REUmMansiso be

substituent, C2-C20- ngg(?e@%m a(ﬁ,eﬁ%osg@@%rhber@% lagy!l having from1l to 10

car bon atom; in the al part a atons in the aryl part and
two radi cals RLOD may aI so be joined to forma five- or six-nmenbered ring
and 10 ndD a'S a nunbeis afnumberiroot % 4ssuehthbitad metatocard ampsentie complex) of t he
fornula (1V) is unchal are suitable as organic transition netal
conpounds B). 15 Preferred organic transition netal conpounds of the
formula (1V) are: [1,3,5-tri(nmethyl)-1,3,5-triazacycl ohexane] chrom um
trichlori deare shifab® ds-okdanicethyiion-riatd cbmpdunagpyycl ohexane] chroni 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-triazacyclohexanelchromium 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 onic conpounds having a Lew s- aC| d cation or ionic compounds 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*conpounds S.)é are
frequently also referred to as cpapounds ca’pab e of formng %al | oceni um
ions. 35 As al uninoxanes, it isXpossible tgfuse for exanple, the conpounds
described in WO 00/31090. Particularly us 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 Al - - R21 (V) R1 R2 )5 where R21
is a Cl-C4-al kyl group, preferably a g\ or et hyl group, and’mis an

integer 10 from5 to 30, preferably fr 10 to 25. These oligoneric

al um noxane conpounds are usually prepared by reacting a solution of trial-
kyl al um num wi t h wat er . The ol i goneric al um noxane conpounds obtained in
this way arehgeRer- alliy aﬁn—Qd&E&ylfgmLm erpferpblytauneliy! efetiybgraur. @pdeErs niateasicl i c

chain mgbecul es of varimiss tepBferasyrdfitos. 15 is to be regarded as a
mean. The al um noxane conpounds can al so be present in adm xture with

other netal alkyls, preferably alum numalkyls. Furthernore, in place of
t he al um noXbase otig@rrpdwidsing*ane hempasinazidre usu@ly repdrad by repating g selytiop opiislsi bl e

to use, as ﬁﬁgmﬁﬁlﬁﬁlﬁntrg/ateﬂﬁ’ﬁlé bligeHerd %lﬂ&éﬁ@%doﬂnd&*ﬁbfeheﬁ hﬂmbwdy eI
radi cal s or ace

dro
aryl oxy, 1""[3&” tth?O"Hr?f 'al%(wrreiociqg%ltpg"eaf ?”ﬁﬂg'%ﬁéa'ﬂx}"i?ﬁﬁas ?fdarlﬁoé% 5 Qﬁt%@é%ﬁ‘s to
use the 15r gam be tegaded dsi comeare T bd algoinpena dorB)oundrcanaiso ba bresem meimixtwemiiounds

in such anoyftSndidakyit Meer@bAPuemirdii MRl al um num from the al um noxane

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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conmpounds to the transition nmetal fromthe organic transition netal
conpound B) is in the range 25 from 10:1 to 1 000:1, preferably from20:1
to 500: 1 wod3josuoparticular in the range from30:1 to 400PCI/ERS2/$437DNQ,
uncharged Lewi s acids, preference is gi veg to conpounds of the fornula
(M1) 30 O-Al,,, (M) R21 MX X2X3 where 35 M2 is an el enent of group 13
of the Periodic Table of the Elenents, in par- ticular B, A or G,
preferably B, X1, X2 and X3 are each hydrogen, Cl-Cl0-al kyl, C6-Cl5-aryl,
al kyl aryl, aryl al kyl, hal o&lomiriedr iodine i paytigudr hadeariis, peaféralgly pentafiudropientio
carbon atons in the alkyl radical and from6 to 20 carbon atons in the
aryl radi Cakurﬁ:’ér&aﬁgﬁaggﬁstroﬁ ,!uﬂ{:ﬂ Lé@is%d%?/e%%@&%d%%6%8%69’]64373 28
Further strong uncharged LeW s acids suitable as cation-form ng conpounds
C) are the reaction products fromthe reaction of a boronic acid with two
equi val ept fspﬁxficuaar brélf(ea:}zdcr lisad it e gundshg thedermalt(Viin whie’G XSarfdnCrrd ibenti-
reaction o i ! i equi val ents of an acidic, fluori-
nated, in p%a;a}’tp}%%rg Mlﬁ@rebk??ﬁ%%é\@@g?rggr bon compound such as

pent af | uor ophenol or bi s(pentafl uorophenyl)borinic acid. Further exanples
of fst rong, RiheREtRAE uhdhuigsd asis 5ci@df @itmﬁé @ﬂ@dfoidﬁing?/\fan%b&ﬂs@ Qre the l%a&ttdnculjar
preference is ven to coppounds of the. fornmu I, an
B are 1 dentreisifoh b8 i 8 efie bl s b Sk o3 M e s
i oni ¢ coppoadiids pladudtsfigpnn thaireactien of adralkyBivgrinumewithidive eqyivaentsrpoesidis figgri-t he
cation of tRGeq FpahtRUBHbA UMD, chrboiEcohfebldd suck¥d skhtafilidfbpHehorshere 20 Y is

an el enent gi];(pgrftgfﬁgrsop&entyﬁbojﬁgic%]cciq.t he Periodic Table of the El enents,

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

[(Y*)Q1Qz...Q]" (vin)
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.



25 QL to QZ are singly negatively charged groups such as Cl-C28-al kyl,

C6- Cl5-aryl, alkylaryl, arylalkyl, haloal kyl, haloaryl each having from®6
to 20 carwor3as402pns in the aryl radical and from 1l to 28Pcargporigrdns in
the al kyl radical, C3-Clo-cycloalkyl h may in turn bear Cl-C10-al kyl

groups as sub- stituents, hal ogen, Ci- C28éé | koxy, C6-Cl5-aryloxy, silyl or
mercaptyl groups, bromne or iodine, in particular haloaryls, preferably
pent af | uorophenyl. 30 a z d 35 40 is an integer froml to 6 and is an

i nt eger froBul& Haoin® nonboond'mamrgrad@m cartatee bai prdparegvg €ombining a bbrat odalirsingm eat er

than or equalmidind. 86 LlHAT A, S L 8BoRa AR WAERCAALRR IHANGR) KRS,

oxoni um cat | ons an oni um cati ons an al'so cationic transition net al
conpl exes. PePR war@enuméWmSoﬁg HREr A8 ReltfE! GOMPPYE WHIGhSPras AN iRBTZIG 1ONIGS9fY on,
the silver ﬁ@lﬂdwmmowmmrbmamnum averipbydf egrt@menylmmrcraethm InEldeifiorpa fetirerr abl y

have nongoordi - , re
ront i onctl | B oBEUG Al R ind Ry Bt Bl i RLechBplh, EQTRAMARE S

03/ 054027 PcAN #ye0/apded3 29 Salts haV| ng noncoordl nati ng anl ons can al so be
prepared by conbi ning a boron or aI urri num conpound, e.g. an alum num

al kyI , Wt hbﬁgscggxgn%d\%\g? énrg%rons\gfmd' aC{dﬁ |0ﬁ9|ﬁ<tew£‘§ p vﬁlfqé?w llg?le %ncg%‘ﬁatlrgor on- or

al umi num at oun an 1 onrzing
i oni c com p@lmtﬂljow £\ Brdneted eeidh p@TﬂCL&ﬁF@fﬁf‘ﬁﬁFﬁedﬁﬂﬁﬁﬁd@lémtOéa@d amine or aniline de-

§ ; Ia g?gnﬂofﬂhgu%gem@é?@d céﬁbln@dw N Nm}mahilmrntuhq &, w@mwrtg?lmxmﬂﬂnbﬂﬂiwnas@
n or_al umnu af | uor ophen
al so be addgd&_dlrﬁwyﬁ’eegmﬂ?{w ﬂ'ﬁﬁ%‘?gp §¥a3ﬁésstozﬁgé%tf%5§vt °as cati gng Iol kevmcgg

pref erably have noncoordi nating counterions. As Bronsted acids, particular

preference P%fé}}e\ﬁ%?uct&n{%m&'@E%dm%'ah&ﬂaroﬂ NedHinkth aumn;to rivatives.
Preferred cations ar met hyl cycl ohexyl anmoni um

and N, N-di WFH?/P%‘E?&'?TOB%MW zﬂ\@% eé'?yﬁcéig}rie\’fﬂ?'m@%'u%f the latter two.
Preferred i tiakis(pentgfbomdseng)banate and N, Npmethygldnaylamiombrdi met hyl ani | i ni um

tetrakis(pentafluorophenyl)borate.

It is also possible for two or more borate anions to be joined to one another, as in the dianion
[(CSF5)ZB-C6F4—B(CGFs)Z]Z', 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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tetraki s(pentafl uorophenyl)borate, N, N-di nethyl cycl ohexyl anmoni um 15

t et raki s(pent af | uor ophenyl ) borate and N, N-di net hyl benzyl anmoni um

t et r aki s(wersasdoenr ophenyl )borate. It is also possible f®CTtRRO2/0EB730r €
borate anions to be joined to one anothegpy as in the dianion

[ (C6F5) 2B- C6F4- B( C6F5) 2] 2-, or for the borate anion to be bound via a
bridge to a suitable functi onal 20 group on the support surface. Further
suitabl e cation-form ng conpounds C) are listed in WO 00/31090. The anount
of strong uTtehatalystsolievansuriter dsnprise ras @ddiiamploemgsndniil), agnetad pirgpogied of theat | ons
or ionic %rnﬁﬁ%@%“”ds having Bronsted acids as cations is preferably from
0.1 to 20 equival ents, preferably froml to 10 equival ents, based on the
organic transition netal conpound B). Further suitable cation-formng
conpounds C) are boron-alMhR ),l(ﬁzi)p(lﬁqﬁ"o.unds such as (IX)

di [ bi s(pent af | uorophenyl bor oxy)] net hyl al ane. Bor on- al um num conpounds of
this type are dis- 30 closed, for exanple, in WD 99/06414. It is also

possi bl e t ovig® mi xtures of al |l the abovementioned cation-forni ng conpounds
C). Pre- ferred m xtures conprise al um noxanes, in particular

net hyl al um noxane, and an ionic conpound, in particular one in whi ch the
tetraki s(pengafl uorophenyl )borate anion is present, and/or a stronTg
uncharged LMwis acid, in p&PPPk# Beta 1 @'(%%F%W‘I%?'Gbﬁéﬁw 9igERRAd © ti?&%th t he
organi cqpransition netal coerjodiaidb!®)i.eayedon, Rlgminami gaviufroindiupeer feliwounds C)
are prefera- bly used in a solvent. Preferred solvents are aromatic

hydr ocar bonszzhavi ng from 6 C n 5= B REBnANd
Lol Uene. 40 VIO 03/ 054027 3'52&“% & @‘U@% 2 tf?g%élfrﬁ ﬁﬁgg"ggﬁ rfél y%%r: arbrr'niher
0

conprise, as additional conpone oun the ormu
(I1X), MB (R2)r (R23)s (RZWif'TeaBy\Rﬁrere 10 MB is an alkali metal, an alkaline
earth netal or a netal of group 13 of the Periodic Table, i.e. bor on,
al umi nund grPlhdiRT* i ndi um are etdialybiogen, hie@en] 6 -RzBaliy SRR d—aryl, alkylaryl, arylal-
kyl or alkoxy each having from 1 to 10 carbon atoms in the alkyl radical
and from 6 to 20 carbon atoms in the aryl radical,

r is an integer from 1 to 3
20 and
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.



I s hydrogen, Cl-Cl10-al kyl, C6-Cl5-aryl, alkylaryl or arylal kyl each having
from1l to 10 carbon atons in the alkyl part and from6 to 20 carbon atons

i n the arwbD opas4027 are each hydrogen, hal ogen, Cl1-Cl10-al kylPCTEPOLZIBTRr Y] ,

al kylaryl, arylal- kyl or alkoxy each haying from1l to 10 carbon atons in
the alkyl radical and from,6 to 20 carbon atons in the aryl radical, r is
an integer froml to 3 20 and s and t are integers fromO to 2, where the '
sum r+s+t corresponds to the valence of M, 25 where the conponent D) is
not i denti dalgereraltthecataygdevigh use)l ogethei witha furthep oetsl ¢rinepotes el the fotmilaes  of

various rret(g% ,I\Ei%@ﬂlém defaitfehat £ faInfstdi bﬁpouﬁcﬁ"@%ﬁp@%dm @éed@rpﬂpﬁ Qf‘é of

the fornul X%] ference is_qi ntotg (f
magnesi um doN&f ?rf’?fﬁ'%?téﬁlﬂ" ﬁ&%‘)f‘a%ge"h%ff GrRYs sdﬁtﬁmé‘ir tEfLEP %“q{‘ﬁt'on §'5°°&6'ymer"
Par ti cul ar | aatiger efforfinse ¢t in@tapossideadicasriyofhen e dataiystidcid (de€)nopgoptain a compo-

n-butylldt hAﬁH{T&r:% R bty aITyIQtSsgﬁ(EMlto cITRPEESH WM moRs é&l&ﬁ/ forrRing 6 PELABRIN Stiitldto

tri-n-hexy num umnum triethylalu
trinmet hyl. aI theaielvat aeld: M@gpgﬁeé:qunﬁgrpgr&conqppurys H‘E‘f‘élde@l‘}ﬁﬁgﬁ ﬁg#anﬁ”t ﬂrgm G2%d, it
i s pref er aldayiorprogsiegitompouhdsepresahidh hetcatalpstisdid. n such an anmount t hat the -
nolar ratio of M3 fromthe formula (1X) to transition netal Mfrom organic

transition netal com pound B) is from800:1 to 1:1, in particular from
200: 1 to 2:I»pringpleByegmmystsclds gbthe/pegsgnyinuenties %fﬂhpf@%%%xf'x'"@ﬁé‘eé%% ke sol i d

I s used 1 0o&htpehentd B)fbr@) Brhlﬂwtafé@;lipomby ghysompaLstty Biehnodf atchembkareastian, i.d.1 X) ,
where this moy be go thgné B n8 LOR R o SRTBR AL S orGRFRAURRS USEd in
FB IIn cat ‘1 Sol'S < a

t he prepara- onstituent o cata
system f or Whieh SMQPWPZ’&QH" @ﬁméﬁane@b@cﬂ”?ﬁ@f@mﬂpﬁ’a@ﬂt SharstOfaPla?q G78 be IC'E‘°SF§ al so
possi bl e, paddyi ¢4 @Hp)zsnm@m 5iveC)@ah B¢ ¥&ded FREpShdEIRNG Dr SIMLIETROIsHI Afted tHROMPO 5

nent C), f t
BRI Mo IR T e e e
conpound§- bapmeticihgéntdrbers. t o or different fromany cation-formng

conpounds present in the catalyst solid.

In a preferred embodiment, the organic transition metal compound B) is brought into contact with
the cation-forming compound C) in a suitable solvent, usually to give a soluble reaction product,
an adduct or a mixture. The preparation obtained in this way is then brought into contact with the
20 support particles A), which may have been pretreated, and the solvent is corhpletely or partly
removed. The catalyst solid is then preferably obtained in the form of a free-flowing powder. Ex-
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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In principle, the catalyst solids of the present invention are prepared by
fixing at | east one of the 10 conponents B) or C on the support by

physi sor pvoaa/op02by neans of a chem cal reaction, i.e. cowvar@pPn2/bi3ndli ng of
the conponents, with reactive groups on the support surface. The order in
whi ch support conponent, conponent B) an3 any conponent C)are comnbi ned can
be chosen freely. The conponents B) and C) can be added i ndependently or
simul taneously. After the indi- vidual process steps, the solid can be
washed wi t hTisuotyaterizatiomeant begatried ntitsn 8 kedwnasarakes ip halk it susperisdnan Sreeais phase

hydr ocar bong.in 4 BuRrdafi@l REGIGH irBHD SEbtdVRMN reabib@ uRELBIthE pdiyrAS R bfich @RoIBMsat can
conpound B), i s brought 1nto copt a?t wth the cation-form @% corgpound C in
a suitable %%ﬁe\r/’é?ﬁto}‘gt?é%‘&’lsﬁw PSPy CRINBYNUN NG YARYT BRI SRR PrOCEFeRdduct
or a m xt ursuspéefisien proepssrs tshineu gabiphasequiodesses lang gawphassfididizsd-ted progésses arto
contact g th e f0RM Rerd, sea{gtrohgleea %5 poldticd u@@meﬁaﬁy&o&%ﬂs,%@g { ed,

and the solvent Is conp artly ‘renoved. The catalyst solid is
t hen pref er 8URNBHY §ISA &S THOMRES hSEPRVEF a free-fl owi ng powder. Ex- anpl es
of the industrial inplenentation of the above process are described in WO

96/ 00243, MRe BYritRAdSh Ol BERaAR4 Spct fom 60 T 0BRL R RIRLEEH VAR AERRG 5
conprises first Y) agp yrng the cation- formng con'pf)oun Lo the support
particl es Ap 3400w Beséiensa s gjvepre fEPAGLuras iz the ()96 e POdatboh-n PHUGUE PG
Corrptr)]u ndoi rﬁmoqomrbagrltd phedshret hﬁr@faggélir@n Gt l:{ai’, OfpamRiuRt fr?ﬁ npW0GdaB)The
Furthernore, it |I. ' ' j :

pr epol yneri nﬂ%%f’ "W '?Ef{%? )ﬁr?%sf)%rf% ?%%}l?fr%ﬁé#é?ggﬁﬁg,aﬂ}rérf%r%?ﬁ@3{1%f(}b_5 %éqé%lé%%gggand in
particul ar ReshblEé&nesednolas sy rashlatorsa for example Ve pgen. pf cystamanyrsidiivesrsusiees

cat al yst sointictatidd@itnt polpRerizsfsh. i n the actual polynerization. The mass ratio
of catalyst 30 solid used in the prepolynerization to nononer polynerized
onto it is usually in the range from 1:0.1 to 1:200. Furthernore, a snall
amount 4@b afheclatalyisteoligsrab thernagsieyt iaventipnaiispiay @, verydvghgxesivpivdy ithprobnerisriexahe,
styrene or fhRbYdrdl AREMYILTINHE Sohaet theddlyRRAI ¥ thE paRhEaRARAind BB to sig-
antistatic Q{ a}\lysw taﬁ?l el nert 35 cqingolusgd Sclé(:hi ghse a wax .or gl I gan Qr%d
added as addiPPYLEHsET RGLIEMS Ly PEEct P& BV LHUET BANTROMIFE TN RRNBFT BIFP

cat al yst syssirerine Gadysheistem ofdite mressht induition are partiularly gwitsbleiferapphisations wbispound
B) is usuallyirefd 0¢R FroducPQPiyt 0 1 000:1, preferably from1:5 to 20:1. 40 WO
03/ 054027 PCT/ EP02/ 14373 32 The pol ynerization can be carried out in a
known n&Rner in bulk, in suspension, in the gas phase or in a

supercriti cetampizdi umin the customary reactors used for the polynerization
of olefins. It can be carried out batchw se or preferably continuously in
one or nore stages. Sol ution processes, suspension processes, stirred

gas- phase processes and gas-phase fl uidi zed-bed processes are 5 possible.
As sol vent sTierfolpMaRassss Were BRtledout kd chascleossthbb@ngies: use i nert hydrocar bons,
for exanple : 4

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



i sobut ane, or else the nononers thensel ves. The pol ynerization can be
carried out at from-60 to 300C and pressures in the range from0.5 to 3
000 bar. WoaBes#aTe is given to tenperatures in the rangePCm@EPOL0I3rD 200C,
in particular from10 60 to 100C, and pregsures in the range fromb5 to 100
bar, in particular from15 to 70 bar. The  nean residence tines are usually
from0.5 to 5 hours, preferably fromO0.5 to 3 hours. It is also possible
to use nolar mass regul ators, for exanple hydrogen, or customary additives
such as antistédncs in the polynerization. 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
polynerlzatPSW"Qﬁﬁwﬂéég e{ogs &1 Yoitigf fi cant |y reduced problems in respect of
catal yst residues in the polymer. The polymers prepared using the catalyst

system of the p‘rﬁiEE%oA gP/@ﬂtné fhe w@fgﬁt P& Bb%h@efdlbé Ss%h\g@mhfcpflﬂeafégm dgations

which require a tests were
carried out to &Bes é@t é?tiyi@ 39%%8&@?%050 in QSWD@P@Wﬁ”ﬁéfﬁ”é‘Pf 161°”'t4’i§%5é‘&:?f| c
surface area: Byufefuregen adsorption in accordance with DIN 66131 30
Determ nati on of the pore volume: By nercury porosinetry in accordance with
DIN 66133 Determ nation of dlo, d50 and d90: 35 The particle size

di stri but i oRetsfmindiien phihe properdongfgolrlasustidesy |i ght scattering using a Ml -
vern 260@ Sizer fron1Nthern Geat Britain. In each case, 100 m of sanple
material were n.air esen t he meters dlo,
050 and 90 ar o ToreobBI e R er e e BN BRO B e el B R gfeR %

the sane tine t hospitrewsingfa Mefterhd 16 Molstuiresfnalyzdi fstnm Mbitier40oisN0, OBIfgB4Q27

PCT/ EP02/ 14373 §€o.t£eh9rm/:nf%%@amrmﬁettﬂeenJ @éfrctrme{u@ram@ab GlNeh, i @Ahary. The | oss
on ignition is the weight |oss experienced by a sanple which is heated in

two steps, viz. firstly for 30 mnutes at 200C in a drying oven and then
for 1 hodr 8etedbifdion nf the preaduré iBcrbarertadeg 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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Determ nation of the proportion of volatile constituents: 10 The proportion
of volatile constituents was determ ned by neasurenent under an inert gas
at nospherwousiong2a Mettler LJ 16 Moisture Anal yzer from MeCoiEPo2/Tgizdo,
Geifensee, Switzerland/Infrared dryer ttler LJ 16 from Mettl er-Tol edo,
G ef3en, GCermany. 15 Determ nation of the pressure increase during nelt
filtration: The pressure increase during nelt filtration was determ ned by
extrusion of the polypropyl- ene in a standard | aboratory extruder (3-zone
screw) at 26bcoridhibothglzupponetdlg dfithe resterthl whre passiviated irsalfapaatorymegiy dvavi ng a
mesh openi ng, gk pA% A, I—?er%erl]g 9&%%&5% LS% d‘EAc!%r a-gpr%rr%\?a%u@#o%lgphl"éﬁ BdSe Was

recorded as 8;tunc constant pol ene
t hr oughput . U%P@Pﬁffﬁaﬁ/ﬁwbtﬂ"d’t\ﬁ@“ﬁé}? tqeéT‘@‘ysTrfesuaﬁté"tCPW@ﬁfr%ﬁfF’@f’ ”f‘%‘éa nitro-

pol ypr OPy| €g6n ARBEIRELe 183 disteSdhiink vEds€l. BieZbssbinsdritioh aitéraBndifoninB@as 1.21% by

pol ypr opyl ene Et er was determned by sieve analy- sis. Exanple 1 30 a)
Pretreat e8f t he support Use was nade of a pyrogenic silica which had
been aggl onerat ed to secondary particles by Degussa AGin a spray drying
process usi BOp@dREPot itk data@t auxiliary followi ng the nethod de- scribed in
Gernan patent application 101 63 179.0. The primary particles had a nmean
particle 35 diameter d50 of 7 nm The spray drying auxiliary was renmoved by
cal ci ni ng t fige matatncerd dimethAgaaediyints{e-nefivintgadzirpniumdichiogie wasfresd of theit i on

ﬁ: 38}) )Rly %e@Ufs&Qerj" fr@éthéﬁ s%g%tronMMtK@NWsp@H%sWeﬁécﬁon ligitlof 8%e ar ea

100 o of the2 ﬁatgé?f\o it i e el A HoRes s o) i e B8RO
Vacut her m f (4m8 ieplad B8 of 3% S@nbtb by seght MBOEIumitexanasalitioa m telugredbibemate a
di aphragm V%gg HER IB?I'ESH RED#HWM??&%%@WW&’!‘H&&;B@W% difFRENRAY 6.1 Finer tsiubatance

t f d
The | oas on ST FOR faTtBEr WURAENE SIS 1904 5 THUOB RSPk 2y ot -

Product it @ifne td®.cabfahy eihdilitreedpgtogériosien drom Example 1a) while stirring and the mixture
di met hyl sil gpe r?éh? r%g&hmbhﬁﬁdtmr*é EHJlt%QWag%rqu&Qlﬁ{e'rﬁ*?tur‘é@\%sfsr&@&i.:éﬁfly t he

10 neso i soner racti gnal 1zation bel ect I‘OSCO iC
det ection | ﬂﬁﬂatéﬁ’ Coang 1@% nHapigr ¢ 1gus- §h'E)HB‘fe)120%7 gtcﬁ@ pf”érffﬁ? ﬁ?"HBg Oé{‘gj P
ver e di ssol peoditn sfaoRtilt esmReuaitsiives deterfhingd ab 2.47% by weight.

20 c) Polymerization

A dry 5 | reactor which had been flushed firstly with nitrogen and subsequently with propene was
charged with 3 | of liquid propene. In addition, 1.5 standard liters of hydrogen were metered in.
4 mlof a20% strength by weight solutlon 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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(40.9 Mol of Al) of 30% strength by wei ght nethyl al um noxane solution in
tol uene (Al bemarl e Corporation, Baton Rouge, Louisiana, USA). The solution
was di | utwo osios40216. 1 m of toluene and stirred at 25C f ®@CTEPapw37Mi | e
being protected fromlight. This solutiongspas added a little at a 15 tine
to 10.4 g of the conditioned pyrogenic silica fromExanple 1 a) while
stirring and the mxture was stirred for another 10 mnutes after the
additi on was conplete. The m xture was subsequently dried at 40C and 10"2
mbar for 4 Hempgratieaempid/e 12.97 g of a pink free-flowi ng powder whose
proportion of volatile constituents was determ ned as 2.47% by weight. 20
c) Polyneri zﬁ)iegn tA dr¥t5 | reactor which had been flushed firstly with
ni t rogen and” §G fs%{ﬂ?ah WW@%‘ propene was charged with 3 1 of liquid
propene. In addition, 1.5 standard liters of hydrogen were netered in. 4 nl
of a 20%sst reRalfholnaiatied $as si‘rlbmg&fa%ﬂiéﬁe'ﬂh‘érﬁlbra&w{@sinbé‘géwgé Bl dk ' ng
dearomati zed hy- 2% drocarbon m xture fromWtco were then added and t he
m xture was ‘Pt PeU" ™S 30C for 15 min-.utes.. A suspension of 250 ng of the
catal yst solid prepared in Exanple I b) in 10 m of a high- boiling
dear omat i zecg)bydaﬁagﬁgptggcgyz;ture was subsequently introduced into the
reactor, the contents of the reactor were heated to the polynerization
tenperature of 65C and the polyneri- zation systemwas maintai ned at 65C
for 1 how . Ekaeplpdb)ywasrregatddoibut @8 ngt (0gpeomdlyof wenhétaipcarediis3Oivédia spahhprer
obt ai ned wa i ; . [ . ' of
i VA l\hmg&utroﬁﬁiééﬁg&o%lﬁ%tr%?g% mid) opaf By e th 1.2t GAGudhe®

pol ypropyl - ene, correspon to a uct I vi . _

pol ypr opyl eH@f@C%Tb'r@aﬁNéfFQQ-P 9508rhpayppgc;@aéerglffr%@nquyy@@xa ). TiierRgoportion
fracti onat edf usatiegcoastitwsned wdsi 105706 181 veaighig nmachi ne Haver EML 200 digital T
from Haver & Boecker, Celde, Germany. 10 ng were isolated bel ow the 100 pm
35 screen, nelted on a hot stage and exam ned by nmeans of an optical

m croscope. SNBOWMFEPE®d obj ects larger than 5 min di aneter were observed
over an area of 300 pmx 1 000 pm 40 WD 03/054027 PCT/ EP02/ 14373 35

Conpar ati ve Pret nport 5.The support terial
used was Syl%éﬁpggﬁgé Sgg%%afelgb%'?g%ﬁ%f&ﬁ% @t'tag Sé.%"@ gOdéﬁdi'%%omgpgfa%V\?agxaqu eCAI ned
at  700C f o) gelgdiaeds This pawe Y@ poyprerylenpcotespanding to Bpraduaiivily ef 21168 ofas

repeat ed, bybiySBperdly df t84ysk sopl ) of the metal | ocene dissolved in 8.3 ni
of the 75 M MAO solution (corresponding to 39.5 mml of Al) and dil uted
with 11.7 mM of toluene were conbined with 10.0 g of the support nateri al
f r om conpar 409 gef tax aphyher pawdyr weTthsievsd epdexaminged agfn examaleiick As evesadetaiéht s was

1.97% by weighiited particles having a diameter in the range from 5 to 50 pm 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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15 c¢) Polynerization Exanple 1 c) was repeated, but 250 ng of the catal yst
solid produced in conparative exanple A b) were used. This gave 540 g of
pol ypr opywerna/jo5eeT r esponding to a productivity of 2 160 gP@fi/EP02/14373

pol ypropyl ene/ g of catalyst solid. 20 1003g of the polyner powder were
sieved and exanm ned as in exanple 1 c). An average of 20 wunnelted
particles having a d| arreter in the range from5 to 50 mwere observed over
an area of 300 m x m 25 Exanple 2 a) Pretreatnent of the support
Use was nadé) B‘iod%ct'ﬁ’ﬁ/f’gb%?ﬂt%y%l l i ca which had been aggl onerated to secondary
particles by 30 Degussa AGin a spray drying process w thout spray drying

auxi l lary. gmg{alll hy dtﬁ%fh&kﬁgng(\?\ggig@énﬁetwg%e%&ehﬁ z‘?c(&%blﬁﬂﬁ%\fo dd 595 fo fed7of nm

The i ntended size str uton 'Se sievin
19/ 46/ 75 pmiheTrrsodsnater by Fackenal eyalization tahslon d NMPR-gpectromopic geteqtine imibefer i al
were passi vabe a4 mygn1oBxamm)et the&émaﬂh@rab%&eﬂxﬂerb@@Edl\ieﬁrét @Bh&émw%ﬁﬂ oni ng

35 was 2.72 té’&?rﬁl éX\Pé ﬁﬂfoi ofé}\@ oY\QBQ‘;a/ Q%ﬁ&g Ey \ﬁ/’%ét yIa ué}r:uguzo%ane solut&)n in tageun%t(Alon of

the catalys
di met hyl si | Qﬁ@@ie}IT@ﬁ§e|Et'Wﬁ§3ﬂI"Utﬁd B%%Wﬂié‘ﬁgﬂnyﬂw givie ahA5AE &l dpirdeilaas

freed of t man@mwcteammgﬂawmgm.b@waé adareaan.@é la! Zithd B0 d?ﬂieq)wobaﬂc

NMR- spect rog t 5%

renai ni ng ra‘(l:: anflgoénn%xram %ja?‘gp' S(W'\?%ﬁ”%% 8%%? ng?%%r éf’raes'f' ﬁxapng)?%?bl)ﬁoljh(eﬁﬁf’ 9
mrol of W) petiornof30kiils constigenis wgs Wed'glhy waighthy| al uni noxane solution in

t ol uene (Al - bemarle) The solution was diluted with 19.2 nml of tol uene. and
stirred at Zﬁgl hour while being protected fromlight. This solution
was added a %meé'z'%lona time to 10.6 g of the pyrogenic silica from
exanple 2a) while stirring and the m xture was worked up as in exanple 1

b). The pr OTﬂ@ d]r’ﬁﬁériz%n%f eRipfe ic) \ﬁaé:r‘éﬁcsattédtdéﬁl@tﬁo WaDr the Q4R oM RbIe 26)

Pol yneri rization eat ed using 310

of the ¢ 9’§Pa‘ferab\ﬁg%ggr‘orﬁlgecofﬁ?pmg'ﬂg ‘?rgga“@éfi’f@d@it"ﬁﬂiyé’fw geff?G'VEfOpy'e”e’g
correspond| ng:atanysasod:at al yst productivity of 2 320 g of pol ypropyl ene/g of
catal yst solid. 100 g of the polynmer powder were sieved and exam ned as in
exanpl e 1c). No unnelted objects larger than 5 min di aneter were observed

over an are é 9 ofé%p%gg pgw%@/eﬁﬁleved 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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20 Conparative exanple B a) Pretreatnent of the support 25 The support
material from conparative exanple A a) was used. b) Production of the
cat al yst Woaapbs#22b) was repeated, but 109.8 ng (190. 4 pnpICI/EPL2/14323
nmetal | ocene dissolved in 8.5 mM of 30t 4.75 M MAO sol ution
(corresponding to 40.5 mml of Al) and diluted with 11.9 m of toluene were
conbined with 10.2 g of the support material from conparative exanple A a).
The proportion of volatile constituents was 1.4% by wei ght. )

Pol yrer i zat i1éhg 8Bhépcymereoddsr waesssigvep et @dmingd s Bkdample d€). Aheaverapeaf 35t

solid prepaggfered ps@BRSFRing LSRN Be rdigD o8& 50/38 Dereldbssrvafier £ &edloof
pol ypropyl ene, corresponding to a productivity of 2 060 g of

pol ypropyl er) yn &' W48 yst solid. 40 WO 03/ 054027 PCT/ EP02/ 14373 37 100 g
of the polymer powder were sieved and exam ned as. in exanple 1 c). An
average gf %amﬁé’ngnslted particles having a dianeter in the range from5 to
50 pm were observed over an area of 300 pmx 1 000 pm 5 Exanple 3 a)
Pretreatment of the support 5 000 g of a pyrogenic silica from Degussa AG
spray- dri edaf Prefrestned of the suppbhod described in° 10 Gernan 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 nmean particle dianmeter
of the prinBPPO 9 pka pyregesis sficfresp Deaysez HNd sPekrtigdfellpwing tarsnethethipseibse ined
under nifor ogefiman gaent ApfcaBon 1 @IB3L 17010 ana8aving30abys/d8 F@0153/78 i, B pdarfioduret | on

of the cat a#a’é%%re? o@?&tﬁ/@‘é rgé@%ﬁ%%?ﬁ.%s g grﬁd Bhneld S@nc?ﬁét% o?g)e 5“@5 of a

suspended in 3 at” room tem~perature
30% st r engt Rartislesso efiTtnniveessalciied mf 4RPx@ARd Rasrigd Leder PiHOgest uene 20 (Al benarl e)
were slowy added. The reaction mxture was stirred at roomtenperature for

one hour a ubsequently fiJtered., In parallel thereto, 93 g of
rac-di net hyﬁlg? ﬁ%%%pdgw%‘iv% 12{)@\?@&%, 5- benzi ndenyl ) zi rconi um di chl ori de
were adnidxed with 7.1 1(6.6 kg) of the 30% strength by wei ght

b) Production of the catalyst v

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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met hyl al um noxane solution in toluene and 17 | of toluene and stirred at
roomtenperature for one hour. The MAQ netal |l ocene solution was slowy
added to wbasmsgpensi on of the support material. 25 The s®@CTEPD2/WMIZ3
subsequently slowy separated off by filtJyation over a period of two hours
and the solid was washed twice with 18 | each tinme of heptane. The

catal yst was finally suspended in isododecane. The support material was

| aden with 0.2 g of netallocene/1 00 g of supported catalyst and 14 g of
30 MAQ 100 gneah partigiosizd &fd . Traany 2%. by seigRodfypariclez atgeothaW\2 oomih idiaoetes was
propyl ene h I [ ; rqd [ lscal ly m xed 800 I
gas- phase %Eﬂ ngﬁgpé%@ﬁ%ﬁ%ﬁ@&g%aﬁ@% dg?g%’a"?% alysﬁgg!?arrpl e 3b). The '
react or contained a bed of finely divided pol ypropyl ene powder and was
oper at ed at Tae mensiratioh ta3utptidd ct orathe pblypkos)idag bbtainddgave@atdsetire ifgreassefr € was

24 bar apd r rature was 64C. 300 nmol /h of
trii sobu?yl ;Pﬁ%&kﬁﬁﬁovﬁﬁgﬁded as a 1 Msolution in heptane. A pol yner

powder having a bul k density of 480 g/l, a 40 WD 03/ 054027 PCT/ EP02/.14373 .
38 nean par doflpgratieZRadple & 2 MM and 2% by wei ght of particles |arger than 2
mmin dianeter was obtained. The catal yst productivity was 4 500 g of PP/ g
of catalyst solid. The nelt filtration test carried out on the

pol ypr opy! erePebeaineddf haverrartpr essure i ncrease of 5 10 bar/ kg of

pol ypropy) ene. 10 Conparative exanple C a) Pretreatnent of the support The

support material used s Syl opol 9 a.silica | fromGrace. The . silica
gel was dri efwoﬁgaﬁ\é\%wge%\yaﬁ%&eoﬁgé S'lfcggﬁlgg’gg égrrages's ?5'.%319?&?30@%1 ioﬁ
ignition wa$ hdud% 18p°Qwendghteduded pRrsedtacthiedess of igntien wag 2P% Iy weBhExanpl e 3b)
was repeated using the support material of conparative exanple C a), but,
in the first {gre?arati on step, 20 I of toluene were used for suspendi ng

t he support PHBPEYGISH Ot Pt | (3.9 kg) of the 30% strength by wei ght

nmet hyl al1m noxane solution in toluene were added and, in the second

preparation 3thIR Eteli AGAGHhEREAPSH chRORA Lathirstivé Exdiid oy by, futdin 42
benzi ndenyl )?g%rﬁ@%n%umsg?p%hseori ne anﬁ. 8 | %7' 2 _k%r Ie),f ﬁ@%%‘)}q st rgngt h by
wei ght net hyilshPraParatien stsReafd 5 i9IUgRg Were usrd 81 LeRRRdRA e syereq maral A3 ¢

mat eri al wag3.b agenthaizo¥ sbeirgbyofeight trethlylaisimekantGOolutiondf taueppoeteeddedzng) ig st
and 16 g of 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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MAQ' 100 g of supported catalyst. 25 c¢) Pol ynerizati on Exanple 3c) was
repeated using the catalyst fromconparative exanple C a). This gave a

pol y- nmerwpasdsr2havi ng a bul k density of 470 g/1, a neanPparfPozi#73i ze of
1.4 mmand 3.2% by weight 30 of particleszdarger than 2 mmin dianeter. The
catal yst productivity was 5 500 g of PP/ g of catalyst solid. The nelt
filtration test carried out on the pol ypropyl ene obtai ned gave a pressure

i ncrease of 160 bar/kg of pol ypropyl ene. 35 40 WD 03/ 054027 PCT/ EP02/ 14373
39 Cd ains 1.Clémeatal yst solid for olefin polynerization, conprising 5 A)
support particles having a nmean particle dianeter d50 of from5 to 200 m
and a spe- cific surface area of from30 to 1 000 n2/g and obtai nabl e by
aggl omer ati dn of” §5talvst splif {Pr plgfin PAMEEZEiPn. LOPPHGFeni ¢ silica having a nean
particle diameter d50 of from1l to 50 nm and 10 B) at |east one organic

transitign metal, CO@B@%&%am@ms At arjpéfa%t a Ql'e d%n%%erﬁ' %HF&#s'tJ‘zlog pgl éﬂ/gja i ch

further conprlse |"'east one “ca a
catal yst solid as cICFi'P gwérce area ohirem 80 tOVM@Pé'? fS! g @b@@[alpl@ﬁy peglameRRjior 8hsound C

i's an open- chai n ommdygdriidlesak & Byrogennfics BEQUNHef pattidR dizpigiikg of m oo

(M), 20 25 R1 Al-[p@ Al i~ Relm R1 Rl O- A)m Rl

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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where R21 30 is a Cl-C4-alkyl group and mis an integer from5 to 30. (V)
4. A catalyst solid as clainmed in any of clains 1 to 3 which further

conpri seswoas/oamadi t i onal conponent D), one or nore netal pcampormis3 of t he
formula (1X), M3 (R22)r (R23)s (R24)t 35 mhere 40 WO 03/ 054027

PCT/ EPO2/ 14373 40 MB is an alkali netal, an alkaline earth netal or a
metal of group 13 of the Periodic Table, 5 R22 is hydrogen, Cl1-C10-al kyl,
C6- C15-aryl, alkylaryl or arylal kyl each having from1l to 10 carbon atons
in the alkyl paM and fromisantaial etsheheialine gash metal armaneial pf grpr 13 of @ 15
R23 and R24 are each hydr oggfodidmbregen, Cl- Cl0-al kyl, C6-Cl5-aryl,

al kyl aryl, arylal- kyl or al koxy each having from1l to 10 carbon atons in
the alkyl radical and from6 to 20 carbon atonms in the aryl radical, r is
an integer fronR¥ to 3 ani lwdmpeh, Crehe-aikpt @gErssarfir akyldy roarPlalkylieashehaving sum
r+s+t cogresponds to the vabgnas 1o &drodBitorfs AN PharSMlindm@so 8b 8drBdhtbis any
of clains 1 to 4, obtainable by bringing into contact 20 A) the support
particles having a nean palftPeP¥ Rfftaneter d50 of from5 to 200 gmand a
specific surface area of from30 to 1 000 nR/g, and obtai nabl e by

aggl oneration o aggignﬁ][ Y. ra%rn%aiif?hﬁ?oggﬁ, HAIJGYE, @ADL GGl EL-ea _BaVEIRERR, ARaD

particle dianeter . .
kyl or alkoxy each having from 1 to 10 carbon atoms in the alkyl radical

10 and from 6 to 20 carbon atoms in the aryl radical,
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



to 50 nm 25 B) the organic transition netal conmpound or conpounds, and
optionally 30 C) the cation-form ng conpound or conpounds and/or D) the

met al corpowads4e7 conpounds of the formula (I X). 6. A preponEre?/i143esl

catal yst solid conprising a catalyst solighas clained in any of clainms | to
35 5 and linear C2-Cl10-1-al kenes polynerized onto it in a mass ratio of
from1l:0.1 to 1:200. 7. A catalyst systemconprising a catalyst solid as
claimed in any of clains 1 to 6 and a netal conpound D) of the formula
(1X) defined i nTeeHsnef4 calgysisotiches grined in@anplsiaings bto)d faribe pelgmerizatiog|or co-
conpounds D) beippgmadtagord & ol@nd. dentical or different. 40 WO 03/054027

PCT/ EPO2/ 14373 41 8. The use of a catalyst solid as clained in any of
claime 1 to 6 for'the polynerization or co- polynerization of olefins. 9. A
process for 9r epearasgs joobrpparind pelgoléfips b bglyraerizationiop popolymetiratibryefetdfinsin then  of
ol efins isn the pRsPiRYEBCHANS: sRidRLRINGEIn 89 drdiaR®s Chal med in any of clains
1 to 6. 10. A process as clained in claim9, wherein propylene or a nononer
m xture of propylene,. ethylene and/ar C2-Cl2-1-al kenes. which contains at .
Tenst | 80" moi1dh o1 Frkahy PRSP R eBh Sad er B e = o TSP A PR Bon 10
15 20 25 30 35 4£fhylene and/or C,-Cq,-1-alkenes which contains at least 50 mol% of propylene is used as

monomer(s) in the polymerization.
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