METALLOCENE CATALYSTS, THEIR SYNTHESI S AND THEI R USE
FOR THE POLYMERI ZATI ON OF OLEFI NS BACKGROUND. 1.
Field of the Invention The present invention relates
to highly active supported catal yst systens
conprising netal |l ocene(s) and cocatal yst(s) such as

al unoxane(s), which can advantageously be used in

ol efin polynerization and to a process for the
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systens. 2. Background tal |l ocenes may be
useds apidi@bfinsSinvepfiBenent s for the pol ynerization
and coporymerizattom o

f olefins, possibly in
conblmpresentinvendios relatesoiochighiycadtivesepportéd catalyst systems
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may be produced, for exanple,” by reacting
cycl opent adi enyl netal .conpounds with halides of

trar:.)_s_,i[_f,“%l rgﬁﬁﬁl Fthe i h as titanium zirconium and
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" The synthesis of such metallocenes is well known (US Pat. Nos. 4,752,597;
5,017,714; 5,391,790; 5, 616,747 or EP Patent Nos. 0 320 762; 0 416 815; 0 537
686 and 0 669 340). They may be produced, for example, by reacting
-cyclopentadienyl metal compounds with halides of transition metals, such as
titanium, zirconium, and hafnium. '

It is also well known that basic properties of the metallocenes, such as
- poly-merization activity, stereoselectivity, regioselectivity, and maximum achievable
polymer molecular weight can be systematically controlled by specific substitution
patterns of the ligand sphere. However, to use metallocenes for the
gtereosefective and regioselective polymerization of olefins, the preparation of the
isomerically pure racemic form is absolutely necessary, since the corresponding
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meso form produces undesired atactic polymer, |ike
atactic pol ypropylene. The isonerically pure racemc
formis understood to mean a rac: nmeso ratio of at
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Processes for preparing polyolefins using soluble, homogeneous catalyst

systerrrs comprising a transition metal component of the metaliocene type and a
cocatalyst component of the type of an aluminoxane are well known. in
polymerizations using such soluble, homogeneous catalyst systems, heavy
deposits are formed on reactor walls and the stirrer if the polymer is obtained as a
solid. These deposits are formed by agglomeration of the polymer particles
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solid. These deposits are forned by aggl oneration of
the polyner particles 2 whenever netall ocene and/ or
cocatal yst are present in dissolved formin the
suspensi on. The deposits in the reactor systens
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98/01481. Here a metallocene is dissolved in a solvent and precipitated by
addition of another solvent in which the metallocene compound is only slightly
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Yet another supported metallocene catalyst can be obtained by
impregnation of a support material with an impregnation solution comprising the
metallocene component, wherein the impregnation solution flows through the
support material (WO 00/05277).



i mpregnation of a support naterial with an

i npregnation solution conprising the netallocene
conmponent, wherein the inpregnation solution flows
through the support material (WO 00/05277): 3 In
general, the main deficiency of such supported
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environmentally friendly and economical process for preparing polyolefins under

industrially relevant polymerization conditions using the catalyst systems of this

invention.

SUMMARY |
A process is provided herein for the preparation of a catalyst system. The
process comprises the steps of combining a support material with a first
composition which inciudes at least one aluminoxane in a first solvent {0 provide
an aluminoxane loaded support; and, contacting the aluminoxane loaded support
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A process is provided herein for the preparation of a
catal yst system The process conprises the steps of
conmbi ning a support material with a first conposition
whi ch includes at |east one alum noxane in a first

solvent to provide an alum noxane | oaded support;
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metallocene component is thereby understood to be an organic transition metal

compound as depicted in formula 1 that bears at least one substituted or

unsubstituted cycolpentadienly group.
RON(Lm M (R")q
(Formula 1}
where
nis0or1,
mis1,2o0or3
gis 1,2 or 3 and



(Formula 1) where nisOorl, nisl,2or3 gisl,2or3and 5
the sumof mand g equals the oxidation state of ML L'
are identical or different and are each a substituted
or unsubstituted nononuclear or pol ynucl ear

hydr ocarbon_radical or (a) hetero aton(s),containing

hydrtbféaum;@f meand gleasipls theoxidedion stata O t ut ed or
uns LLb%ﬁ'% g:g HAREEHIER! FT'ach' é‘gﬁﬁé’thuted or lfnﬁubstlfuted

tetra azurenyl oren aza

m@ﬁmmmﬁrajrwynwmaldmmmbﬂ mydical dwa(ta) hetUrdlatatmés) ¢rmta|n|ng
are i dentical or dlffeﬁcpt and ar.e

hvﬁmaé@% radigal(s) afprzﬁwmp @ eHbsiitutac eF lélpﬁupspgjtga Sg&pl%ggntadienyl,
m&@ﬁ)ﬁ‘)t@traﬁ mo@?‘nﬁ é‘éﬂifé!rgﬂ riﬂ}b‘?eﬂyl %ﬁalﬁﬁgﬁgﬁtﬁb%&!enyl or

car r'oup of
oxe@ebmterm dhatcmrdmatéaixry youp of from about.- 6 to

S G S o T i A o
of otniﬁgfgﬁt%uﬂgg éﬂ'ﬁgfo‘?nﬁ%% AlRoRAP gﬂidbyéf frc%eiufb é’éoﬁtr'l%arbon

car on at OmS or an group of from®6
atomsaam)atyi gou af from ﬁﬁ@ aboutamjcam@rmtoms ap aRyloxygroup of from

bl 16 A0h1 6 2albdus AfbeR, enrdlieriv hBuh r Bolfi2 i aBowy 10 garbon
até‘m%r bl grcﬁm) Léohéllo@léh @%rhW@r & ll\u-'aﬁ?igrdup, wk@rélﬂfﬂ I@ah falkyl

sel ected from - --
greap pf from 1 tqzahpuw Q(zad:)qn atgazp@ cmarpgo)! gzmjp @f from 6 to about 14
carbon atoms, and two or three R' can form one or more ring system(s),
M' is a metal of group IVb of the Periodic Table of the Elements,

R%is a bridging group linking two ligands L' wherein R® is selected from:

\B_R“' A>—R4° —Ge~ —0O— ;s_ \so \302

/
\N R X =0 \P -R* " or N P(O)R40
/ / ./ /



R4A0 Roo R4U Roo Roo 112.1 112 | 112 -OMO -G -OM
-CMO RL 41 R4, RA1 R4, A41 Roo Roo Roo Roo Roo 1
-M2 -M2 M2 -CCR41 R4A1 R4A1 R41 R4' Rao Rao R40 Roo
RAOR4O I' I 1 2721 112 -CC C -MCMPRKA7 R R4
R" R" R&' x where R40 and R41l, even when bearing the
same index, gé&n be identg€al or diffefent and gfe R*
each a hydrolggn atom a ICl- C40 group buch as an!al kyll
gr oup m@rﬁg—pﬁml o G@bout 30?9F£n—atonsr"$ﬁ"—aﬂ(h"0—
group of frqW6 to aboutg#0 carbon ggbns, a R* R
fluoroal kyl group of from1l to about 10 carbon atons,
an al koxy group of from1l to about 10 carbon atons,

an aryloxy group of from®6 to about 10 carbon atons,

an al kenyl gr of from2 o ahout 10 car bggeoat og®,
an aryl al kyl roup of frolp 7 td'about 40 cafbon
atoms, an aHapiaryl gr oup—RIZH+7 to abettC46—C—
carbon atons, s substituted.or unsubstitutedis  La

al kyl silyl, alkyl (aryl)sil or "aryl si |-yl S:Foup,%r an

aryl al kenyl group of from 8 to about 40 carbon atons.
R40 and R41 together with the atoms connecting them
can formone or nore cyclic systens or_ R40 and/or R4l

can cont ai g*addi pi*onalgtetero at-orng®(i| g*%| norg€arbon
atons) likée Si, IB AL 0, S N of,P [orkhal ogenp atons
li ke O -orCBr—& 5 4 Tnteger T gb N i's
silicon, fimani @fh or g4 n, and RO y lalg® iK't wo

units of the fornmula .1 to one anothert- orF¥RO forns a
RQ-;J'vhg‘reoup, wth RO being |inked to one L1 group and
Z1

R* and R*', even when bearing the same index, can be identical or
different and are each a hydrogen atom, a C1+-Cy4p group such as an alkyt group
having from 1 to about 30 carbon atoms, an aryl group of from 6 to about 40
carbon atoms, a fluoroalkyl group of from 1 to about 10 carbon atoms, an alkoxy
- group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10
" carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an arylalkyl
group of from 7 to about 40 carbon atoms, an alkylaryl g'r'oup of from 7 to about 40
carbon atoms, a substituted or unsubstituted alkylsilyl, alkyl(aryl)silyl or arylsilyl
group,or an arylalkenyl group of from 8 to about 40 carbon atoms. R* and R
together with the atoms connecting them can form one or more cyclic systems or
R* and/or R*' can contain additional hetero atoms (i.e., hon-carbon atoms) like Si,
. B, Al, O, 8, NorP or halogen atoms like Cl-or Br, '

X is an integer frdm 110 18,

M2 is silicon, germanium or tin, and

RO may also link two units of the formula 1 fo one another, _

or R® forms a R%Z" group, with R® being finked to one L group and Z'
being linked to M',



being linked to ML, 7 where Z' conprises nitrogen,
phosphorus, oxygen or sulfur such as -0-, -S-, - NR42
or PR42-, where R42 is a hydrogen atom a G -C40
group such as an al kyl group having from 1 to about
30 carbon atoms, a cycloal kyl group of from3 to 10
car borerat ons, an aryl group of from6 to about 40

o e B SRR R o Sy of S edch g2 - -

F@‘érd}q:sR'&‘t_orrs an aryloxy group of from6 to about 10
carbon atons, an al kenyl group of from2 to about 10
car Wdtergt ons, an aryI al kyl group of from7 to about 40

car é)sa% ?@?’Bon@?' %ta %s? ry 4 gws%hsé%gﬁaml &d&?ﬁ’ Hbving from

1 t@| éﬁdLﬂISW(barb@h Favcbrhara bydbblklyl grouproftigirh Bl togtdogrbon soms, an
aryl al kenyl grou from8 to abofLH 40 c rbon%torrs
arylgraa af figee Ado @aﬁ%ﬁ%ﬁamﬂ aioans & fgreeliyl graum Qjiframd to

033 b FRIEALI Y £ P o,
rioxy Beoud-of fmllnas foeabouttier wibonaatornBZamaﬁ(enyé gtcnumbf foom 2 to
d| fgsrent and are eac substl nuc

abH 0 RO IOy AP B BRITOB: 7 FRabAdt 46 Grbon atoms, an
alk@iaﬂ'ﬂpﬁ @gf?drﬂ'm %"%5&988 afcﬁﬁé Cé‘%&ﬁ%titufélf or unsubstituted

stitute cyclopenta i enyl, I ndenyl

alkyilyh Fajidyl Gnpldislyl o, arybsiyr @rmjalp,orfamanytaimnyl group of from 8 to about
azagenfazq)enyl t hi apent al enyl or oxapental enyl, which
GADPRAIPMS: sandwi ch structure with the central atom

" hyﬁ?rr@?ﬂlo%%néfc% rgd)%ht rinctatdlSf ojstein aftHediies@fivention,

rogen atom a gr oup from 1t o about
prefarénoe stgiven tcausmakleagzt gne apmﬁwﬁd etihe famijadia ilelow

car 18N aryl group of from6 to about 20
carm ?@@Ran aryl oxy group of fromabout 6 to

aboytoffuardon atoms, an al kenyl group of from2 to

about 10
where

L' and L? are identical or different and are each a substituted mononuclear
or polynuclear hydrocarbon radical or (a) hetero atom(s} containing hydrocarbon
radical(s), for example substituted cyclopentadienyt, indenyl, tetrahydroindenyl,
azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or oxapentalenyl, which can form
a sandwich structure with the central atom M', |

R' and R? are identical or different and are each a hydrogen atom, an alkyl
group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10
carbon atoms, an aryl group of from & to about 20 carbon atoms, an-aryloxy group
of from about 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10
carbon atoms, an OH group, a halogen atom, or a NR2* group, where R*®isan
alkyl group of from 1 to about 10 carbon atoms or an ary'l group of from 6 to about
14 carbonl atoms, and R and R? can form one or more ring system(s).
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carbon atons, an OH group, a halogen atom or a NR232
group, where R32 is an alkyl group of from1l to about
10 carbon atons or an ary | group of from®6 to about
14 carbon atons, and R and R2 can formone or nore
rin systen(s) is a metal of group | Vb of the
Per Mids@ matal of gfoumé/ IEbEthenitariodic able of tvei Elgments,

bet en the |i d d L2, 2 reln

ROPS Brioe bhwaer 166 Jgandd L ahgLaGiofeio o s seifed b
/| Roo Roo R40 RAO R40 112 | 1121 112 -OMO -C
-OM -CMO RA1L RA7 Rot Rot RA1 RA0 RAU RAU RAU R40
-M? -M2 Mlz -C C R4, A4l R41 A4l RA1 RA0 RA0 R40 Rdo
Rao R41 \BC C C&-M Z CMZ RA1 RA1 RA1 R4A1 R41 R41 X
wher e R40pang R wen n beap ng the,same ijuex,
can be id nTrFliicaI (L)_rpQ di f_mgrsent _a£r?d are_gc"ﬁ"a roge 02
atom a Cl-C4 group such as an al kyl group 9 ‘having
froml to M is a netal of group IVb of the Periodic
Tabl e of \the Elemeqgts, R2 cap formone or e\rlng
systen(s)N—R"i s atheDdge bet “the |ggands LI mogr4o
L2, wherdin RO is gel ected fr6m about 30 car bon/atorrs
an aryl group of from6 to about 40 carbon atons, a
fluoroal kyl group of from1 to about 10 carbon atons,
an

R R4o R’4o R4n R
I, ! | 1 | I,
—0-M=0—  —C— —0~M— —C——M=0—
IIQ“ IIR“ R41 é:ﬁ llau
I:1240' I?m I?du I?‘m FF*W
—M= —ME=—M=- —C——C—
fl?ﬂ IIQM FI?“ IIQ‘” II?M
R4o R4u Rw R4o IV Rﬁl R4o
—————— S S R
ll?‘" FIQ‘“ &41 11?41 '7 FIQ‘;J ll?“
X
where

R* and R*, even when bearing the same index, can be identical or

different and are each a hydrogen atom, a C4-Cy group such as an alkyl group

9



al koxy group of froml to about 10 carbon atons, an

aryl oxy group of from6 to about 10 carbon atons, an

al kenyl group of from2 to about 10 carbon atons, an

aryl al kyl group of from?7 to about 40 carbon atons, an

al kyl aryl group of from7 to about 40 carbon atons, a
hawing$tarh dttedvibis aimsiiblsdfi grunndi/labkw‘as PBy‘IDdIC Table of the Elements,

R? GO fp B ohel ey BRI AD . Fart 5D RSHeR LR JOBR L and

1 2 LAKGEIER® 1Y %é]eét@ﬁ fﬂirﬁ%o@@e@ %ﬁmdrgafd?ﬁ@ granf gfolpPeEfrom 6 to

'or nore Cycli1cC sys ens and 41 can contain
abmtono carrhmln atetnsr a fblpmwhgreup of frﬂnm Ar’t@caboat deeprivgrcatoms, an

alkerv R OL o et 9 £arepf 18 b Wit fffoffrom 6 to

T@Eb#ﬁ@noétohisnan%ﬂ%@?g &f fpeml 2 fkabagt ‘meamoﬂfatoms an
t formula 1 to one another In formula la it

aryﬂﬂlhyieg(;roea of Fram m% |a§?ut #Q 6arhon aomfan aliylapd gseep phfrom 7 to
a4 S5 s = LSRG o Ueh T RET Rt o

andsiyl gfadp,orfémarmlkénylaﬁaop of ibRNY lto abblt 49 eattreatpinaR* and
oxa ent al en can orm a sandwi ch structure

R vaqgethwemtimémat@m%@@mmng themCam oM ehe ORTVR gygic systems

N e T

Si, 8,0 Oq Shwloor arhatogeyr atomsikef Cbor Brt o about 30
carbon atonms, in p rt| ular an al kyl group of from1l

to Xabantntegeekproht nms, an aryl group of from6 to

abowg ?S'ﬁgﬁ'g%@%ﬂa@g ofin. 8hy! al kyl group of from?7

to a ms, an al kylaryl group of from?7
to Ré albé Im&rﬂwrura’tsomfstheformtﬂatﬂatotozneaan@iiher

uns t| t d.al k oup, an al kyl (aryl)sityl
lﬂ%% I*Sﬁ%% Itﬁg ornula la it is very
par gglzﬁ'ﬁbr)ﬁ R 6f BafRfnt hat 10 M is zirconium and L'

are | entlcal or different and are -each a
s ubhﬂ iandt (<2 arenidentital araifferent and laie eeahia substituted

ey SRR e BB D) Gl e Loy PSR BAHEFLY Basiony.
thiéﬂent@léi’ayl or oxapentalenyl, which can form a sandwich structure with the
central atom M’,

R? is R*R*'Si=, R“R*'Ge=, R* R*'C= or -(R*R*'C-CR*R*")-, where R*
and R*! are identical or different and are each a hydrogen atom, a hydrocarbon
- group of from 1 fo about 30 carbon atoms, in particular an alkyl group of from 1 to
about 10 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, an
arylalkyl group of from 7 to about 14 carbon atoms, an atkylaryl group of from 7 to
“about 14 carbon atoms or a substituted or unsubstituted alkylsilyl group, an
alkyl{aryl)silyl or an arylsilyl group.

In formula 1a' it is very particularly preferred that

10




the bridging unit RO is RAORALSI = or RADR4A1Ge=, where
R40 and R41 are identical or different and are

net hyl , ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, cyclo-pentyl,
cycl o-pentadi enyl, ¢ycl ohexyl, phenyl, _benzyl

tri ndt isylirsonipm srd 8, and L are lidentingl opgifferamrand are each a

oS ey atniBrVE NEOIAIE P ROBAR, tiordtieny! g

ox%gegglérg@,;ﬁhi@lﬁl eaf 90| Wnshrefvith et otuma Wathlthe deatrewvatdid M?, and

R6, : . B8 R MRIRZ, R8 R/ R3" K@l 511, R4 )
the bogegingaunit ngs\/ﬁ’qeRg RO BBt (Gerpwherarfd iang Besaneddentical or
citfotEnt 2 8 AR aR0P Srop/ el ol o FEEHEoRYE i
detglenhdeayl, dnsdeﬁyf,fc?bﬁﬂp?nmw cacle-g=rthdienkly dyclghexgl phenyl,

an al kyl roup o [ to about 10 carbon atons, an
beﬁ?)@@ﬂ'&’“@ﬁh&%ﬂyidﬁ F3ontrfiupwrserYlt 10 carbon atons, an

aryl f

ar yMgHeiBichiod. BT hetattiife COPARER LS CatalfSt systom of the
pregdreimwentionupseis madendd at asbone cobnpamsiosf the foanales!b below

an OH group, a halogen atom or a NR232 group, where

R32 i-s an al kyl group of from1l to about 10 carbon

atons or an aryl group of from6 to about 14

(Formula 1b)

" where the substituents 'and indices have the following meanings:
M' is a metal of group IVb of the Periodic Table of the Elements,
R' and R? are identical or different and are each a hydrogen atom, an alkyl
group of from1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10
carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an aryloxy group
of from 6 to about 10 carbon atoms, an atkenyl group of from 2 to about 10 carbon

11



carbon atons and RL and R2 may form one or nore ring

systen(s), R3, R4, R5, R6, R7, R8 and also R3', R4',

R5', R6 R7 "and R8' are identical or different and

are each a hydrogen atom a linear, cyclic or branched

hydrocarbon group, for exanple ap, al kyl grou f from
atdmsoara@daﬂgrol@ edalogemaion, ol N&izgze@mup yg E?o?lsr%ﬁﬁkyl

bt P b BB g PR st 1

iy 0 by sy s, o
from SR?.ORS eﬁ)soﬂq aeralem 3t s élesﬁb @%@ lﬁ@r%;doentlcal or

SR A e, (R P g

gréis! fBPexarfple ématkyhgrdupgflﬁrorﬂ H etogahmmpﬂOrmybmatc&nsx amalkenyl
or nore hetero atons |1ke S

grei|of frem 2rig aket 1 earhan @a@wsa% ﬁgvhgr%p Pf fr@m @FO gpout 20

ca%to%%%@@l@ﬁ%@p 6?\%5}%3#@ %@ut% (%rpaﬁ ﬁt%rgighan alkylaryl
gr@g&m gf fromy7 fCD?mRLg ﬁ?r?oamﬁr gngn ay;da!kanﬂrgroun@f from 8 to

i ni
abput da.cer atemmraa pubstiE o Wb Ritod RGP oButl, R
al%ﬁigﬂg? ; espo %Wlﬁ%roﬁﬁ fth "ﬁhé‘ﬁrd\!'%iﬁh‘élt R® and R®' are not

I Ng he conpounds 1 are

hytrdgsn. Ebe@’rommmaywmmalnlonef@rmmr @’@rmatorns pkeSd,Befl, O, S,

ha
N peEnend Aot BRbsariandmotstiaares Bhe B £7PFar ol for tosagecent
ra&@al%h@euha oFRT ardopr RE WBor RA', ®KNRYFBur RY', RP dmeach case

to abolt 10 carboh atoms, an ar ony gro of from 6 :
mayofmbmjhydr@camdmnngzﬁyﬁfeﬁban@thﬁlbﬂéﬁlﬁg Mrf% Ras the megning set
or nore ring systen(s), R3

fOfgﬁab%g J?ﬁp?%téﬂﬁ?@lﬁgqla different and are each a

li nedye 4 S?GCTJt@tréﬁydrbmd@ﬁh%hd"W @) hetsroaipne(sp cahiaiiing indenyl
may be ha

enated, for exanple an alkyl  group of
anaiogues qoﬂe‘époﬂdlﬂﬁdﬁ the AEPOLNER 11 w@dskﬁwgﬁ%@fgﬂ?ﬁorﬁ%
| al sgn ?91%‘%3 ig it %apkg%?m%@ggndRéS 'Rsang [ EIZnt |R§alangr

di f gt eRirconingh ar Aafrmah, a hydr ogen atom a substituted’

o un'saun%sfg{& fa:ﬂet %%n%lcla(lygrsdl eren n rax'!asainl aYII!(yI g}rgup'of from1 to about
10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy
group of from 6 to about 10 carbon atoms or a halogen atom, or R' and R?
together may form one or more ring system(s),

" R®and R®', are identical or different and are each a linear, cyclic or
branched hydrocarbon group which may be halogenated, for example an alkyl
groub of from 1 to 10 carbon atoms or an alkenyl group of from 2 to about 10
carbon atoms,

R* RSR® R’, R®and also R*', R®', R®", R” and R®' are identical or different

and are each a hydrogen atom, a substituted or unsubstituted alkylsilyl or arylsilyl

12



group, a linear, cyclic or branched al kyl group of
from1l to about 10 carbon atons, or an aryl group of
from6 to about 10 carbon atonms, which nmay contain one
or nore hetero atons like Si, B, Al, 0, S, Nor P,
and / or may contain hal ogen atons I|ke F, d or Br
graup & lirsart d:wllc\m baatichedralkyl giodplos frRs) 1 ke abaut (9 caren atoms,

or Rl BB o 808 2B L 10,BRPHE B migiEhapne or

| a i1 % HEndanst Mg eatdhal t
S}REE dons TS G0, ST ket oy wlogen s

rou
like & € ouBaranth/ af thpltwgrad.i@cem rad@ﬁw\ﬂR?cR%@”ltt%r b(ﬁn may form a
roup of from®6 to about 40 carbon

an
hy(gqo&gﬁdorbﬂn%w%(tgpg group of from7 to about 14 :
car RN REGRAESEE, FaﬁqRéﬂGeﬂ RYRYUCouw -(RORFGCRYR* Bk artere R

gar bon atonms or a substituted or unsu%zct)ltut

and|l?<y|ase idantigrbapdiffareni Ry Iarae@ch & NYAogen Pmy 3| |d1cgav-
iR s Bt %g%@a&?ﬁﬂztrg 7351376 cefon atoms, an

. anf oF6gSePREM® td abbitetcearbonradems, an arydalhykgmtmeofcffom 7 to
abpHEH - paoriafams Whan SkyPrd akpup fentrdb bodf 44 atbon atoms or
R R enrr%ggww?hﬂm r—
graud are each a linear, cyclic or branched hydrocarbon

A L R R M D

an &fg@ﬁ@s %ergﬁa?ﬁmb% %@%mpégnéﬂ B(er %k@%e Mnﬁm‘ta@bé 0

and al so R5
R6 In mrmulaiébtm Banerppamtnﬂfaely@refair&ﬁ’maé each a
en.atomor a linear, cyclic or branched al kyl

hyd
groh@q%fz‘rf’?%'h'm to about 10 carbon atons, or an aryl
gr ORp o k7 ar8 @dnﬂcﬁ@?‘éﬁﬁér%g?ﬁﬁ@@?e ﬁyemg(aamdnhe @r pheaolate,

tvvoajacet radicals R5 and
r es Pe@ndvi yat‘e)gt@nh@al argjffarenhead are gack pdinesy, qslic or

oraip Do RroEh R RIor BY BeHeloBRatSe, fdf iampig an at
gréup ot frorﬂemd/ébome?(yéarbbﬁ Bitoths cﬂ@rwdalkeml yrbup o€frpm 2 to about

10 carbon atoms,

R* and also R* are hydrogen,

RS R R’, R®and also R®', R®", R”', R® are identical or different and are
gach a hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to about
10 carbon atoms, or an aryl group of from 6 to about 10 carbon atoms and / or the
two adjacent radicals R®, R® and R®', R®' respectively together may form a ring
system,

R® is R“R*'Si= or RPR*'Ge=, where R*® and R*' are identical or different

and are methyl, ethyl, propyl, buty!, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
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13 undecyl, dodecyl, cyclopentyl, cycl opentadienyl,
cycl ohexyl, phenyl, benzyl, trinmethylsilyl or
3,3,3-trifluoropropyl. Mst preferred for the
production of pol ypropylenes with high nelting points
for applications, where a high stiffness is required,
ur@%cglhaoﬂabyﬂ! Lpsiepenigio bpsiopaihtadiinyl, Ry clodiexlly pheaylsbemayl,
of the present invention, use is nade of at |east one
trl&@tﬁi{bﬂWﬁOb&%éﬂﬂl&fﬁﬂﬂO&Y& c below Ra R Rs 3 RR7 R8

R X L

foregplications, Whelesa highedtifinest igrenuiredyas diie tietalRecenedicmponent
. Table of the Elepnents, R and R2 are i deéjé?i c‘al or
of dhe patabimt syster pbiheRrsaNHpYeRiRM Usedmmage ai gljpastone
rbon atons, an al koxy group of
CO%om fgﬁéggtrﬁui%glcg%lg\gn. atons, an aryl group of
from6 to about 20 carbon atons, an aryl oxy group of
from 6 to about 10 carbon atons, an al kenyl group of
from2 to about 10 carbon atons, an CH group, a
hal ogen atom or a NR232 grgup,- W¥re R32 is an al kyl
group of from1 to about 10 caron eﬁmms or an aryl
s 3

group of fromé6 to about .14 Qe

R

(Formula 16)

where the substituents and indices have the following meanings:
M' is a metal of group Vb of the Periodic Table of the Elements,
R and R? are identical or different and are each a hydrogen atorn, an alkyl
" group of from 1 to 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon.
atoms, an aryl group of from 6 to about 20 carbon atoms, an aryloxy group of from
6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms,
an OH group, a halogen atom, or a NR2*2 group, where R* is an alkyl group of
from 1 to about 10 carbon atoms or an aryl group of from 6 to about 14 carbon
atoms, and R' and R? may form one or more ring system(s),
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atons, and Rl and R2 may form one or nore ring

systen(s), 14 R3, R4, R5, R6, R7, R6 and also R3 ',

RA% RS, R6 R7 ' and R8 "are identical or different

and are each a hydrogen atom a linear, cyclic or

branched hydrocarbon group, for exanpl e an al kyl

gr ouR®, ¢ RPoRP IR, Reghdt alsbdR® 'aRONRY |, ﬂ? akkemd R rarepdentrcai or

of from2 to about 10 car bon at ons, aren ﬂ
differemt eng ra seah aszctrag%ﬁto'atéﬂﬁea%ﬁy m%b@c ai? E‘S!Hfocafbon
grggrrp P?@xgg‘fp?% QQ%H{% Pcb POt Ot R0 cathod éf%h?s’)éln Sk group

r om on atoms, or an aryl akeny
of groma 2 tofadoud f0&atisorabimms Adh armrybgmmmfrfmmé to about 20 carbon

e T AT LI e sed o s o
frd('ﬁ{ %@?@ﬁﬁ déd?@én B Edorpén aAfiskerEGEIUEPOT A 8 to about 40

are eac a subst’itut éd¥or unsubstituted
canbom atpraspa stibdtituedertunsatbstitutedialkylsilor arylsitgl. grotp, with the

prgyrgrrqgﬁaaﬁr gngr Q‘u%rse ﬁ&é’ hﬁ%‘g%@] %nﬁ?ﬁgof-ri e]rrrgcﬁ hgt%ntica[ or
drﬁéi‘%?'aﬂd hab %‘é@ﬁ aaéLFBEF tdteﬂ %rﬁnsﬁbstﬂﬁte@fawﬁgﬂauﬁ d¥efrom 6 to about

dgi ng unit has the meaning set fofth above with
40r emrbeutatomsf Ehmbvdfoaarbon TeUpE Hap cpntain PRRATEPIedRefero atoms

WG BoA BB AR S R A g e . 1 r

|Ik%c§e of i mpor t ance. Infornulalcrt |s preferred

that Ml is zi rcogl um or haf ni um

i dertheduidging enit R hestthe maeaniag et f&nr!lmbqgreowﬁh 6?59%#@ formula
11 to about 10 carbon atons, an al koxy group of from1

%0 about 10 carbon atons, an aryloxy group of from6

to apeaiy 516 TCthréﬁVdr@irﬁl‘ﬁ\yl ahd thértd) dmaoatmr(s)thMmQ indenyl
and R2 may formone or nore rjn

an@leQUafePRITRSRONG NGO heraahPng s Cea Hﬁ?rvrug %Oﬁgﬁimance
CyCl'bjgﬁ%Flab{qu&r@g éﬂ*é’d‘ﬁ*ré‘lh' ch may be hal ogenat ed,

. for e an al group of from1l to about 10

car bighisgiesonion oamafikany! group of from 2 to about 10
car bop at ons, R7,. R8 .and al so

and §Erare cintioal o Hifi SMEghATe a1 Blkybaioup o oM 1 to about
’ld;érf%tfg)g)ﬂo o@‘fsggh%ﬂi&y drBEBof fORTH 1t6 aBbuPl 62aRssh 8loRks, an aryloxy
group of from 6 to about 10 carbon atoms, or a halogen atom, and R' and R? may
form one or more ring system(s),

R® and R*', are identical or different and are each a linear, cyclic or
branched group which may be halogenated, for example an alkyl group of from 1
to about 10 carbon atoms or an alkenyl group of from 2 to about 10 carbon atoms,

R% RS, R7, R® and also R*', R®", R”"and R®" are identical or different and
are each a hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to
about 10 carbon atoms, which may contain one or more hetero atoms like Si, B,

Al O, S, N or P, and / or may contain halogen atoms like F, Cl or Br,
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about 10 carbon atons, which nmay contain one or nore
hetero atons like Si, B, A, 0, S, Nor P, and / or
may contain hal ogen atonms like F, d or Br, 15 R5 and
R5, are identical or different and are each a

substltut ed or unsubstituted aryl group of from6 to
aboR® arel B3 rave identinat or RiffarantrroRaneStach Rs0batitcted oR

OR41 ere, R40, and R41 are
U"?Hégﬁw%ﬂ &Fgra}upfcg E‘?ﬁ‘%ﬂ%%é‘aﬁb AU Bgen atom a
Cl 63 RSSO RIRSGEE ORIRY 08 drafRRY ICRRRM kthere R
' of fromZ1 to about 10 carbon at ons, a
anng@ pareﬂdent@ai er diffesertt andiareceachon hydwgen @tﬁrrmaﬁaf%m-

nviratRady oraibo T batuiat ikl GRREET 1M Tng But 19 cerhen

at@m§ UéﬁEaWI lgsfrcﬁfbl of fr@ﬂﬁ@lhﬁbbbuﬁtﬁﬂca*bbw aﬁbmsl aﬂra?jdalkyagroup of
silyl or an arylsi
from g te abquéM ghtanARRHAN %Jmar% erfe EB’PE} bia 8heut 14 carbon

o RS AT B g ORGSO RS A By o o
~arylsilyl grows.y particul arl y preferred that ML s
el Ot .-t B A heg) halroRIRR(S eaftagping indony
I
anfldgh B nedftndihg 18360 c%rriﬁd“uﬁﬁé dcHpliiewile B e,
aI sd>n Rérmuda ecmdmgepaﬁ%ﬂlarlymremreliwmsﬁl so Rs', R7' and

' 'm@ identjcal or different and are each a hydrogen
ato o ZHCPRIHBRr . cyclic or branched al kyl group of

fr orR‘]aﬁcPRaQ%‘efde%gcaLér‘?d AR rgnmcmm(s fbﬁgiﬁenﬁfﬁléa

one Oor nore tero atons
P, ﬂi’oanda arm;daxmahondiﬁaremandaaremqhuaxhnear cycl@ror branched

o oA PO A 157
par@%"(eﬁid%eﬁ“l u%ﬁ ehpheny!

rreta(% alk nmet.a (Cl- Cl0-alk phenyl ,
met &°, Rt B® and: sol &yapgﬂj{]eepe identipak ¢r di erentand are each a

o SER S50 Y RS0 M S PYIRT8 ai 10
cafbidr 8tofRs, which may contain one or more hetero atoms like Si, B, Al, O, S, N
or P, and / or may contain halogen atoms like F, Ci or Br,

R®and R®' are identical or different and are phenyl, naphthyl, para-(C+-C1o-
alkyl)phenyl, para-(C4-C1o-fluoroalkyl)phenyl, meta-(C4-C1o-alkyl)phenyl, meta-(Cs-
Cyo-alkyl)phenyl, meta, meta’-(C1-Cqo-alkyl)2phenyl or meta, meta’™~(C1-Cio-
fluoroalkyl)zphenyl, |

R%is R*R"'Si= or R*“R*'Ge=, where R* and R*! are tdentlcal or different
and are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl, cyclopentyl, cyclobentadienyl, cyclohexyl, phenyl, benzyl,
trimethylsilyl or 3,3,3-trifluoropropyl.
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and are nmethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl,

cycl opentyl, cycl opentadi enyl, cycl ohexyl, phenyl,
benzyl, trimethylsilyl or 3,3,3-trifluoropropyl. 16

Most preferred for the production of high nmol ecul ar
wei destrasiesrad 6 ap Prasiustien o6 gy MsIGHT Welshkrandos

R R
copfprighigohigheneieculdriwaight copgplymery sr for dieprodiatiod 56 C
for apgl i cations,, where

POProRUENRS mith@@hf@gmwérggas tr?ié%t; eﬁﬁbﬁ’@%ﬁﬁ@i@f@ a

. _ i :
i EUBIRS e rod NI, st e dhtalogfRy Coffogflept TAGL calygt pystem of
thd:préevit RiveptioRRIseRE md&ie of fdeasSondkeompBundrof the fymula 1d

%@re the substituents and indices have the foll ow ng
CR¥%nings: M is a nmetal of group | Vb of the Periodic

Tabl e of the Elenents, Rl and R2 are identical or

different and are each a hydrogen atom an. al kyl

group of from1l to about 10 carbon atons, an al koxy

group of from1l to about 10R4 R

RB
RS
R7
RB
M'R'R?
R%

(Formula 1d)

where the substituents and indices have the following meanings:

M is a metal of group IVb of the Periodic Table of the Elements,

R' and R? are identicat or different and are each a hydrogen atom, an alkyl
group of from 1 o about 10 carbon atoms, an alkoxy group of from 1 to about 10
carbon atoms, an aryl group of from 6 to 20 carbon atoms, ah'aryloxy group of
from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon
atoms, an OH group, a halogen atom, or a NR;*? group, where R* is an alkyl
group of from 1 to about 10 carbon atoms, or an aryl group of from 6 to about 14

17



carbon atons, an aryl group of from6 to 20 carbon
atons, an'aryloxy group of from6 to about 10 carbon
atons, an al kenyl group of from2 to about 10 carbon
atons, an OH group, a hal ogen atom or a NR232 group,
where R32 is an alkyl ﬁroup of fromlto about 10
cadéorb@wnaﬁ @} and & tegsthegmayfoan dneoin sorcoring systen(s),

or rFﬁ”Rayﬁﬂﬁﬁ(%d Bkl B RO My B, Al iR B
diffr¥nfndaly cash @ WRirogércaione N lisd4r, @S/cllﬂ;l drftﬁbﬁﬁhe@h%rocarbon

are each a hydrogen atom_ a linear, cyclic or brancChed
gr%rf@e@xmale 3 @ﬂ%’l grasip @fmfpmewaab@,ltm cagben giemss an akenyl

archg §f G383 145058 BRBaiol ool A Ybue 8 s Bop il 20
ca&imm@to?rﬂs avearytzikyd igeomp offomr F tabkglit 40 mrlboﬂfatbmﬁ alkylaryl
ut 40 c rbon at ons, an al kylaryl group of

9"@“9 BP HHuf g @ldtr%ﬁarépﬁr?&fm@r Oﬁﬁnaﬁfylﬁﬁfﬁﬁﬁlrgﬂouﬁr@lf@fﬁﬁ fo
oSO Bt 209 SBISRLI80oF LA BB oy goce

withrtheipsovisb dbatiR® amdi RRSare Ideatmaiemd tffeﬂenbandi iafé eaehta
stituted

sufufat iiRgtied ab sroduothribh taabmut 46 faboh atoms. The
e e N ﬁér}?etero  FBR 18 918, A1, 0,5, N

atons |1
or Poandi/ or nadgogentairt bategen atorks I|Kna ForCHarBr,Rs [ s a

L DBRTE R R By ol %iﬁ'yé'm?{af Bio6A0 i ik erositian, for
ex%@glr%a%ﬁ’t {)k g&f@p oﬁ’?onﬂr fo %‘Qéltﬂotnuét%ﬂ'ls%hﬂryl SUuiRuRH alkyl

‘ out. 40 carbon atons, or an
grmgbsftfrctmt?ehb abddl carbonatarhs, 6r ama%yltsuballtutﬁd alkenyl group of

oS EBbBLRED calbch JHer e RrdbBtRn oS B one o
mo@@%eéereratamé IKeSaBN AN 09 P Ehd léﬁﬁafcoﬁtalﬁhaﬁiégen atoms

I's a cyclic of branched hydrocarbon g oup i'n
M«anGEOIBDn or a branched hydrocarbon group |n

e 0 B SRR R e
brérféh@@ ‘Plgrgr@&rﬁéﬁ ?ﬁ@u;ﬁ‘ﬁﬂ'ﬁ% - gBEItiawforQixaHﬁIé’EPf#IWﬂﬁoh‘? of from

about car bon "at ons, group o
3 ttaabout 20 cathdsoatoms @, almn)dlg@waoﬂfrogrs)tmabouif 20 carbaroatoms,

ut 40 rbop,at ons | al ken of 0
an 370 Graitioat gt B8 BBRELED reoneOnTtcb ey ghatibef o o
about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms or
an arylalkenyl group of from 8 to about 40 carbon atoms. The hydrocarbon groups
may coniain one or more hetero atoms like Si, B, Al, O, S, N or P, and / or may

contain halogen atoms.like F, Cl or Br,
and
the bridging unit R® has the meaning mentioned above with respect to

formula 1a.
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may contain one or nore hetero atons like Si, B, Al,
O, S Nor P, and / or may contain halogen atons |ike
F, C or Br, and the bridging unit RO has the meaning
nmenti oned above with respect to forrmula la. 18 In
formula 1d it is preferred that ML is zirconium or

haf B fduBl1d@fds fafreditiglgint i cal or different and are
an aI Kyl 'group of from1 to about 10 carbon atons, an

al kiitys gireaniumrorhafum,t o about 10 carbon atons, an

ar

o YOS G STl S PO GO © about
10 YRR Eteins, BA alkoxy gionpasf frdnk il togrboup 16fcairbomatoms, an aryloxy

""b%&roé%ﬁ&aabb&%%%%%a%"oé‘a%"c:éé%gegﬁ“p G AnARE may
graup
forﬁ;tgé Sr 9 %’hﬂﬁ@;ﬁ%ﬁ@y he a-position or branched in

| ected froman al'kyl group of
f r oR? 3%; & ﬁne@oamyl@ouprdﬁmnaﬂ domborh1QckEron atprosipr anfalkenyi

reupGHhfiprh & (RELarBan AR st cran BonaloErBlfinyl oi [y1

ar T de PP bR PRIT s AAIER o BRoEn om0 o
sel@?%%fﬁl@ (;%ri %{Egﬁg{mggwﬁ gn‘:ngloﬁ It% labant 2@ dadjdryatogms;@'l alkenyl group
of @ io sl Fesaban oS, i ALY GOuB A Tan 7610 ey 20
carglpna%gn'/ghgf ﬁgﬁ%gr&gm g ﬁ?dlq éoggP 3|t ?gr lelnt(eagd aOr eotraach

a sRbsRY, iR, &F and alsoRIHIRT t Bf eanchRy | argrideptieal arrdifierent and
to about 40 carbon at

“argapch o bydasriey 95ﬁ3ﬁ9?r ok, Bhened i Bipungf from 1 to
abﬁ@@ﬁé%ﬁ ftéﬁ% @u | chREAIE Bk orMoresh&iefiRaidThs like Si, B

- 40RA1C- CR4CR41L wher e R4
Al,ainds, R4 br &, eandd&rrtma;aboniralmhalbgﬁém’tomﬁdl ars Wi

"YOESSEA Y D a1 PSR el e B St
unSlB¥RteH aryl group of from 6 to about 40 carbon atoms, like phenyl naphthyl,
para-(C-Co-alkyl)phenyl, meta-(C1-Cso-alkyl)phenyl, meta, meta"«(C+-C1o~
alkyl)zphenyl, i

R is R®R41Si=, R®RYGe=, R* RYC= or (RR*'C-CR*R*")-, where R
and R*' are identical or different and are each a hydrogen atom, a G4 -Cao group,
in particular an alkyl group of from 1 to about 10 carbon atoms, an aryl group of

“from 6 to about 40 carbon atoms, an arylalkyl group of from 7 to 14 carbon atoms,
an alkylaryl group of from 7 to 14 carbon atoms or a substituted or unsubstituted
alkylsilyl group, an alkyi(aryl)silyl or an arylsilyl group.

The 4,5,6,7-tetrahydroindenyl and the (a) heteroatom(s) containing indenyl
ana[ogu.es corresponding to the compounds 1d are likewise of importance.

In formula 1d, it is very particularly preferred that

19



from6 to about 40 carbon atons, an aryl al kyl group of

from7 to 14 carbon atons, an alkylaryl group of from

7 to 14 carbon atons or a substituted or unsubstituted

aIkyIS|IyI group, an alkyl (aryl)silyl or an arylsilyl
EP The 4,5, 6, 7-tetrahydroi ndenyl and the (a)

het dﬁ?@ﬁ?gwnbontalnlng i ndenyl anal ogues

cOr RESRANKE Bk IfRnliB SRBAUALRECpRihd, F R PIRE,

I mpor tance. very par
pr eRdrg atéth?laethyl,% -Mopyk rebaiyhm- pwntylFﬁr xRy ar e
|de i cal and orine,

t iy PO-PERRY) ISO;EL&]oﬁ;hutﬂnS%Pwyl qycﬁﬂmm wethyﬁgutyl. 1-

SHLBER 1P FISRUAY, OB oo iR oy et
enyll; mlhlydax—ﬁanﬂl cyctoheixepenyly para: yedttofieoyglahexyt or trimethylsilyl,
t I I t - I, | ohex- 2- I,
cycrORBR. AR ate BOBRR AT oyl hexyl or o
t ' ' I'-’Qétliﬂ"ﬁ& bﬁ(ﬂi ais'a“R%mFi7 %IWRR”fareﬁﬂénM b‘?%‘i’ereﬁf‘ﬁn%re each a

and al so , and are i1denti cal
hydmgfemaé@m ca'rajllrwaf, emlh ar braydnerbalhylagr@upcnf feommn‘@aabout 10

caB§piing wHEH G5 el ot ortlnd BTt SRR R, 0. 5.
oriatﬁz%lbrlﬁ%y%ontﬁn ha%ger@at&'ls l}kePrCPorBFd/ or may
cont ,ogen at ons Br, R5 and R5' are

|5:|_eR§l aole oarejld‘emélﬁ@!rﬂr caﬁare@iengmphenyl p-isopropyl-phenyl, p-
terg-b'gﬁgw){/kﬁgﬁﬁmﬁh-ghgw gﬁéey)?ﬁ]lé&w pgl]?ﬁpé‘thylsﬂyl-phenyl p-
admnbitﬁlyﬂpplbwls t(ﬂisﬂlbﬁﬂifhetg\% hd@yr@mfnykn Fdﬁﬂ’féttp yi-p hehnyl

Fo' RS IR0 S or R PRl cubieres RSrancHRl) arsicianiibalas diffrent
ond S0l By 5 Bl SRR oy, S g o,
undﬁ@ﬁqiddecsik?@?clwperﬁylcb@clo@@nﬁdlem{ ctyeiplesmtyd dblearyll, benzyl,

exyl, enzyl, trimethylsilyl or
t”n’@thlS”X' a3 %@r@ﬂa@wromﬂbn limting exanples for the
parNbﬁ%‘ﬂflt&% e?éﬁfﬁ?éd{)e }ﬁb?hicﬁ réf@m alld? nempounds

preséent in g compoun
of thempmeserst ihwentidndare the following compounds of formulas 1a -1d:”

e R SRR Ao o PY AR ERY DTSl At Sapeoby-
phenyl)tndenyl Jzirconiumdichloride,
A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyi}(2-methyl-4-(p-tert. butyl-
phenyl}indenyl)zirconiumdichloride,
A (2-|sopropyi-4 -(p-tert. butyl- phenyl)[ndenyl)(Z 7-dimethyl-4-(p-tert. butyl-
phenyl)mdenyl)zwconlumdlchlorlde
A-~(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl}(2,5,6,7-tetramethyl-4-(p-tert.
butyl-phenyl)indenyl)zirconiumdichloride,
A-(2-isopropyl-6-methyi-4-(p-tert. butyl-phenyl)indenyl}(2,6-dimethyl-
4-(p-tert. butyl-phenyl)indenyl)zircbniumdichldride,
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A-(2-isopropyl -4-(p-tert.

but yl - phenyl )i ndenyl ) (2-nmet hyl -4-(p-tert. butyl -

phenyl )i ndenyl ) zi r coni undi chl ori de,
A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl)(2;
7-dimethyl -4-(p-tert. butyl- phenyl)indenyl)zircon

I untA-(Zidaproplylet-(PAs€-baplgplognyl intleyi { 2methyl-4- (p-sec butyl--

oS BRI BAG R o ur | chor . ©
Q‘ut(é‘f A ﬁéHr??P%(¥[ gﬂ"@%’l%(ge)éﬂ-&)‘i’n ?!pllhfjenyl ((2 methy1-4 ~(p-cyclohexyl-

phbuyDindphgﬁmroonuddech)cmdlecon| undi chI ori de, 20

but 5/“ %% 'rﬁ@f}iw%ymwﬁg}rpewl)me@g@ Bathyl- .
+@UERhyRITOHeniricehyEkeadriRlgNdel e

2-1 sopropyl cycl ohexy 3
nderny[% {soprepyiA- (p&a@amapm!@henyls)mdenyl (2-methyl-4-(p-adamantyl--

n zZi e i chl oride,
ph% @%Pé 6 E{ﬂ!ﬁlﬂﬂ?iﬁﬁ{&pﬁgﬁt hyl silyl - phenyl )i nd
e ny |A)-§ZIQ®W6WI-4- -trls(trlﬂuoromethy!)methyl-phenyl)mdeny!)%—methyl—
|mathIS| phenyl?lndenl)zwconlu
4- qpohrlrsﬁnﬂuoromethyl)methyl phenyl)indenyl)zirconiumdichloride,

Al ﬁ,_é%%gﬂ@ygﬁ?ﬁ&ﬁmwﬁ TRARPYAL HR B BHERY ftieny))-
z;rg@?gmdugmdﬂ@g: ) zi I‘CO{]I undi chl ori de, .
i sopro ris ronme
) meth o Wd&ﬁ%b)ltséﬁfﬁ\@ﬂﬂﬁlﬂdeaw (émﬁm(lﬁrmnwmdenyl)
zw?éﬁﬂﬁ‘fd%l?;ﬁ&é hyI phenyl )ind enyl)zircon iu and ich
A ( %(Zimpmm*l%ppmbu*ylmnyl indenyifelg-dimeihyp4ipheny--

'nﬁﬂ()/ﬁzil‘ng é’ﬁg’ﬁrﬂgﬁ{% tertZ| rconi urmdi chl ori de;

ot ool G T Bty Bndapeanpren-
mdamyﬂtrrmmu?rridd)chiﬁﬁmWI ) (2, 7-di net hyl - 4I pZenyI i ndenyl
bt A CrBRIT RaBRY (ool bEBEPRBHApEEY) Grretoy

4- ﬁrré@!lmaeﬁryqoﬁﬁébmumm%m de,

I sop hyl - 4 -tert.

but W%isepmr)w#wy]{rm%w (Mtdmethsd-fip(mtﬂwlbutykph@nyl)-
lnd)enyf)zwcomum%:c%lorlcr | o ride,
A-(2-isopropyl-4-phenyl-indenyl)2,5,8,7-tetramethyl-4-(p-tert. butyl-phenyl)-
indenyl)zirconiumdichloride, '
A-(2-isopropyl-6-methyl-4-phenyl-indeny})(2,6-dimethyl-4-(p-tert. butyl- . .
phenylindenyl)zirconiumdichioride,
A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl){(2-methyl-
4-(4-naphthyl)}-indenyljindenyl)zirconiumdichloride,
A-(2-isopropyl-4-(4-naphthyl)-indenyl)indenyl)(2-methyl-4-(p-tert. butyl--
phenyl)indenyl)zirconiumdichloride,
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A- (2-i sopropyl -4-phenyl -i ndenyl ) (2, 7-di met hyl -4-(p-ten
t. butyl-phenyl)- indenyl)zirconiundichloride,

A- (2-isopropyl - 4- phenyl -i ndenyl ) (2,5, 6, 7-tetranet hyl -4
-(p-tert. butyl-phenyl)- indenyl)zircon i u and

i chl oride,

A (3\-6@@959[51%%}/@"18&5%%ﬂlmﬁn%ﬁ’dﬁfmohﬂéeny| ) (2, 6-di met hyl

phenyl )1 nd en I)Z|rcon iu and ich
| orAetas Meﬁqyl@epzomfﬂemﬂmucomum ichloride

bUt %‘ Wg&ﬁ%ﬂ 1.?,%%&9%@99%5}%“'3’&% 'coni u ndi chl ori de,

A (A bf§§20frféw-44ﬁcﬂamﬁﬁw)rwdénw)aﬁlmu}norn@lﬂowé(2 met hy
pheAytb:};(de‘aﬂwlﬁz(%n@phtbmn@dﬁrml)m@omg[nd:chlonde

[ d

féé e R e L S R R
A biastig m{éw 141-10 sleidndei r;ﬂmdmlurddmhlmrdede
AbIS(2 met hy (1 na

d
 ofv bismef AICSpIORAL mawbn%c?gnen&‘ RS 1 T coni un

A SRS megy - Eg Rz oPRERMIcpdreRY )R Fcont ¢
?AZ Lpglgig(zineﬁ‘{bﬁw icdraphth- tndenyi)zxrconlumdlchloride

|V or AdaisE@ skdmngw-'meﬂys°prﬁz%c@vwﬁ% ol )2 rcontu
rrd ﬁhﬂllg %gﬁw -lrﬁepylj ifcdfitMdlchitiride

acenap den rrconiu | ch\ ofide, A-bis(2,4-d i
met hyﬂ):s(mdmwmethylen@emyl)mmdnlumdlolnlodée,

R AR .
' Chhoﬁlﬁfz%eé%y‘f‘-ﬁfbﬁ% |§0;?‘b¥5¥emﬂeﬁﬁ%bdcmurﬁﬂﬁmdrad€ rconi u

and
6- dw-lsnem-crmtihynmangopmpybmdeuylam:qrwmdtqhmde A=b

:03((32 q?@@‘%i@ongﬁgﬁdﬂ%w g?én%\émumdichlonde
" b'AS(z%('f'S%ﬁh@h?Mhdéﬂﬁ%bﬂonhﬁhdlém@ﬁdam i chlo ride,

nyl)zirconiu and ichloride,

A- bweblB(Zl.drWAiflmﬁthymdGMMWHWG‘@UQF"Q%| chl ori de,
A-bis(2-methyl-5-isobutyl-indenyl)zirconiumdichloride,
A-bis(2-methyl-5-t-butyl-indenyl)zirconiumdichioride,
’A-bis(2-methyl-4—(tert-buty!-phenyl)-indenyl)zirconiumdichloride,
A-bis(2—methyl~4-(4-methyl-phenyi)-indenyl)zirconiumdichloride,
A-bis(2-methyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-methyt-4—(4-triﬂuoromethyl-phenyl)—indeny!)zirconiumdichloride,
A—bis(2-methyl-4-(4-methoxy-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-ethyl-4-(4-tert-butyl-phenyl)—indenyl)zir.coniumdichloride,
A-bis(2-ethyl-4-(4-methyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-ethyl-4-(4-ethyi-phenyi)-indenyl)zirconiumdichloride,
A-bis(2-ethyl-4-(4 4-trifluoromethyl-phenyl)-indenyl)zirconiumdichloride,
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A-bi s(2-nmet hyl -5-isobutyl-i nd enyl)zirconiu and
ichloride, A-bis(2-nmethyl-5-t-butyl-ind enyl)zirconiu
and ichl ori de,

A-bi s(2-nmet hyl -4-(tent-butyl - phenyl)-indenyl

) zi rconi undi chl ori de,

A- bmsb%(zc@t 14-(4 hétivmtyphenyhandenylladonidmaichioside

and i chl or

A- b.ﬁsp@(%ﬁtqﬂwl = {4-tertbHiMl-phraHNdenyiRGPyiFMdiBathyl,
L F2bBI2-ifty1-4; (4-pethyi-phenyl)indenyl)zicconiymdimethyl,

) zi Aebis{2+miiticyiide(4-athyl-phenyl)- :ndenyl)z&rconiumdlmethyl
fuﬁgsfﬁggé'e g}q%l@ (Agtrgﬂg)trgr?})éﬁ]ﬁpﬁgxyﬁ—_in enyﬁ% r%gﬁnzﬁn%nmethyl,
I( gr %gmtz-ﬂm&ﬁymem -ritthky-BRERVI-rdeRY 8RB RR&MYE ch

A- blﬁsb@(keihwl-4-{(4(tértmtwphqmé)ﬁyUpnyh)zimmyllit)mdmmjhylundi c
SRT NI 2 e A R T
A- b'A%l%(ziéwm‘tz;(éthglt;bﬁérﬂﬂ’)tlﬁﬂshwi{rd%hﬁw&ﬂnétﬁﬂeny|

) zi rconi undr chl

,ror\d _b%bm(&gﬁyl-%ﬁtnﬂue@m@yimmwl))mdadylém;uo)wmdmﬂtbyl,
L PepBIA-EFy - -mathosyeahsmyrindeniAreopimsimet

r Coﬁ-blﬁ(zllébﬁﬁid%m-(tert-buty! pheny!)—mdeny! zrrconlumdlch!orlde

A- bi s(2- net cglnen )zircon iu
andA—htg(&wsppropg(l-le}-(4-methyl-phenyl)—in enyl)zirconiumdichloride,

o BelR{A8op bt aa iy PBREN . tBAS ookinh6RRlcHide,
A bASKnE Zlﬁbbbdpyﬂ%((ﬁ-ﬁﬂﬂuﬁfdm%tﬁ?ﬁbﬁwdylpiﬁﬂ@ﬁyﬁ)zwmmmIonde

rconi u and I meth

A- stQ@(ZﬂS@HSﬂFth'Af(G mif@thm;prmwwnyienyiérér@pn)uzmqifebiﬁﬂﬂa
anl ;ﬁg@%&hg}ropxl tert-buty y?hewe)ﬁlnp)enyll)%rco iumdichloride,
iu mllma(ﬁ-isabropyl 4 -tert —buty! phenyl) mdenyl)hafnlumd|chlonde
fng'(xﬁgé 2eitsggropy!-$1 (4 -tert but?! gng)l) mggﬁw’ut)aﬁ}urmc? grllllcjmg
ﬁqﬁlg(ffsﬂyrlopg' 4ge Wthxﬁ%’lw HpUBAGRAoFiThR@RhtorRed
nret Aytbns@%opﬂo):yl%e(tléﬂyﬂ;mpyl phmml}ﬂlndadyi)mdrwmdlchlorlde
2-et 4 t
Anéﬁﬁ?ﬁlﬁ R LA A LR
A b| g\? Irss%%l‘r ggpﬂ (&‘izﬁ%xm%ﬁy!)gﬁg%g ;z:rconlun)}dlchlonde

) Zi Aehuaﬁzdlsdpmybm éesec-butyl phenyl) indenyl)zirconiumdichloride,

e ARG oy ety Shodg R g ey *' "

Lo oL - ﬂ%@ﬁ“&‘{?’""ﬂéﬁ“ N nh s,

) zi AdmaﬁZumpropygﬂr(deethyl phenyl mden )ZIrconlum ichloride, _
A b Stﬁjz(g'nlgo f@ﬁ%?f.@ f'] protps(?irﬁhenti}t‘)t %deﬁ?ﬁzﬁ’c@mdrﬂgﬁmgrl}i@,

rco
A-bis(2-isopropyl-4-(4 -n-butyl-phenyt)-indenyl)zirconiumdichloride,

A-bis(2-isopropyl-4-{4 "-hexyl-phenyi}-indenyl)zirconiumdichloride,
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A-bi s(2-isopropyl-4-(4'-tert.-butyl-phenyl)-indenyl)ha
fniund ichloride, A-bis(2-isopropyl-4-(4'-tert:

butyl - phenyl ) -i ndenyl ) titani undi chl ori de,

A-bi s(2-isopropyl -4-(4"-nethyl - phenyl) | ndenyl )2| rconi
umd ichloride, A-bis(2-isopro pyl- - propyl - ph
enyIA—bls(Q}eswpromd+4—tﬂorper[tuhphmhl)ﬂndemd)zwconlumd:chlonde

;A‘ub'é.ﬁ 27 %sﬁogw |4 (4 cycloﬂexylfltﬁ'herﬁf ULy ALER M Eh e,
A- bipshR(3- %&Wu—@ (s Hl@%ydhdﬂwﬂihﬁbnyll)ﬂmmiumdlchloride

)2|rcon|und|ch orid I'sop

py| -Abis2-isopromyitdr(4 ﬁﬁ@nwtyl-pln@@ylmdﬂnwélmquﬁelchlorlde
: 3 h Lf;}?h f{ meépAylaJé fi 2! BBy Bmanﬂl)mwl))zlrb&ﬂﬁﬁﬁeﬁbf dOn
A- bissbig( Z-MhﬂW-M et butyebhihyipiededyl hafrdemgichloride,

) zirconi und

A bl%b@@'ﬁﬁiﬁﬂ}:ﬂr{‘i 4@@“@!-@9@%6%@?%0?&“%1}?%@%%

A bi Eg(? 5’53 fén)ggcﬁm ~m(eijI Rhen%l2)—1r}derwe)szonlumdlchlonde
)-i rPdBrsz(&—)mthﬂmﬂm-pr@ﬂw-phedw-mdenyi)zurcomumdlchlorlde

ﬁdggééﬁi-mﬁaﬁpm p&wiyé-phg l}{llnéjenyr%lrzzonlumd|ch!or|de
A DLbR13- SRRARK 4 dnédi- phest-rRigrcoRdRRINGdS N U

nd
A- b:/ﬁgbafz-smihxdpy{zi ‘4sgctbutplepheny pinsiepyl)zireandmmdichidridesn

:Aub|A§b%?é‘@ﬁﬁ?‘gp?hewlﬂﬁe"w@fm%ﬂd'%%'?ﬂﬁ) i ndenyl ) zir

conigl Lde. ethl henl lnden l)zirconiumdichioride,
A- bi s?gml sopro @ " X P y but yl y|n))henyl) I ndenyl

) Zi men(Z*eWr(éh-etbyhpﬂ@nyl) |ndenyl)21rcon|umdlchlonde

bucs Ezééﬁﬁﬁ’}& Rhrrpropy-oEiigepgqpumdichiorice,

A b'Ai B Mbuﬁyﬁpﬁenyl)-mdenyl)z;rconlumdlchlorlde
buty phen [) -1 hdeny ILerconlu i chl ori de,

A- blﬂﬁbﬁ{mtw (4 thexyt-phanyl)-indenyl)zirco oniumdichloride,

,k&ut).& P%rﬁs y-|4-@d %PZ%L&I Lb?lpm'l“f WsiiRik8Rumdichloride,

but - b%(@-@ﬂ'ly)-ﬂl-(ﬂld&i}wlo)wtek*]ié;fhewwl-mﬁényl)zi&:onlumdtchlorlde
A- bi s( 2-me

- i Herbig(d- m)ﬁ/ﬂoﬁ mrly.ﬁyld}he(wl)-|ndenyl)zwconlumd:chlonde
)ZI ﬁé%{fﬁﬂﬂ% @; ért ~ Bl Ry RIRSBRY )z HidMbichloride,
A- bigsbid(m mbﬁm-@heﬂvhhdewnmn}dmdIChIlmiIdBy|

)zirconiu

A- biAsPis{Zraerppyd-(4' meé%phsﬁanqensﬂ);gﬁgawum'?*aleﬂ%nu

.1 chl
. b SPsTErhropyl4 (4 -ethykphenylindenylhcontumdicjoride, |
und A-bh(%qﬂeﬁlyi-ﬂ-(m &b&repmﬂhm'ryﬂ))hmdghyh)mwnwmt)hzhiortde,
i C
chf}“sb@f%nrwppxtﬂg - PhereRyng eniFirgRpiuMAicIgHAS,
d
A bi's PREIEIPRY44 ey phepYindem o i
mdi oﬂhbls(i-dq)ropyl-zt-m -cyclohexyl pheny!)ﬂlndeny!)zwcon|umd:chlor|de

A-bis(2-n-propyl-4-(4 -sec-butyl-phenyl}-indenyl)zirconiumdichloride,
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A-bi s(2-ethyl -4-(4'-n-propyl -phenyl)-indenyl)zirconi um
dich loride,

A-bi s(2-ethyl -4-(4"-n-butyl - phenyl)-i ndenyl

)zirconiund ichloride,

A-bi s(2-ethyl -4-(4'-hexyl -phenyl)-i nde nyl)zircp,niu

and ACHié(QEm-%ﬁnp I4-4 tert. butyl ﬂhen¥ ;-lndenyl)zwcomumd|chlorzde,
A-bi s(2-eth pent P en i ndenyl )zirconiu
and Ads grn%@tyM-phenyl -in eny )zwconrumdlchlonde

M R A R e

ﬁ\d bi ﬁl(&s e(tjmjaum#m -ctiad-phehyl)-intemyl)zirconidamithlaride.oni u
i chl orjde

A- bi A1Bs@eimputyk4c i -nerrppyinphgny bindepyzircandpdichiarids
urdi g Qbl ﬁﬁu%—i& @ Zgozpr‘?)p?'f -BREAyIf- RN SHEN i otfdride,

rcon iu‘and

A bi Afbi’s(ﬁ rpb Oty pdbutyien o yi pimeleply)zirootamitichlarideni u
Qr

b APl A= -heriangny g Rpy7 aingishioss,
' U”dA$H°b)l (9Ld- gﬁﬂn-ﬁ; 4Pl éaan@ﬂnﬂ?ﬂ naénylmméﬁrumaembnae

coni

A- blé-(bi’s(ﬁ ebaty-H-( 4!--(s&t:-bu%pxl”rﬂnybhedgmyl)zurcon|umd|chionde
nden

e lbisih BHW”@ St Hisdomenyirindeny)zionidishiorigs:

phen - mdenyEI)ZIrconlumdlchlonde
ohexyl - phenyl ) -indenyl)zirc

A b| 35 2 n- pr cyc
oni (2d113xtyﬁ4dé -methyl-phenyl)-indenyl)zirconiumdichloride,

ﬁdgl 'I(bfsz(? I'Ee&?{w J4aﬁﬁ-fy, Bﬁgﬁ)gﬁ)%én@%ﬁ'&ﬂ Uindichloride,

A- bi gbis(p-= ><9P¥l(44n(p‘*op*lqjﬁemlp)tﬁhﬁbnﬂblﬁﬂmhhmmchlonde
nden gl )zircon iund

A- bi {s(A=hsuylrf=(4 ~seepopyi-phriiy)-inslenyBaraenimdishlaridee
A b'%gjﬁg(g I-%%&}éjﬁ( f‘udbéleyq‘:f}@ﬁyl)&ﬂﬁ@ﬁ{/l)Q{rc'oHﬂWEhlonde

)zir

A bi AbR(B-Hey {4~ hdiexgh BréryiirenyzReohmticblorideani u
an | C orid

A- biAbis( amww (4 (sypiohﬁm-@bwyaﬂ@qi@nmzw%k\moy%l%%.

md
A o SOEA-4 par bubebenyindemksonumdiipte.
ni grm-blstmrmxyld4¢4 teAJ:t -butyl- pthelnyl) mde?yl zwcoranumclilchlonde
A- n I nden
21 RO BRI -t b -pherS e ™ o
iné\e@;r%ﬁ,lggﬁﬁug‘ﬁl#g-,ﬁewlannﬁéyI phenyl )-indenyl )zirconi

A biA-bB(2-cltiyhA-(41-ter -bulyEpbéryyHinddnytjgirgoniwmdibenzyl,r co

A biAPE Ry tert-DutyphepyDRdRRY P RRRAImERon
| unth QJﬁhé%w;ﬂ&azaﬁe%reh% mwwﬁ( %eh?ﬁbheAr})g?—s(z )

but yl - phen i ndenyl ) zi fconi undi chl ori d
inderyl)zircphiemydichiladdey| ) zi rcon iu and ichlori de,

A b'l}? g-pgﬁiﬁg/l 5-azépentn%tnré 62 M %13)1'4? (4 -met%yyphénylf-com u

and
indenyl)zirconiumdichloride,
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A-bi s(2- hexyl -4-(4' - et hyl - phenyl ) -i ndenyl ) zi r coni und

i chl oride,

A- bi s(2- hexyl -4- (4" -n-propyl - phenyl ) -indenyl)zircon iu
nmdi chl ori de,

A-bi s(2- hexyl -4-(4'-iso-propyl -phenyl)-indenyl)zirconi

und A fii hﬂ% azapentalenez(Z methyl-4- S "-methyl-phenyl)-
A- bi s(2-hexyl -4-(4'-n-butyl -phenyl)-ind enyl)zirconiu
indenyljztboniunichlondesi s( 2- hexyl - 4- (4' - n- hexyl - phenyl ) - i

R(_ja t Z”ﬁ@r‘%zgﬁ&t@%kgge@% hy!#e e)th¥l enyl))zuconl

ind)éﬂé/lyzﬁ'boﬂﬁlgmd@bride Uty
r;:olpfﬂi q%éyjrﬁb-ithlg@entalene)(%-r)rlleﬂj?y] enea -n- propyppﬂzngrlf-mdenyl)

- A- D 4-(4' -'tert.-butyl - phenyl)-indenyl)zircon
Ziﬁaﬁlyﬁgﬁ éc‘j(%l de, A-bis(2-nethyl-4-(4"-tert.-butyl-ph

enylﬁ)-sz rrn;ihylytt )azapmaiena@(QsméthmﬂhMl “dgaprepyl-phenyl)-indenyl)-
A-bis(2-ethyl-4-(4"-tert:
Z'@QFWW%WFIW?H ndenyl ) zi rconi undi benzyl ,
A- bi W - -4-(4°- {-phenyl)-indenyl
bt o Be-a2abchialbRb 2 methyl:4-(4 spropyl-phenyl)indeny)-
zwée(nﬁmlbd:ﬂdphdd azapent al ene) (2- net hyl - 4- (4' - net hyl - phen

1) RS B ERLS Sty poropyrgfenyhfigors

- %&?Hc)ezl rcon iu and !chloride, 25
ZIYM éurha 6- azapent al ene) (2- net hyl - 4- (4' - met hy| - phen

yI -nﬁhﬂk@-mkawﬁalenﬂﬁcmeﬂiwde( -lsoprOPyl~phenyl)-

za ent al
inds FEG H}qc % - et hyl - phenyl )- indenyl)zi rcon iu
and Awen’%hféthﬁe&azapentaIene)(z-methyl -4- ﬁl -n-butyl-phenyl)-
hyl - 4-t hi apent al ene) (2- et -4- (4" -n-propyl -p
lndﬁ;TW)lzirCthﬂideb]OﬂQQ,r coni undi chl ori de

- h o | -
heng 2 MRH BB ABHBIR e oidi-pherpoPy! -P
mdigr(ﬁ’)z[}@éﬁmhuﬁcmgmnt al ene) ( 2- net hyI 4- (4" -isopropyl-p
o’y ﬁ-ﬁﬁﬁ%@é@é{t@%%&"&%@w#( £ 5-pltylfheryi)

ndGBEEBL b, 2oB v -phenyl) - ndeny) )

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4 -s-butyl-phenyl)-
indenyl)zirconiumdichloride,

A—(2-methy|—4—oxapentalene)(2-methyl-4-(4'-s-butyl-phenyl)-
indenyl)zirconiumdichloride, '

" A-(2-methyl-4-azapentalene)(2- methyl-4 (4"tert-butyl-phenyf)-indenyl)-
zirconiumdichloride,

A-(2-methyl-6-azapentalene)(2-methyl-4-(4 -tert-butyl-phenyl)-indenyl)-
zirconiumdichloride,

A-(2-methyl-4-azapentalene }(2-methyl-4-(4-n-pentyl-phenyl)-indenyl)-

zirconiumdichloride,

26



A- (2- net hyl - 6- oxapent al en) (2- et hyl - 4- (4' -i sopr opyl - ph
enyl )- indenyl)zirconiundichloride,

A- (2- et hyl - 6- azapent al ene) (2- net hyl - 4-(4' - n- butyl - phe
nyl )- indenyl)zirconiundichloride, A (2-nmethyl-5-th

i apental e ne) (2-nethyl -4-(4"-n-butyl -phenyl) -

d hemyl)-
Ie;]( @Dur?e grhré;iﬁyqu{)h@w%?ﬂaégtﬁéﬁd)e - fieti4- 4 ar-ppati-phemyl)

indenyén girgonivgwlichlertdeshl or i de,

o 5 B R SR - praytfhbeRfh)-

zirboigmuidHylidd,- oxapent al ene) ( 2- rret hyI 4- (4' -s-butyl - phe
nyI )- ndenyl zi rconi undi chl ori d

mﬂny aé%qm@ we%@)méthyéﬂﬂ%-nzhw' -phepylindenyl)-
zi rconiuandich to ride,
Z'@&?QM% az apent al
. eney- @»n‘@tm%ﬁﬂdp@rﬁa Ienta)(ﬁu’npthybhe(nyh)hexydi-phe;nyb)-mdenyl)
zi rconj q? i chl oride,
ZirgoRigmeis lﬁ%ﬁ - azapent al ene) (2- et hyl - 4- (4' - n- pentyl - ph
e”y L L - I)-indenyt)-
f?%”%y I@%@éﬁ&%h@i{%p@%@[—hﬁ@ ndfexyl-phenyl)-indenyl)
zwamahﬁﬁmhwmdé 4- (4 n- pentyl - phenyl ) - indenyl) -
2|r 0 ndi ¢
(IR ﬁwﬁ AhienialeRs N2 MRty (4 --pexy phpgyingfry-
6w§ww zi rconi umdi ch t ori
zw&&{hhmﬂ 4- azapent al ene) ( 2- met hyl - 4- (4' - n- hex | - phe
nyl )A—(zaﬂeiweyhyl-ﬁrthtamntmene}ﬁ?metbﬁl-fl ~(4"-n-hexyl- phenyl) indenyt)-
h I ) (2- hyl -4-(4'-n-h
t hi apenta | ene met hy n-
ZW@%§P”@ﬁgﬂérqelndenyl) zi rconi uandi chlorid e,
A ( 2\ (EE$Jﬁﬁ’rheﬁM-BLtﬁI%@hPéléﬁ@X2¥nétﬁ Ik 4 “deyctohaxybphizhylph
enyl ) - |ndeny - zircon iu and ichloride,
indenyl)- zirconiumdichloride,
A-(2-methyl-4-azapentalene)(2-methyl-4-(4 "-trimethylsilyl-phenyl)}-indenyl)-
zirconiumdichloride,
A-(2-methyl-4-thiapentalene)(2-methyl-4-(4 -trimethyisilyl-phenyl)-indenyl)-
" zirconiumdichloride,
A-(2-methyl-5-thiapentalene)(2-methyl-4-(4 -trimethylsilyl-phenyl}-indenyl)-
zirconiumdichloride,
A-(2-methyl-6-thiapentalene)(2-methyl-4-(4"-trimethylsilyl-phenyl}-indenyl)-
zirconiumdichloride,
A-(2,5-dimethyl-4-azapentalene)(2-methyl-4-(4 -adamantyl-phenyl)-
indenyl)- zirconiumdichloride, A
A-(2- methyl-4-thiapentalene)(Z-methyl-4-(4'-adamantyi-pheny[)-indenyl)-
zirconiumdichloride,
A-(2-methyl-6-thiapentalene)(2-methyl-4-(4"-adamantyl- phenyl)-indenyl)-
zirconiumdichloride,
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A- (2, 5-di net hyl - 4-t hi apent al ene) (2- net hyl - 4- (4' - n- hexy
| -phenyl)-ind enyl)- zirconiu and ichloride, A (2, 5-d
i methyl-6-th

i apent al ene) (2- et hyl - 4- (4' - n- hexyl - phenyl )-ind enyl) -
zi rconiundi chloride, A-(2,5-d inmethyl-6-th

i ap@n(@ﬁ&ﬂmb{@*—#&hk&deﬂa!@ﬁe){@mﬁh?ﬂs{# ~pdamaniy-phenyl)-

nden - .zirconi updi chl ori de,
CJ&HWB %J&:WP Cg'i%wg‘:t al ene) (2- et hyl - 4- (4' -t ri met hyl si

A B R A PR P yoromethy st

ph'ehyll)—lrpjmw)l- pra:ordumu&tl:f)lende rconi undi chl ori d'e, _
AR R SRR R bl ey

| ne) ( 2- met hyl - 4(4-tr|msthyls
phé?g‘%‘ ?ébh{&gﬁgeﬁw?ﬁrconl umdi chl ori de, A-(2,5-

i methaia MWMmmréalepe}xz-methyyn -(4: {rzs(trﬁwmmemyl m@hyk

d hlorid
Ph%\”%‘b"}ﬁ;eﬂgfi}%"‘%?’}'m rw‘bz%hg)(grhetehw 4-(4' -adamantyl -
ph?wdzlmem&myﬂma erﬁareﬁ@wmtrﬁrhhqar- }tnﬂuoromethyf)methyl-

et h hi'apent al ene) (2-neth -adamant yl -

phehdirndenyhaisegriymdichierida,undi chl or i de 27 A- (2,
pen?\a"@t ‘E‘é&"{é“‘%ﬁ%ﬁ"ﬁiepﬁ)(?a%}gwaﬁh ‘%/rteﬁtﬁb‘étHLPS‘e”yl) indenyl)-

zircarslemdiohloridg, coni um:ll chI or| de A—(2 nmet hyI aza
pentalene)(2 net hyl s(triflu oro

ﬁrmeﬁnéﬁvyﬂ@anermlﬁpej(Z-&butybﬁr(ﬂnéﬁmummi‘@nyl) -indenyl)-

yl - 4- azapent al en
Z’régﬁmﬁﬁ‘ﬁ% (4" -tris(trifluoronethyl )nethyl-
|OheAyd2}m|em$¢theﬁylr&azaperdatéﬁewl-nmhethw« @+ rettiyitylptamyl)-

| apent.al ene) (2- methyl -4-(4'-tris(trifl uoromethyl

'ndﬁﬁ‘ﬁ'{)hwﬁorﬂ‘l‘f@ﬁvmaﬂqﬂienyl ) zi rconi.undi chl ori de,

A-(2-methyl-4-azapentalene)(2-methylindenyl)zirconiumdichloride,

A-(2-methyl-N-phenyl-4-azapentalene)(2-methylindenyl)zirconiumdichloride,

A-(2-methyl-4-thiapentalene)(2-methylindenyl)zirconiumdichloride,
A-(2-methyl-5-thiapentalene)(2-methylindenyl)zirconiumdichloride,
A-(2-methyl-6-thiapentalene)(2-methylindenyl)zirconiumdichloride,
A-(2-methyl-4-azapentalene)(indenyl)zirconiumdichloride,
A-(2-methyl-5-azapentalene)(indenyl)zirconiumdichloride,

A-(2-methyl-6-azapentalene)(indenyl)zirconiumdichloride,

_ A-(2-methyl-N-phenyl-4-azapentalene)(indenyl)zirconiumdichloride,
A-(2-methyl-N~phenyl-5-azapentalene)(indenyl)zirconiumdichloride,
A-(2—methyl—N-phenyl-ﬁ-azapentaIene)(indenyl)zirconiumdichloride

A-(2,5-dimethyl-N-phenyl-8-azapentalene)(indenyl)zirconiumdichloride,
A-(2-methyl-4-thiapentalene)(indenyl)zirconiumdichloride,
A-(2-methyl-5-thiapentalene)(indenyl)zircontumdichloride,
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A-(2-nmet hyl -6-th iapental

ene) (2-nmethyl -4-(4"-tris(trifluoronethyl)nethyl -
phenyl ) -i ndenyl ) zirconiund ichlori de,

A- (2-net hyl - 4- aza

pental ene) (2-ethyl -4- (4" -tert-butyl-phenyl)-indenyl )-

Z' r F\%—H@i%'—t@i&pﬁ&?\talene |ndenyl)2|rcon|umd:chlonde
th aza;ent al ene % (4' -tert-butyl

phén@ $d?llfﬁ@lfh&h9+t lapgntaleone ) Inﬁgmgbﬁuggoinagndfchlonde

A R B aRannaal anmegrel 4 (4 -t
lndényazlmmuﬂndéhairment al ene) (2- met hyl i ndenyl
) zi rconi um:ll chI

A- ( B-lRemeihy! %mﬁntalﬁnﬁl(gﬁ@ﬁ%(l-éﬁ)wl"rmt hyl i ndenyl ) z
o ' A-(2-nethyl -4-th
lnd:eégg%ik ene?‘(:gidrﬂfehyl [ nélen)r/TF) ziyr coni undi chl ori de,

A (A-(Qemww-ﬁ—aiapemtalene)(Z—methyl -4-phenyl-

Indgny %@]ﬁ%éﬁ’ﬁﬁ{h | i ndenyl ) zi rconi undi chl ori de,

PR AT NGO BYAEISRNOL et oréme.

zapent al ene) (1 ndényl ) zi'rco n i'u and
indenlgtl)nrmcu'eumdmh(cmdeet hyl - 5- azapent al ene) (i ndenyl ) zi rcon

Bl S aban-a-aranentalang Ry meshY AsRhe Vi

indieﬁygﬂifé&i@mdlchlorlde
N- phenyl - 4- azapent al ene) (i ndenyl ) zircon iu

an dAr(éZhnw%/hyﬂé—thlapentalene)( 2-methyl-4-phenyl-

in P@S{ﬁf-’ﬂmf d{él-grqr}@gl 5- azapent al ene) (i ndenyl) zi
A- (A= ngl-ﬁmtweﬂta@n@y(anﬂeml-erme(nyhdenyl
[

: J@nl rconl u chlorid
indanybziscenivedieplarideheny!| - 6- azapent al ene) (ind enyl

P SRamET R Brler i raE b ©
:ndén&ﬁzﬁ@%ﬁl&rhd&hldﬂ@ent al ene) (i ndenyl ) zi rconi u and
oride, 28

A- (QL Fmeini-d-oxangniaieredBanetyldmNenylr coni und

'ndgﬁghgﬁcﬁﬁ?mﬁiéﬂn apént al ene) (i ndenyl ) zi rconi undi chl ori d
AA2- ﬂreﬁa,ﬂ-ﬂyézaba'ﬁtaiepeb(ﬂaheth‘@') ¢ 5-benioH - 4- phenyl -
) i ndﬁn%/%& Zi rco %chl oride, _
1ndgny ZifRaniynd 57 nt al ene) (2- net hyl - 4- pheny! -
| Ndany_ ekt kR pHERYISA 25 p8Mtalene ) (2-methyl-4,5-benzo-
indenyl)zirconiumdichloride, '
' A-(2-methyl-N-phenyl-5-azapentalene)(2-methyl-4,5-benzo-

indenyl)zirconiumdichloride,
A-(g-methyl~N-phenyl-ﬁ-azapentalene)(2-methyl-4,5-benzo-indenyl)
zirconiumdichloride,
A-(2-methyl-4-thiapentalene)(2-methyl-4,5-benzo-

indenyl)zirconiumdichloride,

29



A-(2-rmet hyl - 6- azapent al ene) ( 2- net hyl - 4- phenyl -

i ndenyl ) zi rconi undi chl ori de,

A-(2-met hyl - N- phenyl - 4- azapent al ene) ( 2- net hyl - 4- pheny!|
- indenyl) zirconi undi chl ori de,

A- (2- net hyl - N- phenyl - 5- azapent al ene) ( 2- nethyl 4 phenyl

- d | -
Iapgﬂ@;%ﬁee% )I@ﬁ%%i@ﬂé}éﬁﬁ?hy&@b@mdﬂy
tndlengrle)zlyd:c)mmmdmhimldﬁ chl ori de,

|ndéhée ¥'} é%'t% eﬁ@@%ﬁgﬁg %t%yl‘%@%é?rzét{ ﬁhslnyl(i thi s
o o, i 7t
i chl orj de, t -4-
| ené\)-%zzmﬁﬁé‘lsﬂrﬁi-oxﬁﬂﬂﬂéﬂ?ﬂe (211@%%/ -%ﬁ und.oﬁﬁf)gm 3e
N s
A- ( A-(einetyl8- @k@ﬁdtaléne}(ﬁp&aﬂi'\q!-érfememmet hyl -

5- benzo- |nden | ) zirconiundi chl ori de,
lndﬁnybzmmym | - 5-azapent al ene) ( 2- net hyl - 4, 5- benz

St e
ER@mﬂﬂ@dmﬁbﬂdeZ|rconlundlchlorlde
i ndenpqs% e e T
R b s
gagbﬁ-gm@ (rﬁetmdtﬁt’rmlamentalem@bmomurﬁdlcblqu )zi rcon iu
A :s%lmetﬁyISIlanediyi, Diethylsilanediyl, Dipropylsilanediyl,
Dtbutylsnanediyl, Dipentylsilanediyi, Diphenylsilanediyl, Dihexylsilanediyl,
Diheptylsilanediyl, Dioctylsilanediyl, Dinonanyisilanediyl, Didecanylsilanediyi,
Diundecanyisilanediy!, Didodecanylsilanediyl, Dimethylgermanediyl,
Diethylgermanediyl, Dipropylgermanediyl, Dibutylgermanediyl,
Dipentylgermanediyl, Diphenylgermanediyl, Dihexylgermanediyl,
Diheptylgermanediyl, Dioctylgermanediyl, Dinonanylgermanediyl,
Didecanylgermanediyl, Diundecanylgermanediyl or Didodecanylgermanediyl,
Hexyl(methyl)germanediyl, Ethyl(methyl)germanediyl, Phenyl(methyl)germanediyl,
Ethyl(methyl)silanediyl, Propyl(methyi)silanediyl, 3, 3,3-
trifiucropropyl(methyl)sitanediyl, Propyl(ethyl)silanediyl, Phenyl(methyl)sﬂanedlyl
. Butyl{methylsilanediyl, Butyl(ethyl)silanediyl, Butyl(propyl)silanediyl,
Pentyl(methyl)silanediyl, Pentyl(ethyl)silanediyl, Pentyl(propyl)silanediyl,
Pentyl(butyl)silanediyl, Hexyl(methyl)silanediyl, Hexyl(ethyl)silanediyl or
“Hexyl{propyl)silanediyl, Hekyl(butyl)silanediyl or Hexyl(pentyl)silanediyl, such that
the list of bridge elements A is to be understood in such a way that the naming of
the substituents on the bridge atom is meant also to include all structural isomers
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A- (2- et hyl - 4- oxapent al ene) ( 2- net hyl - 4, 5- benzo- ind
enyl)zi rcon iu ndichloride, A-(2-nethyl-5-oxapenta
| ene) (2-met hyl -4, 5-benzo-

i ndenyl ) zi r coni undi chl ori de,

A- (2- net hyl - 6- oxapent al ene) ( 2- net hyl - 4, 5- benzo- ind

AYL ﬂﬂ-léy(‘\ﬁé\*euélﬁjlﬂcﬁ | iThe., For example, dibutylsitanediyl
as -b|%(2 net hyl - -azlgpental ene)zwcg n |uty

sirultgnaausly, inclindes éiq(ZL rety bigil mﬁd%@gﬁ%ﬂl&&’&%@ﬁlﬁgﬂﬂn@ﬁem

oo T8 bE DRt et these structyal isomers Sy, the nming o
dlp‘éntﬁlsiﬂn‘éﬂﬁwﬁﬂﬁj in@n%syfor e&aa’cﬂwl m(dyalwényyl),sﬂanedlyl or the
pyl si | anedj y] ] sj Ianegqry
namlpe@f ge&v l{raetba)5Hanasiyl W&%Hﬂ& udsse fprgxample,
Di heptyl si | anedi yl ,
Y OHS@{rﬁét{hgﬂgggﬁ%dw[D nonanyl si | anedi yl ,
Di degstexd of thenpaifgrtred pl)reuduimj dnmudlgedl ranemlcymr pseudoracemic

Dl dodew%?& ‘%ﬁ“HB@ g)y nrgg 'o¥ he metallocenes of
fo@nﬂﬁ“h ﬁ:orregp%ﬁmn\ﬁ rﬁ@&&%ﬁ*%\e}dh@meso metallocenes may

enylgernanedl Di"hexyl"ger manedi yl ,

bemémjanym@ eaimymthgparaﬂooci-gmwaﬁaﬁmolsgmencally pure racemic form

o SRS kb e EIARASEETR UGS Rt rgatin of e

fo aétff: ( ne*méﬁw fmﬁievéorﬁsbbhdmgah%b)fm rfmyeﬁrqduce

eny yl') ger maned nethy | anedi yl ,
unttesipgd eimtrhjalo]mroayiedeﬁl’l’ 3Ttae :gsomencai y pure racemic form is

trifl .
orkPiSF L REBRA FELRE G ALAC Ao, prterebiy 051 and mos

r&@h}éld(g@p{ hyl ) si | anedi yI Butyl (et hyl) si | anedi yl,

But yl (propyl ) si |l anediyl, Pentyl (et hyl ) si | anedl yl,

Pentyl (et hyl)silanediyl, Pentyl (propyl)silanediyl,

Pentyl (butyl)silanediyl, Hexyl (nmethyl)silanediyl,

Hexyl (et hyl ) si |l anediyl or Fbxyl(propyl)3|laned|yl

Hexyl (but yl )sEhane(ﬂifg/I or Hexyl (pentyl)sil al’ﬁdl yl R5
such t hat by i dge el enments A is to be RS
understood_in B A é)f

subst i t ueRfs— ridge atomis neantR

i nclude all stY ‘ psoners 30 as though t
explicitly narped\ Hor exanple, dibutylsilanediyl
J nIRJdes di (n-butyl)silanediy,

di (sec- butyl):@gilan{%JR di (tert- R®

t hat the nam ng

rac/pseudoracemic isomer ~ meso/pseudomeso isomer
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butyl)silanediyl, or mxtures of these structura
isoners. Simlarly, the nam ng of dipentylsilanediyl
al so includes, for exanple, di(cyclopentyl)silanediyl
or the namng of hexyl (nmethyl)silanediyl also
i ncl udes, for exanple, cycloh exyl (nmethyl)silaned iyl.
! ”S'}ﬁ.%aa‘i’rg% RIS & tRE peskantiventibnatldies tiye catalystraystem
or pseu orgcenic net al | ocene co oq&ﬂs f formul as ﬁ d at
comprising at leasbaner eamppunt of fRsmmlias & enlés abteast gpfFuppofiand &
‘%i 1d andﬁ%gg correspondi ng neso or pseudoneso
legal P4F coEa may be used in the catalyst preparation.
Howavgitabld6od=taryes compbiieptavkichds présent acoordirg to the present
especially preferred for the use of netallocen%s#ﬂq e of an
inviemtiop & theceatalyst syistem epraprises at lgastgpeg cpmpound of the typ
ol yol efins, since the correspondi ng neso form nmay
*undesired atactic pol ypropyl ene (PP). The .
| SopRiThin@khedure oligoeetic of polymeric aludéngmoody empeurds, which

T S el ot el B rERG Hlor bn r
exégt’ %tﬁﬁg)%ﬁ%l@d\ﬂa% 8/ uitéhor( it BrwelRdcceptBd that

rac/ pseudoracem c i somer

alkjRsamhexadestavei thergenerd fomsulalZ.eady outlined, the
present invention relates to a catal yst system
comiRiAli@Yy afForBade 4dne conpound of formulas 1 - 1 d,
at | east one support and at |east one cocatal yst.

al

Examples for cyclic, linear or cage structures of aluminoxanes are depicted

in the formulas'S, 4 and 5:

r
[ 1
N 0] Al T
(Formula 3)

Al—0

| —0———Al

(Formula 4)

AN ﬁ A
L_A
~
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A suitabl e cocatal yst conponent which is present
according to the present invention in the catal yst
system conprises at | east one conpound of the type of
an al um noxane. Al um noxanes are oligoneric or

pol ymeri c al um num oxy conpounds, which may exist in
the formof l|inear, cyclic, caged or polyneric
structures. Although the exact structure(s) of

al um noxanes is still unknown, it is well accepted

t hat al kyl al um noxane8 have the general formula 2.
(RRA-Op (For 'af ) Exanpl es for cyclic, |inear or
cage str@cﬂ noxanes are depicted in the
fornmul as 3, 4 C> Al Pt2 (Formula 3) R RN

AI-O AI--o EE’I (Formula 4) 32 /R 0-A | RA
¢ -AQ_.QAlR Al1~0 R

AI—O

(Formula 5)

The radicals R in the formulas (2), (3), (4) and (5) can be identical or
different and are each a hydrocarbon group such as an alkyl group of from 1 o
about 10 carbon atoms, an aryl group of from 6 fo about 18 carbon atoms, benzyl
or hydrogen and p is an integer ranging from 2 to about 50, preferably at least
about 4. | : '

Preferably, the radicals R are identical and are methyl, ethyl, isobutyl, n-
butyl, pheny! or benzyl, particularly preferably methyl.

If the radicals R are different, they are preferably methyl and hydrogen,
methyl and isobutyl or methyl and n-butyl, with hydrogen, iscbutyl or n-butyl
preferably being present in a proportion of from 0.01 to 40% (humber of radicals
R). '

The aluminoxane can be prepared in various ways by known methods. One
of the methods comprises the reaction of an aluminum-hydrocarbon compound
and/or a hydridealuminum-hydrocarbon compound with water, which may be
gaseous, solid, liquid or bound as water of crystallization, in an inert solvent such
as toluene. To prepare an aluminoxane having different alkyl groups R, two
different trialkylaluminums (AIR; +AIR';) corresponding to the desired compositi'on
and reactivity are reacted with water, cf. S. Pasynkiewicz, Polyhedron 9 (1990)
429 and EP-A-0 302 424.

Regardless of the method of preparation, all aluminoxane solutions have in
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(Formula 5) The radicals Rin the formulas (2), (3),

(4) and (5) can be identical or different and are

each a hydrocarbon group such as an al kyl group of

from1l to about 10 carbon atons, an aryl group of

from6 to about 18 carbon atons, benzyl or hydrogen
corfftfbrida variabld cuntgerof mnmctgdfalmmnﬂm stastingicompound which is

preferably at | east t 4. Preferably, the radicals
preﬁeat@fra@fﬁ@m&ara%ﬁaaéﬁ ﬁet hyl, ethyl, isobutyl, n-

but ﬁbrthgﬁ'fnﬂ%% n%ﬁeé&f ﬁﬁ'g: alBﬁﬁﬁé;@éﬂeﬂfdrb{pcﬂjlﬂfseéﬁhbWormulaSZ 3,4

era R are different, they are
or @rlefsealablgommtd ummoldyﬁacb@amlnomﬁyn wehieh | heyBydrpearbon

or methyl and n-but th h
gt e LS AR AN, o o
amcfé’Fﬁcﬁc:Qlé to 40% (nunber of radicals The
um noxane can be prepared in various

n
met Thésam@urts o Aluntipoxand end m@tﬁﬂwe;&uw%mf@&cﬁmﬁr%m of

hewss alq{M ﬁ%%ﬁ%bon tﬁ%ﬁﬁ@%&r&mﬁpg cB[‘tﬁfh range. However, it

haéTB)éeH §ouid $¢ B advamtaldous tslusd tiss nietaliutens c:mtlpmuru:f(s) of
crystallization, in an inert solvent such as &tﬁa?ﬁ‘ne

formullas dpaceandthe albmin@ne ¢RAPAYAF) Nssush amEKY

<ol B3 5 o oyl B R FTRAES 6 gl o

froﬁﬁﬁ%t mgtdlbcehe cbﬁ@@bﬁd K the/\m‘nge fromh 108l to 1000:1, preferably
Pasynki ewi cz, Pol yhedron

199 429 P-
fro 1Ft@g@0Qjﬂ 654 ll@)%&lﬁﬁ)@l&fé{] ,;é@, r@;gepf,r aﬁ@{' 13 ﬁooﬁ Qn %he case of

e BREn Bre P B o utdo EPADACrR (Bpfe golutions,

but the LP&FE%?‘F@%' ﬁré‘r@ﬂﬁsélﬂtnﬁh@is aISoamsathct Fur t her nor e,
i nstead of the al um noxane conmpounds o

I?Q the f r{ul as .
2, B agcordiense with the paqagaptﬁ@g@}tgneltﬂ%a Poasih 9 Q ys€ mixtures

N
ar yirpsYeatslybospstam of #he gresemdiimagntion Ehe fartbencempfise, as

al um noxané and netal | ocene gs?%} P 8repar ation of
additional component, a metal compound of the ormua

MRZ)(R®)s(R*): (Formula 6)

wherein
M° is an alkali, an alkali earth metal or a metal of Group 13 of the
Periodic
Table of the Elements,
R# is a hydrogen atom, alkyl of from 1 to about 10 carbon atoms, aryl of
from
6 to about 15 carbon atoms, or alkylaryl or arylalkyl each having from
1 to 10 carbon atoms in the alkyl part and from 6 to 20 carbon gtoms

in the aryl part,
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the supported catal yst system can be varied within a
certain range. However, it has been found to be
advant ageous to use the netal |l ocene conpound(s) of
formulas 1 - 1Id and the al um noxane conpound(s) in

2?uch ajyount s that the atomc ratio of alum numfrom
RY pedRUniaie sark aduidsege atam, 2 halogearmipm. @ikyhef fpm 1 to about

mfromthe net al | ocene conpound is in the range from
10:1 to 1000:1, preferably from20:1 to 500:1 and in

par ti cul @arbon stoeny, T FayhoSor dbowtGitolabdut 16hearbon atoms,
case of nethylal um nﬂxane, preference,is

) iven
usi ng >_O8@¥%yaryleApHaky P RIeYs 6BGH GvEY g 1 0 gaebon
of 10% s : i ' j ;
accor dancioe IhITh ARy B ahd 8T8 102RFLatbBin chiins in the aryl
possi bl eradicalse m xtures conprising al um noxanes and

.an ioni ...and/ Ley i d. The, catal yst
r €5 ER0eE FORe! b b8Bis @i AT BiPdesn Tk OB diege HEg sum
r+&% additional conponent, a netal conpound of the

formula 6, M(R22)rR21)5(R24)t 5gl:orrrula 6) wherein
M6 i s ancalrespendsate thekeaienceoftM ,netal or a nmetal of

€] 13 of the. Periodic, Tapl he El 2
wheeS 1 SarionnEis it idisal iR e Abobe Sndniliel Greatitts,
coRip@ids At W al9b pobsiple & e AaulesISt verioRemMatad BBmpelnds of the
al kylaryl or arylal kyl each having from 1 to 10

forowi®6n atons in the alkyl part and from6 to 20 carbon

t [ Dt . :
by Pold e e ShutBibns 1 g orfidh Bt s lon to those
in whRhtM® EDlithiRibh RagiadiBm GialGhiman whdR*faranR&baretediht alkyl of
about 15 carbon atonms, _or alkylaryl, arylal kyl or
from ke pboubid CRBeNrRIOMSo RATtiqUATkoPiESF e MelabRemPAURYROf the

forfufy b aﬁ?,grrﬁb@t?ﬁ#ﬂ'fiﬁ%%%Jt?l-@-%cﬁ/ﬁ%ﬁe%ﬁtﬂﬂ?niﬂhtﬁnﬁ aryl
Heptylmagnesium, tri-n-hexylaluminum, trisobutylaluminum, diisobutylaluminum
hydride, triethylaluminum, trimethylaluminum or mixtures thereof.

if a metal compound of the formula 6 is used, it is preferably present in the
catalyst system in such an amount that the molar ratio of M°® to the transition metal
from the metallocene compound of formulas 1 - 1d is from 800:1 to 1:1, in
particular from 200:1 to 2:1.

As Lewis acid, preference is given to using compounds of the formula 7

MZX'X2X®  (Formula 7)

where M? is an element of Group 13 of the Periodic Table of Elements, in
particular B, Al or Ga, preferably B or Al

X!, X? and X3 are the same or different and each are a hydrogen atom, an
alkyi group.of from 1 to about 20 carbon atoms, an aryl group of from 6 to about 15
carbon atoms, alkylaryl, arylalkyl, haloalky! or haloaryl each having from 1 to 10
carbon atoms in the alkyl radical and from 6-20 carbon atoms in the aryl radical or
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r is an integer froml to 3 and s and t are integers
fromO to 2, where the sum r+s+t corresponds to the
val ence of Mb, where this conponent is not identical
with the above nentioned cocatal yst conpounds. It is
al so possible to use m xtures of various

net al
fluedng.oehiddnafbremine poiogine I%refeﬁﬁ@%xaﬁwl%foch&ﬁﬁa@ Xdeare

ey el SRR S R ok o
anyRéf halcargiide sHanyl, tofyl, deneghdrotips a;b&lubrd&emr Befdiflucrophenyl,

atons. Particularly preferred netal Hpsld nds, .0 the
en

pentaqhiprapbe@ylepwtaﬂugnqﬁh@ﬁviu% 5-trlﬂu0r0p and 3,
magnesi um n-butyl -n heptyl magnesi um
d‘({}lﬂfelghgﬂﬂg%wgf%hylnum triisobutyl-al um num

dii ﬂvéfﬁrrl;ddiﬂlemtsramds élnsedhrlrrlmhy!alunanhym dirigthiytaluminum,
t t | .
b eRHMERI DL b Ry AR S Borane b Bpe tis(d-
t that
uBleBhERbboraher it SsRgoropliehiBdrans iael, aroupt [ he
fludivenetbyhicoygiperanenis(@ 4, tGtrifliorophenyl Yooraned tig{pentam

upiahenyfoerans, ibcliiborate s s RinatuhghSaiioite tee.s-
dlﬂhﬁ?orér%rl?ypérgne AREKEIS(3, fgftm&oﬁh_erhgﬁﬁcﬁawg is an

Goup 13 oft e Peri odi ¢ e of Elenents,
in Pmaulaw:zeferancans givedo tris(eertiadupropbesiy)pprang. = x2

nyaPSdeRcasiaI. nifsrent BaVen 0 DshiidhBbufin whish contain
a rfoH-EeoYdif = arddn awﬂn agft@ﬂpmqé{beﬁfa:fmo@o;bhem@bbtat%

carbon atons, alky , | al kyl, hal oal Kyl or
tetr@fmwiboré@c Bbirav ﬁngnaom @ Qao awtamgp@uateﬂpaﬁ@re githaelewis

om 6-20 carbon atons in the aryl
acﬁ I%E’ﬂe%g ec‘gé“:ﬁqg%‘g chlorine, brom ne or iodine.
Pr efﬂu%fBr@éthe@m&lG@; ﬁa)ffcm&n préferende XS giver tormbﬂmylbted amine or
i sopropyl, isqgbutyl or trifluoro

anuﬁga:éljwatl@s @lpqmgg wgtylaBmogim, il uﬂigm,gﬁ g y lgramonium,
ds%ﬁﬂggﬁlr??rhgh%l enyll%%'gg{%" LK héh E%enycf?ﬁuhfﬁn)(ll N- dlmethylanlllnlum
tnrﬁeﬁhytﬁrhmmﬂhemﬁthylﬁnmcﬁuUmJ thl-ru-d»ubpammdmmmd 3,5
methyldiphenylammonium, pyridinium, p-bromo-N,N-dimethylanilinium or p-nitro-
N,N-dimethylanilinium,

Suitable Lewis-acid cations are cations of the formula 8

(Y*HQ1Qz...Q*  (Formula 8)

where Y is an element of Groups 1 to 16 of the Periodic Table of the Elements,

Q1 to Q, are singly negatively charged groups such as C;~Czs-alkyl, Ce-Cis-
aryl, alkylaryl, arylalkyl, haloalkyl, haloaryl each having from 6 fo 20 carbon atoms
in the aryl radical and from 1 fo 28 carbon atoms in the alkyl radical, cycloalkyl
groups of from 3 to about 10 carbon atoms, which may in furn bear alkyl groups of
from 1 to about 10 carbon atoms as substitutents, halogen, alkoxy g}'oups of from
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di(trifluoronethyl )phenyl. Preferred Lewis acids are
trinmethylalumnium triethylal um num
triisobutylalum num tributylal um num
trifluoroborane, triphenyl borane, tris(4-.
f1 uorophenyl ) borane, tris(3,5-difluorophenyl)borane,
1 tb Digsdatbor btomsyrayloxy wneund dbivomrfieto 15 carbon atoms, silyl or
tris(2,4,6-trifluorophenyl)borane, tris(penta-
merelyyRERS ) bor ane, tris(tol yl)borane,

tris(3 é-cﬂtiﬁ%%@glﬁquog,l ) borane, tris(3,5-

di fl uorop orane and/or tris
(3, 4, % isrdErfintegesfitoem Pl tpBoanthe. Particul ar preference

cocat o GarepapBtBian Btafn G o2k bub 8 MtGer fRpl gl o
whi ch mAnb@bRy st cARsHaRAéarbenium oaticnscductsas
t et raki s( pent'af| uor ophenyl )borate, tetr apEenyI bor at e,

tripbisRyicariertsagoxpnigrogationsy selimniemGa NS SUSASar e

' Lew s. i 3 i i .
B MaBoBPERaTH S| e A gBnodnonium.
PP ootk s et st
maialeccrymptamamws thersivaficafipn mﬂdﬁ? h?’pfﬂ&?@ﬂ!ﬁfﬁﬁ{ﬂﬁeaiﬂm cation.

N, Nod] i " ! _
N NP EFRITE 5o ks TP MARBYataing to e present
inveRtio it ny | ammoni um  pyri di ni um
_p-bronmo-N, N-di net hyl gni | j niumor p-nitro-
trigthyammanivgketA(PheNYIIROT&IS: t abl e Lewi s-acid cations are

S Ccat f ; [ (Ya+) QLQR. .. Q-d+ (Fornul a
: trtt@.@ﬂéﬁ@ﬁ%ﬂ%ﬁ%ﬁ%ﬁﬂéﬁgh@@t%f Goups-1to 16 of the
trirhethythmonmipitetraltolytieotdterents, QL to Z are singly

_negatively char roups such as Cl-C28-al kyl,
frlt@ﬁ%@@”ﬁ\*ﬂ?“%(&ﬁglmg‘?r Fé? aryl al kyl , hal oal kyl ,

. i ' : carbon atons in the
tﬂ%@ﬁ{rﬁégwgﬁ&gﬂg&b %‘%BWO& ggggeﬁ%on atoms in the
trimlthemmadunitra(pgotasildrpphegylpalignioate. r om 3 to about

.10 carbon .at ons,, whi ch ' n bear al kyl groups
t”RfPPylﬁf‘Hﬁ?’l'“Fﬁeté%@ﬂpe%@%%wﬁo'%%m as substitutents,
triﬁlfcgréﬂﬁﬁoniahﬁ&w(mwaﬁlemylﬁﬁm ratel 0 28 carbon .

atons, aryloxy groups of Tfrom6 to 15 carbon atons,
tritmitylmmoniuméetca(gtfuorgpbemd)borate,
N,N-dimethylcyciohexylammoniumtetrakis(pentaﬂuorophenyl)borate,

N,N-dimethylbenzylammoniumtetrakis(pentafluorophenyl)borate
N,N-dimethylaniliniumtetra{phenyl)borate,
N,N-diethylaniliniumtetra(phenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylaniliniumtetrakis(pentaftuorophenyl)atuminate,
di{propyl)ammoniumtetrakis(pentafluorophenyl)borate,
di(cyciohexyl)ammoniumtetrakist(pentaﬂuorophenyl)borate,

triphenylphosphoniumtetrakis(phenyl)borate,
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ais an integer from1l-6, z is an integer fromO to 5

and d corresponds to the difference a-z, but dis

| arger than or equal to 1 Particulary suitable

cations are carbonium cations such as

tri phenyl car beni um oxoni um cations, sulfonium cations
trietiog phesphonatmisinakis{iphéoplberdtem phosphoni um cati ons

_such as triethyl i
airepHeRg PSR T R S CHRR rae o oni & Lranat tion
tri(Hﬁlﬁ!pﬁtﬁgﬂ?ﬁé@ﬁhéﬁﬁﬁt@@aﬁ@@h@nb%éra@éitl on and the

| ferroceniumcation. Preferred ionic

tri(?mb?phenywmmlmeﬂﬁlﬁﬁ Ryl )eoret o t he present
i,on.in
wiREr SRRy R eeaeHempnes Bpizte:

traﬂHén?léh)ﬁmtéth ispeatanbermphepghaluminate; i met hyl anmoni u
ra(tol yl)borate

tnp:hanglmtaybmtetc&h:%(phawlﬂhynn)nﬁteat e,

i ou

fertdoegiiin ARG PP RER AR aRIBEY PO RS ot

ptambsmptabepointtiiabeny ) b oo

11 BeranaeRihen & FRhea SR ReTGTEY RSP RIS GEkeny!)
o AT g s

N Nicﬁmﬂ'lyltﬁdmmmﬁonummp’akm{@QMaﬂml@pNenmhbrate

Inrrﬂtl?%/ L,F‘SE' ;'uég%', E%%%;é%&ﬁgﬁgg 8%)?@9@ hei\pbove' and N Below Mdrfioned
cai)*z%rg-@%{é{a k?ﬁ’iplohHdbPPF&f&%@H[%P@é‘&%bﬁ@é@ﬁhﬁﬁmkanes and an
ionie dompbbiyd zand/ona drevés aaiki s( pent af | uor ophenyl ) al uni nat

) bo;l'gge@w:gl?ﬁyl nv@ggilg ggogtﬁca@ﬁigo%f tdgfﬂalﬁ'/ﬂ{go P& hid or
Brdt>Ir | pﬁ&ra@tﬂ ﬁét{dh%rlé réfepdppieny b.1) feoz@bquivalents, preferabiy from 1

eny osphoniu ntetrakis (phenyl )borate,
to 10 equivalents, based on the metallocene compound of the formulas 1 -1d.

The support component of the catalyst system of the present invention can
be any organic or inorganic itiert solid or a mixture of such solids, in particuiate
porous solids such as hydrotalcites, talc, inorganic oxides and finely divided
polymer powders.

Suitable inorganic oxides, which are preferably employed include from the
Periodic Table of Elements Groups 2, 3, 4, 5, 13, 14, 15 and 16 metal oxides such
as silicon dioxide, aluminum oxide, aluminosilicates, zeolites, MgO, ZrO,, TiO2 or
Bo0Os, Ca0, Zn0, ThO,, Nay0, K:0, LiO2 or mixed oxides like Al/Si oxides, Mg/Al
oxides or Al/Mg/Si oxides. Other suitable inorganic support materials are Na,COs,
K,COa, CaCOs, MgCls, NazS0y, Ala(SO4)s, BaSO4, KNO3, Mg(NOs)2 and A(NO;)s.

~ Suitable polymer powders are homopolymers, copolymers, crosslinked
polymers or polymer blends. Examples of such polymers are polyethylene,
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triethyl phosphoniu ntetrakis(phenyl )borate, d i
phenyl phosphon i u ntetra ki s(phenyl )borate, tri
(et hyl phenyl ) phosphoni u nt etraki s(phenyl )borate, tri
(d i methyl phenyl )phosphon iu ntetrakis(phenyl
)borate, triphenylcarbeniuntetra kis
pcﬁlppmfdrm pohiberstie, pblyshtrene, divinylbenzene-crosslinked polystyrene,

SRS HoSas SR ElATHBER S RBARH b,

I8te, polycarbonate, polyester, polyacetal or polyvin lalcohol
%Ierocen unt’ trycf? pent%?morop% %y bora{)tewany

f er r Dioee prezfenedtatmlpoé (Matetiald haved lspagnﬁc pHifaot ase2 ;n the range

from (Eer R fidte vPlume (n the rnas B e F oo 2nd 2 mean

é\'tl&lecﬁai@bf‘ﬁbﬁw k@ Beeqaharp?@mréﬁbétig giveh o 80ppoits %om@emspec.fc
yI )borate or i met hyl benzyl amoni u

surfageraready ﬁbe]rmgmiﬁmmrﬁﬂbtwﬁo poYGtaeponetvalgmelin ghe range from 0.5

B P & Re e R et Pep Ty 85 Bt

pr@fefbﬂé@fs gmn to $SApPOREThAANGRESPEdiic sirfaderaied mqrfe@angb from
for a Lewis acid. The anmount of Lew s acid

200:%1 40Q Bi¥fe enperenvalimg in &g sangs o 0.8p @e%meég aeqi a mean

e omO0.1 to 20 equival ents,
p%ﬁé’?%?@@&o‘w cgjl?(b@/o”&'[) equi val ents, based on t he
met dliepsemport amteriad cah behtheroritylbad/dr chémicail?l‘me pretreated in
support.  conponent of the catal yst s¥stem of th

orgpe adjuphGRITAIN groparfies ggﬂ@]&;a@e@ sHth ag the H@t%raﬁnq,lor the
hyoﬁl&!&)ﬁg??haé doffen M xture of such solids, in

parti porous solids such as hydrot al cites,
t al df tHensugrrort matdevial bas ankbw modstyredcorntetcor rpekiuab solvent
ui.t abl e, i.no

coiheiahy agﬁalow@ans: hefiTadiss e be oMt il tsragh the case, as
w@cf,-(ri] E%asg?gg% oééo]ﬁ'lpf%ggﬁ“ ?eg;?? d%érﬁﬁglr%ﬁrgnn%ﬁd@% S admable.

Thedronail debydnal::anem“ drying loff thes suppart n@tedal cendze oamm under
nO, ThO2

reﬁay?gql PIESSYLe wn%qrw&o&%gggﬁg?ez%%;wényté%%dﬁ% 9 %gl&qlf}gqgen) The
d%mgg@mp%ramg A 5@‘3 %&%fsr&nﬂab Aitzj tg'oﬁ))o@r"@ '}ﬁ&%bl&&om 150 °C
to 'WOI\T@Md mt/nref«m)ﬁror&m 504 &0 ﬁBD ykelhg slatian af the drying
processIO caﬁ/ BEfrom Clotgoéﬂfyhnc}aurrg BGf 8 Sgnltéln é?elgnger drying periods are also
possible.

In a preferred embodiment of the present invention, support materiais with a
weight loss on dryness (LOD) of 0.5 wt.% or less, and even more preferred with a
LOD of 0.3 wit% or less are used. Higher amounts of physically adsorbed water up
to 1 wi% are possible, but result in reduced catalyst activities. The loss on ignition
(LOI) of the support material is preferably 1 wi% or greater or even more preferred

between 1.5 and 3.5 wi%. The weight loss on dryness (L.OD) is thereby defined as
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pol yners or polyner blends. Exanples of such polyners

are pol yethyl ene, 38 pol ypropyl ene, pol ybutene,

pol ystyrene, d ivinyl benzene-crossl inked

pol ystyrene, pol yvinyl chloride,

acrylonitril e-butadi ene-styrene copol yner, pol yam de,
the elejghdtites bgtvaden, ropm ;map@m&n&eando&ﬂ@?&aad thewlejght fnssl on

oot Y ineresidtioss bRy BET OGS ARDG: Tom 1071 0

100an E@Gﬂionaorpéﬁe?néiﬂlelwéh@d?éi%nr&rtﬁ?mbréﬁh@ slng@rt Pnaterial can

/g and a nmean particle 'size of from1l to
alser b¢ eamiaskoutsbyythamicabmeapsoby seaclingribe adspeesd water and/or the

sufgee RArdT B sl Pilie RssSatng Bodi, Reaittof Wifife
paRaivhlifd Pee?ge?rﬁ daﬁ doP@ertans ytrexy ?rd!.@sz:ﬁﬁn[ﬂ@tely or pamauy into a
Parti cul ar pre erence i s gl ven

0O Su orts havi %
fomperhich dossrfaishowrany advarae intaragéion M‘J theoeatalytigdly active

ool Alie BpkPrHitia 2Geb B rp PR HEDTRE: Hist s spiiEs %o,

szli@uﬁn@lﬁch@:@éI@iléroﬁr&ﬁemléiibﬂen@bh!y)rca:!idkyrsnlahem cally
pretreated in order to adjus N}&ln gﬁ rti
drraetfwfaénlegtrm@roglme A‘U\!r%@’teﬂay!énl ig 0 'ﬁge ‘; %ﬁ%mme or
t I
org et Eltheoids SHaiHBREh. SR naghBshm. B4,
alstainpsiands, Ctrirrmth)dalurmgurbleﬂwthylamnmwm Itrasolnmﬂytmmnum,
this is not the cas silica, as

dug@@jgblaium@um hygridey éﬁ@@wlmr%we F dth ?MW@QP@S | sabl e.
Ther %utﬁﬁ&?’ Qg d Qﬂg%@lgfgdﬂlp% ucetgﬁ'@% SHHPAS b ?‘nﬂﬁ'tcﬁ\ﬂdédi polymer

Apoutitied & ressure wt
podeaks;Ldansalsulbbamedumd skould glasfobeh as&.dthemse betfragddrgm any

oo S ST kol B oo
pu F@étﬁ{r{&% Hma%&@@ragohg 400 C. The durat| on of the

rying proces an be from1 to 24 hours. But shorter
or [Peefpeench is giverpty usidg silica gals bavipgdbeislefinedipasameters as

eSS 0 S R3O o
mé(&ro%b?és | @S fiesHd SYRThd® bk Pretéesd @dew\gfdhlﬁar il griades.

3'wt%'or |less are used. Hi gher ampunts of physical |y
adsa"haazreaamte:nve:pixort w!atemt%aamr@cmfgrﬁh@ preparafier of supported

IS RNEEC AT AniShis&ChS W rbfstep EBRtdARY fTedSYnb'Upport
material with a first portion of at least one co-catalyst in a suitable solvent. In a
second step (impregnation step), the co-catalyst loaded support is impregnated
with a suspension or solution, which comprises at least one metallocene and a
second portion of at least one co-catalyst in a suitable solvent. The preferred co-

catalyst is an aluminoxane or a mixture of aluminoxanes. However, it is also
possible to use mixtures comprising aluminoxanes and an ionic compound and/or

a Lewis acid.
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(LO) of the support material is preferably 1 w % or
greater or even nore preferred between 1.5 and 3.5

wt % The weight | oss on dryness (LOD) is thereby

defined as 39 the weight |oss between room

tenperature and 300C and the weight |oss on ignition

( LONlomsspduificatiyy gthte dadslysbatsierarof306 Greseant 10&00oN isprepared

by?c?q%téﬁ%%og{le%%ttcg{qngl%@h%ag EQT(IH a%'g? p?g{gtrgrmﬁ%lgaﬁlfminoxane or
a rﬁ?&m Uﬁﬁﬂb&’an@% ih 8esiiiabi §&@eﬂd§tcé|@\%ieﬁﬁéﬁbe@i@#/e%f In a

sur ace hydroxyl groups with suitable passivating
suhgeqment umegnammtep tha aluminsxanalaatgdrsppen matgnial is brought

SR USRS R T P o p A B Hosorvog

mét@.]i@éﬁé ESmpBhémtsidfforatiabtd tdbhd sesddond pariion ef the
Suitabl e passivating agents are siljicon halides,

alighninexepe o aamixtee, ofajumingxanes or eét ipaisHanpernd and/or a Lewis

o 5 BYFALB AP 8 egot SRS PG O PR o carayts

aréihtimhgmel@mbm@adé@mrmv Righ catggsmmwaldg andrespltimdsod
of al um num boron and nmagnesium eg. al um noxanes,

polymempaicky BTHARIIEs: et hyl al uni num

t
tri R RO St e prEspRORNENICH, 1R RSRHEVTAS sypport
mategamvnh shipfirst portitiresf & slusninbmesxahe rmelaymd«tnmed:n‘cﬂluminoxanes is
powder s, ., can al sgﬁbe used and shoul d, befo

calriad oWt e abdas saiderdbg & Bl 8RQ Moig U & BReNsion of the
suégbﬁ%‘éte'i‘ Fin%&&lt le SbR&Int Wi gﬂg‘%géﬂﬁ}o@ﬂoﬁ%ﬁﬁﬁ aﬁfmmumoxane or

puriticatlon rylng operations.
a lﬁnetﬂmrca‘mmmmmnes issolved ingg suitalda sgbzleslt like ah@ath:s)r aromatic
ort nmateri

ryraceRony SO RRNEERS. HRBBR: kg BierTe, Prarh gt b dytene.
Th'é%%e iy Eseéziuméa\duft b@&erﬁﬁéra@u%@ffﬁirﬁ 30T § 20@PCesrefdigbly from

anu ar silica grades. present i nvention relates
50t°<63 to PB@EEs pamoulam pr@fecmdrfmm@ﬁ 3 thM:ibo@t &Hte duration of the

Whi
re%%mnaéﬁce”%itmm@s%cﬁh Aok Sreterably PP 1 Rthours, o,
9U8Htl@fh@éluhﬁ%§an@i@a@@d %ﬁbﬁbﬁ?ﬁat@ﬁaﬁlsﬁwlhw@ﬂ tfy f ttration or

second ste %natlon ste
bycasdmaeatqi@n of el sdlid apgaiqcantatio o sobvent wn@w Iaert conditions,

ar AR e e 0 S W HESRIAIE i s, oo
abeVe CHha ki fhinbRafe foddeabdep et mafirial suletfuentigdriedin a stream
of inert gas or under reduced pressure or is dispersed In a suitable solvent.

in the process for the preparation of supported metallocenes in accordance
with the present invention preference is given to react the support material with a
first portion of an aluminumoxane or 6f a mixture of aluminoxanes by suspending
the support material, preferably a thermally pretreated silica, in a suitable solvent
such as toluene and bringing the suspension into contact with a solution of a
mixture of aluminoxanes or an aluminoxane, preferably methylaluminoxane, in a
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catalyst is an al um noxane or a m xture of

al um noxanes. However, it is also possible to use

m xtures conprising al um noxanes and an ionic conpound

and/or a Lew s acid. 40 More specifically, the

catal yst system of the present invention is prepared =
suitabieatvrt, atgemiperatnsgs oht) kPR EECL Omeedhe aluminpikane addition is

o Bl AU AR A ooy o
O.fzﬁefﬂof LU §520 "C‘ggm@%ﬂ&‘%&t@%&&&%&am&.m_é Bebsequent

um noxane | oaded support material is brought into_
stepoifisasitpporfaiusirsspersixtireds hestag todempgeraitresirem d@eC to 200

.~0f the abpve-desgri o~TEL al | oce

by P55 4560 180 B RSB R Aierlures rom o0

°Cab WHOC. AR liralioRiof the Rocttion |t thekexeleestedrtempdranires is from
conpound and/or a Lewis acid in a suitable solvent as

30duinutesiicnd) baursTpeeferably ol f8 MWport ed catal ysts
h . ' | .
et 10 PEREBRGRE it Y FRery P B Bt of the mixture of
alURinBRAEhESbEST thermlasian@aes prefétdbly metipylalseinoxane, is added in
invention, the reaction of the s Oih mat erédal vmqt{&
the first Stepsef the catalystareRaAralion ArACRRBA AN NG EMPIRYSd MO can vary
to %Lg%%?%ﬁ%@f Hgﬁvev%?{]i’f hsd b?x% fOndSbE %dvé'ﬁ‘l%%?{l?ﬁ%treat the

I'rand nol sture, a suspensi on
suBPOROh&teralhwith at ldast B ramiote iprefesaily mnmale,imostepriefersbly 10
portion of an al um nugpxane  or Ta m xt ur e of it
mrapig@fibs AuBingxage oy of the Mixiyin eLAHEIYARESPYTidEHPPO
maﬁgﬁglhati c or aromatic hydrocarbons such as pentane,
€xane, isohexane, heptane, toluene or xylene. The
r eadtiecsuspensienroremluticn eged irthe impragnationsies s generally

orged Bl Ao SR 4010 bR o BBl components
of fojrgrﬁnh%g’?(;i@, iﬁé’&é&:ﬂwd&%ﬁibﬁ%ﬂaﬂ AQriruhexar® 6f 6f &bhixture of

hours. sequently the al um noxane,
alumindednssippan foniacompaiundsardéen at ewisgcidiandribdesired pther

. sedinmentation of .the solid and.decantation of the

adaﬁl"%n?gaﬁﬁféﬁa 8?1'8”’ _‘%aﬁﬁeb%n%oﬁ\' thd optinal ly washed
one WRfitahR $oivems ardihyarsudrbaid nd hettocasborentixtuess, which are
descri bed above. Thé al um noxane | oaded syp

liquigt atrthelselested mastos fiempemtueiansh _irawg_i%faﬁﬂn&?/ﬁq% pemponents
o, TP PRSI el A RRSIHEEIS Reerer ot
préfeqBisneeis 16Ag He!ibis! sHaenes that oncedhd dmpregnation process is
completed, no further undissolved components are present in the solvent selected.
Preferred solvents are alkanes such as pentane, isopentane, hexane, isohexane,
heptane, octane and nonane, cycloalkanes such as cyclopentane and
cyclohexane and aromatics such as benzene, toluene, ethylbenzene and
diethylbenzene. Very particular preference is given to toluene, heptane and
ethylbenzene.

The preparation of the impregnation suspension or solution used for the
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with the present invention preference is given to

react the support material with a first portion of an

al um nunoxane or of a m xture of al um noxanes by

suspendi ng the support material, preferably a

thermally pretreated silica, in a suitable sol vent
lmpmgnansmtsmaémammad cioit iab Egmpeatieres speaen Fom Ar°E to 100 °C,

oSSR o o 0 e e Tl SRRER . A

Ieé’ét oHé drakd enat8liy&iHes citfofrRiMBE 1Ll UGS tﬁé fokfh ctnioa 20li€is dissolved

Once the alum noxane addition is conplete, the
in esdutionrofithe corcatalyst suchep anfalwniroxase oz armuﬁgre of

aipioRatst Eab SjeSathch ark & (Bl delf i & FIBHIFEbREnt It

al$ PeSdiblE b dEsameAihe rﬁbt@l[@b@ne Seb@@ttagl iha s‘aﬁﬁbw @@Iwzmsand
from30 Cto 200 C, preferab I)j}eérom 50 Cto 160

subrequesEly tproemhine dhis soldiopavith thesso-catalysigolutiony F’I@,f@F ence is

gl@&%ﬂ?ﬁéﬁ oiléél?é; lf{i% I:&%&ﬁ%?%éul.ﬁ’fé f‘%ué;g%ﬁior?blegéﬁhﬁf;n can be

pr@écﬁf\;@téttb Mhef prt@m:ﬂvéﬂmlrﬁlrheus fro?'i 1 mincier WR0Ochoinsh Thee

resent invention on art

préaciivefion sAB ek pm&ﬂée&pﬁmtﬁ@@pﬁ@“%@r @%géyreferably from 20 .
tolay | |

to %t“'a?/ lﬁidﬂﬂ}l&@él fhePRdedr hlghefrﬁgn%%%yegﬁﬁ r@&uéé‘ the

prepara |oh procedur anount
reqmred/pjremtimnm treetaridgies tardadditionad irsrease inhecatalyséactivity.
to be advant eous to treat th

f
ElNAten (PPoiat oo A CRes rhiks e & Tan drom PG g0 C.
mostp, B{c,ﬁl r8Bh¥tidh? st tﬁe?freﬁ]'ﬁ uﬁ\béﬁﬂdr‘ﬁ?ﬂé%cﬁfal?ét iéé‘@ed

m xture ?um noxanes pe upport materi al
suppeplemﬂenal isbreaghitintoncartact with thecinpregoasiicn S@%p@l%@l or

sol Biswiirs coterRes L icast ahe it 1 AR dBEeMad Msthliitedle,
combfbnehiREofTBRANRSPPL Y IR aduitaBlerdolvemtHEdsedabee 8nd a

m'xture of alum noxanes or an ionic conmpound and/or a
suliahhes:omtalyaha\mh ad @pi aleaninsxase orgdaietiiecaf aluml@@fane@opr an

o b Sl A R HEhe Bt SRR Spfod i i

stép 84 da@ttotd@er%ﬁh@dt@ﬂ Hea@vent hastbecafourel wise advantageous
whi ch the individual conponents preferabl lZadl ssol

to wre atdnashi mnele achestplyst Peke sHPReFaMERRLANG prefely bly at least
1.q PFOE roetthiyRt nBf EsREBb R BeRRL e 1t S e e

The total amount of co-catalyst such as an aluminoxane or mixfures of
aluminoxanes employed in the catalyst preparation procedure of the present
invention depends on the nature of the metallocene compound-and on the physical
properties of the support and is typically between 6 mmole and 24 mmole
aluminoxane per g support material. Preference is given to use between 8 and 20
mmole aluminoxane per g support and particular preference is given to use
between 11 mmole and 18 mmole aluminoxane per g support. Metallocene
loadings may vary, depending on the type and performance features of the
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conpl eted, no further undi ssol ved conponents are

present in the solvent selected. Preferred solvents

are al kanes such as pentane, isopentane, hexane,

i sohexane, heptane, octane and nonane, cycl oal kanes

such as cycl opentane and cycl ohexane and aromatics
v@méianmﬁme coropoemebueateyprieterablybaiween 0.1 and 1.7 mol% of

t hyl benzene. Ver articular, preference is given to
emmpm@unn@%%pﬁhésﬁ@re MaARY&he. The prepar gtl on of
theTh@an) 1&1fh M%B§§‘ﬁéé¥f‘cé’r’i béQ!a‘r‘ﬁéd’Buvﬁﬁﬁbrfdﬂfs wigs. In

42 inpregn |onsep|s carried out at tenperatures
gehetalethe imposgration suspeasion ormoéjmm deseritacogbeye is @unbined

wifFb CORRENR oaEt SYRTE Rttt e n BB i B Brfior dry pgwder or
asl 508 g%ﬁﬁi%nslﬁ'd bﬁth@'s‘bﬁfén‘@ﬁ'lerittﬁnéd%ﬁblwél U@uaﬂy,tth@cocata!yt

CO-C yst SucC as an al um noxane or a m xture of
loadadnsupprameaterial dmusethas achpowsier sigeed as eliainedafter

sl Yo SR Lh TER PR G on or soaton

caﬁ(HeVél!Ner 3adedsy ttﬁé @u@afalyxst foadedrippertthiterist| artelsa the
co-catal yst solution. Preference is ﬁ ven to

cooaialygt toak:l@émupn metariabgan pedniredugadinto e inifally sharged

sol uti.on can b
B e £E8Pein R 2Bl 4 ol B HEEfMM Bl Alloh sEpension
or kaltBoR cap e @ecHertisk af teewtdlpore mlume bOtheCsppedre rmitelyal used
from20 to 30 C. In individual cases, the use of

or iglsghks up &onl0P%e of the Tolal PPERIVERMSe  required

pre
Cot a1 < ety vl Beihpfo R aphslatcopatatots
bré@émﬁntb@ohta(ﬁﬂﬂﬁ'l feorn-88KBIysh IdetidBupport material can vary within®
i nvepti.on th

i mpregnat i on_step o ress
the syl 14 Saded oos@phﬁvé) e oF Tty By Bihrgsfation guspension
| and
or RRUiBf s Bt ) CRREENALI 618 GERBIE RadeC suport efrial an
fonwhigh theyeare anmpdm@mas:t wfithfeaahudther is betwgennl minute and 24

Sui tab olbégw defl ned ‘ﬁg ve and a suitable
hogiss, <P<§$§F Y ﬁeﬁ uies an Sor a mxture of
al Ug}. Q%éfé??ed)én%dlméﬁt'df t6O pRssEHl imshtion, tha-iepregnation

aci e amount of co-catalyst enployed Iin this ste
processvs.carries autley havingdive impregnelien suspeRsiaaHrisekHion flow

TR e
prb@élﬁﬁe is carried out in a column-shaped or cylindrical or tubular or conical
reaction vessel with inlet and outlet devices, which is filled with the co-catalyst
loaded support material. The impregnation process can be performed in three
different variants as described in US 6,589,905 and WO00/05277 respectively,
both of which are herein incorporated by reference.
In another preferred embodiment, the catalyst systems of the present

invention are formed by an incipient weiness impregnation technique, where the
volume of the impregnation suspension or solution or the total liquid volume used
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1.0 mmol e co-catal yst per g support material. The
total anmount of co-catalyst such as an al um noxane or
m xtures of al um noxanes enployed in the catal yst
preparati on procedure of the present invention
depends on the nature of the netall ocene conpound and
in the m”fme?ham;t step, pesmetlmlyzsd@és nokexosedd250%d the total pore

ically between |l e and 24 mmol e al um noxane
O\ﬁﬁlaé‘?riagn? Preference is given to use

bet W%SB 3 Y@gfé)Pr&ER{ Pvehtich PARRIRIrRREIBeREd %Oqttreﬁlttﬂuse at

parti CU ar- pr ence 1s given to use bet ween
leastd Dananods thhmalumnmxaam orofdhe rpmurg of appprainoxanes per g support

oS S Bt 8 L B o Blor R o bR cut e
umﬁ%@%h@ﬁ %'P@p ;ﬁ@@gmg thel'imafe@r@t@h@u@péusnbﬁtm%nlthmugh the
enpl oyed al'um noxane per g support

COﬂmtaiy$tgiDadérd\@upﬁpﬁe}‘@ﬁ’fatlaldﬁ %@lﬁ%@sf@w tsel f can be
b §ia Ao St kel B Suter SN EleNesulifh supparted.

métﬁl!d&'ﬁ@ é}ﬁélysv\’syétehhg opticRall wakhédadddhen ﬂnedtto ensure that the
material, which is in the formof a dry (!'n))owder or

sobzeswmmpietely@rm@tlwﬁem@eaérqr@m%pﬁ@ﬁ idhesuppBitdnaterial

t i
bt BighSER tea LSS TRY byt o5 ke
enfiRRhaht onthig Mvehtion ﬂwswpmrtmj catdlyshis récevered and optionally
i npr egnat i on suspensi on or sol ution

b ith
waghgd withan msom@@a fracarhonae %@a&fﬁ@w%ﬁidi?%rﬁw%@vem The
o8 S B NN AR lonalor Rt o
aﬁafﬂmenwdmamoadoment;m mitreral/oil one vedx.t he i npr egnat i on

Sor WS ks lvortis CorpReh oreosnareraeues o felrflortes
caHa:Pyét %y%%%tﬂ% rhB§urb U bePstirfed BhY N dediféd, [ AP Gkaiad. Preferably,

t’he i npregnati on suspen3|on or solution is
botir tmghsnblmportmmfathe salvent and the pedioal in dhe [peseraf the support

gl Tk ThE TEaP Vel plchednvant dre et Bl 2
coﬁﬂér&ﬁﬂw%ﬂ XAy Hin§ %dﬂde@rbrlaiés%%rﬁ:ﬂbr puigines eithasért gashDuring the

co-catal yst™ | oaded support material and for which
drymgprmasamemmmr@cmaeﬂwemtemue&dcthemolvgnbdaml@%w

re@oH%tﬁ”\gﬁ'%H Gatial} DUy RS & 3B Mré@t%(‘ﬁ?é?e?re@t@ﬂp%?atﬁ@of from

30 °C. to 60 °C. The free solvent is the visible portion of the solvent in the mixture.
For the purposes of the present invention, residual solvent is the portion present in
the pores.

As an alternative to the complete removal of the solvent, the supporied
catalyst system can also be dried until only a certain residual solvent content is
feft, with the free solvent having been completely removed. Subsequently, the
supported catalyst system can be washed with a low-boiling hydrocarbon such as

pentane, hexane, isohexane or heptane and dried again.
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In a preferred enbodi nent of the present invention,
the inpregnation process is carried out by having the
i mpregnati on suspension or solution flow through the
co-catal yst | oaded support nmaterial in a direct
manner. Usually this procedure is carried out in a

col TpnssihepRtcess oy lprepkiinpa fiee-flaving aupportedatalyst system
reacti on vessel with inlet and outl e&@ﬁj’ew ces, which

acwdmg iadhepresentiavensionganpeses NeJQlWEGHBPE:

B e P A S S e
leaat dn¥@NHAERZER e lire adiestt sohednt, at atetipeséiungiof abaut 1o 307C

R kS5 e <RSP EhP L TERGLA hsocuorty
heétrrr]}{jgfﬂ{é RISURIG ﬁ] dedo %Yte%bérﬁﬁ]r@ 0§30 twomeé‘.sand keeplng the

egnation tec ni que, where the volune of th
mixtmze agaam 0¥ spadts imimutes te aDlmLm Qntloméytf@ltqwed by removing

o b GR350 o (BB IBAR o84 B st

ste ?éqjg;n §hb dunebruRNEit, material . According to the
E e) ent™ i nvention part| cul ar preference is given

us ebhBuspending endfardlissalyingheespeativelv.alieast ee m@‘éaliocene of

e I .u t e
o518 ol ThAMERGGB " 8 AP aneT Bl
aluhfin6Rares OH6F dAMPnid sMMpenAd ized/crtzelpewis arid én agecbad solvent or

I mpregnati on suspension or saolution throu

USRS Meshum Gl ademnsspre ofatbr10arC: aPWIAl elowed by 2
oo IRATE R O ARERL B EBAR oo 100

opt tpAgblyingehekteedreparedin l§do the ehsninexahatoades support
ot ik e D ) i

) free-flow ng powder. In anot her
mlﬁ%a[él ment of this invention the supported catal yst is

L eg dyaeegbwm‘@t}g?qujar%/?f ﬂmmh niifroim $hve msmm gixture and
rocarbon and/or paraffi on s.
opigag wase 319 e srp S GHELRE IR sfeiEovelt”
SUSBZ%!%@@ B%d%tgysws{gﬁ]ldﬁdc hydrocar bon

vent, a ner

sol , or a wax. Wiile the solvent is
conpl @p&bnallyrpr&pelymprlzmg)ﬂ‘@oresuﬁbﬁgtﬂh‘@P@dQ[dcqat@Iust system with

oné&%é@foléﬁ@%%ﬁrﬁ%@, ﬁ §#@§%®850@He{rfz%9 sﬁ]b%orl’eﬁ catalyst
system.
More specifically, the process for preparing a free-flowing supported
catalyst system according to the present invention comprises the following steps:
a) Contacting a support material with a first composition which inciudes at

least 5 mmol of an aluminoxane or of a mixture of aluminoxanes per g support
material in a first solvent at a temperature of about 20°C followed by keeping the
mixture at about 20°C for 0.15 to 2 hours, subsequently heating the resulting
mixture to a temperature of 50 fo 160°C and keeping the mixture at 50 to 160°C
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both the visible portion of the solvent and the
portion in the pores of the support material are
renoved. The renoval of the solvent can be carried out
in a conventional way using reduced pressure and/or
purging wwth inert gas. During the drying process,
for 1@ ShsbiK 8phciaiRFollebe byakiovirgall bi part o6 tefitst balyent
been renoved, which usually takes from 1l to 3 hour
andior aptiordlyriolewed by oF o washing stepr@) usthiosd s'a.tar% golvent,

I L:S)Téﬁlgé&gc;iné égﬁpfﬁlés;ou\gbgs@gﬁ%?%faé Elée’%séﬁat?{evlﬁ%llbeene of

foriEEALL P8 and €8 iedist 0.5 alnveletofisssdcoadportion of pnesuminoxane or of
the pores. As an alternative tq the correp val

lete re
a nkture of elimispxanespekd SHePPE Materaldn @3 %%‘?W%ﬁr?r
| so.be_dr4 i i i
s 0 B PRI Byl B gecest 0.1
mo@%{m’: thé th)tal afnﬁunedf algnﬂﬁexarm(;dm c_;f,ahniixtluresuﬁaiqlrr_m@(ane perg .
catal yst system can pe e a,.l o L1 n
SUPRaT PR e BT RETE B R A0 e kanetoREl Bl sy a
pre%r%%éﬁ‘cﬁw A gt Aihag 3 2oodRuiditiea téMpeRitarese2d & 307

eparing a free-tlow ng supported catal yst system
accoy Applyirigothemixpuregraparetvio i) to the siwpninexane lngded support

melSiatFSbSdei o) oA AU L8 P oGttt or
mi@é}%%@% gin a first solvent at a tenperature of

0 30C followed by keeping the nmixture at
abod) Rep@virg the majarparbal e solves foehthe reswiting; mixtungeand

oo biptBRaly WhsfinBdng oSG Shufe Rl palgyy<fif etbie

SO@gnpours, optionally followed by renoving all or part
of “t'he first solvent and/or optionally followed bg 0 g
or noardinaghiing thestaslting supnegted calialyslatdtesmearatires Bf] Oto
spendi ng and/ or dissol ving, respectively, at |east
nmetal | ocene of formula | -1d and a second portion
of @Rgal um noxane or of a mxture of alum noxanes or

of an ionic conpound and/or a Lew s acig itr‘%t"j‘? s§con{j ith

sol f)@ptionallyprepelymesiing:theurseiing supppted Caialvgsysan wi

100C, opt.i pnal ; efRrkl ' talyst”
ong o rRIRED BTG s CHTS gbleife ey iespeligtppbiBg Batalys
Syg);mé_\ppl ying the m xture prepared in b) to the

o um gopxrgf%?reldoeargggdi?#é)rﬁ%é process for preparing a free-flowing

supported catalyst system according to the present invention comprises the

60

following steps:
a) Contacting an optionally thermally pretreated silica support material with

at least 10 mmol of an aluminoxane per g support material in a suitable solvent
such as toluene at a temperature of about 20°C followed by subsequently heating
the resulting mixture to a temperature of 80 to 140°C and keeping the mixture at
80 to 140°C for 1 fo 6 hours, optionally followed by removing ali or part of the
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materi al produced in a), at a tenperature of 10 to
100C and a contact tinme of 1 mnute to 24 hours, d)
Renovi ng the nmajor part of the solvent fromthe
resulting mxture and optionally washing the
resulting supported catalyst with a suitable solvent,
suitablessullvdrit sgch las toluysmer aedfoc epldyslty ollewecbyrahef 9r more

ti [ . | j Zi h [ ti ted
waShing siep(Sylsing i HRbIAE mor e ol ef i ni e mONONSY () |
t teq i ;
0 Gty _eflldI@g%&fﬁi&bé}@iﬁg;&g&b@cﬁ@&y?éﬁ [Bh¥Sdne FetdiRBene of

Mor e “speci e pro for peparlgga )
fofmda-1d -evid rgpdsatdeasit b8 moaleadfys secord portinncd ailimigoxane perg

t he present. i.nventi on coppris t he f.ollow ng steps:
SUBPOWE 2az| ROl et BBFLe TaBpIalocHne i 45§ g BIERRE of at least
0.f AR%ShittheRotenbRfbuntef HEBn®tancasdf & mikite 6f aldfminoxane per g

al um noxane or of a m xture of al um noxanes per

C g
suppppdnateriskabaitampenatard 0720 tas80 e eptionally fd \dle

of .abaut ..20C . j t ] out
prégsiRiatph giesot miRiEte 0dfile Bl al e i hEofin 300

r es @) pping1ine Mﬁ)@ui@p@gbwmﬁr ttortae efiurhokand f@eanslipport

keeping the mxture at 50 to 160C 46 for 1 to 6 hours,
maptigpraduged i abwia teypesatuia aTate 180° G and agontaet time of 1

JiLs t and/or optionally foll owed by one or
mlﬁg{ee{ovéééh%‘%' step(s) using a suitable solvent, b)

Sus g REneving the majorssarn uf thg toluesededintive yesulting aiedtre and

one netall ocene of fornula 1 -1d agg at | asﬁ_I 0. 5,

moled Qtionally washingoihe resuling sHPRPL ﬁafami with g puitable

i.xt ure of al um noxanes per support material in a

sofVeht per g supp

secdnd sol vent. or suspensi on nedium where the :
et al bndendrying tise desuitiransupponted cdtabist bespadaturesrof 80 to
9{: the total anpunt of alum noxane or of a m xture of

602 uni noxane per g support material, at a tenperature
of Zoabg 50C, optionally followed by a preactivation
time of 1 mnute to 200 hours at a tenperature of 20
t o $00ptionallyprepolymerizing theuesulbtingupported dajalyst system with

ordiot 0% bt PSR eH 1 P BIEAE SRy ot
Sefyt € to 24 hours, d) Renoving the nmajor part of the

solvent fromthe resulting mxture and i ]
tn a more preferred embodiment the process for preparing a free-flowing

supported catalyst system according to the present invention comprises the
following steps:

a) Contacting an optionally thermally pretreated silica support materiat with
a weight loss on dryness (LOD) of 0.5 wt.% or less and a weight loss on ignition
(LOI) of 1.0 wt.% or greater with a first composition which includes at least 10
mmol of methylaluminoxane per g support material in toluene at a temperature of
about 20°C followed by subsequently heating the resulting mixture to a
temperature of 110°C and keeping the mixture at 110°C for 1 to 6 hours, optionally
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e) Optionally washing the resulting supported catal yst
wWth a suitable solvent, and/or drying the resulting
supported catal yst at tenperatures of 30 to 60C, and
f) Optionally prepolynerizing the resulting supported
catal yst systemwith one or nore ol efinic mononer(s),

foubwee e%c"duﬁ?@ aper Yardf #es taiune dredlocaptidnadly followed by one or
syste I'n a preferred enbodi nent the process for

mope ayashinggstap(s) asing aavitaple SOt ed cat al yst system

B Ao B SO RSP o one o

forRiuBd nBat Rilafd lat kst dpnvote obd eecahd \potth)n oftme‘d'gﬁlu minoxane

mmol of an al um noxane per su rt mat eri al
peKgiStRBPE TEBTakN fokiep, WaereiheUmetallocans Biusd i agjount of
at Il%ggﬂ{) Izrﬁg";i;nglf H&ér"g) Ibéfn ?nagg;ﬁgﬁhdr%kaggﬁiér@%uﬁ mat%na! ata
teriiggiture df 126 toi50°x ep&@nal@(foﬂmv&d(w 4 preactivation hm@rcg‘ 1 minute

tlonallyfollovvedb ng all or part of the 47
to 36@ hﬁﬁf%at%t%mragﬂér&gbﬁ%ﬂjege and/ oP optionally
f ol i |grﬁ;|nlﬂ rane loaded
Fgﬁﬁgy% Veﬁp&!ﬁ%@ﬁéus%ﬁgﬁﬁh H)%&ﬁ@ﬁ@%;lf gorane loade

sui di ng and/ or ssol vi ng
sup@@ﬂmﬁtewﬁlgmdaﬂ:ed wea), by pasmgathﬁd&'@n@nﬁlonfwgpglop Q

|
b 55 R ol BRI s et o
or hg%éﬂﬁ hn%ﬁﬁ@ﬁ’t WEtnes8 inpreghatisnryshiniglie avhéeabht vomnhe of the

e total anount of al um noxane or of a
impiegnatien eﬂs;aemmotm ox salutipr or ghe tatabliauid valugyg yped i the

f 20 |
oG e P R 508 B e vaume o
thd EU”EBtﬁirﬁﬁié!t@nélf aﬁé)térﬁp&@&lre@f Yl V007G amdadontastdime of 1

prepared in to the al um noxane | oaded support
minaiiectoi 24 hquréduced ina), at a tenperature of 10 to

Lo A AT b B oy o pmiir g
r 93 ) OptiengilyvasRingtde resulting supported catalyst with a suitable
solvent,
and/or drying the resulting supported catalyst at temperatures of 30 to
60°C,

and

f) Optionally prepolymerizing the resulting supported catalyst system with
one or more olefinic monomer(s), to obtain a prepolymerized supported catalyst
system.

In a particular preferred embodiment the process for preparing a free-
flowing supported catalyst system according to the present invention comprises
the following steps:

a) Contacting an optionally thermally pretreated silica support material with
a weight loss on dryness (LOD) of 0.3 wt.% or less and a weight loss on ignition
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e) Optionally washing the resulting supported catalyst
wWth a suitable solvent, and/or drying the resulting
supported catal yst at tenperatures of 30 to 60C and
f) Optionally prepolynerizing the resulting supported
catal yst systemwith one or nore ol efinic nononer(s),

(L@F) Bedkaei 135 BAE B3OS WIS, vzitit ab lepsbi emomfahgmylalemme perg
In a nore preferred enbodi nent the

suppep Mmatataldn teliene | & taEPesalER P 2o F%yfé’ﬁ'%’;?gtfym

R o e

thdg Lrﬁfét?ﬁbﬁéﬁﬂ’l &d fo;tal t@u{t)b@mﬂs mitlamallm follbwéed by resiaying albegpart of
ess %

thefplugh Enefor QGBI OIBWSCRY 8he o gty Hiep(s] o o

SU&E%%%W& iy whi ch includes at [east 10 nnol of

aluni noxane per g support material in toluene at
a t @)r@aspem.agcﬁnd/aunssolmg fasiplestieely bt leasisaig mtalincene of

o B o M AT B Rlpoane
pefgtél.@ﬁﬁhl %ﬁaf 1 o), Whér@ﬂ%’fr@alﬁiden@rs psed n@bntdmount of

or optionally followed by one or
at Vm‘hﬂrﬂgmﬂ% mf she ttmtah@nausboﬁ aiun*enwnﬁe?ﬂr g sypport matena! ata

bR AR Sl B b aRhfpudh 400 1 it

to%@'h%ui% aﬁa%&ﬁﬁ@ﬁat@@éﬂmtdaﬁomt hyl al uni noxane per g
support material in toluene, where the netallocene is

used) Appmmgathmmmxtuwe preparashin blothasneigalyminoxgng loaded

supERf vetB e CPriRUER RS BEL pbsHERS] np QiR op foriion or

soﬁfti%ﬂcﬁ)'tﬁﬁugﬁrthélamnmﬁ)xénmlmdai stgpatDaterial @) dn aa:hrect flow or
temperature of 20 to 30, c) plyhl%the m X
Bl

bypusingae indipien) wetnassdmpEegnAtion iFe ﬁeWh%Eﬁjﬁ't? volume of the

Bl AL Qon SRR o \nElei oS sel e o
Impﬁédnduah Wb auspectivend edes b extoeth 260abf the tatal moee; yolume of
the support material, at a temperature of 10 to 100°C and a contact time of 1

minute to 24 hours,
d) Removing the major part of the foluene from the resulting mixture and

e) Optionally washing the resulting supported catalyst with a suitable
solvent, and/or drying the resulting supported catalyst at temperatures of 30 to
60°C, and

f) Optionally prepolymerizing the resulting supported catalyst system with
one or more olefinic monomer(s), to obtain a prepolymerized supported catalyst
- system.

The supported catalyst system prepared according to the present invention
can be used either directly for the polymerization of olefins or be prepolymerized
with ane or more olefinic monomers, with or without the use of hydrogen as molar

50



or by using an incipient wetness i mpr egnati on

techni que, where the volume of the inpregnation
suspension or solution or the total liquid volune used
in the inpregnation step, respectively, does not
exceed 250% of the total pore volune of the support

ma??@d@ﬂi Bhoft, RGPS dHe it Bblykferizatidh Procais. Theqroesdure for

e to 24 hours, d) Renoving.the
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S“p éﬁﬁﬁvéaﬁﬁ fz(éésnﬂé tb eEpcHafing epaftér 8@ prepafédtion afride
h

tlona 1y prepol yneri zi ng
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ain a pre -

eSS BB R A BEPS  Bng o o
an Bheatié, U deddriped if LRSI Ber.INp.08/865.,266t ﬁhg smolay satioof additive

according to the present inventi on BS
to Tgta"mm@comp@pgn oTDHIERCE 1 AQ LAl EpTy 1080 to 1000:1,

er

verydeponly BreBbiaBR OISl 2P B0 5 W o 'o?' 655 and a

wei 'gﬁé WP?S‘heﬁt tWJIgrma? hllsmprowje(s%@yodmss vieeprepasingraipayaefin by

h at | eas

polytspsationt @Iﬁe o e CATNG D the PEESAIGE Y dhar e Ay atard of the
pre%gﬁ IE?%J‘I? {?»g»rfsﬁpat s g%*le}‘tré}?sqﬂ.'idm&étél%drﬁm%éﬂtmthe

110C and keepi ng
forﬂ?m}etsu‘r e 1, auéza@.t bne stipport@arnidoairieastome epcatalyst. diar igpurposes

of parssatt o diaru iRy Remsrait g e B op o)
horﬁﬁ@ﬂ%rﬂelnz%ﬂbﬁ %HZ:OP% \})fﬁé’ﬁzat?éh SR tEimaopoll/merization includes

respec | east’ one netall ocene of
ter;bcniynmhaahm oft domisdmetlzam of mongdhan yreg diffargRimonomers.

T St
whe&fe R™ and R" are identical or different and are each a hydrogen atom or a
‘radical having from 1 to 20 carbon atoms, in particular from 1 to 10 carbon atoms,
and R™ and R" together with the atoms connecting them can form one or more
rings.

Suitabie olefins are 1-olefins, eg. ethene, propene, 1-butene, 1-pentene, 1-
hexene, 4-methyl-1-pentene or 1-octene, styrene, dienes such as 1,3-butadiene,
1 4-hexadiene, vinylnorbornene, norbornadiene, ethylnorbornadiene and cyclic
olefins such as norbornene, tetracyclododecene or methyinorbornene. In the
process of the present invention, preference is given to homopolymerizing
propene or ethene or copolymerizing propene with ethene and/or one or more 1-
olefins having from 4 to 20 carbon atoms, eg. 1-butene, 1-pentene or hexene,
and/or one or more dienes having from 4 o 20 carbon atoms, eg. 1,4-butadiene,
norbomadiene, ethylidenenorbornene or ethylnorbornadiene. Very suitable
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at least 0.1 nol % of the total anount of al um noxane
perg support material, at a tenperature of 20 to 50C
optionally followed by a preactivation time of 1 ’
mnute to 200 hours at a tenperature of 20 to 30, c)
Applying the m xture prepared in b) to the
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co@aﬂgw%&' PRGBS bt darShe ﬁv&@wnhqap@@@bmvemm &)

resent 1nvention can be used either ectl for
Hoﬁﬂitﬂaqjxnmrseor ramidoom copolgmers hevive alraaddpe gwiq

 distilioposighs rmggélgggﬁsefgg Pé%chﬁ%%ggf@a%rgﬁaglﬁ andJé%F multimodal

I
&\\%@éﬁm@ eg}l‘? d|§tﬁb:ktﬁj?1 édh Beﬁﬁb&tﬁ@d inctiicoor muﬁcmstortaecades by

t f
apphyi ﬁfef@ymx@memaa@)o a.[f%éhnzc?prb%?@%pzééﬁﬁmtainneh'n
I N nNcor
adpiilogo ¥|%’Ip d@%ﬂé%to%ﬁ%n&ﬁrgfeé e p(rjéc'a]l'I @Pgtq ngr:lfocgf
ca&?&f{ é@dumabmac@bnmwsam maltiﬂmdal mitmbebawaur can be

preferably an al pha-olefin such as styrene or
regiizadyl di met hyl vi nyl sil ane as activity-increasi %g

%M&ﬁ%&hﬁg&e %r%b?ég%drlamlﬁvtgﬁhé’ presept invention
can be used as sole catalyst component for the polymerization of olefins or
preferably in combination with at least one alkyl compound of elements of Main
Groups | to lil of the Periodic Table, for example an aluminum alkyl, magnesium
alkyl or lithium alkyl or an aluminoxane. The alkyl compound is added to the
monomer or suspension medium and serves to free the monomer of substances,
which can impair the catalytic activity. The amount of alkyl compound added
depends on the quality of the monomers used.

As an alternative to use more than one reactor to prepare olefin polymers
having a broad, bimodal or multimodal molecular weight distribution or a broad,

bimodal or multimodal melting range resp. melting behaviour, it is recommended
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to nmetal |l ocene conponent of formulas 1 - | dis
preferably from 1: 1000 to 1000:1, very particularly
preferably from1:20 to 20:1. The present invention
al so provides a process for preparing a polyolefin by
pol yneri zation of one or nore olefins in the presence

to §de E%’c&lﬁé@éﬁé&fm %?ﬁpﬁ’[@irﬂé tWdBr nidiré BirehhiRBdlioeBnes.

conpri si east one transition netal conmponent of
Altemativelyrtnd arsmare differenitcatalyst systems of g present imvention can be
I(iast l%?;ﬁ cocatal yst. For the purposes of the present
USSR FE R MHYT% he term pol yneri zation refers to both

hompR Ghy R masatreglaAdta K@BPI iMerfdsatthemotinily, tHydrégepis added
copol ymeri zation”includes terpolynerization or
if regpicgddineri zati on of nore than three different

non rs..Pref [ [ I 7 j '
of B iy Bigif Bt Be bl & B JAITkigAibrP s tbPas o
soliclengagtaloras thd forey ¢fd sagpsbrvien ieva hydrosadsargenmal dre eated
a radical having from.1 to 20 carbon atons,. in
with dnent componentsmstich @s mRraiingofiis O waxesaigjaghigve Rgties

her. W ' . :
mel i B okt By Rl A ok IHRERLTBRCLR 1SRG with the
moRloh&srdo b pelgmerizéd lou ties enorbmemhixiee to-benpolpmerized, the mixing
4-methyl -1 -pentene or f1-Ea<3§{tene, styrene, dienes such
unifgnd the metgang Hae are prefreakivicepted. vi nyl nor bor nene,

nor EBHH@%S@E raﬁgéndg:bﬁi\)%oé@&{ Eé‘gh?g@sﬁa‘ﬂi@ o Aleohd &I BS used in

such™as nor tetracycl ododecene or _
thenpridopbe of te pressent inventien, for exampledto intpeoye ghacparticle

mopp BB A PR SaEh 1o BeHER TR BT B oo £ Bfistatics,
wh%:h%r%f‘%t.ﬁfé‘iﬂé’fn S8fn gblyﬁ‘i’ér?za%ion%r?éééé%sh fvs pEefbfrettd doge the

on atoms, eg. "1l-butene, 1-pentene or hexene,
antistefiodirently into the polyinenization ey signd, eithen tagether with pb geparately

atons, .eg., 1. 4-butadj ene, norbornadi ene,
fTOlg}‘_E‘ﬁ‘?ﬁ}@E{éh@Fi%‘Pﬁﬁ?@-or et hyl nor bor nadi ene. Very
sui trRbIgdIAheRQRBPERRT Gsiit@he caktyt sysleens of theqirgsentinvention

propene-|*-butene copol yners propene-1-pent ene
disptayounyifernspartidlepnofiaogy asdsontaiunediees. No agglomerates or

r apene- et.heng-.1- : QL ; '
deosiichie. StAERE 4 e BB o using thegatalysp gystem of the
pr%n!’ﬂ‘ﬁ/fénti@hj onis carried out at from-60 Cto 300 C

preferably from 50 Cto 200 C, very particul arlg
ot oTbeaatalysisystests of the posent inveBigh Gl pelvmers Such as

polypropylene having a low content of catalyst residues, high molecular weight
and cover a broad range of stereospecificity and regiospecificity.

The copolymers which can be prepared using the catalyst system based on
metallocenes of formula 1d of the present invention have a significantly higher
molar mass compared to the prior art. At the same time, such copolymers can be
prepared using the catalyst system of the present invention at a high productivity
and at industrially relevant process parameters without deposit formation.

The polymers prepared by the process of the present invention are suitable,
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fromO0.5 to 2000 bar, preferably from5 to 100 bar.
The pol yneri zation can be carried out in solution, in
bul k, in suspension or in the gas phase, continuously
or batchwi se, in one or nore stages and /or in a
reactor wth different reaction zones. As an exanpl e,

in éaﬁﬁﬁlﬁéh Z&ﬂﬁgég@i@i@ﬁﬁuc@r&&ﬁ rRAHbers, HiaMesad injactitr-enolded

onopol yner or random copol yper
pare) e} siots; Wweipsaciosliyes botties drdargedhnlioydbodies Hichiasspipes
st age@é and the copol ymer rubber content can be

with exgaket Preperii¥S-consecuti ve stage(s). Homopol yners or

r angpmcaRGLY EEefLﬁiH@YliJéﬁra@ed’bﬁ%htm afisheed webglimited to, the
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followingExéarnpiedalTher CoviparatieaExamplesaredesoripgifer comparnson

di stribution, can roduced in.two or nulti reactor
PWP&@@&&’@E’ Eﬂl}fd%f)'ﬂlt 5&'@8@%‘ #‘Fép\é‘%‘,{h ydr ogen and/ or
di fferent conononer concentrations. In addition, by
appl ying di fferent conononer contents in two or nulti
reactor cascades, pol ynBXAMPEESproad, bi nodal or
nmul t.i odal nelting behavi our can be realized. The
al yst system prepared according to the

preag 'Hreﬂ)d??w& W%fﬁk walarbdm_edl eaﬂua@erfw’gfn?%sirm $ehlenk techniques
corrponent or the polyneril zat)op of ol efl r
o pra plvatiox. Al sobiasithaere puUiGackvil Srgas ngded qupr molecular

. CONMpo el ements of Main Goups Ito Il of the
sueﬁggﬁgﬁé}g U%ﬂbl e, for exanple an alum num al kyl ,

magTasigaymersitbdaced ahdithemaitalidcenes ased warerhasaeterized by
5 The aldsdll C%ound@i’é addl\%g to,the nonomer or
H-NMPBenG-HMREISmGRE A Ne3PeHosreRYt he mononer of

sub ‘ j [ [ gatalytic activity.

The%hggﬁ)ﬁéwg‘d\ga#’ y@@r?%?lﬁ%'gha% ed depends on the

quaPift ¥ polyptdpylemeoners used. As an alternative to use

nor e ttlan%t‘%ﬂe reactor to prepare olefin polyners
havMfg =2M8i@88%L"Si nodal or nul timodal nol ecul ar wei ght

i Stk ol B SRlstofdl Todal or rul i modal

nmel t'1'ng rahge resp. "nelting behaviour, it is
rectymrhogied 52 to use a catal yst system conpri sing

two or nore different netsgllocenes. Alternatively two
or H@\EQV&HCPP QHW%I’%E& Ysystems of the present

| NV @Rt =QigRNaRsagdTRlaf tadsoDihe pelymer in g/mol
M, / My = polydispersity, determined by gel permeation chromatography
(GPC)
MFR = melt flow rate, measured at 230 °C. with a load of 2,16 kg (ISO

1133)
m.p. = polymer melting point in °C., determined by differential scanning

Ge

calorimetry
(DSC, 1SO 3146) with a 1% heating / cooling / 2™ heating rate of 20 °C. /

min
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As nol ar mass regul ator and/or to increase the

activity, hydrogen is added if required. The catal yst

system may be supplied to the pol ynerization system as

a solid, a paste or in the formof a suspension in a

hydrocarbon or may be treated wth inert conponents,

sucq, 2%l 1hbérature ieBSHetédnined by differential scanning

meteti Q.  IT the catal yst systemis to be metered into
calbtimeirgact or together with the nononer to be

pol i zed,.or the n r mxture to be pol ynerized,
the?/[ﬁgéi Wd'ﬁmsts%%gg?ﬁegenet ering line are preferably
CooRBHm tERJeraIEr 20 °@n additive such as an antistatic
or an al cohol can be used in the proce

f th
o1 cSbepthylarmeoment pHRORMIATBISVES detarated kAR PGrMR

r phol ogy of the olefin polyner. In general it is
SP%&E‘%CBP% to use all antistatics, which are suitable

in olefin polynerization processes. It is preferred to
dose the antistatic directly into

t
t he .pal i zati,
S Expmpde dnBropogiondf Do aos SR a2t gen-
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buf R OIBYE] S "of i he prbsent i nvonti on display
uni 010G EEI.5 imﬂnelem)rqbEghe’@wl-éﬂdgtab‘hbatglphwyf)fhg‘gienﬁdlvere
int&%ﬁ%}%@”ﬁ{té‘ 355(,%_[Lg;%g@%ﬁ'ﬁt@%gg@gqr@éfmgt 47 AL of n-butylithium
(2.5[4\3@;@%4”%3 %V'Hrboéqd o RitlsAit Mteilpsys et idora fetnperatuss eAfter this

i've polymers such as pol ypropyl ene havi ng
additiof\ls complaté, the mxtureysas Inw'edli@ﬁ()"é @mp stirrect af s

(eraperEgoE e Ppibi Aoy RoWEaG SaRLtS ADRGoARE Bd §'8' L (20.7
meafeRy et Bl e RS adaes rpiise. Afer this
o S st st s b5 e o
ovbmigh?trﬂ peoradempengturé.e 68 mlappwﬁ{@%@@]@ﬁec{, yﬁ@nﬁﬁﬁg@@es that
formpheraAtb B Alschs L orGAEE Bliesd ek yystipdlith YOS didater, and

thd Egu@&Ls\/ﬁ%% RES RAMradicthtdictipee wettsa dbtat be1G0 exeof toluene.
I nVention are suitable, 53 in particular

) for

Ther etolined opganic #heses wera 8ried KYEE magneshis sultate. After
seipgia%fc:)hio?%érﬁ{a%%%sium sulfate, the solvent was removed and the residue
was purified by column chromatography. The desired product di-n-
hexyisilanediylbis(2-methyl-4—(4’-tert—butylpheny!)indene) was isolated in a yield of
6.6 g (44%) (purity 98%).

- "H-NMR (400 MHz, CDClz): - 4 |

7.42-7.04 (m, 14H, arom-H), 6.72 (s, br, 2H, olefin-H indene), 3.60, 3.48

(each s, each 1H, SiC-H), 2.04, 2.02 (each s, each 3H, CHa), 1.33, 1.31 (each s,
each 9H, fert-butyl), 1.20-1.02 (m, 16H, aliph-H), 0.78-0.72 (m, 6H, CHs), 0.67-
0.50 (m, 4H, aliph-H).
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parts, filns, sheets, caps, closures, bottles or |arge

hol | ow bodi es such as pipes wth excellent

properties. The invention is further illustrated by,

but not intended to be limted to, the follow ng

Exanpl es. The Conparati ve Exanples are resented for

co . Iry- dHld - :

v 2 o D e S e 4 e for
bupigeayhtindenyiigitcontsn dighldridé out under ar gon u5| ng

S AR i e bl

buﬁjep?‘}aéﬁ? g*?\%ife‘?nb%él%emtﬁb@céipinYﬂOﬁandmmd emmk vahd 8.1 mL of n-

cenes used were characterized b

butydithinvRsol D, (ZB8A/4n tolugne)yeenerasdashyt rorpn’etqmwa&men diiter this

add tgé@/ai&?éciﬂgn%ﬁ rt%egﬁ‘i%@g% % stfD fed - &@g%@mlgﬁ% fe. It
was coffe0® §oC,BHEPEen 2136 g8 1001 Wdesﬁomltcoauﬂn ag@am’rdbmie were
mass of the polymer in g/ nol

M N /
added yﬂpsrplnensx t/l,fterdbe additinp ©f 29 rgbIOfyﬁ’éch}Qaﬂth@h the mixture was

allé\p{a og‘ ‘GP gﬁe g{ﬁi aﬂg‘%{t(és He%‘(’%tfr%%r 'EESWU?Q at this

terﬁﬁé%tf[ﬁé nmé pf&smwt@that forfhs wésts@pma‘[ed timpugh a GS fritted glass

fferential scannin cal or

ﬂtsn and wasised eeseiwith 20 5dopi qutW Qﬂtﬁfh EEP rﬁ@@“&t‘@a%%%d”ed In
and%lfw Hgagﬁ(}{m"'lﬁ g%g?{q élrlroﬁﬂﬁi \'ivbgrbbtté?ﬁB&WE%Qd'd? 49 g (55%)

scanni

and a rac:meso ratio > 20:1.
H-NMR (400 MHz, CDCls):
7.60-6.96 (m, 16H, arom-H), 2.22 (s, 6H, CHs), 1.87-1.35 (m,. 20H, al:ph H),

1.31 (s, 18H, tert-butyl), 0.92 (t, 6H, CHa).

Example 3: Preparation of Dimethylsilanediylbis(2-methyl-4-(4’-tert-butyl-
phenyl)indenyl)zirconium dichloride

143 g (0.54 moles) of 2-methyl-4-(4'-tert-butylphenyl)-1-indene were
introduced into 2.4 L of toluene and 143 mL of tetrahydrofuran, and 234 mL of an
n-butyllithium solution (2.5 M in toluene) were added without interruption at room

-temperature. After this addition was complete, the mixture was heated to 80°C

and stirred for one hour at this temperature. It was allowed to cool to 40°C, then
33.6 g (0.:26 moles) of-dimethyldichlorosilane were added dropwise to this reaction -
solution. The reaction solution was stir}ed for three hours at 60°C. It was cooled
to room temperature, and then 218 mL of an n-butyllithium solution (25 Min
toluene) were added dropwise. After this addition was complete, the solution was
heated to 80°C and stirred for one hour at this temperature. It was allowed to cool

to room temperature, then 71.1 g (0.305 moles) of zirconium tetrachloride were
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calorinmetry (DSC, conditions see above) Room
tenperature: 20 C. The ethyl ene content of copolyners
was determ ned by IR and 13C-NVR spectroscopy.

Exanpl e 1: Preparation of

Di - n- hexyl si | anedi yl bi s(2-nethyl-4-(4'-tett-

;Eé}ﬁ gé) 'TRERAtiohCvas Stifrdd fér NS 2@U5°C and the

tert-butyl phenyl)-1-indene were
prsclﬁtecwlﬂmdorm wat%patatetﬂ btycﬂltnamm thnouighl 2 @3 fittedglass filter

and saccarlBreSIRCENI S0P RL BOTiEs o EhpBy BTN e feSicue
waggbgd %‘Hsl SVa%Q . &he théfp?oemetwseow@mé@mtaewetdooﬂssg

at th's tenperature for one hour. |t
O%)sared Withealrdmeso ratiotrt, Enwlisomens s1stbe gemprated in an

f dj h
adqﬁm%ﬁﬁﬂéé toupbih SreLve, leBiols o MG RS Rt RS
wasi L aiNNRg4obMHEheBelfyour s at 60C and then overni ght
at roomtenperature. 60 nmL of water were added,

t he7 FReB.886 (MdtH, fasem ik 244 (5 adthtraeso-Sits) of- gg}r{ﬁcglq rac-CHs),

1480805 4 Ind8E Miesh. | 33zt Pat. Rl A buniiac i), 1,23 (s,

158 rdéid-0H,9f toluene. The conbined organic phases
were dri ec? over magnesium sul fate. After separation
of t he rragne3| um sul fate, the solvent was renoved and

%g:iq'q égl ﬁ‘géﬁ%[%gfolf fﬁm%ﬁ&%%e%lﬁ”ﬁtb%%m@ényl)sﬂane
gﬁé/?('s\‘ijkla%tﬂﬁﬁdfl X/Ptgdﬁ% mrhdi)’elb) 4f the isbmetic Imoikiure o Rymptdt4, 5-
i sol a
bewgindeng-an?- mﬁw -:@nﬂzge%g?ne jn 85 1o Qﬁtéﬁygﬁﬁ“rar}/was

oo} 15017 4 Py A Sl g e

undét, refftid ¥or dnéBourl . Bie (esattingsred azlumorgwasttbem alldeg|dropwise at

rocy) Gmperaure a2 shlutan phA-aH 4 (B8 4ol oS bty msiane
in f§ m? 6" TARX%hd HhEREHBHPLs I Bo R Heafed dndéerdflux for 5-6 hours.

The reaction solution was then cooled to room temperature and poured into ice
water. The aqueous phase was repeatedly exiracted with 60 mL of diethyl ether.

After the organic phase has been dried with magnesium suifate, the solvent was
removed and the residue was purified by column chromatography. The desired
product was isolated in a yield of 4.85 g (60%).

TH-NMR (400 MHz, CDCl3):
8.01-7.36 (m, 12H, arom-H), 7.21 (s, br, 2H, olefin-H indene), 3.96 (s, 2H,

SiC-H), 2.43 (s, 6H, CH3), -0.22 (s, 6H, SiMez).

Example 5: Preparation of Dimethylsilanediylbis(2-methyl-4,5-

benzoindenyl)zirconium dichloride
A solution of 3.0 g (7.2 mmoles) of dimethylbis(2-methyl-4,5-benzo-
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but yl phenyl ) -i ndenyl)zirconiumdichloride 7.3 g (10.1
mmol es) of

di - n- hexyl si | anedi yl bi s(2-nmethyl -4-(4"-tert-

but yl phenyl )i ndene were introduced into 80 nL of
diethyl ether, and 8.1 nL of n- butyllithiumsolution

md%%y@sﬁém nt@d n&)teﬁ@h?d@%ﬂ%ﬁ Vs OSBRIt 8ISy ¢f.an n-

t| on was conplete, the m xture was
busdlithiuen sohahon |(2;5tMam hewase} angelirradfas. 16 ROURgAL reed ed

terp@eredius dPeaesmisnLeo e s ool e anfl 1683y 22 mmoles) of
znr@c?rﬂhH %‘?ra%]o?@e%er‘éfacﬁe%‘ihy orﬁéﬁkerAﬁéMIs”Tad@“ﬂbﬂ ﬂ’t@%olutlon

to warmto roomtenperature and was
wastwanm@ti foroamuernperagurgt and s’etrred &rﬁwoahqwg at ﬁng temperatu re.

Tobrarepbia Sk s waf e BERRL Y S Rief g et gnd the
res‘i'diﬁé s WhSIREd odBEWitR Y fiteofdisthiinstReslr Thd résiduewas then dried

punp vacuum The desired product was ,obt
in alvalcdum‘ amds’(hg desied pregitrtavassebiaingd in & yigldo a#éggg g (%69/0 with

a rgcﬂe§% fl\%z%x)t W”@e TBQ%% Qudf Eéﬁep%l%feﬁ{]b%dﬂ)seguent
stéfgﬁto disthin éélééh\@é@tél)ystéi)fo?%rérbylerfd-bol%ﬁ%)nzaﬁﬂanpI e 3:

Qar ation of

Di metHYME (400eMHA BIRGlak net hyl - 4- (4' -tent - but yl -

br Ty O 14 SRR S netr Grit S0 (8 o, Ohs5e)
|ntroﬂu8$gfhp;g Zaﬁszoz LEIUEne and 133 nL of
gg}”;%np,@zs :5PepaFatas) QfelawefﬁkélP n%aaﬁ‘ég U&Yﬂi *'g'%
LY prgfsh W miol ééﬁ%?z-h%mgﬁrﬂeﬁé%eréﬁﬁ%d@éwmddvslrﬁm of

et e, emxture eated to 80C and
to!aéne ramd ’faamLcmfeTeré,mnohmm ctfehlwiy&ltmum (2% Milistoluene) were

10 | 40C, th
aogee oW EEHPUTL &l 108He \Peraliize (i op 2l hyge complete
the ﬂﬁfc{u OWasIRaibd &Psg%%ﬁ%ﬁﬂéd% tﬁ@ltémp@?am fertdrie eslir. It was

ree hours at was cooled to room

allb@spad doal © 400C] thdve 6.96.§ (B0, TGhn’@tesidf ginpethyidichlerosilane were
solution (2.5 Min toluene) were added dro

SIQWW@ddleﬁl oRwise: | Afterihis adiifioritae re iancrahh %mﬁeﬁ'&sﬁﬁ"ed for
rlegﬁlﬁ)cﬁ.} @98 aﬁ:‘?ﬂhah éﬂe?@gﬁp%t BB fePerdiurkDi?® mL of water were

0 COoO tO room

adﬁgtﬂfaﬂ'f@;cﬁ&g@daes*e!\j\g?%tWérrh Welelséiatad| The organmicphasewas washed
with 100 mL of water, and the aqueous phase was extracted three times with a
total of 100 mL of toluene. The combined organic phases were dried over
magnesium sulfate, After separation of the magnesium sulfate, the solvent was
removed and the residue was purified by column chromatography. The desired
product was isolated in a yield of 8.16 g (84%) (purity 99%).

'H-NMR (400 MHz, CDCls):

7.55-7.12 (m, 8H, arom-H}), 6.40 (s, br, 2H, olefin-H indene), 3.51, 3.48

{each s, each 1H, SiC-H), 2.09, 2.04 (each s, each 3H, CH3), 1.71 (s, 6H, CHs),
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added in portions. The solution was stirred for two
hours at 45C and the precipitate that forns was
separated by filtration through a G fritted gl ass
filter and then carefully washed with 700-nL portions
of tetrahydrofuran. The residue was dried in an

OO%QI’ g%&l@@uum and the product was obtained in a

(80% and with a rac: meso ratio of
1 1. The isonmers nust be separat ed in an additional

EZF%B@E?%SS% Rpef DI Bt - BRYA B gayiyrconium
dlcﬁwdgasom 2. 44 (s, 3H meso- CH3), 2.24 (s, 3H,

1 46 1. 5H, - -
21 A saleimn old.0Ig ?‘}Ea& r@zp@g)s of q:%%/ﬁi |s(%'1r?1’g‘ql:|§(ﬁr%c?enWsilane in

45 [ﬂ‘ﬁn?f %}B%\yg%a% ﬁg? Trfag&gg)ﬁ] 52:2% gﬂ_; S -butyllithium solution

(2.5 h@ﬁar‘ié) a?loosiﬂrécﬁﬁ)r& BhmUre s} ruidmttbmpesaﬁmee i The reaction
m Xt ure of th 5- benzoi ndene, a
solpiin M Ca9IGd BeASSiandehB4iGiGSMHROIBH) PEE AP deEacfioride

t te
well b patotey it aBis i chiort el Pih e hedeg o room
terh@ éragunr% AREtirred PortRdtHdurs at mtan;bemtm ViEre pmfpltate that
dropw se at roomtenperature t tion

formsbuas italathranghea S oisaess AT ANG tBe FPEEs Was washed
onpgwl{w (F_I i @P@eﬁ\g??ghﬁu#%q‘ésﬁﬂ%%ésofh R @daémﬁﬁf and the

he reaction SO tion was then
de§iPed pfodutt Wernabitainedriatalyieldaofd mgr(éﬁ%)rwm agac:mesogiatio close

e aqu h
to d11.cing: IngIees WISt bOARPETIERL 8 UARPOUBTLSEP R Lo SbRE eotive
i e, th I t
catiiydte (oI TRLREAZALS )"0 oF b ohr omat ogr aphy.
The "HagiMRe@ 000vbty (:ZIDGN@)S isolated in a yield of 4.85 ¢

orof .08 o b, &1 o 203 6 sl s (Eoptilipe- 1.

2H, Si C-H), 2.43 (s, 6H, CH3), -0.22 (s, 6H SiM2).
Exanpl e 5: Preparation of
Di mﬁ)mrhplel &MWraﬂcs'(aﬁ laemetbylbm(%-methyM -phenylindenyl)silane

Peni0h B hEIES A LA SO R bR badA o 10

mL of toluene and 10 mL of THF, then 15.5 mL of n-butyllithium solution (2.5 M in
toluene) were added without interruption at room temperature. After this addition
was complete, the mixture was heated o 80°C and stirred at this temperature for
one hour. [t was allowed to cool to 40°C, then 2.5 g (19.4 mmoles) of
dimethyldichlorosilane were slowly added dropwise. After this addition, the
reaction solution was stirred for three hours at 60°C and then overnight at room
temperature. 80 mL of water were added and the phases that form were
separated. The organic phase was washed with 80 mL of water, and the aqueous
phase was extracted three times with a total of 80 mL of toluene. The combined

organic phases were dried over magnesium sulfate. After separation of the
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i ndenyl )silane in 30 nL of tetrahydrofuran was treated
wth 5.8 nL of an n- butyllithiumsolution (2.5 Min
hexane) and stirred for 16 hours at room tenperature.
The reaction solution was cooled to OC and 1.68 g (7.2
nmol es) of zirconiumtetrachloride were added in

ma%fe’si&ﬂ%[fé’ét 8le $dlventasst tenaved Anrd sied wsidue waapurified by
to roomte erature and stirred for

colamn phromaagi@piyurldie degiedregvel was dsqigied i g&@&ﬁ?” g

@B ) ahed once with 5 i of di ethyl st her.
The%qq;rmm(qoma\ﬂthhemmgted in a vacuum and the
?Sé%fs?«fwﬂg%a%ﬁia&@ﬁ?a“?% (tibrapbh Bt iR S 70 . 21

S'@Eﬁechv egﬁr% . Or?@ mUls &SR], Step to obtain

cat bropyl efe pol yneri zati on.
"H NWMR (400 MHz, CDCI3) 7.85-7.10 {m 14H, aromH),

2 ZRakaimal: srombimbn e Sl RIS o o
phg“{"%fégﬁ%@@%tcﬁ?h@”@t hyl i ndene were introduced

uene and 13 nL of THF, and 24. ?) r(er
of ﬁ(bgt(w) Jimhicles )(df. cHithylsllaaeth&&}(Zq\meg\yl-gDQ]'@py indene were

int Hd@tqﬁWigﬁ]\gﬁethpﬁ é'{ﬂ;# ggpﬁgar\glva bﬁf)ﬁ |uh{‘§agl&tion (2.5

ﬁﬁ% WRSe afddteal & rbSATemperatares. OAﬁ@n ehlh additiohtwasmesomplete,
to cool to 40C, then 3.96 @' 7mmﬁ5§é QE
thejmmwwasshrredasﬂelrmgbf gighis temparp rad HaS FRR) 0°C, then
Af t hi t th
2 4% Tl RTsBolsliel ZeoRbe eACHithE T8I Rt i orfighs.” 88 mL of
daettﬁgmpéﬁ WER ad@edTiineh tH@écﬁutuaws neis Iestted tansbrh Iterrpbaatase and

orm were separated. The_organic_phase was ﬁ?
stimed Hori® Irnursfat\mbdséﬁmparﬂiumeh el e peesipitatn dBat fRpes was ered

t t
OB 35S B TER ol Pl it 220 B iy iver. e
reél&fi? %?dsttﬁ‘eﬁ @i'rﬂaﬂtlﬁ anfilLglimpepeatr, @mdoﬂnetdwlredgmad;waimvas
su he sol vent was rem)ved and he re qu‘F'flha
obtamed nrea yiﬁ}d ©bBuTthg PP Garuith Weswa iQ ggsrﬁa e isomers

mLFs& duct a@%@a&i ﬁ%@kﬁ%&q@%ﬁs%@@b%@@p%&&;ﬂg&%ﬁqﬁs for propylene

po eﬁ’ié!i@ShH) 6.40 (s, br, 2H, olefin-H indene), 3. 51
4§ (each s, each l1H SICH), 2.09, 2.04 (each s,
eac hHINMRA490 MHz7 CQGls):6H, cHB3)

7.69-6.93 (m, 18H, arom-H), 2.24 (s, 6H, CHg), 1.30 (s, 6H, SiMez)

Example 10: Preparation of Di-n-hexylgermanediylbis(2-methyl-4-(4’-tert-
butylphenyl)indene)

12.3 g (46.9 mmoles) of 2-methyl-4-(4-fert-butylphenyl)-1-indene were
introduced into 190 mL of toluene and 11 mL of THF, and 18.8 mL of n-butyliithium
(2.5 M in toluene) were added without Interruption at room temperature. After this
addition was complete, the mixture was heated to 80°C and stirred at this
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58 0.08 (s, 6H SiMe2). Exanple 7: Preparation of
Di et hyl si | anedi yl bi s(2- net hyl i ndenyl) zi rconi um
di chl oride A solution of 5.0 g (15.8 mmol es) of
di met hyl bi s(2- et hyl i ndenyl )silane in 45 nL of
tetrahydrofuran was treated with 12.6 nL of an

terﬁpé}latmblfbﬁ bhe!Rbee! HiwRnaliohddbid\bdd] thdRedeheartid gt (23:8d
for 16 hours at roomtenperature. The reaction

mrsoles) obuh-n»ohexyddmhwogermeawerq skavly added drgryyiss) After this

WHET N S
ovéﬁmra@%’érﬁ t@#@e?éﬂu?é erh ! of Watdiovére a’lﬂde*dfmﬁ?l the phases that

rature e precipitate that fornms was filt
forbwereybepareid. r The ewayicapkase wWasrwashed vile 1PQ§DH@éWﬁé§T and

hed h
tnc G Rt Bt e R e Bt o TR, it lpere
Th¥RSnihked Bﬁ%iarilé‘ pﬁak!éﬁvdr@cﬁnéd 89egn{dPYsium shifate. After

rac: neso rati o cl ose 1: 1. The isoners
sepaplioaoéthd ma@ngamqui&ﬁe, thecgplyeniopasr qm%\&cgaﬂfkﬁ@e residue

' |
e A iR R SRy "o k88 radd A 0B,
he ermadn Ibl%(.‘z-@dltth?M (!thtébtvbutﬁlpaﬂspyleemaené’; amriaoiamd ina
Di et hyl bi Ségu met h - phenyli ndenyl)sl lane 8.0 g

ylel(dg?f $1.6m 535%) riby R Oi)ryl 4- phenyl i ndene were

t her R DBUAHE BLBIDT |2 s aron (55 M in

: gl Wg@:’{ Jr eh& n?ﬂ@fom Hh(ﬁJEIS |t(sn,ttexr 2t viafin-Htindera) 3.63, 3.50
(cannaaashilts Sarice.D8 263 1Gnen & erriart Em L36. 133 (each s
eaéfgg!zftﬁfé-n gagquez-l o ﬁ&murgq e,ssgnp)g?ﬂ),adﬁrgm tr, 680 CH:Y, 0.65-

0.30 (mi4H) alipthHpr osi | ane were sl ow y added dropwi se.
After this addition, the reaction solution was
stirred for three hours at 60C and then overnight at

0Oy 4 Frﬁ?li@eﬁa B ardidn 8 Diin-Hek@geraatedidbiRp-ansthyhé-(4 -tert-
phases that f'or were separ at eygg The orgaﬁqzc phage (
buf@memd;hadewlimrmwmd@hhmeer and the aqueous phase

B e
bufsHEV iHBete! WalelintObizsd mep 80ahl af dvéthylrmr]er, and 6.6 mL of n-
butyliithium solution (2.5 M in toluene) were added at room temperature. After this
addition was complete, the mixiure was stirred overnight at this temperature. It
was cooled to 0°C, and then 1.9 g (8.2 mmoles) of zirconium tetrachloride were
added in portions. After the addition of 20 mL of diethyl ether, the mixture was
allowed to warm to room temperature and was then stirred for two hours at this
temperature. The precipitate that forms was separated through a G3 fritted glass
filker and washed once with 10 mL of diethyl ether. The residue was then dried in
an oil-pump vacuum. The desired product was obtained in a yield of 3.6 g (47%)

and a rac:meso ratio > 20:1.
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59 magnesi um sul fate, the sol vent was renoved and the
resi due was purified by colum chromatography. The
desired product was isolated in a yield of 7.27 ¢
(80% (purity 97%. 'H NWR (400 MHz, CDCI3): 7.73-7.12
(m 16H, aromH), 6.75 (s, br, 2H, ol efin-H indene),
3. 76H1m£§ oor@HQ obcig: 17 (s, 6H, CHB) -0.20 (m

6H, Si Me mpl e 9: repar ati on
Di né't?thT@BI anewmawm(iz) 2hys.-GH, CHs) 1.92-1.40 (m, 20 H, aliph-

H)g?%gy ZI r@’l @Pg%%%ﬁ“ de45pgegyl()llongew{/v:f)e

|ntroduced |nto 80 nL of diethyl ether, and 8.6 niL of
an n-butyllithium sol utiaon | uene

2.5
o O ol S B thy-(o-
o _

tert BB PAEY RIS s L ool o to 0. then 2040 g (10. 7

ol (95 2THAASY) OFCHRBTLML O ete buiharyletndens were

| S 0

intgehiged 6¥o B telyens Ao o B L ot SangiL ot #pRoiTfum
(2. ttshat rﬁer@ac’c{@ﬂg}%ﬁtﬂﬁﬁ@rﬂ@%on ‘?od%% etréttu?e After this

ns ‘was fi hr ou r|tt gl ass
adﬂﬁlbhwasactﬂnpmmademm revwas Ii@ated e BOBC etndystirsechat this

oo Ko e 0% R S, B39
RS R USRI 58 A cgopyie. Ater

thi® akaitiBnSeleaehictién saluibd Sts Stirfeddfarpiiteerteours at 60°C and then
pol'ymeri zation. 1H NWVR (400 MHz, CDCI3): 7.69-6.93

ovémlghtat omm)ten"@ezaiu(&; 58 mL cfyplerwae ngecband gpepv@mses that

form wgpq@gz@,qre%eﬁ ! %‘;éagﬁ% {%éaﬁ%wl wzash(ezg th 2t5 mL of water, and
thé’é‘ﬂeécm%%w&s)é EG @z&iraét%di’c\nﬁbe( With % tota g 2D mE of toluene. The

t hyl -tert-butyl phenyl)-1-i ndene_we
comburreﬂjuzrgaalq phasesoreng dri Qﬁdo pmru@ﬁgngﬁgmqulfﬁ_eogxﬁﬁq;separat{on of

indSahin e P B e ol o bpsepBamea by
cohhﬁﬁg?}r?ﬂﬁt???gg\pﬁsr I@d@élﬁdeproﬁhet iext ure was heated to
cyclohexy!(methyl)sxlanedlylbls(2 -methyl-4-(4'-tert-butylphenyl)indene) was
isolated in a yield of 2.35 g (48%) (purity 97%).

H-NMR (400 MHz, CDCl3):

7.45-7.02 (m, 14H, arom-H), 6.76 (s, 1H, olefin-H indene), 3.61 (s, 1H, SIC-
H), 3.50 (s, 2H, benzyl-H), 2.21, 2.06 (each s, each 3H, CHj3),1.81-1.23 (m, 11H,

aliph-H), 1.38, 1.37 {each s, each 9H, tert-butyl), 0.18 (s, 3H, Me).

Example 13: Preparation of Cyclohexyl(methyl)silanediylbis(2-methyl-4-(4’-

tert-butyl-phenyl)indenyl)zirconium dichloride
7.0 g (10.8 mmoles) of cyclohexyl{methyl)silanediylbis(2-methyl-4-(4'-tert-
butylphenyl)indene) were introduced into 70 mL of diethyl ether, and 8.6 mL of an
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60 tenperature for one hour. It was allowed to cool to
400C, then 7.4 g (23.5 mmoles) of

di - n- hexyl di chl or oger mane were sl owl y added dropw se.
After this addition, the reaction solution was
stirred for three hours at 60C and then overnight at

n-HLF?WMLﬁHBSrLﬁ[’bHT(Q 5 FQnrbluehelwwices adeed ab dolw tan‘qberature After
hases that formwere separated, The organi

thlsvadd ifiag meas spmpleld Ghmmn&urwaesr stlrgqqﬂovqrﬁ%%@% é@ﬁ 2emperatu re.

It SIS o, BXE L AT bl 5535 HUTB Sarttbled) Bf HRESHiURT toliBEhiBtde

i Red brgani ¢ phases were dried
wepY ﬁﬂd@@ﬁﬂﬁéﬁ%?ibs mhbaécﬁutlcﬁf \ves stireddoatwohoofs ahreom

t th | t
e oo 3 Sy Al Hion o o3
d
fnt{jg Qf@}r e ﬁlﬁﬂ r?éﬁ@'?ﬁh%cf EN.CQ'MH} 6 lnl( gf dltegw egrﬁryl'ig%ee F%/Slld)ue was

thededrRdd invarsofl-pahd wabuum aancytmcj desifedigrotugt wes oitained in a yield

purity 959 . ' H-NVR (400 CDCI 3): 7.50-7.14 (m
of 4.68,9 %‘H}th 36f3¢5n?§0 rggio > %1 ol efi n-H i ndene), 3.63,

eacﬂ—lwﬁgl—lgém %gbqs)H Sleg;:h s 5 ggchzgglz (each s,

t er 7:40u46.917)(m, H6ME-ato®7H),1B. 22@591 BHy Chb) g)1g.0 ' 48(ro. ThH, g!iph-
M st SacteiSush, 1378, S cHy. ' Teh-H. Example 11

Di - n-hexyl ger manedi yl bi s(2-methyl -4-(4'-tert-
but yl phenyl ) -indenyl)zirconiumdichloride 6.3
mmEeza)npié 14: Preparatlon of {2-methyl- 4-(4'—tert—butylphenyl) 1-

b 2-nmethyl -4-(4'-tert-
'H%Wgﬂﬂéﬁwgsoﬁﬁ'é rlesl(nt :rgdu)éed |$1to 88rrrL of
di egb?g T%tr‘ﬁﬁ{oleébrb* Zﬁnfétlﬁﬂﬂl—ﬂm Heriuityibhérnyl)-dAndehel ieom

n tol uene) were added at roomte erarlture
mtm‘ds.leed tintost 6Canndii afitolueneansoHl ek ©f DiE, an Me@f an n-

ot slifon 88 1 i IquSad BRI Farcbwiskat £5R! o
terh@éfa%%' Akef thivatgitioRddas commplse | themnixtuibtveas hlaated to 80°C and
dition of 20 nL of diethyl ether the m xture

stirbdl éoveahe bouwsatthisdemperatusepié masihen slvyadded e a asolution of

273 . 800 i B Sl B EUEE Mg TRyt s

be%h'c’obﬁa‘i'j ©-385C. Thé haktee vawaleebdogam td rdf.ﬁ)mrtlannnbrature and
Iethyl ether. The residue was then dried in

wasl stiredngveraightuTheTsevepbwas depoved it angs- Rjﬁﬂauvﬁéldumrﬁrﬁi the
regsldt(leé eva%fdisso(?vgd gn 17 C@ mL of toluene. The insoluble lithium chioride was
filtered through a G4 glass filter. The solvent was removed in an oil-pump vacuum.
The desired product was obtained in a yield of 24.8 g (98%)].

TH-NMR(400 MHz, CDCl3)

7.3-7.0 (m, 7H, arom-H), 6.7 (s, 1H, olefin-H-indene) 3.5 (s, 1H, H-indene),

2.1 (s, 3H, CH3), 1.3 (s, 9H, tert-butyl), 0.3, 0.05 (each s, each 3H, CHz-Si).

Example 15: Preparation of Dimethyisilanediyl(2-methyl-4-(4'-tert-
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and a rac:nmeso ratio > 20:1. 61 'H NWR (400 MHz,
CDClI3): 7.74-7.03 (m 16H, aromH), 2.23 (s, 6H,
CH3)01.92-1.40 (m 20 H, aliph- H), 1.36 (s, 18H,
tert-butyl), 0.94 (t, 6H, CH3). Exanple 12:
Preparation of

b@yip hetmykyl -{ndenke Y R)isobrapydy(# biest- Butykthenl D 4H-indlene)

et ) B2 B - B R vere

mltr@t:m@éw ﬁﬁg 1mtrﬁL®$t¢1heﬁé aha' SJQ'Pﬁ_ amh# Bhd 1.9 Fit ol n-

of n-butyllithium (2.5 Min toluene) were
blawwédum s0laiion (%S&M uptqiLwnawere@ddedrm@nmtumterruaﬁm at room

tepfetanRCh e Bis Sl el Gl e hlkfird s S 1q Bo-c and
s R AR 898 hoinofiire 1 \Rls rch Bhoukdtd posTBkSSHh

of cycl ohexy or osl ane wer e
tempgraiuse. Tiae r@uitlrtgwr&acaddlsbhﬁmn wamadéadtircmwse fteigisodution of

" Binf PigleRhot LRt T BoqamyBient Thaca and tne

inﬁéﬁﬂﬁﬁn@ﬂ?lcﬁl&ﬂsﬂhﬁ\@hﬁﬂsm af ﬁmen@svém 9@héd Bhéﬁ@ hour. The
was washe water, and th agueous p ase

migdidreanas stitred ovarnightvatirnom wmmrabfrez"ﬁhm 60fmk of wates. were

ok} 4 Qe Pfese X IR ToPi P APalebh, Phe Bl PAERE Wl

wésﬂeecﬁwtm au0 WaSf Weldvasd t@dohbmeﬁ@q@wsvyﬁﬁas@urwére%ictracted
ol utm chromat ography. The desired product, i

tvwa:w&h aipialat1RgImk |orf g?it!@ﬂ?l e pqnhﬁtamrg@n(mphasgstwq@ dried

%éﬁgﬁﬁ%r | {%ﬁaﬁf?yﬁﬁ%ﬁtﬁk/&g pﬁfgﬁgmébwgnﬁk ilgg’golgﬁnt was

retrovetidnd ﬂtreomsid)Je vﬁas7 ﬁnéd in &nidil pne Naehumnﬂfhe eesiréd @roduct
benzyl , 2.21, 2.06

Wﬁ%ﬁektgd l%adﬁe'@ﬂf 3&@39 (éo%i.zlﬂurﬂz 98%)11H, aliph-H,
1. 38 tert-butyl), 0.18 (s, 3H,
I\/la\).‘_‘Eﬁua}l/ﬁi @H%r ﬁéFZtl on o?r Hty, (s
q/cmﬁ@*xm((natmw )ammahm V1 b6 60 Zeaeh bybadh (4, olefin-H-indene),

3560 3NN SR ALIERRNY) F S5O0 1 BERGRroSD, B &, 3 crs
HE YR Rexy (éaa Hdachi dranediekiphs{ 2578t Byl 1bptdpyticid, 0.2, 0.0
(each d, each 3H, SiCH3).

Example 16: Preparation of Dimethylsilanediyl(2-methyl-4-(4’-fert-
butylphenyl)indenyl)(2-isopropyl-4-(4'-tert-butyiphenyl)indenyl)zirconium dichloride

36.6 g (60 mmoles) of dimethylsilanediyl(2-methyl-4-(4'-teri-butylphenyl)-1-
indene)(2-isopropyl-4-(4’-tert-butylphenyl)-1-indene)} were introduced into 366 ml
of diethyl ether, and 44.9 ml. of an n-butyllithium solution (2.68 M in toluene) were
added without interruption at room temperature. After this addition was-complete,
the mixture was stirred over night at this temperature. It was then cooled to 0°C

and 14.0 g (60 mmoles) of zirconium tetrachloride were added in portions. The
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but yl phenyl )i ndene) were introduced into 70 niL of

diethyl ether, and 8.6 nL of an 62 n-butyllithium

solution (2.5 Mn toluene) were added at room

tenperature. After this addition was conplete, the

m xture was stirred overnight at this tenperature. It
mixesre0ras eflowed Ewaamdotrbem 2nipbratufd @ndl wamstiresd fofr another two

ot @ R ToEIBeNTS: dUeTSPCIPBIo el Bras W apparatcd by fitration
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terty ) Exanpl e 14:
Prepgrgﬁ\?{%r@%qlwﬁ%z r@?ﬁér 4- (4 -tent but yl phenyl ) - 1-
'ndemlsb ml "fﬂl—h)él'&hlm" mm trﬁnﬁ-IZQI-B:sbﬁﬁanIWE%)(SQBH CHs),
2- mat'té]'d -tent - but | phenyl ) - 1-i ndene we
1.3h(s, ef@lfrbuf}zﬁi),l'633n1_ 38f(eaaln @eﬁ@cl‘aﬁhl §l'@|'hsil bBSDMQ?» (each d,
a 8.4 ni n- butyllithiumsolution (2.68 Min
e@ﬁ%ﬁh‘@?pmygbﬁged dropwi se at room tenperature.
After this addition was conplete, the mxture was
heated to 80C and stirred for one hour at

t enpoxampl @17411Pm@ramofsmW%{ua@ap&a@eaﬂ%%P%H'&ﬁ of

27. t 0
o1 50T P AT fgrl 2 BB R g X o7, B re0e

‘an\&aﬁ nArGHE 6 heuya LoD & 0.8001% aREECItuP S witd ) imdd2 ml of toluene
stirred over ni ht. The sol vent was renoved in an

wast bcigethslowdy. Bimbied a3 wi-Y% spltien wheinvialimisexang ipfpluene

(A%rﬁgr%@fq‘fﬁ&%daﬁrgt téﬁ)ﬂgk é&rfa r{eg ghg%ﬁggﬁﬁﬁﬁe temperature

miistRteskdeBd B0°CL Afier e a@dﬁﬂ@thTWasT&mnplem rtiegd nmtucémﬂas stirred for
was obtained in a yield of 24.8 (989

hatfi-en hmtsooom Bemperamﬁe and th@ﬂd‘rﬁﬂtﬁd apd ﬁllpwed fo r(teﬂux for four
ol ef

et ARF SpqtES By ey iy Pbrele A8 Fojyen et Sebarate by

filttdtiorCiheSiesidue was washed with two 112 mL portions of toluene and three

112 mL portions of isohexane and dried in vacuum to constant weight. The

methylaluminoxane treated silica was obtained as a free-flowing powder in a yield

of36.2 g.

Example 17b: Preparation of methylaluminoxane treated silica

To a stirred suspension of 29.0 g of silica (Grace XP02107, dried at 90°C
and 1 mbar for 16 hours, LOD = 0.9 wi% and LO{ = 2.6 wi% ) in 145 mL of toluene
was added slowly 73 mL of a 30 wi-% solution of methylaluminoxane in toluene

(Albemarle Corporation) at room temperature. During the addition the temperature
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Exanpl e 15: Preparation of

Di met hyl si l anedi yl (2-nethyl -4-(4'-tert 63

but yl phenyl ) - 1-i ndene) (2-i sopropyl -4-(4'-tent

butylphenyl)-l-indene) 16.8 g (57.7 mmol es) of

2-isopropyl -4-(4'-tent-butyl phenyl)-1-indene were
mﬂ&&*&‘@*&@?&’&@‘@ Afér tHe éHdlﬁdH waseonilete, thabafireTiis stirred for

of an n- butyllithium sol ution (2.68 Min
halfadru hoe) atwoom deestature lamdtthen heatashand allewed o neflux for four
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over il ght at roomtenperature. Then 60 nL of water
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The d
{ he ERABPl T EatE R R s i AinthanBsted Bligs 0T
a tof@h sﬂfreé %Qspbn sibntod28eng of $iliea ¢Grace KRQ21@dnevacuated and

phases were dried
pur@ed Give HgnconPith RO PSR InAD MRS TalypDE fasadded slowly

T SO Ao BBER SHiBeltRf hietahd ifbigéde BBBmare

Y&y produ solated ina yie
&CBGB%U&)Q‘[ fcﬂﬁﬁ@ter(rperamw R0y, the leddiffor( tt@(IeMﬁgarature must not

7.51- , o ar o
exgﬁeﬁ . Hfter th@ apngrlThg@M@s congn gt ‘tlge ﬂ’%‘Pé%Wﬁsé |rr§51hfﬂr half an
horzat T Ct'?:&m }_%mgérae@ ega}ud %h%f‘e EM tdetrotzre‘géx @-?r fodFhours.

Afﬂerl:’i)cﬂ%qgﬁbtln tbsephPmMpdrelire the Eolv@nﬂwas esapbraied @g{dﬁtratlon
3H npl e 16: F%S ration

T reside \gaqs WBBQIV(@ o pgrtlopgrqf toluene and three 140 mL
pq?gﬂﬁseg% gﬂ@pg{&a&dm ke 1h SRIARYS lnkthint wodhtb'ﬂﬁdl pheny

Zirconi um di chlori nmol es)

hyRdibmirbxeae ediaéd Biicawad cbtained- asea%mtﬂqwmg @wrderm a yield

N SohEaBL P o P RO k2 cante
ot}%%lr@ed%iwﬂ’é adling tﬁ% hO. tiiNeWBt ik trheth ty(a?urﬁiﬁoMahé treated silica

Uene) Wwere V\nthout mterrup ion at room
exhititea Erge emobit ef snidlispartices (fisagmestsjonpl et e,

Example 18a: Preparation of supported metallocene catalyst

17.5 g of the methylaluminoxane treated silica prepared in Example 17a
were placed in a fritted glass filter as a column with a smooth surface. Inha
separate flask 313 mg of rac-dimethylsilanediylbis(2-methyi-4,5-
benzoindenyl)zirconium dichloride were mixed with 44 mL of toluene and 4.9 mL
of a 30 wi-% solution of methylaluminoxane in toluene (Albemarle Corporation).
The slurry was stirred at room temperature for one hour fo give a deeply red
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the m xture was stirred over night at this

tenperature. It was then cooled to OC and 14.0 g (60

nmol es) of zirconiumtetrachl ori de were added in

portions. The 64 mxture was allowed to warmto room

tenperature and was stirred for another two hours at
sofutiod. TiEiERSIIon Wwas Tien parefully acaieel ammp dfdheemethylaluminoxane

separ.at ed byflltratlon t hr oug [y'éted Ia‘?‘ﬁ_I
trepied silicapad wlowviydideead off whtwmxmatﬁ 39 priautés. When the
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spla e Gatalys! 1as thew slowaA R resti oee Babe T BeliE saivent
we{sﬂ\zltf@réc/of%ﬁ ?19&98 ﬁ&l&@ﬂﬁa@@hé&ﬁﬁ é%ﬂﬂ‘t?_gﬁh %uré;'é‘tﬂ'\é%n(sﬂé}ﬂ weight.

14H, arom
Th@H&atalmirvmbbtanﬂect as q’ms-ﬂajwmglﬁ@wder in ayigld of ]18’ H g.
tert-butyl), 1.33, 1.32 (each s, each 3H, Si-CH3),
1.08, 1.03 (each d, each 3H, |sopropyl CH3). Exanpl e

17apxBhfNa"3Y; Mesérmhfwlsaggmté@mauddew@iaws’cl ca

To a stirred suspension of g sili C%&ﬁte ace
XPOZM)?g ofittiecthedhnylaloinoxans treafed silicsrpreparastinsExarapleci7b

weSe BRI et i chgtiel bt e
seﬁsﬁéwﬂ@wmslm@aﬁradadmétuﬁ@mne(dﬁhbs@m@hm por at i on)

roomtenperature. During the addition t

benm@mtllzirﬁonwmd!qmn@oaﬁ@nm wikh AQrmeé Telugne agd 4.2 mL

o 58 FEPLSifin BT oat il oretd Bfyaton

Thieaslisf Wi stiredfatubomhiewiperatiré ésr armhourgodyive atdeepbp red
tenperature the solvent was separated %‘thllt i, on,

solptien; Hys gghitigaavas themvcaefllyadsied en tap ofdheimeihyisiuminoxane
B LGRS, A0S EHF el bR SR ply SV AN When tr

surfat:dwf thewalmexieswutiore pasties ithe t:lp obthediifcai, thezl filiatian process
free-flowin er in a |eI .2 0., Exanpl.e

wag aopnacid e Blerrakedvas PR S i rdydly SHRER, i means of

sp%@ TEL% 6&{5&?3@&&%@%@%@9%\9& ?@Réokg?op%?é Iigﬂnc g‘lﬂ'(regi"e%i‘cﬁlai solvent

waB. filtevaoffiadditbe catays wassiried in g Ritnogest pwr@mgr@nstant weight.

The catalyst was obtained as free-flowing powder in a yield of 16.2 g.

Example 18c: Preparation of supported metallocene catalyst

15.4 g of the methylaluminoxane treated silica prepared in Example 17¢
were placed in a fritted glass filter as a column with a smooth surface. Ina
separate flask 251 mg of rac-dimethyisilanediylbis(2-methyl-4,5-
benzoindenyl)zirconium dichloride were mixed with 36 mL of toluene and 4.0 mL
of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation).
The slurry was stirred at room temperature for one hour to give a deeply red
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was added slowy 73 nL of a 30 wt-% sol ution of

nmet hyl al um noxane in toluene (Al bemarle Corporation)
at roomtenperature. During the addition the
tenperature 65 nust not exceed 30C. After the addition
was conplete, the mxture was stirred for half an

solEur. Biis EeRMoherpetrnutarefulld ddued drelpest thednethlyahedinoxane
to reflux for four hours., After coolln%down tor
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LOD > 2wt % in 140 nmL of toluene was added slowy 71
mL of a 30 wt-% sol ution of nethylal um noxane in

tol é’JSiCH?p.af1 k8 B% &R pldoPO PRFRIrton Bt n'!‘eﬂﬁllﬁltlﬁ’(m@taﬁeﬂreated silica

During the addition the tenperature nust no

30CTo afstiered Suspaisian ofB.Rasotylie? é@@cet)ﬂ%ORﬂ Q?uq!@eq\gg'IBO“C

anB e 95 OAMSRHOP: Pt Witk 418 LPL S fsrd if 43yt Bluene

was Yadkd %Inﬂ@ig‘td 9 rhiO Qth%FWle%aéélbﬁoh Bff mifhylaiminegane in toluene

separ at [tration. The residue was washed with
(Albamaﬂlé@:mpomtrun Yatsoarh temipesat rexrfouning e addition the temperature

Lt eer0 ﬁﬁtfﬁ%rﬁﬁ% AR5 P B IR a0 btied fo

twcg Hb?ﬂs%%@ﬁ R &%tdréxof"hé‘ So%ﬁf’ﬂfas‘ﬂﬂeﬁbd’b# lathd tAE MAOStreated

ar s l'es 17a and a nore
siliga wlaemi:nedaaca stueammfditeogm‘bserved whi I e addl ng the
MAQO. The obt ai ned net hyl al um noxane treated silica
exhibits a | arge anount of small particles

(f réﬁﬁﬁiﬁl‘%}weﬁ’_‘m ﬁaPréﬁe@Qﬁé@bf uppurterlivRtdlictene caialyst

net al ene catalyst 17. €nj(g of the methyl al um noxane

tr eﬁhem@:hyhaﬁanmoe(pae Featad silleapreparsd In wonapgRive fxample 19

waf e 5 B g A p Sofitlf P htoBt? BBGCe. In a separate
flagleg3dl] Mc&hh@iﬁﬂbﬂdr@dﬂﬂ&s(ﬂiﬁ’ﬂhym 5-benzoindenyl)zirconium
d1dﬂ%r;églv{fg1ggnn)@dgﬂcﬂ$ %Idflgjnq]ln%;‘ %Oqlljeoirlé gﬁdméeé ?anoag( ae %0 wt-% scﬁutlon of
methylaluminoxane in toluene (Albemarle Corporation). The slury was stirred at
room temperature for one hour to give a deep red solution. This solution was then
carefully added on top of the methylaluminoxane treated silica and slowty filtered
off within approximately 30 minutes. When the surface of the colored solution
reaches the top of the silica, the filtration process was stopped and the filier cake
was carefully and thoroughly stirred by means of a spatula. The catalyst was then

allowed to rest for one hour. The residual solvent was filtered off and the catalyst
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of a 30 wt-% solution of nethylalum noxane in toluene
(Al bemarl e Corporation). The slurry was stirred at
roomtenperature for one hour to give a deeply red 66
solution. This solution was then carefully added on
top of the nethylalum noxane treated silica and

wet) @dd/inf & |nitﬁ5§h sUirbe th cbhstappweigtitnthe catdyst wasidbtzined as
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freedjovangtawdgnin @yield s 149 r ati on process was st opped
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100h8lh p@ﬁﬁcﬂfsﬂbf I}soladmm and tmed iri vatueumdo bphsiantiveighinéhe
treated silica and s). d of

reihipbnerens tssie S iR hs AInE@s & fIePdlcv Bp Ravger in a yield

of? éed solution reaches the top of the silica, the
i'TtY¥ation process was stopped and the filter cake
was carefully and thoroughly stirred by nmeans of a

houiCormnarates Byamile 242 hrerametnidl FiPebited FRdloce ) Catalyst
Cat Qby:?b dﬁ]iﬁe ‘i‘!‘iétﬁ?ﬁahﬂniﬁoﬁéﬁé %thdoéll‘@éﬁ?téba@@@ﬁ @dmparative

e catalyst was obtained as free-f] ow ng
Enamie m. wieee placed m;a frittecbolgss Hillerps @ qu@mnnv@parsm@h surface.

o s aP R o B PSRBTl @ AP

be?aZ@md\éﬁwz;F&cﬁmﬁ dichigridd Wek€ higb@9sthf34 frir ofaeluenecdndmé .4 mL
a snooth surface. In a separate flask 251

of azﬁﬂ wt-%snuat@nlc&methylamr@pgxaee mtoluer@ (Albemarle 8grp0ratlon)
TI\%E rl]@r%/ %%%thtéé‘%@%ﬁhg@ﬁ% Je' fBFoNE hBuMtc §le'd b8ep Ped

solution. This solution was then carefully added on top of the methylaluminoxane
treated silica and slowly filtered off within approximately 30 minutes. When the
surface of the colored solution reaches the top of the silica, the filtration process
was stopped and the filter cake was carefully and thoroughly stirred by means of a
spatula. The catalyst was then allowed to rest for one hour. The residual solvent
was filtered off and the catalyst was dried to constant weight in a stream of
nitrogen. The catalyst was obtained as a free-flowing powder in a yield of 14.4 g.
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of a 30 wt-% sol ution of nethylalum noxane in toluene
(Al bemarl e Corporation). The slurry was stirred at
roomtenperature for one hour to give a deeply red 67
solution. This solution was then carefully added on
top of the nethylalum noxane treated silica and
slowmy filtered off within approximately 30 m nutes.

Wen the surface of the colored s n reaches th
t opCempaeative Fxampiee3; Pr%n%rﬂ*%t)ﬁv'&if@ﬁ A g silica
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Alggh%z;l:%ee?@)%r%ﬁﬁp{l 'rS%ncggﬁjeégg@ge{-l Sl og)f/ﬂ'@ sd&itior theltetnperature

muBEhBY bRtewd BOXGINtdrithe taeidition wasacompieiesﬂ‘uer méxure was stirred for
suspensi on 0

(L BoS kAo fesaporeire1 Eacaent Hep et GOl NP tated
Sm%ﬁ‘ %%%é Hb}gég%m?%nﬁ’ o{?aﬁgfhyr\glsu%dgggaﬁleoy\Anyt glougngL
(Al bemarl e Corporation) at roomtenperature. During
i s R £ el b g lors o
Sti % g/lql M@g}ggéﬁfé’cgﬁ gﬁ i) Sl étlH'Cbmﬁﬁl%tlve Example 23

sol treat ed lica
acksd frda ifrittex glase filtenés ai calwge withGa spioadl wa‘a@dmﬂ geparate
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er as a a snooth surface. In a
meibydahatuaoxﬁhasktoﬂ%e@lbémarle Corporation). The slurry was stirred at
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ca@?gllﬁ?ggﬁ% oﬁftog og&é/\ﬁm%yﬂﬁﬂuh’ﬁlh@m\@ftreﬂed hilical amd slowdnfiltered

emarl e Corporation). The slurr
offaithin exppamxmabeiyiﬁﬂemmht%ﬁ leeﬂ #he Swrdasmaf theocéi’(\?‘% splution

SR 5108350 S T YR T 88 s cor
wa%rtéiaré’ﬁ.mw ahof fhbkUghty siéd biytrhéansogia epatubd.cThe eaalyst was then

m nut es. When the surface of the col or

sol u
allowadie sesifor oap hetr.t e msidua] solvgat Wﬁﬁﬁﬂg{ h&r’@élé‘%&ataws"

wal5icl EF Bt dlip 1o chBRERS fRiontEhe Barist wagdblained as o
fredefowingbowder in a yield of 26.5 g.

Comparative Example 25: Preparation of methylaluminoxane freated silica

To a stirred suspension of 9.8 g of silica (Grace XPO2107, dried at 180°C
and 1 mbar for 16 hours, LOD < 0.5 wi% and LOI = 2.6 wi%) in 49 mL of toluene
was added slowly 10.0 mL of a 30 wt-% solution of methylaluminoxane in toluene
(Albemarle Corporation) at room temperature. During the addition the temperature
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allowed to rest for one hour. The residual solvent was
filtered off and the catalyst 68 was dried in a
nitrogen purge to constant wei ght. The catal yst was
obtained as free-flowng powder in a yield of 14.5 g.
Conpar ative Exanple 21: Preparation of
mir&tibtleXct el ngnﬁﬁéf ﬂfl%t@dhiﬁdd WE8 complétes the rdure was stirred for
suspension of 19.7 g of silica (G ace XP02107, dried
twathow@@t reoTd tampbeature Thesaivant was, fiered off the MAG freated silica

wargwaghgd S Wit gyt B tBne FEBASRORRERRe i stream of

nitt@4erene (Al bemarle Corporation) at room tenperature.
Duting the addition the tenperature nust not exceed
30C. After the addition was conplete the m xture was
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was\plaged inve frided plass fiber a51a chemAyith A ssaoot m@@lrfeﬁEeVTn a separate
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duﬂ’ﬂbﬂd@ e@rasmized wﬁtﬁ 40 mb ofgolnend @ndi 10.3 mil.ef @ 30ivt-2tsdution of
g. Conparative

meibylaluBieKane i i 9%'?6 A %magggffﬁ'bﬁtéétfpgl)ﬁrrhé%ﬁﬁ%ﬁ‘&ggﬁﬂmd at
ro&rnet% rafurd 73 cﬂ{%el??ttjrﬁ‘é Og {?? SRR rr@H'éb%tldﬁ@ﬁi% Soléfion was then

aced In a ass [ter as a colum w't
caaefsnﬂpadhed onfiap ef the mﬂhﬁahmmmrfa tnsktepUdlicayand slowly flltered
di et hyl si |

ofbab arpeTR Y AOmimtes ORPER 1K siducs af thaoolped spjution
reﬁ?:ht%I ?né‘gmcé Gthd ﬂl‘ﬂratad?f pr%c@Qs Was%t Cgbé'& A teé filter cake

noxane I'n toluene (Al bemarl e oration
w%earelfu]tyrqnd/\msrmlghiy stirad bysoeanscofe spatula The catalyst was then

o 3B e FRRRT e ot ThBAL B oot

wad 8aé&th §'nﬁt!’d‘g%n%\ﬂg§'t@%hsfdnt veictl. Thé catdlfstrwas obtained as

approximately 30 mnutes. Wen t surface of the
fresstiowing poydearipa YieldofeS.68e top of the silica, the
filtration process was stopped and the filter "cake
was carefully and thoroughly stirred by neans of a

s patGCidmparatve Examjsie 27 Propanatioh lod segpbred esétallarensnmatalyst
hour. The residual solvent was fjiltered off and the

cat 23/4 0 aidbe metbaluminoxane ealps; gliga prenared inxample 172
were suspended in 80 mL of toluene. in a separate flask 234 mg of rac-

dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium dichloride were mixed
with 20 mL of toluene and 3.8 mL of a 30 wi-% solution of methylaluminoxane in
toluene (Albemarle Corporation). The slurry was stirred at room temperature for
one hour to give a deep red solution and then added to the methylaluminoxane
treated silica suspension, The metallocene flask was rinsed with 20 mL of toluene.
The catalyst mixture was stirred for two hours at room temperature. Then the
solvent was filtered off, the catalyst was washed with three 140 mL portions of

71



nitrogen. The catal yst was obtained as a free-fl ow ng
powder in a yield of 14.4 g. 69 Conparative Exanple
23: Preparation of methylal um noxane treated silica
To a stirred suspension of 16.0 g of silica (G ace
XP02107, dried at 180C and | nbar for 16 hours, LOD <
isdhexanteandrdtidddo corstaniweegifghtiin sBStredmadf ritobgeam & heneedalyst was
ol ution of

slowy 16.3 nL,of. a 30 w. %
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roomtenperature. During the addition the
terrperature must not exceed 30C. After the addition
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ﬂowrr@p@ddﬁlnla:ﬂewiﬂ B@gy filtered off within
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meltailmenelﬂ%k wdd finsgdwviding rhlObf toldefe WIlié ca’aalyw miktuod was

.tolue was agdded Iova f a 30, w
stit T 06R NGor 2k AT eMPRILRe ThANBP sahent WasHibesed f, the
cat slP Wa@tvléér?égizeg%ﬂ‘i BREL MABRAT Poridhs SHisbhgxdreeard alibl 98
constant welght in a stream of nitrogen. The catalyst was obtained as free-ﬂowmg

powder in a yield of 14.9 g.

Comparative Example 30: Preparation of methylaluminoxane treated silica

To a stirred suspension of 28.3 g of silica (Grace XP02107, dried at 180°C
and 1 mbar for 16 hours, LOD < 0.5 wt% and LOI = 2.6 wit%) in 141 mL of toluene
was added slowly 84.5 mL of a 30 wi-% solution of methylaluminoxane in toluene
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70 nmust not exceed 30C. After the addition was

conplete, the mxture was stirred for two hours at

roomtenperature. The solvent was filtered off, the

MAO treated silica was washed three tinmes with 75

m -portions of isohexane and dried in a stream of
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approximately 30 m nutes. Wen the surface of the
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fi | GahparativeoErampleasdt schnaaratlm of suepariad met%lkw@ne catalyst
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théﬁ‘%&ﬂé@ to thle%étf@lélﬁnﬁmﬁ(aﬁ@tti‘ééted lﬂﬂicacsmpensloaaﬂ'bd metallocene
Ica prepared’in Exanple _17a were suspended,j

fraok wets rinsiedoniéh SImL of ibgeneEha Faigk/sh IHEE Wes sied For two

L W GE Ml c sye
washedWitiPthrée 3@5%L%oﬂidn$tmfdﬁolwéxarm dnyd diiechrion ommstant welght in a
tol uene (Al bemarl e Cor porat,i

on
streem pEatragen e colabs WB%DRRIed an EepaMGPaNger ip a viel of
11ﬁ€§p red solution and then added to the
hyl al um noxane treated silica suspension. The
metal | ocene flask was rinsed vvlth 20 nL of tol uene.

e e B e AN S R

cat 3ty 568 sHRpOASolof 8510 8¢ silit8 (Bra®PXPOT¥D M Uried at 180°C
and 1 mbar for 16 hours, LOD < 0.5 wi% and LOI = 2.6 wt%) in 250 mL of toluene
“was added slowly 80.0.mL of a 30 wi-% solution of methylaluminoxane in toluene
(Albemarle Corporation) at room temperature. During the addition the temperature
. must not exceed 30°C. After the addition was complete, the mixture was stirred for
half an hour at room temperature and then heated and allowed to reflux for four
hours. After cooling down to room temperature the solvent was separated by
filiration. The residue was washed with two 250 mL portions of toluene and three
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71 i sohexane and dried to constant weight in a stream
of nitrogen. The catal yst was obtained as
free-flowing powder in a yield of 14.0 g. Conparative
Exanpl e 28: Preparation of nethyl al um noxane treated
silica To a stirred suspension of 21.0 g of silica
ZHqumﬁ)Qmﬂ%ohdxamjaad dtigdn vanmm totcanstant widght. The

hours, LOD < Q.5 andLO in 105 ni of . .
metiaiinatage disnedd shigqiveebEia a & foggfonhgponder in a yield
ygl on of nethyl al um noxane in toluene (Al bemarle
Cor pOration) at roomtenperature. During the addition
the tenperature nust not exceed 30C. After the
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weredtispanded i34 dnl eftalyenmsind goelgddedsi@ Ry m@a@éh@f arige bath.
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coglafpirti@véne W@WWSQE&\H@%& mpuigs and then

adidgg l{ [ﬂﬁe F#‘Ié}hglaﬁﬁﬂ I yI {rb?% ﬁ% gyslfs%l y %nn ZT or}enc tal)yFS ?I!Xture
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washecoREn s Jd0 BLEREIORS Ay ParerisARAaNen 43 constant weight in a
stre%MbFﬁ@ﬂéﬁeTﬁ? Rt ﬁ%aé*@ét@ﬁé&l%‘ﬁeéh@%%émﬁbﬁﬁféjy:eld of

e catal yst mxture
114grred for two hours at roomtenperature. Then the
solvent was filtered off, the catalyst was washed
with three 115 niL portions of isohexane and dried to

Con%@?ﬁ e ibrd ra%.o‘htémm;feirtealméwseenér Batawal yst

was obt a ned as free-flowng powder in a yield
14. 46¢p g@dmnmthyielumanm@e Beatert silice prapatedin Example 17a

wefB R P BRSESe A E: oot sl ftirass. 1y 2
seﬁbralg %?sk 296 rﬂlg 'ﬁ?@éc—ﬂiﬁﬁetﬁ?lsh@ﬂé@iylbis@nfetﬁym\@% and

of toluene was added sl O\Mdy
beszouadﬁuylazlr@nmnwhcfd@rsdﬁ were miyed withi4 siLueh taleasandf.8 ml

of aoé(f'\?r{l% sdfition of methylaluminoxane in toluene (Albemarle Corporation).
The slurry was stirred at room temperature for one hour to give a deep red
solution. This solution was then carefully added on top of the methylaluminoxane
treated silica and slowly filtered off within approximately 30 minutes. When the
surface of the colored solution reaches the top of the silica, the filtration process
‘'was stopped and the filter cake was carefully and thoroughly stirred by means of a
spatula. The catalyst was then allowed to rest for one hour. The residual solvent
was filtered off, the catalyst was washed three times with 50 mL portions of
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(Al bemarl e Corporation) at roomtenperature. During
the addition the tenperature nust not exceed 30C
After the addition was conplete, the m xture was
stirred for half an hour at roomtenperature and then
heated and allowed to reflux for four_ hours. After
isaretdnecaritbdried i vawrur doponsieot weight. Ehe vatalysiaes obtained as
separ at ed b .fiIt.rFé{)i]p{bJ The resi due was washed wth
freeslowig H’FEW%‘?fr'f'iaoWQ ¢T1&P%ne and three 280 nL
portions of isohexane and dried in vacuumto constant
wei ght. The nethyl al um noxane treated silica was
obt aﬁxmupte;sa Pmraiswﬁwmmmetalbc?n@mtairﬁt 41.8
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@dwﬁgugme atigertedaaligicin d hig slyliony@s,
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ca Igﬁtp \&éeé’gyee ﬁ@%&ﬁ@trant Welghtiie 'acétl%fam &l nifogen. AEOSHtal bV was

reparation of neth | um noxane treatéd

obtaihedas flee-fowing pewdstinpreielha b382;5 0 g of silica
(Grace XP02107, dried at 180C and 1 nbar for 16

hours, LOD < 0.5 W% and LO = 2.6 wt% in 250 nL of

t ol yBpEMpYE Baﬂ%r%Mbﬁn%tr@Iélum;ﬁﬁxameB@e%d%hca

sol ution of nmet hyl al um noxane in toluene_ (Al bema

Cor plar atstione mspenatmntce‘r%ﬁbﬁ gtafsdicariGraeg X2 Hd |dflﬁd @t 180°C

and s onat TeBriita L it 3 iz 2 i L Fag . of toluene

wé‘ﬂa&dé’&‘ sfb%l? T?trnlﬂ RIS %blﬂl‘h@n M thdthgRldiamoranaidtoluene

wed to for four hours. After cooling down
(AtbemarterCosppratian Lakrace teroperaturenBeirisg the adgifiopythe temperature

m&]‘.:rr{c; %ggg Sbgﬁuéﬁélr ﬂ}gda%f@f %@/a V\Ec’p%ec r}%lg{btﬂ“‘@ iR vas stirred for
half an hour at room temperatiure and then heated and allowed to reflux for one
hour. After cooling down to room temperature the solvent was separated by
filtration. The residue was washed with two 155 mL portions of toluene and three
155 mL portions of isochexane and dried in vacuum to constant weight. The

methylaluminoxane treated silica was obtained as a free-flowing powder in a yield
of 65.0 g.

Example 37: Preparation of supported metallocene catalyst
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250 nL portions of isohexane and dried in vacuumto
constant weight. The nethylalum noxane treated silica
was obtained as a free-flowing powder in a yield of
42.1 g. Conparative Exanple 33: Preparation of

supported netal |l ocene catalyst 11.8 g of the

met hi6.&lgufithe xastbytaheninestase treatedsitipaprzpared BEx &xphple 36
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benzoj ndenyl ) zirc m dj chl ori de, wer e h 40
Thecalplystas Abtained asdraerT ov&smgaﬁoym%m%%élﬁ? ﬁné
nmet hyl al um noxane in toluene (Al bermarl e Corporation).
The slurry was stirred at roomtenperature for one
hourExampiie\38: #répeztiondf rseilhgrtalwnmo?hne teated siicawas

| roevstred shsaseien onzh o Ot slics (BrachaBrifo?”6R8S at 180-c
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ored solution’reaches e Sil
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(szndiTe, Comre i)t Bom faRatahira Dl e Eadten thd teypgerature
deLH §€ed 869 Uske bve?db‘ltsori"ﬁés fcbhﬁ%t%dyf fhixtifewas s firred for

cat al yst was vvashe three tines wt portions o
halfri h@h@tmn&empﬁraMe iand\then heated anchalianed terefhix for 4

ho-lgpse P?f?etr%!a%i?rtlg ggﬁmotgtrgbr%et%m%erature the solvent was separated by
filtration. The residue was washed with two 145 mL portions of toluene and three
145 mL portions of isohexane and dried in vacuum to constant weight. The
methylaluminoxane treated silica was obtained as a free-flowing powder in a yield

of 49.8 g.

Example 39: Preparation of supported metallocene catalyst
16.5 g of the methylaluminoxane treated silica prepared in Example 38
were placed in a fritted glass filter as a column with a smooth surface. In a
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free-flow ng powder in a yield of 18.5 g. Exanple 35:
Preparation of supported netall ocene catalyst 12.7 ¢
of the nethyl al um noxane treated silica prepared in
Exanple 17a were placed in a fritted glass filter. In
a separate_flask 228 of rac-
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silica prepared in Exanple 36 were placed in a
refligx ifert foar hourss After ceolingsdewn dd coomiempesaitne thensolvent was
sep%ﬁ"étfeﬁcbey ﬁl{rgtign. The residue was washed with two 150 mL portions of
toluene and three 150 mL portions of isohexane and dried in vacuum to constant
weight. The methylaluminoxane treated silica was obtained as a free-flowing

powder in a yield of 53.2 g.

Example 41: Preparation of supported metallocene catalyst

14.9 g of the methylaluminoxane treated silica prepared in Example 40
were placed in a fritied glass filter as a column with a smooth surface. In a
separate flask 236 mg of rac-dimethylsilanediylbis(2-methyl-4,5-
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separate flask 262 ng of

rac-di net hyl si | anedi yl bi s(2- net hyl -4, 5-

benzoi ndenyl ) zi r coni um di chl ori de were m xed with 37

m. of toluene and 4.2 nL of a 30 w-% solution of

met hyl al um noxane in toluene (Al bemarle Corporation).
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andtigaiadk f_,mﬁméml_f an hour at roomtenperature and then
heated and allowed to reflux for 4 hours. After

cooling down to roomtenperature the solvent was

ool bbb e phslfote gaaY ¢
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AL SISO ATt oy giod
room terhpedturerfor and Meus togive a deeply colored solution. This solution was
carefully added on top of the methylaluminoxane treated silica and slowly filtered
off within approximately 30 minutes. When the surface of the colored solution
reaches the top of the silica, the filtration process was stopped and the filter cake
was carefully and thoroughly stirred by means of a spatula. The catalyst was then
allowed to rest for one hour. The residual solvent was filtered off and the catalyst
was dried to constant weight in a nitrogen purge. The catalyst was obtained as

free-flowing powder in a yield of 14.4 g.
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of a 30 wt-% sol ution of nethylalum noxane in toluene
(Al bemarl e Corporation). The slurry was stirred at
room tenperature for one hour to give a deep red
solution. This solution was then carefully added on
top of the nethylalum noxane treated silica and
slowmy filtered off within approximtely 30 m nutes.
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fregrfiaydng powsien inatield M dBeng- wei ght. The
met hyl al um noxane treated silica was obtained as a
free-flowng powder in a yield of 53.2 g. Exanple 41:
Pr e[Edaniplend S fPreppraiionesf suppatedrsetallosens gatalyst. 9 g
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buidpgnRAOaRORTAPYIGr (e DD s et
dichloride were mixed with 35 mL of toluene and 4.1 mL of a 30 wt-% solution of
methylaluminoxane in toluene (Albemarle Corporation). The slurry was stirred at
room temperature for one hour fo give a deeply colored solution. This solution was
carefully added on top of the methylaluminoxane treated silica and slowly filtered
off within approximately 30 minutes. When the surface of the colored solution
reaches the top of the silica, the filtration process was stopped and the filter cake
was carefully and thoroughly stirred by means of a spatula. The catalyst was then
allowed to rest for one hour. The residual solvent was filtered off and the catalyst
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Comparative Example 48: Preparation of methylaluminoxane treated silica

The methylaluminoxane treated silica was prepared according fo
Comparative Example 19 employing 8.4 g of silica, 42 mL of toluene and 21.3 mL
of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation).

Comparative Example 49: Preparation of supported metallocene catatyst
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were placed in a fritted glass filter as a colum wth

a snooth surface. In a separate flask 320 ng of
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temperature. Then the solvent was filtered off, the catalyst was washed with three
120 mL portions of isohexane and dried to constant weight in a stream of nitrogen.

The catalyst was obtained as free-flowing powder in a yield of 12.6 g.

Example 51: Preparation of supporied metallocene catalyst
9.02 g of the methylaluminoxane treated silica prepared in Example 17a
were placed in a fritted glass filter as a column with a smooth surface. In a
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Conpar ati ve Exanple 46: Preparation of

nmet hyl al um noxane treated silica The
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according to Conparative Exanple 19 enploying 8.4 g
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When the surface of the
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filtration process was stopped and the filter cake was
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Co'f‘B g kum noxane treated silica was prepared
accor g to Conparative Exanple 19 enploying 8.4 g
of silica, 42 nL of toluene and 21.3 nL of a 30 wt-%
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room em ergtﬁre orr%n@ RSt téﬁ”gtl\;b gﬁeeply colored solution. This solution was
then carefully added on top of the methylaluminoxane treated silica and slowly
filtered off within approximately 30 minutes. When the surface of the colored
solution reaches the top of the silica, the filtration process was stopped and the
filter cake was carefully and thoroughly stirred by means of a spatula. The catalyst
was then allowed to rest for one hour. The residual solvent was filtered off and the
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mL of toluene and 3.9 nL of a 30 wt-% sol ution of

met hyl al um noxane in toluene (Al bemarle Corporation).
The slurry was stirred at roomtenperature for one
hour to give a deeply colored solution. This solution
was then carefully added on top of the
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Comparative Example 56: Preparation of supported metallocene catalyst

The methylaluminoxane treated silica prepared in Comparative Example 55
was placed in a fritted glass filter as a column with a smooth surface. In a separate
flask 312 mg of rac-dimethylsilanediyibis(2-methyl-4-phenylindenyl)zirconium
dichloride were mixed with 35 mL of toluene and 16.8 mL of a 30 wt-% solution of
methylaluminoxane in toluene {Albemarle Corporation). The slurry was stirred at
room temperature for one hour to give a deeply colored solution. This solution was
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carefully added on top of the nethyl al um noxane
treated silica and slowy filtered off within
approximately 30 m nutes. Wien the surface of the
colored solution reaches the top of the silica, the
filtration process was stopped and the filter cake
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Comparative Example 58: Preparation of methylaluminoxane treated silica
The methylaluminoxane freated silica was prepared according o
Comparative Example 19, employing 9.3 g of silica, 47 mL of toluene and 9.5 mL
of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation).
Comparative Example 59: Preparation of supported metallocene catalyst
The methylaluminoxane treated silica prepared in Comparative Example 58
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were placed in a fritted glass filter as a colum wth
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stimechiyy mieans of eespatulee ahe catalystouasitherpaligwadste rest for one hour.
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Cor poration). Conparative Exanple 56: Preparation of

168 gort ed met al l ocene catal yst The nethyl al um noxane
treated silica prepared in Conparative Exanple 55 was
placed in a.fritted glass filter as a colum with a
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um noxan ene (Al bemarle Corporation).
se'Bﬁatel flask 2 QBamgsofi mceﬂnathylmlanadw&m@ﬁmeﬂ%#(dr-t@a‘r@utyl-

ol G R PO A L L s 4 .

of'??@ léFSI di@ﬁ%ﬁnbf@@%lﬁﬂgfdﬁa‘n@% agideRb me)émé rd Cersstation).
iR appr oxi na m nutes. Wien the surface
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or one resi dual sol vent was er.ed

smfécewfdhe eolored solutlon reaches the top of the silica, the ﬂltrat:on process
was stopped and the filter cake was carefully and thoroughly stirred by means of a
spatula. The catalyst was then allowed to rest for one hour. The residual solvent
was filtered off and the catalyst was dried to constant weight in a stream of

nitrogen. The catalyst was obtained as free-flowing powder in a yield of 14.3 g.
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catalyst was dried in a nitrogen purge to constant

wei ght. The catalyst was obtained as free-flow ng
powder ‘in a yield of 14.3 g. Exanple 57. Preparation
of supported netallocene catalyst 13.1 g of the
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Cor poration). Conparative Exarrpl e 59: Preparation of
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The methylaluminoxane treated silica prepared in Comparative Example 62

was placed in a fritted glass filter'as a column with a smooth surface. In a separate
flask 285 mg of rac-dimethylsilanediylbis(2-methyl-4-(4’-fert-butyl-
phenyl)indenyl)zirconium dichioride were mixed with 31 mL of toluene and 15.0
mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle
Corporation). The slurry was stirred at room temperature for one hour to give a
deeply colored solution. This solution was then carefully added on top of the
methylaluminoxane freated silica and siowly filiered off within approximately 30

p\-
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deeply colored solution. This solution was then
carefully added on top of the nethylal um noxane
treated silica and slowy filtered off within
approximately 30 minutes. Wen the surface of the
col ored solution reaches the top of the silica, the
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y,egpgp?y @denyl )zirconiumdichloride were mxed with 42
uene and 5.8 nL of a 30 wt-% solution of
nmet hyl al um noxane in toluene (Al bemarl e Corporation).

Comparative Example 65: Preparation of methylaluminoxane treated silica

The methylaluminoxane treated silica was prepared according to
Comparative Example19, employing 10.8 g of silica, 54 ml. of toluene and 11.0 mL
of a 30 wt-% solution of methylaluminoxane in toluene (Albemarie Corporation).

Comparative Example 66: Preparation of supported mefallocene catalyst
The methylaluminoxane treated silica prepared in Comparative Example 65
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The slurry was heated to 40C and stirred at this

tenperature for one hour to give a deeply colored

solution. This solution was carefully added on top of

t he net hyl al um noxane treated silica and slowy

filtered off within approximately 30 m nutes. Wen
watsrpia@ad fres &ittsd glhss Geoasd cotilnn iwith a saoedl stiface.dp agseparate
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wastopped aff tlﬁ@ﬂwﬂ cdkenvaxareullyraridthoroaghiy Sjmmmyel;neans ofa
ation, o

Co t t Ex
SPEU e R BiskIS dabie AUAVAIYS (65t Toloe MRy ol T TSRh golvent

wels LEH off A PeftelaTEfas H%‘g? ?“Z?r"ﬁéd%‘ﬁ‘ el odstaritaeight
Thergdlpstowas abtainddas fmepﬂmmng pofvides n aaaelnlgofo‘!f? 94g.

rac-di et hyl si | anedi yl bi s(2-net hyl -4-(4' -tent-butyl
phenyl)lndenyl)2|rconlun1d|chlor|de were mxed with 31

nL .’Jaﬁ,og ﬁgBrtéd %btaﬂo&/eﬁ@batalm of

met h)ﬁ alum noxangal n to bemarl e Corporati on?
The 13[919@ thmmahy[amdnaxanmtﬁaatedlﬁﬂmeapm@@ in Bxample 17a

wellagedhinc e dSSEiRrs A oM thiSmobth Sufetd!h 8"
seg’é@&lﬂﬁﬁk' ?572 Bﬁréd Gﬁﬁ%xglgbrrﬁ ?Ib%(Q%EtHylMt(ﬂf-m-

In ap oxwrate m nu

buwmerqemﬂenmznmnmmumme ware suxedwithngs mpofépluleﬁs and

£ 1t 7 hai- ot ot e h AT iR hORER e s RE
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rest for one hotr. The residual solvent was fil red
deeply colarecaolution Tjés selutoamwascarafuly Aadesifeh iR fgtg

mé:tﬁg% ant ég Ellg%eci@ ’l(%éagﬁyl gcfwgﬁ’/‘@ﬁel%?zag Q\gﬂuﬁéppmxnmately 30
minutes. When the surface of the colored solution reaches the top of the silica, the
filtration process was stopped and the filter cake was carefully and thoroughly
stirred by means of a spatula. The catalyst was then allowed to rest for one hour.
The residual solvent was filtered off and the catalyst was dried to constant weight
in a stream of nitrogen. The catalyst was obtained as free-flowing powder in a
yield of 14.8 g.

Comparative Example 68: Preparation of methylaluminoxane treated silica
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Exanpl e 64: Preparation of supported netall ocene
catal yst 14.4 g of the nethylal um noxane treated
silica prepared in Exanple 17a were placed in a
fritted glass filter as a colum with a snooth
surface. In a separate flask 394 ng of
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t'er ed the catalyst was dried to constant
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treated silica @ndslovdyiitered pifavithimappiexima 8yningteso Véhep the
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wa@%t@ﬁbéﬂ izpd)the GitBPBAIS Wee darefully anﬁ@horﬁughmamanfbpmeans ofa
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44 mL of toluene and 21.3 nL of a 30 wt-% sol ution of
PSQEJ? i on).
Thelﬁélipn‘:”.8 P teBardliorb at 8&%5?\2@&%2??%23@!?{ one

ry was stirred
hour22|30mg|ofeaadd'ﬂetﬂyisllenbdwléns@snethwi-érﬁ-bem(yn@@ﬁ)(ilzll‘@ﬁnlUm

dichueige e pivesilee ek 8 B a Ve diStion of pefiiglymigoxane in
tolBEhe thldnaRPebABdraRsS). ThdGolltidn was dilid Wie 11 mL of toluene
and stirred at room temperature for 1 hour. This solution was then added to 12.4 g
of the methylaluminoxane treated silica prepared in Example 17a while stirring.
The volume of the impregnation solution was 125% of the pore volume of the
support material. After the addition was complete, the mixture was stirred for
another 5 -10 minutes and then allowed to rest for one hour. The catalyst was
dried in a nitrogen purge to constant weight. The catalyst was obtained as free-

flowing powder in a yield of 12.9 g.
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surface of the colored solution reaches the top of the
silica, the filtration process was stopped and the
filter cake was carefully and thoroughly stirred by
means of a spatula. The catal yst was then allowed to
rest for one hour. The residual solvent was filtered
off and the catalyst was dried in a nitrogen purge to
constant weight. The c
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Example 73: Preparation of supported metallocene catalyst

233 mg of rac-dimethylsi!anediylbis(Z-methyl—4,5-benzoindenyl)zirconium
dichioride were dissolved in 3.7 mL of a 30 wt-% solution of methylaluminoxane in
toluene (Albemarle Corporation). The solution was diluted with 26.7 mL of toluene
and stirred at room temperature for 1 hour. This solution was then added to 13.0 g
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i ndenyl ) zirconiumdichloride were mxed with 36 nL of

toluene and 17.3 nL of a 30 w-% solution of

nmet hyl al um noxane in toluene (Al bermarl e Corporation).
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to!%%r(tﬂﬁiemﬁé Eorpoiatigfrat ¢ r‘o‘éﬁ‘n nPéWee D&irj n%; RRe Hdtitidntthe

was stirred for = anot her -1 nut es and
teaipeoalete myst ast efcmecb:ﬁ@ﬂuo%ﬂer tbeadditicnl was cmamletebr thedmixture

wislin kel ShpHGaL PRGNy (el haaied g Allowed fo
reﬁl.?rx %ﬁouﬁﬁoﬁaﬁﬁb? cgéirémgptﬂ&ﬂﬁrt?%&ﬂ t@mpe RO fHfsolvent was

| ocene cat al
sapacated oyt iy ation. é!'rfa&jre,%Idm&swas weststingid-wiitt e A 200 mole pytjanis of
coni um, . di c [ e dlsslvedln

to n%@g' tmqq)fl}g@é nﬂepé\@pgp% 03 Qraﬁdjtln\éacuum 90 constant
wélghp TFBth h?FHIWr%daﬁB)treaT@@ sﬁi@b%é@&btéﬁ?edjaé gifRsE-Rbling

uene and stirred at roomtenperature
de.‘derlﬂ acyueld of4i’d ol uti on was then added to 12.9 g of
t he met hyl al um noxane treated silica prepared in
Exanpl e 17a while stirring. The volune of the
i npregnation solution was 150% of the pore vol une of
t he
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support material. After the addition was conplete, the
m xture was stirred for another 5 -10 m nutes and '
then allowed to rest for one hour. The catal yst was
dried in a nitrogen purge to constant weight. The
catal yst was obtained as free- flow ng powder in a
yield of 13.3 g. Exanple 72: Preparation of supported

met al g %f'ﬁ f£@tal yst 224 ng of
rac- di net hyl si’l anedi yl bi s(2- met hyl - 4, 5- benzoi ndenyl ) zi
rconium dichloride were dissolved in 3.6 nL of a 30

W el tféf[g'oiﬂ}eg&llega‘ﬁw&{eaééﬁﬁw&h&ﬂn ot Ve Mhediyi-bis- (2-

CAroCT —OTT)— e~ SOTratT ot was arrutreud w
ﬂ:ﬁﬂ&/l—ﬂi@Oferﬁ-lmhtule;ﬁftenyamdemtl]zxrcemiumdw?dmmdet enper at ure
for 1 hour. This solution was then added to 12.5 g of
t he met hyl al um noxane treated silica prepared in

0

Exarr%g (49 Al hq43fertrﬁutﬁqmenyl}e -ethyie ref—the—
npregnatl on sol ution_was 200% of the pore vol upe
{ Héndengpweiet difselued ﬁl5oﬂﬂltt@ﬁueﬂﬁénﬂo@m| on was -

?Hﬁﬂbe} 850 g‘lﬂt koXt7lGrﬁ1 %qf))tr‘x-BBﬁ/F' iffim gnother 5

m nut es an en all r est or oneé hour. The
(26| |ystbluaae) mcmea:ﬂded at oo @qeperpwge to consts e

AT <ol JPAF e Y87 1 R G0 el PSP orc,
@cfohagprtortﬁfO”ngﬁlild?ce(mSCa&ca ysﬂeﬂ?f;‘(ﬁa miegfz o
PSHI T i eTans Mecs vl A Sty e85 ]5 ooy
wm%é@lférta ﬁnatoéo @VWW'(E%”@@{M@@ o {ol uene™>y

(Al bermarl e Corporation). The solution was di |l ute€ wi th
lzg@nd) ﬁLBLBY' litin e MR dolene} ¥@rea@dAsd m t enper at

te QQIHfI?]n Ig‘ei\sssﬁﬁéd”féto@ Wa$ dden sgdeed to 13.0 ¢_90

um noxane treated silica _prepared in
@oanmte mmnmmmr@turer 2. 2199 (meeq/owagﬁﬂim tonh#gand) zirconium

l{eﬁgéﬁﬁm Wark 58 a‘gqqtﬁﬁalﬁﬂ dﬁ ﬂi?rfh‘éqltﬂ?)ﬁ@ e lithium

support ma I on
chiorjrleawas reneved lxy ﬂtretmaanémashm tivine wétm@tmbtollmnemch The

t d th d t i
et G2 etitedon ello B, HEEL I brB° pRHon (gt with 2
t‘éﬁ{;\%&%—rafﬁﬁ@f clo® l&gySiacﬁaﬁalabyaameatmsfrgn;ﬁb%ptahé ‘oyidlaei 500 mg

0] er In a 0 epar ati on

@f6%m| Tttt mlqw&a 3&35?}%”558%05 385y ed
%@g@@b@ Mgt 6818 5 788! 758, ¥ 9327 85XP08YB & mdtdigdramatic),
6.98 (s, 2H, indenyl-H), 2.23 (s, 6H, indenyl-CHjz), 1.91 — 1.82 (m, 4H, aliphatic),
1.31 (s, 18H, C(CHs)s), 1.27 (m, 5H, (HsC)SI(CHCHzCHs)) ppm.

b) Preparation of the supported metallocene catalyst

15.3 g of the methylaluminoxane treated silica prepared in Example 74
were placed in a fritted glass filter as a column with a smooth surface. in a
separate flask 329 mg of the methyl(n-propyl)silanediyl-bis-(2-methyl-4-(4"-fert-
butyl-phenyl)indenyl)zirconium dichloride were mixed with 35 mL of toluene and
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and 1 nbar for 16 hours, LOD < 0.5 % and LO = 2.6
w% in 1300 nL of toluene was added slowy 670 ni of
a 30 wt-% sol ution of nethylal um noxane in toluene
(Al bemar|l e Corporation) at roomtenperature. During

the addition the _ten‘gerature must not exceed 30C.
5.8mleof al3 wtilh soluiiomat methylaleminoxane initeiugne (Algmarle

' d,f hal f .
CBfE It ST RE: S B R B BERALE iy Britiu B Bive 2
deepf) EABratPYsIution. MHesbRAPA Vs thentdaeefilll eeldedwastop of the

separated by filtratjon. The rlgzjlldue

. hed with
methylalgpmaxengdraaiensiien andaleulyditares of vl gpgramately 30

ol 5o ind SO ot o i, e
filtedtion predess wasf steppéd and tige filleveke was aaefellyland thoroughly
sti%r@ﬁﬁém%%%{q%%%ﬂ@%ogbg )%giq?%grgq@o{hgtﬂ%[o?r@ (J r&sF10F one hour.
Tk@f@%{d&aﬁﬁéﬁéﬁ%%%ﬁt% ?ﬁ BERYhe icBEftWMZd G66@ I aitrogen purge

to 4ohdtant evdighituThé cptadystiwasobitairted as ireeiflondng pawder in a yield of
di ssolved in 50 mM toluene and 5 mM THE in a 250 ni
1588sk. 7.6 mM (1 eq.) n-Butyl lithium (2.6Min

tol uene) were added at roomtenperature and the

solution was stirred for I h at 80C. After ---\>i
Example 7600l ing to 45C 1.5 g (0.5 eqg.) nethyl (n-

propyl) (dichloro)silane were added and stirring was
continued for 3 h at 60C. 7.6 mM (2 eq. regarding to
a)|Prépashtion- dth¥ imdthlidiein cenpdlind Disthwieiendivibist2avisthol-4-(4'tert-
e solution was stirred for 1 h at 80C. After-

butdentieny! riodenviiFirceniyen gaMaiId® 2 g (0.5 eq. regarding

to ligand) zirconium tetrachloride were added and the

m xture was stirred for 2 h at 45C. The lithium

chl gf 12 d®epatationranBigi4bi -tért-bubi-phenpii@-mesiyl+idi-indene-1-yl}-
wth 5 m toluene each. The filtrate was concentrated
digthylsden® to yiel d the crude conplex (quant.) with a

rac/ - i A et GiH Lo i j

rac ﬁé&@@@@p&i) d;}ef dé% 6érrtrg HASHeRRLo-FlotayIa KifdiniedRere
dissolved in 525 mi foluene and 53 ml of THF. Then 80 m{ (200 mmol) of an n-

butyllithium solution (2.5 M in toluene) were added at room temperature and the
mixture was stirred for 1 hour at 80°C. After cooling to 40°C 15.7 g (100 mmol)
dichlorodiethylsilane were added. The mixture was stirred for 12 h at 60°C. After
cooling to room temperature 100 mi of water were added and the layers were
separated. The organic layer was washed with 125 ml of water, and the aqueous
layer was extracted twice with a total of 150 ml of toluene. The combined organic
layers were dried over magnesium sulphate. After separation of the magnesium
sulphate, the solvent was removed in vacuo resulting in 63 g of a brown glassy

solid.
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(0.65 mol, 7 % of the conplex with a rac/nmeso-ratio

of >13 : 1. "H NWR (400 MHz, CDCl 3): 8 = 7.63, 7.56,

7.43, 7.35, 7.09 (5 x m 14H, aromatic), 6.98 (s, 2H,

i ndenyl -H), 2.23 (s, 6H, indenyl-CH3), 1.91 - 1.82 (m

4H, aliphatic), 1.31 (s, 18H C(CH3)3), 1.27 (m 5H,
waﬁg@@n yca—gamumam;qmpmgrappy mmmemmmtanaé dichloromethane

o PRORATT 7 Bua B 2 T ezt aduent ) 2mstpve -

lnd%e-wﬁ]-aléihﬁ%ﬂﬁnén afritted glass filter as a col umm
surface. In a separate flask 329 ng of

th
1HtMMR (400 MHz CDCla):

i b Dbi t I-
DO SRR A BROATEE L AT PR B0 e+, o7
(s, va hCH), 31593(5 qHI U@H? 208, 28132& @iswf OH 01%(%91—1 t-Bu),
sol'ution of al Unmi noxane i n tol uene (Al benarle
1.3otsp SHattedBu), Trﬁé (614577 § Hea 615 t € Ha)e 8. 2it-0s/dlokin, 4H, -CHz-) ppm.
tenperature for one hour to give a deeply col ored
solution. This solution was then carefully added on

t op a@) Prégarati@t by Didthylshavdipiois( 2-eadtagl-4(4 Hea-mnd-phenyl)-
slowmy filtered off wthin approximately 30 m nutes.

inAgRyh a'ns@n%nad%l@r@ﬁ the col ored sol ution reaches the

b 18125725 Tirnoiy Bisl 1A -tr bty RbhE RS BE R RENSEABATH
dietityl+siledelwerseissoiadd in SH&aml Itdueﬁ'eh end aiﬁahyiiTHFV\Ehen P&ml
allowed to rest. for on hou The resi dual so] vent

5%@@ Pf 8p &b ByHithiym saetiony ?aﬁ%t" N verre;agidgd at room
S L s e
5. 853)@(:216 enrfiél) zmﬁtorﬁmxt&tranhhmmdefw@rbead@ahlpmnbmms d‘dmmm:@nsmn

wap et RE A 3 TR S Bt e g SOl Spmplex was isolated by
f[trBﬁSﬁQﬁ@dgﬁrh eB fifitsd @résé ﬁ!fe? %hd%éﬂeﬂﬁhﬁé(‘é/bv)m% W%}f‘&bld]toluene

H 1 ndene-1 -yl]- dié&thylsilane: .50
each. ('IZhe c@mpletxlwqa exinacted )W!m 200 nylin total ofiturdeluane @nd the filtrate

52 of,. THE. T
wakcoP8gtGaesly Varudto HoBTA) PP Ehtebfatiorn Rvero it e Faom
terﬁﬁér@lﬁ.ﬂé ) filt@fiéh adéﬁé @3 fﬁttwgfb@@ﬂﬁéreénu ew irf \Flai‘:uo yielded 3.97

m xture was stirred hour at 80C. After cooli'ng
g (§.d640m0l52T7 %) of mmdmtbyl);tlandfylbts(2-methyl-4 -(4’ -teﬂ—butyl—phenyl)
indenyl) zirconium dichloride as a bright yellow powder (rac/meso > 50:1).
'H-NMR (400 MHz, CDCl3):
8 =7.69-7.01 (m, 14H, arom-H), 6.29 (s, 2H, arom-H), 2.24 (s, 6H, rac-CH3), 1.51-

1.41 (m, 4H, -CHy-), 1.32 (s, 18H, tert-Bu), 1.07 (t, J=6.9 Hz, 6H, -CHs) ppm.

b} Preparation of the supported metailocene catalyst

17.5 g of the methylaluminoxane treated silica prepared in Example 74
were placed in a fritted glass filter as a column with a smooth surface. in a
separate flask 378 mg of rac-diethylsilanediylbis(2-methyl-4-(4'-terf-butyl-
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di chl or odi et hyl si | ane were added. The m xture was
stirred for 12 h at 60C. After <cooling to room
tenperature 100 m of water were added and the | ayers
were separated. The organic |ayer was washed with 125
m of water, and the aqgueous |ayer was extracted

phenybindanybzikcangma)digh om@@ weire gnix¢d Witbrd0 miref telyiasierrng 4.6 ml
of%; ?gﬁ}v’(g’/épé%@h?g"fﬁétﬂyﬁurﬁﬁ’m%ﬁé iTRAE T ﬁﬂpéma?lléaégrporatlon)

magnesi um  sul
Treoslvuenytwawmstirrethaledn femperaturedonbhée Ih@ur to giﬁega déeply colored

o@ﬁom ; a?ﬁﬁws ?Jg‘ﬁﬁh@g%ﬁg @é&é‘@é{? ;ﬁégf the mrgc}wylaluminoxane

oG SR ey ofos RIS sbpiciiptaly DRy hen the

suylacedfdibdrgblosed amiatloh Irb&db!‘l%s(th@ﬂop/ldith@m:aﬁ)the Siltration process
w%s: %t%p{)gg %géﬂ}\e iu'ﬁlélf p%&;?&?a@gﬁap%uﬁf g&é ’ihtlp;olﬂl’g@%s?{rlgerasgby fneans of a
spt%:cﬁBI%.) T%atg@s?évasétﬂ@ﬁ dlIBwedlo r@ﬁ for @h@)houil 'ﬁﬁa (ésd@ah' solvent

, tert-Bu), ,
wasthred offEndothelcatalystmas dded-in apptfogmpurg‘aeMmStami weight.

of . . . .
The eatalystyves Rbigined ag Srenstiaying pouperin A ViRl 1SR eny 1 ) -
i ndenyl) zirconiumdichloride: 15.2 g (25 mmol)
Bi s[4-(4' -tert-butyl -phenyl)-2-nethyl-1H i ndene- 1yl ] -
di et hyl -silane were dissolved in 150 ml toluene and 15
F Then 20 M (50 mmol ) of an n-butyllithium
E’@(ﬁ'é{a 0-41 (2.5 Min toluene) were added at room
tenperature and the m xture was stirred for 1 hour at

80C. After cooling to 0OC 5.83 g (25 mﬂ:I)I zi rconi um
t et EAdiieparatien g the melaliocenecampound diefylsiiaadbirbisk2-iso-

ordBh 4 SR DbRlor RN SAPSIAR dhicfigend e sol i d

fritted glass filter and vvashed tw ce W|th 5m of
coI d uene The, ¢ extracted with 200
EHS 3’6@%@@8@ IQ%E”'%[@T et f(%wl) 21'$%rpe0pwv3§4-lnd%ne-1-yt]~
dl%ﬁgpgﬁéﬁ .ated in vacuo to a total of 50 m .

tall'i zati on overni ght at room tenperature,
fil tB58at g¢20@memol) o4 -#i-tari-butylphesylj-Rtisepremd- diyndene were

BRSNS et A 2Bt Bhen 80 el 2B et o
bug}lﬂthgrﬁ‘ ggggb%% grng GR wm)eﬁeméﬁar adtfeRst RO tdfpedsiitednd the
mixture was st:rred for 1 hour at 80°C. After cooling to 40°C 15.7 g (100 mmol}
dichlorodiethylsilane were added. The mixture was stirred for 12 h at 60°C. After
cooling to room temperature 100 ml of water were added and the layers were
separated. The organic layer was washed with 125 ml of water, and the aqueous
layer was exiracted twice with a total of 150 ml of toluene. The combined organic
layers were dried over magnesium sulphate, After separation of the magnesium

sulphate, the solvent was removed in vacuo resulting in 66 g of a brown glassy

solid.
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"H-NWVR (400 MHz, CDCI3): S = 7.69-7.01 (m 14H,

aromH), 6.99 (s, 2H, aromH), 2.24 (s, 6H, rac-CH3),

1.51- 1.41 (m 4H, -CH2-), 1.32 (s, 18H, tert-Bu),

1.07 (t, J=6.9 Hz, 6H, -CH3) ppm b) Preparation of

the supported net aI | ocene catalyst 17.5 g of the
Pwﬁdaylbmamiummmnmogmpbw(mh@a plepal; beptancedigpepmethane

onf v B L Ea R il 7 o iete Qb Phefy 2 SEhpt iR

mﬂéﬁeﬁly?ﬁm{hﬂ@,@rﬁ@dl yl bi s(2- net hyI 4-(4' -tert-butyl 94

phenyl Ji ndenyl ) zi rconium di chl oride were m xed with 40

THANMIR (400 WMiis GRGIsX. 6 m. of a 30 wt-% sol ution of

o Ty B Gho RSPl 6 TGP SR (P20, P @B, 3.5

(sh9Hr -¢19), .66 @ ﬂ-?e-@q? o@30pexRy (ZSQWIZWHIPJ@HS) yodTld, agH, t- -
was 't heh car fuI on to

Bujet!30 -aDuff (rox22H, St-BbtaBbld sar+<flda)m:rm slowmy filtered
off within approximtely 30 m nutes. Wen the surface
of the colored solution reaches the top of the silica,

the éZ)'FtréﬁhtémnRif@l@ IsileRgiybbizp(Reoqndpyike (4 Herebutyl-phenyl)-
cake was car ef ul t horoughly stirred by neans of

mdenyjbamruumm@hl@adal yst was then allowed to rest for
! -
one Toxr, TP 60 bR s b0y .o
d:émygbhne wees ditisalvestt inwtd3 alh idiethgbether fin ae250 nwﬂa;k 13 6 mi n-
Bl@,tyl {rtjwn':;rgz % %ggg‘%@%@i&%ﬁ gaddE)éagp room7 Zer%?)e:%rt&l%aégé the solution

wgé g{“l?%( %ljﬂﬁﬂ P‘pgb é%ﬂ’ ﬁﬂnoll) zirgonium f %trachlorlde were added and

-1 naeny Zlrconium
stwrmgmlaommta tempdratyenaas cnntuiued for 5 h. The suspension was filtered

_ qd Ige gqg g{s}fy&é |\n2:—|\lf;&¥ed5 r}%r; %‘Qiglrﬁﬁgf tﬁﬁ thélﬁ' earéﬂlef)rylng yielded
8. §3(€ of & tcr@&% donﬁﬁ%ﬂy\bﬁh % fa?c‘?nié"s@pé“ rafi lofi Néene BRdotion with

ol ved t ol uene and 58 of THF. Then
toldene240 fmoﬂlonaifcrgstakhlzam yleldachButi QO(BL& ol 226%!% an'fhe pure

t ol uene) were e roomt.e [ t he
rels PN POMRIAK 2 & Pright Fellow SastisT BRCARESABBEN: (oo | ng
1H—NW@(§'€5MHZQ d¢deéfyy:mmol ) dichlorodiethylsilane vvere
The m xture was stirred for 12 h at 60C. Aft
§ {-:6'076 - 1t (on,r i aronpEh) 28.87 ds12d, aroraHa8dr2.4d (@, a'%i'él-éBF-CH )

1.39% 38! BUCIEHYST £35 (s, 18H, tert-Bu), 1.15-0.96 (m, 12H, IPr-CHg) ppm.

b) Preparation of the supporied metallocene catalyst

13.7 g of the methylaluminoxane treated silica prepared in Example 74
were placed in a fritted glass ﬁ!fer as a column with a smooth surface. In a
separate flask 319 mg of rac-diethylsilanediyl-bis(2-iso-propyl-4-(4'-tert-butyl-
phenyl)indenyl)-zirconium dichloride were mixed with 32 mL of toluene and 3.6 mL
of a 30 wi-% solution of methylalumihoxane in toluene (Albemarle Corporation).
The slurry was stirred at room temperature for one hour to give a red solution. This
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separated. The organic | ayer was washed with 125 nl of

wat er, and the aqueous |ayer was extracted twice with

a total of 150 m of toluene. The conbi ned organic

| ayers were dried over magnesi um sul phate. After

separation of the magnesi um sul phate, the solvent was
salefiomweads e aacefuﬂ;es&etd oy tomobihiegmethylaluminaxagiederaged silica

ot b A W A pedl, ST RIS P Yurece o e

cdfd)r%l:l deflitbl ?e&:h@ﬂhéffﬂ?i af thé s‘i*l@ca the fiitration process was stoppad
S[4-(4'-tert-butyl - 1) I SO-prop

anmthlerfdatel cake vmaecafpruﬂy ia %OFMW/REF(Q@gy manm gpatula. The

7. 49 1 4 0]

agglgﬁ ma%he%a%ﬂ%g %o Eésltﬁ;r ﬁef'_h%ur‘a T?lgg(ggl? u?—'.ak "s'blv?[nt'_Yvas filtered off
and3te, g;;?ai@t \(vés dried.in aGibrogén ﬁarge?t&t?or(sfam weigBt, The catalyst was
-i Pr-CH 37 (s, 18H, t- Bu) 30 - 0.71 (m 22H,
olgtain efipwingpyweeninyiets @ fph‘} 8t9-on of

Di et hyl sil andi yl -bis-(2-iso-propyl-4-(4'-tert-butyl-ph

enyl )- indenyl)-zirconiumdichloride 11.3 g (17 nmol)

Bi s-[4-(4-tert-butyl-phenyl)-2-iso-propyl-1Hinden-1-y

|1- digthyl-silane were dissolved in 113 m di et hyl
Example 7% a2 250 Ml flask. 13.6 ml n- Butyl lithium (2.5

Min toluene) were added at roomtenperature and the
solution was stirred overnight. Then 4 g (17 nmol)
a)zﬁ’repanatzom chfetheandaﬂaﬂm&he mmnpomw Simettyisilenedivi-hig-@-iso-propyl-
for. .5 _h. The suspension
$ Y 4D QIehIRnidE 8hed twice with 15
m di et hyI et her each Dryl ng yielded 8.93 g of t he
crude conplex with a rac/neso - ratio of 1.6 :
Ext redd Rrepavaticn oft Dimsémdbis(rr(4’ ftadtbtﬁyianhenyw-lso—prowl ~1H-

alli.zation yielded 3.11 g (3.8 mmol, 22 % of the
mét—eﬁ/eell-y SU8REc conpl ex as a bright yell ow powder

(faCﬂO”@%O(GB @%rﬂables)‘bm (téﬁfbd‘ﬂﬂzph@%@-)so §rdpyl 1H-indene

H aromH),

waesmtrczdmct info 2|4|8 mipef ikgne ai1d Aﬁ(mf-@i Tﬁﬁ ‘thep '_207@211-) of an n-

gk, 28 b Tl bl o oo

tefpleratMed. Afferih®s additidiewaeicayimélentinonintard westhedted to 80°C and
silica prepared in Exanple 7

-gtirred at this temperature for three hours. It was allowed to cool to 40°C, then 4.45

g (34.5 mmoles) of dimethyldichlorosilane were slowly added dropwise. After this
addition, the reaction solution was stirred for three hours at 60°C and then
overnight at room temperature. 120 mL of water were added and the phases that
form were separated. The organic phase was washed with 100 mL of water, and
the aqueous phase was extracted three times with a total of 200 mL of toluene.
The combined organic phases were dried over magnesium sulfate. After
separation of the magnesium sulfate, the solvent was removed and the residue
was purified by column chromatography. The desired product was isolated in a
yield of 16.5 g (75%).
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were placed in a fritted glass filter as a colum wth
a snooth surface. In a separate flask 319 ng of
rac-di et hyl sil anedi yl - bi s(2-iso-propyl-4-(4"-tert-buty
| - phenyl)indenyl)-zirconiumdichloride were m xed
with 32 nL of toluene and 3.6 nL of a 30 wt-%
THNMRL 400 MHZYEDGk)l uni noxane in tol uene (Al bemarle

s TR Bbron) s, oL o 125, LORR A5 A 20
o A KL Rl vy 6987 g ep oB0e 018 . o

_c}qif pptht hi n approxi mately 30 mi nut es. Wien the surface
0

th | ored sal
o1 | RENPremration of DTG [HIBEESY His e BeopioR -4 gtariRuy-
| d th hi db
phe B2t FPSENREE 0% ot vas then al | avied to
r ]g:?s g9 510ﬁanhmles oTIdaneﬁlellmiaéﬂ (zbmmbntyl«m@nvl)m-@paropyl -1R-
th t t d
o<t SO0 aEs Pabed 3G 0 Rus o il Ao ¥ Ao os.
THi=r gglr I flLouf &9 nnﬁﬂﬁglﬁfhldrﬁ s%h)tlcﬁi @.5 ikdolkethe) WErgTRIdded @it room

paratio the netal |l ocene conpound \
tenﬁpemtdmL Aiftea thisliagtitiohsva 2 complete dpg Imixture was stirred at 80°C for

on%|h§>uprlf9§1§saqbqoi¥ i e tdrhPSEYle &ld £98' ' Ml HiBlesy er 2
z:r&rggm'nﬁbﬁr&rdweﬁe@ddmydombmw }Blfﬂefihe additionpyas tbmplete,

ne-1-yl)silane 20.0

thedreaation énmdlb'atvyﬂs giveaty el gQ(’Csf@r Qa%bwt %Fh% mhdurRwagepaled

ol AR B8 BBy SRR Thoe T risgovas

draé@kﬁ@ﬁ@)um&égulﬁﬁgﬁm\@ & bﬁah drahge powtienrThis pmmier was purified -
erature. After this addltlon Cco Ietfe
by .fna ional estalfizatien fros tadeens{d Hrs iqhtaid hp & @e PU" e rac isomer

of é@@}ﬁ{/ﬁgﬁﬁ%&gﬁis@(ﬁﬁ%p% S;tei‘g’?ﬁty%ﬂé?WmH@nWﬂPcdn%m

dicliorelehy! di chl orosi | ane were sl ow y added dropw se.
After this addition, the reaction solution was

1HéYMRr@@OfMHZt,m3)nours at 60C and then overnight at
ﬁ%’?% BERE, af%eamm f&geg 5. SiroHEHS @ngmm DRE -CH),-

ases rm vver separ'at ed. e’organi c phase
1.345%, BRE he#,))i 1.83 19018H, tdu)at H (d, EImT O tHm %hu@bhippm

- "phase was extracted three tines with a total of 200 mL
of toI uen:)ﬁ The conbl ned Iorganl C phe}tses were dried

16.4 g of the methylalummoxane treated silica prepared in Example 74
were placed in a fritted glass filter as a column with a smooth surface. in a
separate flask 365 mg of rac-dimethylsilanediyl-bis(2-isopropyi-4-(4'~tert-butyl-
phenyl)indenyl)zirconium dichloride were mixed with 40 mL of toluene and 4.4 mL
of a 30 wi-% solution of methylaluminoxane in toluene (Albemarle Corporation).
The slurry was stirred at room temperature for one hour fo give a deeply colored
solution. This solution was then carefully added on top of the methylaluminoxane

treated silica and slowly filtered off within approximately 30 minutes. When the
08



separation of the magnesium sul fate, the sol vent was

renoved and the residue was purified by colum

chr omat ogr aphy. The desired product was isolated in a

yield of 16.5 g (75% . 97 'H NVWR (400 MHz, CDCI3): S =

7.51-7.02 (m l1l4H, aromH), 6.76 (s, 2 H olefin-H),
sugage of $he opjoredzglution geachesihe top otﬁe sitiga,)the filtgdionsprocess

waésf%?opb%ﬁé}wd g,%,si/ﬁg% %eé\g/érs ;ctai'F%lel)g’éhd #8ilghly Sirkd b means of a
spBtulet Tiyd safatysedioglihin (l8wieddo pestiyt ode hbur.t Find rddiduyd! solvent

henyl ) -indenpyl ) zi rconi um di chl oride 6.8 10.7
wa%{ﬁ;%g%i fanJ1 t)(we)catalyst was dried in a nitrogen pu?ge( to constant weight.

. . e ) ) RN 1 h
TS CHRE Wap obidided b HecbnaRidiliein & yisrdr e, o
toluene and 3 nl of abs. THF. 9.0 nL of an
-b i.thi Sol yti . ' I dded
el e P o s SAo(Be Sl iR e © 20
houros 8o MEmRHKARINGRa 1baRd lcaiYepkiiy ifBfample 74
wefd placesninlsekifted iglass filterdsuancoiemmelih @ $mootteswrfactd dula

sep et ok 5%t b tascd ErsthysledbndR et tpefine
ph€hWyiHﬁérgg’ﬁ?;if(%l?ggﬁjé—ﬂ@%ﬁ%wm%ﬂyi%aBﬁgél\?ﬁﬁ:cfdidrh gﬁtﬁﬂ%ride

over a | ass filter. e resi due was rie

angd A 7vodog whraesyelehexyl(imethybsiipredivibis G-meflaylgbi@lder-briyls

phBYBe BRI it WEHE 5RGRw 1B Al ileSE and 4.0 mL

of & SON®E-% Sdlution of methylaluminoxane in toluene (Albemarle Cor?oration).
di met hyl si | anedi yl - bi s-(2-i so-propyl -4-(4'-tert-butyl

Thesiyry Wasddrer gt reesipmperaiues Fqsrqr@ehomnmw aged purple

SOI%M lis %gﬁg@ngﬂyzis;tr%% é%ﬁﬁl@gq)d% ‘U{P@? ?fst?xegﬁﬁﬁflal_@ﬁnoxane
tredtedSsilica ad® blowly fteredlofl Withih apbre?nfdaté@iS(fi lhhinut@bﬁ)\/hen the
0 orted netall ocene

m b) Preparation of the su t .
surbhe o e TR0 oI EBeR JIRICR R HoR HIR flgh Btion process
] |
wa stoffbPAREHI i ReRe R, Barkhu BRIl diBd by means of a
spatuld. dbhe. cdialyst wae freerasitovirbd sk re36 forraneohour. The residual solvent

wap Htefed i Bha the Satalyst was dried In & RItegen purge fo constant Weight.

The catalyst was obtained as free-flowing powder in a yield of 15.6 g.

Example 80: Preparation of supported metallocene catalyst

15.8 g of the methylaluminoxane treated silica prepared in Example 74
were placed in a fritted glass filter as a column with a smooth surface. In a
| separate flask 169 mg of rac-dimethylsilanediyl(2-methyl-4-(4'-tert-butyl-
phenyhindenyl)(2-iso-propyl-4-(4’-fert-butyl-phenyl)indenyl)zirconium dichloride
and 105 mg of rac-dimethylsitanediyl-bis-(2-methylindenyl)zirconium dichloride
were mixed with 36 mL of toluene and 4.1 mL of a 30 wi-% solution of
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phenyl )i ndenyl ) zirconiumdichloride were mxed with 40

mL of toluene and 4.4 nL of a 30 wt-% sol ution of

nmet hyl al um noxane in toluene (Al bermarl e Corporation).

The slurry was stirred at roomtenperature for one

hour to give a deeply colored solution. This solution
me@ylaﬂhmmooraneimtdlgemid&ﬁbemrledbor@braﬂm) The sturry was stirred at

o AT R i B AL s
ca?éﬁfl?‘é@d@ oh HSP &Rk ﬁ%tﬁfiafﬁrmﬁ@xé r@ﬁ@éﬁadt ifcd &g QIEMW filtered

l'1ca, tration process was stopped and
ofﬁwlth[erammmmaa@y@@rl@fnutes When thesutgee pf Sia eqletgdosolution
ans of, a

reBGRS 1 tof) of MRS SH1oA tnE Yisin bRt Tast 15Had! pi e Bffer cake

wef éar@ﬂﬂl tdH tﬁat'cy’llg{'ﬂT*] st@ed % ireshngoba @péfmél’hepwtgfyst was then
const an e cata St was obt ai ne

alipwed-toIresi fﬁgop@me!r The éeS}dltﬂl golyeni was filter @aﬁﬁané the.catalyst

o SRR A R HPRR 1 BRLE BRI i BB dipigh as

fr@Wr'nQpB%déﬁ@rﬁ@gﬁéldQﬁdB@ a frltted glass filter as a
co unn with a snooth surface In a separate flask 167

E){aﬁr‘ﬁﬁfyl &tlﬂ%ha %ﬂ?g’ 1 SO- pg’%”ggrt"%% écé'feec %E}{Jt SIUt )rl)lhenyl )i
18@ groflthe rmistlylaiumidoxahe tredied sahrrm p@arrgd @f Example 74 were
PIAGasTyA UIGRIGHS THRTAN P o MaLMR STERTbFItRs4dh & Separate
ﬂagk)é% {aoécﬁoﬁéxﬁlﬁﬁt@ggm%%ﬂﬂ Q)réTtZ nﬁt%ﬂ-ﬁﬁlﬁ%ﬁ%myi-

sol utl in-tol
ph@nybmdehyk)mbcomu?h dichionde andd 24 g roédaca-drme’rhgrlsrianedryl -bis-(2-

TG o G Ao e P2 E AR B uspasano 47 mt
of *aOsm mfri /§ G61uEBH BYh?étHwaﬂﬁﬁﬁBﬁané rrﬁ@irrﬁéhé(Arbéﬁraﬁed:orporanon)

Iltered off thin proxi mtely 30 m nutes.
Thwmurry héas slimeldaatgoom termpe:ratttre dor @ae houbtp gvaehripliesolution.

i o Bt Wastaen Edtarti coked BRSO B RiAVafinguae atod

sarr‘eh'arrrdeelorrw 288 offwithinEpprostimately S0anirmitystWnes thésarface of
[lowed to rest for one hour. The residual sol vent

thavaeiored selutien seachasdherdep eatha siliea.ias fliration prgcass was stopped

o EE A s 977 SR P s dpe. o

cataf & fién dMoaRd tetregnforions e Thd resitiaal submr& was ﬁitered off
catal yst 15.8 3 of the _nethyl al uni noxane tre
ri

an§|the@gtajy$mse igch in=R aifppgenzurge to constant weréht The catalyst was
obtained as free-flowing powder in a yield of 18.9 g.

Example 82

a) Preparation of the metallocene compound {Methyl){phenyl)-silanediyl-bis-
(2-methyl-4-{4 -tert-butyl-phenyllindenyl)-zirconium dichloride
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were.placed in a fritted glass filter as a colum wth
a snooth surface. In a separate flask 169 ng of

rac-di met hyl si | anedi yl (2-nethyl -4-(4'-tent-butyl -
phenyl )i ndenyl) (2-iso-propyl-4-(4'-tert-butyl -phenyl)i
ndenyl ) zi rconi um di chl oride and 105 ng of

rac-di net hyl si | anedi yl - bi s- (2- et hyl i ndenyl ) zi r coni um
dichloride were mxed with 36 nL of toluene and 4.1
nm. of a 30 wt-% solution of 99 nethyl al um noxane in

=
-
%

104 Y8h mnfol b@‘aehdal@mhenﬁl-ﬁmthy% slurry was

d f
sk S dpeavann W ol GLPOE e I8 neh  car of Py
gﬂrﬂ et an Wpt .09 e§l) ntBgyehitivl (2leMinolane) t

y filtered off wthin approxi
wereadded ayreom toEpeiIracRd tie SHUILES ¢

étﬁ.%?ﬂ?ﬁ h*ég 80, Afterlda8lify olatAC .68 (i1 ¢ |

and the filter cake was car

(Oroequ (Jhemyls)(mhwt) dighlore siteneowere agriadul a.

@lﬂs‘é}ﬁﬁ'?en\’/\’ﬁg %’ﬁ er efgr he gé(gcrct @éyaal y5

dfﬂh@h%aﬁd‘ egg»a) Fl'lhe?ﬁlvkam]fc wassmaovedisi ght .
was obtajned as. free-flown in
VASUG ) ?@Ef-'rfﬂ"f"@'”glo" Veisoly oﬁ%q@upp

diBihgl étreene gt @sysd.) ﬂ-Bu@] mhimﬁ'n (mGMﬂBt hytatummoxane
treated silica prepared

tglupnp) weis afidedtroomdomagratue g % 3o AP ian i RTfor 2 1
robfd t%ﬁ'@)er tGreaTﬁéﬁar':Z;i(O 4 bastegaiding® Rfand) zirconium

rac- cycl ohexyl (et hyl | anedr'y

|- bi s
tetractioride wershagdgd)a ﬁmtwerwaﬁmrﬁeta;%mﬁ?ﬁ% matﬁé’PPEﬁf”fe

ﬁ% ‘%}T‘Iﬁ %%m%sq%a&l&%% lfff’(Fb% hF *%a% \ﬂlgshed with 15 ml diethyi ether to
VI ZT rconi um oride were m xed
yﬁldtﬁ‘[& o bfiieeaeexicAompiéx (raﬁln‘@Se(F 1#:1)together Wdf-h llthium

SR, TS et B R b v
rBRibvel h AW 1B ymw Alod s mmoh26 % Tegardiyg tottheindene) as a
then carefull ed on\;(;5 Jq of the nethyl al um noxane
tiri%'ély‘é'@w B?W‘i”%a(r €80 3 5 filtered off within

fa gt DatHY, GOC): 3¢ 258 Ves (ﬁhemvafmmcpmdenwa) 2.53,
ored sol ution reaches the top of the silica EZ

7 841 1.85 (Ix spbldclodenykGHzpt lodb i Pk GHob 157 {So 1BHafcCHsk)

was carefully and thoroughly stirred by neans of a
tula. The catalyst was then allowed to rest for

one hour. The residual solvent was filtered off and

Qt&:her%c aa}a%lﬁfé_f( igzsﬁlgdgral eﬁ}d’me&nll bh8%e ailf 9¢ to constant

13.5 g of the methylaluminoxane treated silica prepared in Example 74 are placed
in a fritted glass filter as a column with a smooth surface. In a separate flask 325
mg of rac-(methyl)(phenyl)silanediyl-bis-(2-methyi-4-(4'-fert-butyl-
phenyl)indenyl)zirconium dichloride are mixed with 33 mL of toluene and 3.8 mL of

a 30 wi-% solution of methylaluminoxane in toluene (Albemarle Corporation). The
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obtai ned as free-flowi ng powder in a yield of 18.9 g.
Exanpl e 82 a) Preparation of the netall ocene conpound
(Met hyl ) (phenyl) -sil anedi yl - bi s-
(2-methyl -4-(4'-tert-butyl -phenyl)indenyl) zirconium
di chloride 100 10 g (38 mmol)
slutry( i$' stitredt athoby tephsersiure Fomend rbuf tdgive rdéeeplyeotored solution.

oSSR b, P B o0 e g Bgod s e
slc@ﬁ?eﬂteﬁé %%&ﬁﬂpﬁﬁ&bk g%rtéﬁﬂ B‘Oh‘?mﬁﬁiéét 'Wﬁeﬁ’amé@uﬁ'ﬂa@@ of the

After c C3.64 g zrclZz
colcded sehptbn(rﬂach@ﬁ )he( mpemfyﬂh)e @ihcautbed“lmtlcahermse i3 ¢&epped and

tne HteR ook o ndredlioznd B gt iR bV o 98 Spatula. The

cat(ﬁsgéiﬁ?/ fﬁ%t ﬁiﬁué&[@réﬁt st dhé 2@3@? Tﬁeéﬁﬁﬁ@? Is?lﬁ!leﬁl?nih ﬂltered off and

the catalysidaajriadete caaa@at 'aotelgwom Bedireant of eitrggent ETéle catalyst is

obfedd e ttngholeeilies fhg Yl or bt 2T Cont U "

tetrachl ori de were added and the m xture was stirred
for 4 h at roomtenperature. The conplex was isolated
by filtration and was washed wth 15 ml diethyl ether

igg),d 5.18 g of the racem c conplex (rac/meso =
Ex%%’&‘%‘ %%)IOget her with lithium chloride. The conpl ex was

Préparativreef widthytilamins:anetrieated silica he sol vent was
renoved in vacuo to yield 4.01 g (5 mmol, 26 %

regarding to the indene) as a bright yeI | ow powder

rld g 3 N Ot vy e ana 1
mblar$6r {Shsufs, LOD < maen% 'an&i'IZB.DI -121mv\r(%) tng'r]ﬁ% ff:‘sll_t cHBJuene is

1.32 (s, 18H, C(CHSE1 zi\t
addaq s 84kl PR SHatARIEN GhTBTy tgkTHEane in toluene
(B G2 YR LA i peratur
muwt ot axﬁmbw"&mﬁmae atditiansie panaiietef, treshnix@are is stirred for half
an hour at room temperature and then heated and allowed to reflux for four hours.
After cooling down to room temperature the solvent is separated by filtration. The
residue is washed with two 160 mL portions of toluene and three 160 mL portions
of isohexane and dried in vacuum to constant weight. The methylaluminoxane

treated silica is obtained as a free-flowing powder in a yield of 60.8 g.

Example 84:
Preparation of supported metallocene catalyst using methylaluminoxane

19.1 g of the methylaluminoxane treated silica prepared in Example 83 are placed
in a fritted glass filter as a column with a smooth surface. In a separate flask 303
mg of rac-dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium dichloride
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ng of

rac- (met hyl) (phenyl)sil anedi yl -bi s-(2-nmethyl -4-(4'-tes
t-butyl - phenyl)indenyl)zirconiumdichloride are m xed
with 33 nL of toluene and 3.8 nL of a 30 wt-%

sol uti on of nethyl al um noxane in toluene (Al bemarle

areoniped withctd.8 mihef tollenesand dyo ni- efta 30 ad-%atsaliion of

PR SR nd AL el e B ARR TG AAEE stpo o
robiGeplefatufd fOFioHRIRNE tbIgas 8 crahds Solatieh. 'EHuQ\do}’utlon :s then
filtered off within approxi mtely 30 m nutes.

casafil;added op fiep of iemeindakminexanediedied silka @l@be'@le fitered

ot i bl SO AR By PR st o

reéifﬂ%&&heftoﬁ offa silica, tAE élltraIMM&tess & dibppedbhdvihd fi f‘tter cake is
st for one hour. The residual solvent_is filtere

camfuﬂxawaﬂ thareughly stired bysmeans #f esnadHat Bhe Cﬁéﬂl)ﬁhis OLwnaaﬂowed
to féét ?&\"’E}ﬁg ht Fr‘i‘i%v\g%mdugﬁs&%ﬁﬁ |§Sfﬂtfefe°qso1? Qhé'tgg%a?ﬁﬁgsté%dned ina

OW Nng er in a
nlthwmlﬂ’gecm cohsiwtt Wgeightu‘ﬁha cataigsttis ehﬂambd;as lfm-ﬂ'mmag powder

ension of 33.4 g of silica (Gace XPQ2107,
in arweé@j gfﬁ%ﬁc and | nbar for 16 hours, LOD < 0.5 wt %

and LO = 2.6 wt% in 160 niL of toluene is added
slowy 84.3 nL of a 30 wt-% sol ution of

noxane in toluene (Al bemarle Corporation)
Ex%ﬁ%é]é%%ﬁg] erature. During the addition the
Prépansion of Glffdl‘éﬁt sBfiés of uphottéd nithRocéne catalystoasing
is conplete, the mxture is stirred for half an hour

methylaleminexare/aluminumalkybmixaesd and al | oned to
reflux for four hours. After cooling down to room
tenperature the solvent is separated by filtration.

Astwecribed irdHga mief\ad; hadthwilalbminexah@tredted silicagrepared in

t ol h 60 n_ t

EXBORIBS IS Vs et SPREGAIE BRK GRerg et Visllanadyibiaz-Mothyl-4,5-
ti i t
oo BRI So 28 B b\ et BBt @ pramol
84 Pineteadadfiusingd 3upptr $cddt:mbﬁhhedhydamnma®mnestn indueng
t hyl al um noxane 19.1 of th

(BRR e L aPRRI I pifide ProRANGESaUHLS of B inosene in
toliérd g Qergllaﬁé%é Fe&ron%na &%I YW, tsemoﬁrmcamm.mum alky! in

surf nas paraté flask 303 ng o
hepfac.ed$ ueecthmi shm@rds plitried (an:nemsampereﬂurasfmmnmbwn tpgive an
orange "Solttion. clj?ns soluF on is then carefully added on top of the
methylaluminoxane freated silica and slowly filtered off within approximately 30
minutes. When the surface of the colored solution reaches the top of the silica, the
fittration process is stopped and the filter cake is carefully and thoroughly stirred by
means of a spatula. The catalyst is then allowed to rest for one hour. The residual
solvent is filtered off and the catalyst is dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing powder.
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102 are mxed with 42.8 nL of toluene and 4.9 nL of a
30 wt-% solution of nethylal um noxane in tol uene

(Al benarl e Corporation). The slurry is stirred at
room tenperature for one hour to give an orange

solutjon. This soj uti.o s then carefully added on

I ggelo Pf?@%@rﬁﬂ"&ﬁmﬂ@(&ﬁécat@h@t wersians, the mlealeiegio of

mEtHeyflﬁﬁﬁ-ﬁhoﬁﬁe /"éh&r"r‘ﬁﬁh #h¥urdls %ﬁﬁbgﬁo AVBEN 5.1 1.1,
surface of e co ution reac thé tdp

1:8f 1thhendill i andithe type Df ’dte tmsedoalumem a!kyt Jepmlédand

(SRt ey, P Guiataia Gampded o the
cag?ll]yéﬁﬁrbdh@f w%uh@%r thE'"@até?& &%hcé@w ERbn @h' §EI§d7

and the catal yst nitrogen pur
palynetiagiormexample %1&% afl aypﬁxesizedmayﬁaera@ns show lower

T A N I T

mixeiraldf pethglah@hidb)ahes apgl tﬁ&obutylalummum showed a productivity of
nmet hyl al um noxane/ al um num al kyl . m xtures As

1%9%%/9 Gatalysindl e 84, net hyi al uni noxane treat ed
silica prepared in Exanple 83 is used. In a separate
flask rac-di methylsilanediyl bis(2-nethyl-4,5-
benzoi ndenyl )2| rconiumdichloride is mxed with
t ol uene. trast to Exanple 84, instead of using
Compgrafive r]Pc%" of . met hyl al uni noxane in tol uene

ProBRPRI of suieplet itRaNofoft Ehti e e isbpityipiuminur
inﬂeaﬂmfanemylahnﬂlrrﬁxanelo Wt - % sol uti on of al unmi ni um

alkyl in heptane is used. The slurry is stirred at
roomtenperature for one hour to give an orange

1592!J ?b‘fﬂﬂa m@!hﬁaﬁlﬁhﬁékéﬁb tréaidddli (f,“aaﬁr‘éF)HPéd’ l@ﬁﬂ?ﬁmﬁ‘aé 993

he met hylal um noxane treate ca and s
pla'qeldtla raefailﬁedfgiwa filter mcokmmmwﬂ:hya faooth swrfase. lN\heseparate

e 838ty BLFaiiielfyE ot Fhiie dubid et umdrnhahedrium

dichidrice al@&*ﬁﬁ(ddswiﬂﬂ’l ol oy tliend BAG BYON L &t é Hbe\ﬁt %ysoiutlon of

means of a spatula. The catal yst is then al

triigetyitylebmiphen indieptame éAkes Nobel). The slusry isi Sizrlrad ateroenn .
terﬂ%&f-r}]réa@%tfbp@g% 3&)@ Yosl.éléfe ac{flé %[e 4?34&@2% ihﬂ%%&gﬁ then carefully
adfiecenftbp\uf tige prtkigalundiA8xane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the
top of the silica, the filtration process is stopped and the filter cake is carefully and
'thoroughly stirred by means of a spatula. The catalyst is then allowed to rest for
one hour. The residual solvent is filtered off and the catalyst is dried in a nitrogen
purge to constant weight. The catalyst is obtained as free-flowing powder in a yield

of 15.5 g.
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In order to prepare a series of different catalyst
versions, the nolecular ratio of nethylal um noxane /
alum numal kyl in the mxture is varied (10:1, 5:1,
2:1, 1.1, 1:2, 1:5 and 1:10) and the type of the used
al um nium al kyl is varied (triisobutylalum nium
Cothpaiitive Exainpledstri net hyl al uni nun) . Conpared to the

cat al yst product|V|t found f.or. t ata

Preparagion of ngefh gfll%lsmé oxan gtryﬁ%PPg'j?\C‘Bﬂ 'E&V!Hr’rﬁaégg%g‘g%
all synthesized cat al yst ver si ons show | ower cat al yst
productivities. As an exanple, the catal yst produce

Tous Istlg‘eg sllsFeTmbmof 16175;& ok silita (Srang XPQA 1Tk dred ahaBO°C and 1
t t

mtuér'/f'g‘?ga?mngtfé" 1 Oicomivhanc WA ki 83 flicldengis

ad?lledsé;['&gfjf f 34 eLableagne; é‘?}ﬁ%‘? of rrlé‘ih Qlummoxane in toluene

alumnum™ 1 ns al um noxane

(Albergsle dO@frpdrhﬂom)isWadLbyl ik 6 mal- Df eéaﬁewt-% splytion of

Ex 83 d
tmséﬁv@ia?@@rﬁjre b (pEne ARES sk Adaph funbersh e, SLARG the
adHiRs MeS ?H{ﬁezléﬁﬁane o%xceed 30°C. After the addition is complete the

rac-di e bi s(2- et hyl - 4, 5- benzoi ndenyl ) z
mrkﬁ.ﬁ@lly ﬁtlrréd ¢l realf dte haueamoom teamperattm'ermnd)ihetrdleﬁﬂ@ and

m. of a I
allpwiecsiSiBK Qe B AR Cag SRS (BRI tempgipture the
soﬂéﬂt fy sbarstdd bF ﬂ]tlaJttloho?Hé reerﬁ@R?W@%HéG Wit w85 hﬁ_uportlons of
Ve ran of anmge SO This solution is the
tol@éhefaﬂd ty\reeiﬂﬂenL portioms affiselmxametand dl‘l%ﬁirimm to constant

B e TRl R B 524 . cvtane s
ff%‘e?f'@?’ﬁ‘?i SGVadr iR BRI Ale top of the silica, the

i'on process Is stopped and the filter cake is
carefully and thoroughly stirred by nmeans of a

spat ul is then allowed to rest for one
C t?"ﬁ E@"@ﬁ%ysol vent is filtered off and the

h dfSsulidcited Metallbbeng eatalpst geing nuathglalminoxane
Pmﬁ‘é Thelg{?t al yst is obtained gs free-fl ow ng

powder in a yield of 15.5 g. 104 Conparative Exanple

57 IR PRI D RO RIS resfed s o

Cglkhﬁ?géggﬁeg@xélﬁp[é@gére}platedum adritt¢dgless R0 2a8@rcoldminasith a
smooth surface. In a separate flask 277 mg of rac-dimethylsilanediylbis(2-methyl-
4,5-benzoindenyl)zirconium dichloride are mixed with 39 mL of toluene and 4.5 mL
of a 30 wt-% soiution of methylaluminoxane in toluene (Albemarle Corporation).
The slurry is stirred at room temperature for one hour to give an orange solution.
This solution is then carefully added on top of the
methylaluminoxane/triisobutylaiuminum treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the
top of the silica, the filtration process is stopped and the filter cake is carefully and

thoroughly stirred by means of a spatula. The catalyst is then allowed to rest for
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mbar for 16 hours, LOD < 0.5 wt%and LO = 2.6 W% in
83 nL of toluene is added slowy 21.1 nL of a 30 wt-%
sol uti on of nethylal um noxane in toluene (Al benarle
Corporation) followed by 112.6 nL of a 25 w-%
solution of triisobutylalum numin heptane (Akzo
onkdixir) The residualtsatyentds filkered Off amd) theheatalystlistdriad inhe nitrogen

erat yre mus t exceed 3 ftetead

purdb o R0 Wekbt "tHe SaIRER s Atrnesis bl Adn Oy in a vield
of a4 zp@mten'perature and then heated and allowed to

reflux for four hours. After cooling down to room

terrperature the solvent is separated by filtration.

' bed with two 85 nlL portions of

co}ﬂﬁﬂu lSJe ﬁgaﬁlj%?%% nmL portions of isohexane and
Pr&bax@ﬁoh vf vagpored enatalisdenatcataipsliding tiiigobutylaluminum

nmet hyl al um noxane/triisobutylalum numtreated silica
is obtained as a free-flow ng powder in a vyi eId of

10@% he% hﬁﬁo@%?ﬂf ﬁ%bﬁfytalﬁhﬁﬁ%%ﬁ]&ﬁ% lica from

ocene ca usin unt noxane
Colﬁpératlge Ekatrim B6tdrg Iptdogadi in @Xfameﬂtgms@fﬂtartasl akolunmiwith a

ated silica from Co rative Exanpple 86 are, placed
Smoﬁﬁbs\ﬂ' 764. da agtepsraty fllalsgﬁrp aogsmg FJaGH Hﬁﬁ'é"eghﬁaﬁﬁ% -methyl-

4 55%;,%9 ?W%cﬁgm?&ﬁﬁr@%% %ﬁﬁ(erﬂwﬂ{ 15 mL of toluene and 15 mL
of az&weﬂ(zmlummpf prusobubyialmmldumhdmpﬂma(ﬁdnctxmt reohh

39 f 4.5 nmL % ti of
terfiae S The SHEBLIS SHTeCkAt BRm R RlK dotata Pt fiye an

oraﬂog% &difidr Tinks SoRHAS tHer! QABIAIF BRIGRIAH fp fd?frthsne hour

i ve an orange sol ution s SOl Ut 1 oh t hen )
mectlaylallmhlhgxaneﬁmsohutylakummumrteeated silica and slowly filtered off within

ap R 0 PR GHRR. es BR K G s el 8 B3k veEhes the
top%ﬂhb%hcavﬁﬁ?ifrﬁﬁoﬁ %Fﬁc’i&%@ |§’fstdﬂb%dcéﬂd3ﬂ"@f' |6 etk ¥ carefully and

r eaches he he sili ca, t he [tration process
thorgughly ;sﬁﬁad é?wcmea@s pf aspatuiakEhe sataafSémthegn allowed to rest for

on B8PSR 8 hgh e B BRUF A frosen

pu@@l toesiristaht Wdiglet THeWatalpstds bbeained akYede-flowiAbi msvder ia a yield
nitrogen purge to constant weight. The catalyst is

of thedithed as free-fl ow ng powder in a yield of 14.27
g. Conparative Exanpl e 88:

Comparative Example 89:
Preparation of triisobutylaluminum treated silica

To a stirred suspension of 20.84 g of silica (Grace XP02107, dried at 180°C and 1
mbar for 16 hours, LOD < 0.5 wit% and LO! = 2.6 wt%) in 85 mL of foluene is
added slowly 328.0 mL of a 25 wt-% solution of triisobutylaluminum in heptane
(Akzo Nobel) at room temperature. During the addition the temperature must not
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"Preparation of supported netall ocene catal yst using
triisobutylalumnum 10.91 g of the
nmet hyl al um noxane/triisobutylalum numtreated silica
from Conparative Exanple 86 are placed in a fitted
glass filter as a colum with a snooth surface. In a

exzerdrFPe. Aftesthe?ddititn & complete, the mixture is stirred for half an hour
rac- di met hyl si | anedi yl bi s(2- net hy

at4p6rblemperatdemany ther baaiath and:allczwedjtp wilex dpiswrfjouss. After

bl T i o TR A o

rebiRIRES Madhed withetwid 900 Ynli Sorsibhs b tblaénd amh@wwmmu portions
for one hour to give an orange sol ution

of dephaxapa and drm}lncwm tac weighb a' h@ftn[q@utylalu minum

R e L e
m nutes. Wien the surface of the col ored solution

reaches the top of the silica, the filtration process
ComparathrBxanple®0:ri 1 ter cake is carefully and

Prllega %igﬁ*&gépggegég%&éu@gfc&%@t?1 9% Ehﬁnﬁﬁ‘ixéhéSt

0O res resi dual
solvent is filtered off and the catalyst |s dried in a

100 crptam o b el R BRI B9 GoPartyR Bimbie 80 are
pl@cec?fﬁg%ﬁit’ttéﬁ a@,l§s§ﬁﬁéﬂ%§a %8Fun‘ﬁ'i Wﬁﬁfaaém@ﬁtﬂurface In a separate

triils umnumtreated silica To a stirred

flask Ahdimag oﬁr&ﬁ-dMeMlsdanedls!bia(MQttwlaéé -havepindenyd)ziregnium

ok A A MR K
Le rmaoseéném?ﬁ:lMénéf‘{/slebmaﬂercaﬁotaﬂdrg @bbﬁmh&bﬂmdﬁame The

t ane ') at room tenperature. Duri
siurnensmmemairroorreteuwattueL@reonmb@urn’r@tglmen@(aes@ jon. This

soffiof s En. S 2ede R RR 8 e 1RGO ILEI il tiedtpd S and
si@w fiterc@MEH Withir apptoxirhatelyf 80 milgiessWhaht the swfmiel ofghe
down to roomte erature the_sol ven IS separate

colqred rsatuh@n reaﬁlées thestiopue the siiganibg f%Alir@WPrt CE56 '%ngped and

B L el 35 AN, R % splia T
catélystsiQ Mwéiﬁimd tulrest foredtechbwi Theaesisualeavertds diltesed off and

thégﬁ%&éi’?@r@a@‘}gﬁ“&%@o@% Su?éle%%oﬁgtan? welgrﬁ The catalyst is obtained

as free-flowing powder in a yieid of 24.81 g.

Comparative Example 91:
Preparation of supported metallocene catalyst using triisobutylaluminum

12.47 g of the triisobutylaluminum treated silica from Comparative Example 89 are
placed in a fritted glass filter as a column with a smooth surface. In a separate
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Preparation of supported netall ocene catal yst using
nmet hyl al um noxane 10.7 g of the triisobutylal um num
treated silica from Conparative Exanple 89 are placed
inafritted glass filter as a columm with a snooth
surface. In a separate flask 254 ng of

ﬂaSKaQHm@pﬁmesdlr@etbulsglawbylblsiﬁ%mgfthym §-henroindrisizirgenium

e e it it 18 L 5 Bt Ao o™ il 250 ltion of

trilsobutolatlengutd\ @it e Alrigh) A rooim) tefipefafe. The slurry is stirred
tenperature. The slurry is stirred at room

aff%é@'ﬁ?ﬁfﬁi“%fmm mﬂo giyegary erafigeciodilien.sthigsplition is then
caféfhl?y at%d)e%de) b?tﬂéfﬁkgg{ﬁggélﬁHlﬁ%@qg&geg @fffc%palﬂf sIblWfy filtered

m num
offfwithire apprmo‘irhamly BOmimpieso ¥Wnext Heysiitaon Mesco!tweelrscﬁdtmn

reddfies 366 tapottecsifca. e ftcaop seeets B siarras and dha e ke is
cal;'{égﬂgt X cfﬂﬁoughlg%ﬁ%kli Hgyméﬂﬁs bf‘@'@'éﬂﬁé %’Q‘r?]é 'g? é?g%gé(then allowed

cataly Ist
to rasg forfane !mmr Rberresitial scdseruiuarﬂtemdvt#hand ghé icatalystds dried in a

of f and dr ed.in,a ro e.to

nifigeoilioe i pOReiert Helatk: TG Rt i otiaisa’ 58 686 fwing powder

inély@ﬂjéf pg\/l5|7gq3pov\der in ayield of 24.81 g. Conparative
Exanpl e 91: Preparati on of supported netall ocene

catal yst using triisobutylal um num 12.47 g of the
L tyl lgymtreated silica from Conparative
C@%ﬁ?gggf%ém g#aced inatrilled glass filter as a
Pr@pdremm wglhp;ﬁ)rﬁéﬁ)méralmreﬁé@ﬁtawét usiggparate 107 flask

trll$wsdalnm1nyn%mﬁﬁmaiummw net hyl - 4, 5- benzoi ndeny| )z.
rconium dichloride are mxed with 10 mL of tol uene
and 21.4 nL of a 25 wt-% sol ution of

Tota stinselstispension oilzg.0R éﬁéllmﬂ(@@ébdtﬂ(m‘)omdﬁ@m 180°C and 1
tenperature. The sl urr%ls stirred at roo

mbeg fﬁiérﬁaincwré, EOD 5865 MoYr andb LG el .8rwith)dn dd OsmLLnfut@Inene is

acqe gl ¥ab Dot ey v de siliohr ISR GRRdih i Bftgne

(AlQbewbélhfdﬂoW@ﬂrWETf@trﬂl_ Yof aBO W94 eslutivh of nﬁéthﬁl%!luﬁlmﬁane in
of the colored solution reaches the top of t
tolugne; (Aébemade Garpeeationh abranre igmparajyrep iﬂrr@meta@mon the

tenfnrpeérét‘ﬁf'e ﬁ"fﬂ%‘f not tex{f@éc? ;’;ﬁ*é Yaftdnk %aﬂib?lﬂils %o?ﬁﬁlﬂ%fee 3hg i‘nlxture is

ans o e catal yst

stirfgSfor half mdmrrooﬁh@mwamwbnaqhw Abatct Ahd bAOGREd to reflux
off and the catalyst is dried in a nitrogen purge to
for i donira. Altargolingsiowrsiodiopst tareperstuie e sgivent is separated by

filtrbliGE THe s PR YW hed with two 100 mL portions of toluene and three 100
mL portions of isohexane and dried in vacuum to constant weight. In a separate
flask 634 mg of rac-dimethylsilanediylbis(2-methyl-4,5-benzoindeny!)zirconium
dichloride are mixed with 90 mL of toluene and 10.3 mL of a 30 wt-% solution of
methylaluminoxane in toluene (Albemarle Corporation} at room temperature. The
slurry is stirred at room temperature for one hour to give an orange colored
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in ayield of 13.57 g. Conparative Exanple 92:
‘Preparation of supported netall ocene catal yst using
triisobutylalumnu ninethylalu mnoxa ne To a stirred
suspensi on of 22.0 g of silica (G ace XP02107, dried
at 180C and 1 nbar for 16 hours, LOD < 0.5 wt % and
solution=Thisssaititipn ﬂmthgmazantfuﬂy addedméopgif theided sl owly

bt R A Pl YR Mg v
o%h@@él}l@mmlmftthéh ahgl %ﬁ%@@ﬁhe%olbl@d@ﬂetlon reaches the
Al bermarl e Corporation) at_ roomtenperature.

top petheosiliea dhetfisationdirpeess isr eorped aﬁ@tth%ﬁ!if@éféﬁ@@ Chrefully and

t
By A ey 7 ERBL S BT SEn owe oot for
oneeiLedThe desiduahesivdr is fiftbred off and thmcaﬂalyst &6 driéd bra nztrogen
cooling down to roomtenPerature teg
pusg i eersiaplweights tha calalysticoblaliegas f@e&lﬁm PRKvdgr in a.yield
ofttqu 00 nL portions of toluene and three 100 niL
po

ons of isohexane and dried in vacuumto constant
weight. In a separate flask 634 ng of
rac-di et hyl si | anedi yl bi s(2- net hyl - 4, 5- benzoi ndenyl ) zi
rconium dichloride are mxed with 90 nL of toluene

Pfhelfiaor pRicdui A -6 ol ut on of

al um noxane in tol uens (Al bemar| e Corporation)
at uﬂod:m amimﬁrmemrmlrgemé drgr actoclave squippediwith & belinal stirrer

asciarpen Wit GesBrt PG otuRefiliCel oBLAR SebRuBEdn dper
trnQébditK)%lurhfddrﬁ?‘P@'W'—%' SOIUTSATREStaha) sumd nsaa@m%fqaum
['1Ca and slowy filtered off within approximatel

prqnylamehu'ﬂ”@ miyites wes stivedfac at isast ﬁma@ﬂe@r(éurr@bsmedaﬁoo rpm) at

2o S8 At P40 A e OBA A Paihta n o

ni%ﬂﬁ:ﬂﬂ%w \ﬁéﬂermwétdwwnnamoafm%oﬁmﬁw bmpyréree Cl'ataiexaetor was
is then allowed to rest for__one. hour. The r

hegtad teran infemnal temperaire ofitp 1havithip 41fyminutas. ersheeaolvweﬂzatm

ol B 30 AP kB e gt e
stdbp gyrmeasziag itioen nfdnoaesiurel éodlmydovammmrdamﬁ'he polymer

purged 5 dnB autocl ave equi pped with a helical stirrer
was dlscharged and dried under reduced pressure.

Polymerization Procedure B (using hydrogen as mole weight regulator)

A dry and nitrogen purged 5 dm?® autoclave equipped with a helical stirrer
was charged with if desired 100 g of metallocene polymer seed bed, 1 cm? of
triisobutylaluminum (10 wt.-% solution in heptane), 24.3 mmole hydrogen and
1500 cm® of liquid propylene. The mixiure was stirred for at least 5 minutes (stirrer
speed 200 rpm) at 20 °C. Then about 40 - 70 mg of supported metallocene
catalyst, suspended in 5 cm® of white oil, were injected with 1500 cm® of liquid
propylene. The reactor was heated to an internal temperature of 65 °C. within 11
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was charged with if desired 100 g of netallocene

pol yner seed bed, 1 cnB of triisobutylalumnum (10
wt. -%solution in heptane) and 1500 cn8 of |iquid
propyl ene. The m xture was stirred for at |east 5

m nutes (stirrer speed 200 rpm at 20 C. Then about
70 - 100 ng of supported netall ocene catal yst,

%&8@3@ ﬁl‘él% O:#oryrﬁenz%ﬁﬁn Rlac %Hé wgs(&l{l{% rdc@b& &t 66l (‘l‘V' be‘b‘O

prop e rea tor was heat ed
ninubes. ﬁrtrteqmaherizamewas stappet byFeleasingtthe monemer aud egoling

I tl { t d at
dayinctie ok Theitane TR BBy Ry BOURBE. Las™ ot opped
by rel easing the nononer and cool ing down the reactor.

Th I di sch d_ und duc
R A e S
as m)A ﬁgy\fﬁcgﬁﬁro &Y ur@b@"ﬁ)drﬁ*3 ﬁj%clé@eﬁh’b?@@%h@d’@@ﬂ dirrer

aut ave ul w t hel i cal rrrer

wamcg@uednwﬂh i} 949j9§wreseu,o‘ocr@ of truﬁ@bamlai%@ﬁ@nb@%r/o
sozlftﬂzt ﬁ%ep%aq%gg{n? f! 53)(5 E@ZB@%{)P%p&@n@u%é mxt\ﬂ*e w/és (s)tlrred for

|on 'n ane drogen and
ati@asifs mlrrqntEaj(splrrermueed QOOTpm) at 2@ L@eTmammx r@dﬂg@f the

BheeCRBynRtalrte SRt Bt [{deThnie i ifle Sl RS P dFwhite o

gl RbdShjectatwigngsab ¢rm” of liull pbpylehe £THe butomlarfewas heated up

ta;@ssgﬁsqwgaagé%@go%gga&f e iR it racton

\M\.ﬁ BiidwddL i H8cedduiteds>C. Té}%mmhrwt@sr rmatad@mohezﬁ@thymwms
roceed at 65 C. for 60 mnutes

@dr@ﬁ&rztaaumactwa@f Hheopelisiptorte aytqcirye and RGeS at 2
c%;?rgtaﬁl?%tb rmg‘ﬂ’?héégﬂg E;g)a;ﬂa% and MO IPRSZERbN iR, "ic':he co-

ar e nmeri zati on Procedure

dqdvmewa&m/vmmbma@ m/crelnasmethe roariosrgrs Andopoligidown the

nitrogen o) °

Rl PRSI B 5 oL ALT Y BRECET bt ot 0, (e

aaa%dqfo—mbhomebuwumb @nid mlnmeésmﬁs of thedoo-pallmerizations are

hept ane qué}g égﬁs l'i quid propylene. The mxture
8z ’é‘d 8¢ 9)-east 5 minutes (stirrer speed 200

rpm) at 20 C. Then approx. 50 ng of the respective

met al_| ocene cat al yst (see table 4) were su ened inb5
cnB dfableni: Rolymerizatinn regilis (Palvaerigation PrPCead@ Al g of

I|qU| d propyl ene. The aut ocl ave was heat ed up to an

nt-er-nat—tenperatume of 65 C—wtThim I mnutes. The
mP%lUEuararlizét?otnlE?(nglee agti onSupported Catalyst Productivity [g PP/g catalyst x b

P1 Examplei8a 8,700

P2 Example 18b 7,600

P3 : ExampleiBc 1,900

P4 CE Example 20 3,800

P5 CE Example 22 4,200

PB CE Example 24 4,500

P7 CE Example 26 4,400

P8 CE Example 27 4,700
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was allowed to proceed at 65 C. for 60 m nutes. The
addition of ethylene was started after the injection
of the catalyst into the autoclave and continued at a
constant rate during the heating up phase and

pol yneri zation time. The co- polynerization was
stopped by rel easing the nononers and cooling down the

reactor—Tthe—produged—co-potymer—was oy ed—under
uced sure af 80 C é ed c
BTSN ERE abul t SBITERETRRE pol v D ghe g pebstx
sunnarlz@@ |n Table 4 anek Semplgadl e 1: Polynerlzamlon
resutts—{hptynertzat o g BeRREEE A PO YTET T Zay igy!
Exanpl e annrjed Catalyst Productivity [g PP/g
catalystPx' h] P 1] ExamfeP82P83%00 P b Exanpl e"4%b
7,600 P& Exarrpl el 8c 1, @@ﬁpieﬂ 4 CE Exarrpl e 2083}1:800
P—5—€CEEx¢ |p| e—22—#;-260 ERaer :)\culpl e—244; JU‘@QO P—7
CE Exanple 26 4,40 P8 CFFxanple 27 4_700_ 110
Pol yreri 24t i on Exafipl e SUEBFE ¥ Catallyst Produbffity
[g PPIg k& al yst x| N] PE&arﬁﬁe@(arrpl e [29 3,300 &0 CE
BEcarpte 3 +400—PH1—CE2 ‘l'é’#‘lc 33—7120660—P—12
Exanple 34 8, 700 13 _Fxanple 35 7,900 P 14 Fxanple
37 7,700 P15 Exanpl e 39 Egamﬁ)“? P 16 Bxanpl e 4170900
P 17 Exaaqd e 42 7, p00 P ekéndlxeampl e 43 5, 300 5,300
P19 Example 44 4,400
P20 Example 45 4,800
P21 CE Example 47 3,100
P22 CE Example 49 3,800
P23 CE Example 50 _ 3,400
P24 Example 51 7,500
P25 CE Example 53 i 4,600
P26 Example 54 6,300
P27 CE Example 56 2,600
P28 Example 57 . 9,300
P29 - CE Example 69 4,200
P30 Example 60 9,800
P31 Example 61 10,300
P32 CE Example 63 4,700
P33 Example 64 11,400
P34 CE Example 66 5,100
P35 Example 67 10,900
P 36 CE Example 69 4,900
P37 Example 70 7800
P38 Example 71 8700
P39 Example 72 7800
P40 Example 73 7600
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P 19 Exanple 44 4,400 P20 Exanple 45 4,800 P 21 CE

~ Exanple 47 3,100 P22 CE Exanple 49 3,800 P 23 CE
Exanpl e 50 3,400 P 24 Exanple 51 7,500 P25 CE
Exanpl e 53 4,600 P 26 Exanple 54 6,300 P27 CE
Exanpl e 56 2,600 P28 Exanple 57 9,300 P29 CE Exanpl e
59 4,200 P 30 Exanple 60 9,800 P 31 Exanple 61

el S
fiefizgon Prorieduie BY ol e 70 7800
00 P39 . Exanple—/273800—P40 Exanp.c
73 7600 111 Table 2: Polymerization results usin
Rrojychedzpéion Easslznnlﬂi | e wei §hrpoitesifiataitSor PORueity [P assialyst x b
) PO yTTET T ZB{dnpIE1&xanpl € [SUpPor T eds,tad al ySt

Product i vi ty rn DDlm c Lvst x h1 D 41 _Exvamplal Q4
18, 006 P 42 Exanpl el Sb%"%ﬁb PA3 fxanpl el 803400

P43 Examplei8c : 3,400

P44 CE Exampie 20 6,100

P45 CE Example 22 7,200

P46 CE Example 24 8,100

P47 CE Example 26 8,000

P 48 CE Example 27 8,800

P 49 CE Example 29 5,800

P 50 CE Example 31 11,900

P 51 CE Example 33 13,000

P52 Example 34 17,600

P53 Example 35 16,000 -

P54 Example 37 15,700

P55 Example 39 18,100

P 56 Example 41 17,500

P 57 Example 42 16,500

P 58 Example 43 22,400

P58 Example 44 16,500

P 6o Example 45 18,400

P81 CE Example 47 12,600

Pe2 CE Example 49 15,300

P63 CE Example 50 15,900

P64 Example 51 11,700

P 65 CE Example 53 6,200

P 66 Example 54 11,200

P a7 CE Example 56 5,100

P 68 Example 57 21,600

P69 CE Example 59 7.700

P70 Example 60 24,100

P71 Example 61 22,900
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5

P 44 CE Exanple 20 6,100 P 45 CE Exanple 22 7,200 P
46 CE Exanple 24 8,100 P 47 CE Exanple 26 8,000 P 48

CE Exanple 27 8,800 P 49 CE Exanple 29 5,900 P 50 CE
Exanple 31 11,900 P 51 CE Exanple 33 13,000 P 52
Exanpl e 34 17,600 P 53 Exanple 35 16, 000- P 54
Exanple 37 15,700 P 55 Exarrpl e 39 18,100 P 56
—vanml o 41 17 C£0ON0 N L7 [y AD 1L OO Do
P17 9UU T T u\allpl [ 10, \JUU 90
Exanpl e 43 22,400 P 59 Exanple 44 16, 500 P 60 '
Rl ExTD P 61SBROTSEERINE! 47 |2 TBbIHOgBlgsgalst x
'mzlb 300 [P 63 CEEEWSG 50 15,900 P80
_XaW! € a.n..n., 700 P-65—CE amm@ml e—53 3 9066 P Q 700
-xanpl e EZ 11,200 P 67 @— ample 56 5,100 P 64
Exanpl e B7421, 600 [P 69 CEEmEmi% 59 7, 700 P A9
EXanpl € pgs524, 100 [P /1T Eampless7ol 22, 900 112 23,000
P76 CE Example 69 8,600
P77 Example 70 15,600
P78 Example 71 16,700
P79 Example 72 15,900
P 80 Example 73 15,100
Table 3: Polymer properiies
Poly-merization Polymer m.p. MFR Mw Mu/M, Xylene Solubles
Example [*Ci ; [g/10 min] [kg/mol] [wit. %]
P1 145 4.6 272 2.9 1.0
P18 156 1.8 404 3.1 1.0
P24 147 14 193 2.7 1.2
P26 150 0.15 856 27 1.1
P28 180 0.18 1020 3.3 1.3
P30 151 0.30 820 32 0.9
P33 1563 0.16 768 3.0 12
P 35 151 0.21 870 3.0 1.1
P41 - 65 - - -
P 58 157 35 - - -
P64 - 30 200 28 -
P 66 . 5.8 - - -
P 68 152 37 - - -
P70 - 4.3 - - -
P73 152 7.6 - - -
P74 - 6.8 . - -

* _ = not determined
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Pol yneri zati on Exanpl e Supported Catal yst Productivity

[g PP/ g catal yst x h]

P 72 CE Exanple 63 8,400 P 73

Exanpl e 64 24,700 P 74 CE Exanple 66 9,100 P 75

- Exanple 67 23,000 P 76 CE Exanple 69 8,600 P 77
Exanple 70 15,600 P 78 Exanple 71 16,700 P 79
Exanple 72 15,900 P 80 Exanple 73 15,100 Table 3:

Pol yrmer propey & msky R 4Bh IF8kedil

e 100 lOWIEIyibRzatdhR MV

- MM Xyl'ene SoldHMim Vst drodih@ivitids M N
[kg/ ol | [wt . % pinidtions antealyst rpddchyities ) o 156 1.8
1008 41O P4 14714 1090 7 2 2 P oG 15g UC.M N e
ZPJyrﬂen%atlo}?e%%fib5osLQor3e% t o | lednonbaé ad@l Q. égg;umerlg
) P33 0. 165269103 0 1]2 [ cableddl O. 21 saaystxm
0T TBsPal — 85 - — 5P 58 157 35 - 25— P 64 - 303500

DO0—2--85-PE6—|5- 8 P-68—152 37 T
h 3 - %273 982 7.6 - p7h- 6.8 - - '

P 83 43 30 20,600

P84 43 50 22,100

P 85 43 300 22,000

P 86 18a 25 20,900
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5* - = not determned 113 Table 4: Polynerization

Procedure C. Co-pol ynerization conditions and

catal yst productivities Catalyst productivity

Pol yneri zati on exanpl e Suported Catal yst from

Conmononer added [g copolyner/ g Exanple [g ethyl ene]

catalyst x h) P 81 57 25 23,900 P 82 57 50 25,100 P

83 43 Sga! 60 A1id 0 ( 2 i@, 000
O

; .
Procedure-G—Co—p E-apettt
& !’Etl‘lfl){lenléc e eSS Hy RFE Tt ENtER

P%m%ﬁ;a%razxg#/fﬁ Pol yirej{ gt 1 on Exanpleghwt: %) [ C][dg/min]
gr Mg g ol Z. =% o 5 138185 P 83 . 10

150 20 P844R1QRR P85 25.5-F9=—41-0-5—P-86—1—8
140 100P %ol yneripati on Exanpl e P 87 PoLvmerization %

Exanpl e 8385 was f epeat edls but 30 ng of 18&t al yst| and

0

6—65—Ng—hydrogemhaveg geenm Used,” t haspol yner(i sat | o
. . = - ii

was not P&arted until 6@%% nut es| aftel® tHha addiltion of

the cat @agst 1.e.] the anbeint of et hyl edé0was ddsed t &0

the—attoctave—durng—the —Temai mimyg—30 m nutes of the
pol ymeri sation time. Instead of 300 g, only 200 g of

Polymerization Example P 87
Polymerization Example P 85 was repeated but 30 mg of catalyst and 0.05

Ndm® hydrogen have been used, the polymerisation time was 90 minutes and the
addition of the comonomer was not started until 60 minutes after the addition of
the catalyst i.e. the amount of ethyiene was dosed to the autoclave during the
‘remaining 30 minutes of the polymerisation time. Instead of 300 g, only 200 g of
ethylene were added. -

The isolated impact co-polymer had a MFR of 10 dg/min. The polymer was
fractionated and the homopolymer part (83 wt.-%) showed a melting point of 155
*C, while the copolymer rubber part (17 wt.-%) showed a Tq of — 53 °C and an
ethylene content of 41.5 wt.-%. Injection molded parts produced using the
polymer, additivated with 0.05 wt.% calcium stearate, 0.1 % Irganox 1010 and

Irgafos 168 each, showed an excellent stress whitening behavior.

Polymerization Example P 88
Polymerization Example P 87 was repeated, but instead of 200 g, only 90 g

of ethylene were added.

The isolated impact co-polymer had a MFR of 14 dg/min. The polymer was
fractionated and the homopolymer part (75 wt.-%) showed a melting point of 156
°C, while the copolymer rubber part (25 wi.-%) showed a Tg of ~29°C and an
ethylene content of 15.2 wt.-%. Injection molded parts produced using the
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et hyl ene were added. The isol ated i npact co- pol yner

had a MFR of 10 dg/m n. The polynmer was fractionated

and the honopol yner part (83 w: 9% showed a nelting

poi nt of 155 C, while the copol ynmer rubber part (17

w: 9% showed a T9 of - 53 C and an ethyl ene content
pol§yinefladdiivateBowitid @5 wote Mli@ﬂaﬂ%&r@ @5pm%lmurmxsstﬁgrate 0.1

Lﬁgg&&y%{d@mﬁ ﬂ }b}g%@ [gg,avl}ﬂgs gﬁg 8 qv&%c‘d ?gc%glléﬂ‘g‘cqgmbmaﬁon
of d Prﬂn%shgg%hd%mc%ﬁ] BhitlR e R ek,

ol 'ymet 1 zat'i on anpl e PoI ymerization Exanple P
87 was repeated, but instead of 200 g, only 90 g of

t hyl en e ad The isol ated inpact co-pol yner

Po&m efiz R\‘I‘\% %gﬁrﬁ The pol ymer was fractionated
and plyfien&y/aHB A BhEh AP B7(Wis heatdd, Putivestead oBPOD ggonly 60 g
poi nt “of 156[ C, V\:hII3| e the coi\p?gl ymer rubber part (25

of ethylexje whenedtied. T9 of - 29 C and an et hyl ene content

O g3t AR PS8 MR pmer v

fraé@&%teaa@@ e h¥nEGpdlymer anasawe %0 showed a%elmrg;apomt of 155
010 and 0.1 w % s 168 howe a_ﬂdmg(cib E g
°chhﬂem@ p@wly@ergwbwﬁé&y’sf 9twfa1¥s)p§? and an

IR P 1l (PO s

o%yﬂfiéreaddmf/atéﬂ@vm (0fer(1] wt 54 I\glllaabBQSBr@JOénﬂt Yecalcinmyelgarate, 0.1
he 1sol ated i CO- po a McR of
wiilrgangnis 108l O § adc voeaies SRS aeeH arpselparcdhpipation
Rt ofed55 C, while the
of %@%b%ﬁgré%? ﬁ?gﬁz’rdﬁm("%&wrm showed a Tg of -10 C -
and an ethylene content of 12.2 wt.-% Injection
nol ded par 0 usi ng the polymer, additivated
quymr@agngn\,ﬁx F%quﬁ d 3988, 0.05 wt.% cal ci um
st egy, {6 brayanax rebebfediBuidhe aﬂdltro% of the
I rgafoy'ﬁ.etg%%gh%kv\ae?pan excel | eer]ﬁébconbl nati on 8
contdniohmaEssas peronped énthe Blowingpaaener Adteyithe agdigop of the
cata?ygécrg%rcf ét?rtlﬁgotﬂe@(rs{rgb mlnut%g of the polymerisation, 30 g of ethylene
were.added and during the remaining 30 minutes of the polymerisation fime
additional 120 g of ethylene were added.
The isolated random impact co-polymer had a MFR of 8 dg/min. The
polymer was fractionated and the random copolymer part (84 wt.-%) showed a
. melting point of 147 °C and an ethylene content of 2.5 wt.-%, while the copolymer
_fgbber part (16 wt.-%) showed a T of — 40 °C and an ethyiene content of 22.5 wt.-
%. Injection molded parts produced using the polymer, additivated with 0.22 wt.-%
Millad 3988, 0.05 wt.% calcium stearate, 0.1 wi.-% lrganox 1010 and 0.1 wt-%
Irgafos 168, showed an excellent combination of stiffness, transparency and low

temperature impact strength at - 30 °C.
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cordr-Tggd O POl ymer
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A. The réults

wer e th\l\h i n—TFabl

rZzation mesults

—ctich O~ @ |878 I'U| y .
(Pol yneri %atl on Pr cedure A)  Pql \1Jxe_r_|,_;a.t_+..g.n-E*a-j;PQd,T)e——————‘
Supporteidg@at al yst | Produc®eP®y° [ g PP/ catal ys{™x h]
P-9t—Exapgse 75 9, $00 99zExEmaapme 76 9, 500 P 98000
Example 77 n.-m PiQ4 FExa =
ple 77 n-m 313 || nT—| P 95 EXanpioe /9

7500 P56 Exampl b 80 5. GRS ple—8111-200
98 Exanp¥% 82 10, 300 PQ@@mP'Eﬁ%mpl e 84 9,000 '

P99 Example 84 9,000

P00 Comparative Example 85 5,400

Polymerization Examples P1 01 - P110
The supported metallocene catalysts of Examples 75— 82, 84 and

Comparative Erxample 85 were polymerized according to Polymerization

Procedure B using hydrogen as mole weight regulator The results were shown in

Table 7.

Table 7: Polymerization results (Polymerization Procedure B using

hydrogen)
" Polymerization Example Supported Catalyst Productivity [g PP/g catalyst x hj
P 101 Example 75 - 21,500
P 102 Example 76 23,200
P 103 Example 77 n.m.
P04 Example 78 n.m.
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P100. Conpar ati ve Exanple 85 5,400 Polynerization

Exanpl es P101 -
catal ysts of Exanpl

es 75 - 82, 84 and

P110 The supported netall ocene

Conparative

Er xanpl e 85 were polyneri zed according to

Pol ynmeri zati on

wei ght regul at or.

Procedure B using hydrogen as nol e
The results were shown in Table_ 7.

r’ui YITET T Z

CREE:
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Pr ocedur e
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tion results (Poly

Productivity nDD/

hydrg%ﬁme 2ala ggeri z

Pri zati on

atﬁr&ﬂctﬁ?&qﬂpb% catalyst xh]

D catalvst x

101 ExBMdl e 75 21,

500 PEROWE Bxanpl e

"76 23, 20623"[9 i

1

tes——Exm'lpim 771 [ P 108xdmp@gol e 78 p. m 11724500
’T\l e Cunnoetad \r:al al ybl = Udu%4MI [y
g PP/ g ki al yst x h] PlE% pe ;81rml e 79 800 P m%
_xaan e B84, 500 [P 1007Em=mwif2e 81 36 400 p iGY
' & 84 1/ 500 P 110500
85 10-700-Fabhl e8Pt oper t ‘FG’?G@'
he pol y%}os made ||n B8m?/aratw| za‘ﬁlmlc?;%Ex Anpl es PA1-'P110-

ol ynmeri zati on Pol yner

mp

MFR MWV MIM'

Exarrpl e [C

[g/10 min] [kglmol] P 91 149 0.04 865 3.2 P 92 151
0.25 965 3.3 P 93 152 29 276 3.0 P94 153 25 328 3.4

P25 8l Poprtlestif4hd pblymers made in Polymerization Examples P91-P110

Polymerization | Polymer m.p. MFR Mw M./M;,
Example [°C} fg/10 min] [kg/mol]

P91 149 0.04 865 3.2
P92 151 0.25 965 3.3

P a3 152 28 276 3.0
P94 153 25 328 3.4

P g5 152 0.1 674 35
P96 163 4.4 250 2.6
P97 161 13 758 34
P28 163 0.7 782 3.0

P 101 151 ay 295 3.7

P 102 161 40 286 2.5

P 103 152 155 104 3.0

P 104 152 167 98 2.4

- P105 154 46 318 39
P 106 154 38 133 23

P 107 150 28 359 3.3

P 108 153 1.7 410 2.9

P 110 145 91 146 2.2
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P 96 153 4.4 250 2.6 P97 151 1.3 758 3.4 P98 153 0.7
782 3.0 P 101 151 3.7 295 3.7 P 102 151 4.0 286 2.5
P 103 152 155 104 3.0 P 104 152 167 98 2.4 P 105 154
4.6 316 3.9 P 106 154 38 133 2.3 V P 1 07 - 150 2.6

359 3.3 P 108 153 1.7 410 2. Pilo 145 91_146
118itiHasiteshe mebtionemtthahibe, CoE I HETE R @ﬁ??ﬂkﬁ%&%"mnes
two different net | "

* naEDaRpIaReoq ERUNRIGT RS T ey g en prauctiiios a5 e
coh@%r oyeste:] ‘s@vf@b@nﬁﬁbﬁe Mp@@ftbe‘sqnmhalquq@@sdfavprm used
?tﬂocenes have been used Wé ee cal cul atj ons.. Iaple

(s&) caléslahoss;r'fﬂblg Mg Asn8URIE e"oﬁsﬁgﬁ"%nﬁjéb Bomy

' { tiv
syBbReLE et GfHendfie2Rlive BBipbeAt! Buehaoprateti
erﬁ%htér/rﬁeﬁ?bylmmgrsehrghtdmnae maanmanemtm@tlaw a@*évﬁemetaﬂocene

reirsn(lelgurrg }{{:Q %@1 4%25{{}@210%} Qﬁ#gﬁ th@@%&@&gﬁb@l&hgﬁe alone -

bef or e. ion, the performance profiles of the
%%"%‘élf%“'g‘? ggﬁggéd using the catalysts of Exanple h
80 q,m@dait;o@hpthmpenf@rmmmproﬁlﬁa@ Cﬁib@@ﬂb’ﬂ“%’@rﬁ"@&ﬁ‘é‘ﬁi‘és'ng €

o b o oo LS 5 DA B R tpariommance
prﬁﬁlgg %i%: @Bqtﬂfgnéfrb% é%é;}gbgggé@ggée@dggy;)e bﬁthe used metallocenes

infaohdentiv Gmwepedmsmfdbe polyERErS\RPAYE tggﬂ Rpj[)ggeraféjuon

expl ai ned a ng ; .
exonon BB e Bot BB Ig BT i bfosuied priperts
whih "?:Ia}ﬁ%rﬁy be explained by an up fo now unknown interaction of the two
different metallocenes supported on the catalysts.
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119 Table 9: Productivity enhancenent b [
_ usi n
(F:)atgl yts.ts.vmth two different metalloceﬁes ;
roductivity Expected Productivit er productivi
[gPP/ g catal yst MC | oadi ng per Exaxpioe I\/ll% from II\/\l:/:I Y
| oadi ng MAO | oading x h] MC | oading Exanple [pnole/g
MAO [ /pnole treated silical] MCI wo wwo wwo w
Ié% H2 Hz HL H2 H2 57 13 31.25 0.091 9,300 21, 600 298
151 7 30.98 0.091 7,500 11,700 242 378 43 16 31.07
0.092 5,300 22,400 171 721 79 16/ 13 13.94 + 13.92 =
I8 D: gt i ts7\gig1 vidDdifférenit
, 287 878 20
%ﬁa"oaénés'aﬂ 14. 93+13 97 28.90 0.097 11, 700 36, 400 ZOS

271 540 A B G P M—-=
EC—=7"etaltocene C

| roc&ll lﬁk pected

per productivity

= Methyi al uni noxane Expected pr 0dpisdubavi
. beiviyt
| oadi hg = prlecl uded additive proj%qahg&ta*t:éty

contr)butions of the use foagin er
L T e e o TR R e

and t h&E8erles 8K n
g$ I hg cjatwal

used |n EX rrpl*@?"d‘f@‘%] 3‘18 ‘g‘gnpagi sotr:;:a S:S “:o :
columps A wijth C and ml Ims. Lt hD-shews ?hm a ] - -
ald; tases tlhe expes i ment al bapt f oyrsdoopl YRRl PYi tla?és A
—aRre—Brwere—h-ghertiam t1e cal cul.afel; gy g,;zedm
priddugtiVities CHAY D suggestimng™a ‘\mmE: St
Ineraction pf  ther netaf | ocene c@mﬁﬂomdﬂmllvﬂ‘uré@

-appH-gd—-R—exanptes B0 L TBS
poley mer i8Rt | o #%t 1968 @FP% Z)oﬁvm‘-hr?iz7n 22800 | 258 | 8t0 | 234 | 7O°

NG Cal ajgyst 513% feospanal | VewExarrpiloms SP00 0 280| EEne 207 | 540

| Vsts f¢ Co
-Sb—f=to—1 m-corpar at+ye—Exanptle .
Ol1stan g‘gﬂha\/@93+13 97 = 28.80 0.097 P 1%708 ,40&5 ’4058 1.2690’271 540

UJ

A B c 3]

MC = Metallocene compound,

MAO = Methylaiuminoxane
* Expected productivity per MC joading = precluded additive productivity contributions of the used metaliocenes (calculated

by using the productivities from examples 57, 51 and 43 and the corresponding MC loadings of the catalysts used in
Examples 79, 80 and 81}.

Comparison of columns A with C and columns B with D shows that in all
cases the experimentally found productivities A and B were higher than the
calculated expected productivities C and D, suggesting a synergistic interaction of
the metallocene compound mixtures applied in examples 79, 80 and 81in the

polynierization of olefins.

Polymerization Tests using the catalysts of Comparative Examples 87 to 92

The catalysts from Comparative Examples (CE) 87, 88, 90, 91 and 92 have
been polymerized using polymerization procedure B. The productivities have been
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been pol yneri zed usi ng pol ynerization procedure B. The
productivities have been 120 only 2,000 (CE 87),
2,700 (CE 88), 280 (CE 90), 440 (CE 91) and 1,000 g
PP/g catalyst x h (CE 92). Wile the above
descri ption contai ns many sgecifics, these specifics
orsn N0 (G B7he, oM T B8, 280 KCHi 9t 44hCl @ Tp iRadsbBge g PP/g
f. the i ion, but nerely as exenplifications of
038?'8?%?? Pe(gﬁég odi nents thereof. Those skilled in the
art will envision many other possibilities within the
scope and spirit of the invention as defined by the,
cl ai Whila e Bhieve deseriptionicontains meny speciliGs, Hoasd spefifics should

oy b, Bl dehollvichs 3! i Son SLAE I ARRE, RUhere as
exengpliickiiens onpfymes smbodimeatd theredd. Fhoee skilleddmtbéert will

erbigipomaneeiieT Bosaplle R ecssaps St Orbenyegion as

J ; [ Sy irst portion of at |east
degiﬁgg ﬁuﬁeﬁilg%g%éﬁe?ﬁﬂee@'t hergof ina first
solvent; c) heating the conbined support material with
the first conmposition to a tenperature of from at
| east 30C to about 200C to provide an al um noxane
| oaded support; and, d) contacting the al um noxane
| oaded support with a second conposition, the second
conposition conprising at |east one netall ocene
conmpound, a second solvent, which may be the sanme or
different fromthe first solvent, and a cocatalyst,
wherein the cocatal yst includes a second portion of
the at | east one al um noxane, which nmay be the sane
or different fromthe first portion of the at | east
one al um noxane or m xtures thereof, alone or in
conmbi nation with an ionic conpound and/or a Lew s
acid. 2. The process of claim1l wherein the first
conposition is further defined in that it contains at
| east 5 mMol es of the al um noxane per gram of support
mat eri al .
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3. The process of claim1l wherein the support material
is treated to achieve a | oss on dryness of about 0.3%
or | ess before performng step a). 122

CLAIMS

1. A process for the preparation of a catalyst system, comprising the steps of: -

a) treating a support material such that it has a loss on dryness of less than 0.5
wt % from the original dryness of the support;

b) combining a support material with a first composition, the first composition
comprising a first portion of at least one aluminoxane or mixtures thereof in a
first solvent;

c) heating the combined support material with the first composition to a
temperature of from at least 30°C to about 200°C to provide an aluminoxane
loaded support; and,

d) contacting the aluminoxane loaded support with a second composition, the
second composition comprising at least one metallocene compound, a
second solvent, which may be the same or different from the first solvent,
and a cocatalyst, wherein the cocatalyst includes a second portion of the at
least one aluminoxane, which may be the same or different from the first
portion of the at least one aluminoxane or mixtures thereof, alone orin
combination with an ionic compound and/or a Lewis acid.

2. The process of claim 1 wherein the first composition is further defined in that it
contains at least 5 mmoles of the aluminoxane per gram of support material.

3. The process of claim 1 wherein the support material is treated to achieve a loss
on dryness of about 0.3% or less before performing step a).
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