Title Catal yst systemfor the polynerization of olefin
The present invention relates to a soluble
waoredoahdsaeene- based cat al yst system useful in sPaI/ER20856)2479
sol ution polynerization of olefins. Metall ocene
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.@ﬁol yneri zation of ol efins, especially al pha-olefin.
supported netal | ocene-based catal yst systens are

CauigResysenbioritRapbiyntkridatioh lop6RAA conpounds and
al unoxanes in a solvent. The nbst commonly used

The careseat epventiomaelales 4p (rsolable mﬁaklmea@rbéses‘ocmlwnsysm pseful in

Qatively high cost, and the
sl rge%gfr%aﬁ{p eeaeét?ﬂé/%l%ﬂly, Al7zr = 102-104 nol ar

Maaldaooaﬁed))mpbﬁx[chomerweli tkaowh Imteﬁymdmpbm fof - thpeo bylyﬁfenzatlon of
I bl e foo

olGHR1 FaReles e ol | HEPpUTere et Pt s S, gystems are
pr d' 6F %€ eg;?mgetﬂ@tgﬁ(%éﬂé coh@ﬁuﬂdsew(ﬁﬁmﬂxahg H?Qeso?\h:%” The most

e avol de educed as ch as possi bl e, because of
commmnbs usezl a¢te{atctr015|msthykaiurmmqaye 1mmzmmlausm| Mem dtawbacks of

MEDEe FElai SIS g b The S e picafl K 10010

mdlarSdrk bdd) IMREdoveR Srdn® kneeﬁﬁldpgmwcf 15olylawmcms (for example, in
renoved, in the resul ti n& m xture MAO i s not

Vl@é’b |0ﬁ kppssﬁzlecfoqzdmpplszapp@s@ thealdnad polygmesh gnd procgss wagiarand recycle
ma*no %qt N !:s%ﬁée !)ftohilx%ng s 4Lf‘[d %Q7av8gi%8to?lr%ﬁﬁ{§:e§ %L lﬂ]ﬁlcgrlls possible,

oIe

beaauﬁebﬁisémeeﬂ@te@wngmd:lwth an activator, add| ng one
nor e al pha-ol efins and m xin at | east

CApazewyso\v@p Ao PObIGEn of i vie,&f 1HERO B AR S Aoluene solution of
m&@lfléﬂ b{j’% pﬁfgfﬁx? MERkh ﬁlsﬁgfn'gvoaﬂ” i IRER. IEQQIE ﬁg(r)]lélene was

oun s in I Nncrease reaction wt
removadprrethaqusshmngl mixnure M/!fﬁes amﬂolubalnztedrbasisfmeﬂedt @ axmspension, as

rocess for the prep tion of .a so|lubl e catal yst

shdya i1 e, PamPles S e At tals s8iHon far BETerring plpha-olefin
is BQtaﬁQHadynreﬁ&mgTE rn%tﬁfoc@hég BShpsTldeRith &L Ak SHGE, efdﬂiing one or more

shown for exanple by its intrinsic viscosity val ue,

alpha\ﬂlgﬁnsmdpammg with 1ah tggs; prar@\lybv(éumy of an alifatic hydrocarbon The

t ol.uene-.actiyate cenes. MNorepy
S"lélﬁ iﬁY Qt s%‘PBWP‘X% %ﬂvr? PHOERE §°‘51P8‘é‘é‘ﬁl§r‘8 ‘B’ﬁov\%%y ipgreased by
reacﬁﬁﬁwmdme@lrw&eéh Bﬁbléﬁnﬁ)TOdUCthlty, referred to the
anount of net % um)xane enpl oyed, : and does not
ane

The gppligant hasrfoun W PEaresy fos thegmreppeation afyp soluble eatatist sygtem with
a rg c%?t to%en% I?:%m@ﬁg%ﬁﬂ%laf QYo%tt o%gén? p@ly‘ﬁ‘ia&sal)?' fugﬁer molecular weight

tal na
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by MAO/toluene-activated metallocenes. Moreover, the catalyst systefn obtained with this

procedure shows an improved polymerization productivity, referred to the amount of

methylalumoxane employed, and does not suffer from significant loss of activity over time.

An object of the present invention is a catalytic solution obtainable by a process

comprising the following steps:

a) contacting a solution of methylalumoxane (MAOQ) in an aromatic solvent (sdlvent a)
with a solution in a solvent (solvent b) of one or more alumoxanes different from
methylalumoxane or one or more organo-aluminium compound of formula H;AlUs;j or

HjALUg,, where the U substituents, same or different, are hydrogen atoms, halogen
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conprising the followi ng steps: a) contacting a

sol ution of nethyl al unoxane (MAO in an aromatic
waelogeyi46g sol vent a) with a solution in a sol VECIL/EP2005/002479

(sol vent b) of one or nore al unoxanes different from
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ThE ARENAEME%ane YiSdd 8 thedeHRlysn Aecofdint @ thé iFemtionl i aGdsideRa to be linear,
conpound of the formula: wherein nl is O or an integer

brghched gicyclicsompoungs cantainingdl irgstone compowndraithe: formulghe
case of cyclic conﬁgﬂnds V\,hqu nun?. |l%}gn i nt eger

from2 to 40. X .
}Al— O—(Al—O)n -

CH; oo ' \CH3
wherein n' is 0 or an integer of from 1 to 40; or éf"compound of the formula:
CH;
(/LL_O)n2

in the case of cyclic compounds, wherein n’ is an integer from 2 to 40.
In the organo-aluminium compound of formula HjAlU;; or HjALUg,;, preferably the U
substituents, equal to or different from each other, are linear or branched C,-Cxp-alkyl or Cs-

Cyo-cyclalkyl, radicals. Preferably U is a linear or branched C,-Cy-alkyl radical; more



In the organo-al um ni um conpound of fornmula HA U -J

or H Al 2U6-J, preferably the U substituents, equal to
w@eoodiodF4es ent from each other, are |inear or brPEEP®AS/002479

C2- C20-al kyl or C3- C2o-cycl al kyl, radicals.
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tris(2,3-dinethyl butyl) alum ni um

tris(2,3-dinethyl-pentyl )alunm ni um
tris(2,3-dinethyl-heptyl)al um ni
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NoniBifing ,eRahiples®if Rjumiahiny ledmpounds that can be reacted with water to give

suitable alumoxanes are described in WO 99/21899 and W001/21674,> are:

tris(2,3,3-trimethyl-butyl)aluminium, tris(2,3-dimethyl-hexyl)aluminium, tris(2,3-dimethyl-

butyl)aluminium, tris(2,3-dimethyl-pentyl)aluminium, tris(2,3-dimethyl-heptyl)aluminium,

tris(2-methyl-3-ethyl-pentyl)aluminium, tris(2-methyl-3-ethyl-hexyl)aluminium,
tris(2-methyl-3-ethyl-heptyl)aluminium, tris(2-methyl-3-propyl-hexyl)aluminium,
tris(2-ethyl-3-methyl-butyl)aluminium, tris(2-ethyl-3-methyl-pentyl)aluminium,



alumnium tris(2,3 ,3-trinethyl-hexyl)al um nium
tris(2-ethyl-3 ,3-dinethyl butyl) alum nium

WO 200s0246k hyl - 3, 3- di net hyl - pentyl ) al um ni um  PCT/EP2005/002479
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E%Pvent a) that can be used to obtain a solution of
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12 carbon atons. Preferably benze ene or Xy
(isoteityl pbanoxaoe GFIHALD), t@ras(ﬂd;ﬂ-m)nettlk}é-pemgbaiomakm (ﬂ“lh@AO) tetra-(2 3-

co nd.qr al unoxa fferent from ne al. unpxane
SR e b RRAGH " | appE- oty S ETRBES Dalumoxane
Bromoyx or alifatic hydrocarbon 'sol.vents or m xtures

t hereof’, suitable aromatic solvents have from6 to 12
S@hYﬁﬁofﬁ thatcmm beutshd gsowemzmﬁéuthrmﬂmﬁéydmmmnean aromatic solvent

O%_@‘g m6to sz %}boﬁ lat?é)%llesv ﬁﬁ%er%bl'fﬁ genzle%eo g&& 3 éltg %ﬁ gy ercl:eaa{rg alka.

Alcﬁ@ﬂﬁ?gadﬂs&rpea) ith® &irgapadlemifui Wos: oﬁlfld ari §latdoRane different from
sol vents can, be used such as IS(PA% sol vent havi ng

methyhalamayanenis| sobubiligedvigi hvent hoPwtpbler satyentp arcoarpgmtic or alifatic
g&s&% %oYve'h%r}Q hﬂ?tu%{s%réoqosuﬁt?blg §1%n{a'u§§§6§(t£ Rave )from 6 to 12 carbon

y sol ven Is an alifatic focarb
atoansi sach &9 bemzéhet m3fe oaxjlen; atitible difatid sml\tehtsshacaﬁem 5 to 30 carbon

o3 SO SArBtan B R KA P HE aah P L shrisesaR gures of alifei
S(iig%{éé.eéﬁlbéé/usé@ kY@s ISOPARD SIRAk hivise RPAEagRiNES I ieht ranging
from 100 to 200, preferably ranging from 160 to 180 ISOPAR® L). Preferably solvent b) is
an alifatic hydrocarbon having from 8 to 30 carbon atom (and in this case solvent ¢) is not
used); more preferably it is isododecane, decahydronaphthalene and isohexadecane.
Preferably solvent b) has a boiling point higher than 110°C. | |
In the case that solvent b) is an aromatic compound or a mixture of solvents containing an
aromatic compound, or solvent b) has a boiling point lower than solvent a), solvent c),

according to the process of the present invention, is used. Solvent ¢) is an alifatic compound
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In the case that solvent b) is an aromatic conmpound or

a mxture of solvents containing an aromati c conpound,
woeoosod4eit b) has a boiling point | ower than BOERIWS/002479

a), solvent c), according to the process of the

present invention, is used. Solvent c) is an alifatic
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substituents, sanme.or different, are hydrogen atons
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bIEdokhbilgiag e neddlfeudcdnipduné i15 the bbiution obtaitiedanl siep as); apd

al); and cl) substantially renoving solvent a) from
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) | . C : 0
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weightshirefeeabtly it heequal @rordowerethan &% ynweight; hed thetradlhoamnentration of

conmpoynd in the fin ol utiqn optained in step cl P 1
B Lot RoBou i thep el sofian Ofihed W s b epagsifiom 10° to 10
R WRRINhERIIIN ralid! BERER niite) 13108 0 R4raa-tAd Hf%a}%-ﬁmninium compound

conmpound ranges from 10:1 to 1:10; preferably it
rangag)&ont tQinte 1110t preferahly poraeges rfedne Sabloyl :f y more3preferably from 3:1 to
1,'3. For the purpose of the present invention

tal l ocene conpounds are conpounds havi ng at | east

FOR eheCHiEp SR ITHRE pRBt ifRhEé1Y nletallb@she ldoRipBlind 42e BORPoUrds having at
the central netal atom bel onging to group 4, 5 of the

lqastransayelomrsdsenyt moiely imbkerhdiongh a grhone it yentra metah atog) belonging
i,S <Z 1 r .

Tl e LR PR B DY RN b B P e el

ziredrdlmstitaniosd enhafminges preferably from10 5 to 10 2

Tm)I/l nor e pref_erabl% fronT 10"4 to 10"2 nol /1.
he molar concentration of the metallocene compound in the catalyst system ranges

preferably from 107 to 10 mol/l more preferably. from 10™ to 107 mol/l.

A preferred class of metallocene compounds have the following formulas (I), (II) or (III).



A preferred class of netall ocene conpounds have the
followng forrmulas (1), (11) or (LLL).(CL) (101) (IL11)

wob@sedsaed is a transition nmetal bel ongi ng t o BEDEP2045/002479
5 or to the | anthani de or actinide groups of the
Periodic Table of the Elements; preferably Mis

titani um or @fnlum the substituents X

or diffdtent f,rom each other, are nopnoani onic

fromthe group consisting of

1 OCOR6, SR6, NR6 2 and PR6

or branched satﬁgat ed or

ed Cl1-C2 al ky$ ,\NC - CZOcy(R alky C6- C20

'y hydro@e ogen, R6 or OR6] wheMXm R6 is
-Cl4 aryl or Cr-£l4
group, opgi‘onal Ry contai ni ng o\e r nore Si
or Ge atons; nore preferably, the substltuents X are
C or Me. pis an integer equal to the oxidation state
of the mst]S M m nus 2; pr erably pis 2; Lis
dival ent B i dgi ng group sellf¢ted from Ci- C20 (HI)
W i dene, C3-C20 cycl oal kyl i dene, Co6- C20 aryl i dene,
Cr-C20 al kyl arylidene, or C7-C2 aryl al kyl i dene
M &ai teaisgioomdtarbeldngingdn 1ga'1u1ni 4§ dnée thedantbarsddbed amtigidegroups of

3- I Tahl e of the .El enments,
g bs ot apisSardte Blemielf: parratty i 5 SpBing ufhiip i Bafniim:
tht QBBHRS ><as:q§all\{6?or c§ff8€12t, fromea6h diHeY, &e'rﬁorﬁ‘)aﬂio\’@ %%kha ligands
oup (ZR7 n, Z being C, Si, Ge, Nor 6
éwﬁ@ﬁﬁmmeth@arouwoomstm&‘cfféryelmgefl;lmi@@acli d?lherOC(BBu,rSgl NR”; and
PRUSARRR 3 BBl SRR i Ay e i, o
cydlydlkyl CT6-C2, aiyk,ydlﬁCyd alI@j’la@YoEEﬂ’ﬂz}g{ |af:}}laklk$'1 groop, p@t%alﬂy\@ontmmng

R7 can forma alifatic or aromatic C4-C7 ring; nor
oRg @i BoERPL/on Ge qtagas; dbe supstitugnis & @remefzrablﬂ thﬁzamcsmﬂ;@ preferably
S -e9 -
TSP IBEL SO O LR By R SLCSI T 608 o o
arytalkyil rgmup mphomhlglmﬂtalmag lonatoedn(ﬁe Sinm abe nginesl more preferably, the

- C20- cycl oal kyl, C6-C20-aryl,
‘}%?U ga&%pgﬂ/ ~or C7-C20- aryI al kyl radicals,
AP i8R ua Qs Hﬁ' d%id’&go@&@te Q)"f HERRal M LG R @Y. erablg pis 2
beI onging to groups 13-17 of the Periodic

LHb erivalent bodgingrent sebeeterd fom GrCyo Alkylidene, C3 -Cao Cycloalkylldene, Ce-
Cy arylidene, C;7-Cyp alkylarylidene, or C7-Cy arylalkylidene radicals optionally containing

heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements, and silylidene
radical containing up to 5 silicon atoms such as SiMe;, SiPﬁz; preferably L is a divalent group
(ZR7m)n; Z being C, Si, Ge, N or P, and the R’ groups, equal to or 'differc;nt from each other,
being hydrogen or linear or branched, saturated or unsaturated Ci-Cy alkyl, C3-Cy
cycloalkyl, Ce-Cyo aryl, C7-Cyo alkylaryl or C5-Cy arylalkyl groups or two R’ can form a
alifatic or aromatic C4-Cs ring; ‘

more preferably L is selected from Si(CHs),, SiPh,, SlPhMe SlMe(SlMe3) CH,, (CHy),,
(CHy)3 or C(CHs);

R! R% R?, R* and R’, equal to or different from each other, are hydrogen atoms, or linear or
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R4 and R5 formone or nore 3-7 nenbered ring optional
cont ai ni ng heteroatons belonging to groups 13-17 of
wo bespeusodi ¢ table; such as to formw th the PCT/EP2005/002479
cycl opent adi enyl noiety the foll ow ng radicals:
indenyl nmono-, di-, tri- and tetra-nethyl indenyl;

brfn&%g bré pt)]‘/lque B ﬁen%satuﬁg%lnypqqg g#tskqllhylC3 2[31%%1 flkyl, - Co-Coo-aryl,
Ch-agpallylary8 -dﬂEIﬁ(Séb -afyldiky) eatﬁcals I@ﬁﬁ@n&lly containing one or more heteroatoms
3-trimethylsilyl-indenyl; 7-tetrahydroi ndenyl

belpRERG IoygrouRS i @ﬁthgfamdﬁ‘a%@f pf thethlermenss; o dwg pdjacent R', R, R,

SR W QI Y LA EO B i

toNerptyesnp3- }'Boﬁt-hel ipbsiodio itatde isa¢iRad to]fofn ehath-the yyclopentadienyl moiety the

f@;gP ent c@ﬂsg uélegtl)i/l n{lqg:ogsjgmug-: gt{]ggtegawethy%p@nyl drmethylyindenyl, 3-

tbhfyl 1ﬂﬁ%ﬁﬁ¥i 1%5@@?15‘14%%% édCYl&ll’ 2- methyl 4-phenyl 1ndeny1 2-methy1 4,5 benzo
I -=cycl openta[ |, 4,3-b']- dithiophene.

mdsmé, NR bmmhﬁﬁlyhmd@mﬂgen 435 6s7tﬂemhydanmﬂmykz\her ﬁuwen)rie 5,10-

dl%/%gf’ dFig) ol 2-blipdgl YRy ﬁ% ?CEr %Bﬂl kgﬂo%cﬁly%romdeno [1,2-bJindol-
165L C8@- cﬂhydroma‘&m@ D—’oﬁh&)‘ll@ilyl Nahethyl=de2 0¢-plidnlyBb 6¥dihydroindeno[2,1-

radi cal s, optional |l y contal ning heteroatons bel ongi ng

bhl@dogﬁcydbp@z@sn@knqé yl;1 thigpentaheneseyl; crrapentaerieed-pl lhr?@entalene-G yh;
ﬁ? g‘é@éz r om —ﬁgewa)rf-o éeﬁtaﬁnyg%'lgr 9%}%&9@?@” chgksiﬁﬁa} 1,2-b:4,3-b’]-

consi st’i’ng

dllfhlpphmyl i sopropyl, n-butyl, t-butyl, phenyl
p- nhut v | - phenyl , benzyl ycloh xyl: and cyclpd e
An‘é @éﬂ%r%%w sbm/owemsortsu afpm, RGEen Wptgrw %xlai*ﬁ-r?@sor branched,
APRYHR ad | I Lox.
c}gz};hg%?he fol Iébvm ng cogg'%onﬂf( E‘V\:h zaézo(ai g G?Cr%ggelrl}é hd7 dzo alkylaryl
ot GeCro- alrﬂaﬂiybnadlcals,ecmtmnalbmmtwmng)hetmoatbnmdusldngmgem@oups 13 or 15-

L e P

frHlW tHé %fb'uﬁ IcbAksting of methyl ethyl ropyl, 150ﬁr0ﬁy1 n-butyl, t-butyl, phenyl, p-n-
di met hyl si | anedi'yl bi s("2- -4 na ty
blméln]ghepzll, bergpl, gynl@hegm a@mcM@lododecyl more preferably R® is t-butyl.

Ngxa ?EICT% cﬁl,efsxl&{én% s of Xompg’l{n%s rt')n?lon ing E)d orIXul)aszhf ‘iﬁ%r“{ﬁl) are the following
c&nmhhydvaieh@eﬁbwiﬂlalé&h&ehﬁyd ox‘kad:@ﬁi@ isoRétd, BERRnZ thefeof):

oni um di chl ori d

dlﬁieﬁlﬁtlfﬂW%W@#ﬁé’d‘ﬂ?’%)@(iwmmcﬂl%?mﬂﬂa| ndenyl') zi r coni um
dlg’ll ‘r‘?@tﬂ{?lhy lghs %I-m ! |ls4 (%hemgltl%de[nylzz%cogéur?} gllcrl}{%lr(}l% )zircon
dimethydsikanediyibike2 - methy] 4-naphthylindenyl)zirconium dichloride,
dlmeﬁtl%%pacéyl% ?5“ elt}?)lllsrl&nyzl)21rcg)1§1{1rrtqe c{la‘}iorl denyl )zi reonium
dﬁieﬂ?ﬂ%)}élhéd1&@%@2’-’&4’[@151(-%oﬁoﬁylﬁﬂd‘eﬂ%sﬂ%bhﬁﬁ?&mhl})ﬁﬂé coni um
dlmeml&tlmahsdlyﬁméuﬂwIMc@yﬁndip@L)mmqmsmylicihlmixeinyI ) zi rconi um
dlme(t:hylsJanecﬁylbls(Z methyl-4,5-benzoindenyl)zirconium dichloride,
dimethylsilanediylbis(2,4,7-trimethylindenyl)zirconium dichloride,
dimethylsilanediylbis(2,4,6-trimethylindenyl)zirconiﬁm‘ dichloride, .
dimethylsilanediylbis(2,5,6-trimethylindenyl)zirconium dichliori,de,
dimethylsilanediylbis (2-isopropyl-4-(4'-tert-butyl)-pheny-Indenyl)(2,7-Methyl-4-(4'-tert-
butyl)-Phenyl-Indenyl)-zirconium dichloride, '
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di met hyl si | anedi yl bi s
(2-isopropyl-4-(4'-tert-butyl)-pheny-Indenyl)(2,7-Meth
W@ koodn93a6s t ert but yl ) - Phenyl - I ndenyl ) - zi r coni UPET/EP2005/002479

di chl ori de, di met hyl si | anedi yl bi s
(2-isopropyl-4-(4'-tert-butyl)-pheny-Indenyl)(2-Methyl

dlénetépﬁsﬂa{n &Pogg %_?E%S?]%IP Efinly hf' Wﬁgt%(rs)lpléh{' (iﬁ)&nyﬁb -Methyl-4-(4'-tert-

or|

b(ltgz})Lmrzylomdbnﬂ) pifieonylm Idmﬁﬁmde) (2- Met hyl - 4- Phenyl - | nden
- ZI rcgwl um dj chl or.i

dmtwl PRELNIS & 18%@33/1;/4-5#1@&&11}9@%9@ MethykfEhspylolndenyd)-

hi |um di chl ori de,
ngt{}%%(jf)dheny jysi |l anediyl bi s(2- met hyl - 4-i sopr opyl i ndeny
nie)hyi(lphermh)sdmadl)dbnls@mdtbyl -4,6- dusopropyhndenyl) zirconium dichloride,
2- l.enebi.s i r.coni u | ari de,
gt A S S SEE A PRIy Rorir Stsantim dichloride,
1 @Lémﬂlleﬁéb‘ijs‘%mdenyl)mrcomum dichloride,

2-et hyl enebi’s( 2- net hyl - 4- phenyl [ ndenyl ) zi rconi um
lgr@hylgmqb@@ 7111methylmdenyl)zucomum dichloride,

lgt el'%%(lgll‘,le ?g'r%et m.Tt4 eﬁflhenpfléri;] Qzu 0n1\Pn¥ dlcmjor{c]l%l ) zi rconi um

102 etﬁ?tdﬁylbls(%rﬁcthﬁml 6lm@epmb%iﬂdéﬁﬂmmtd:ﬁhiﬂlhﬁ@xbﬂlbhd@
di net hyl si | ane (3-tert-butyl-cycl opentadi enyl) (9-fl

1 3o pidilengbip (%mqamy%ﬁeﬁ -benizeindery1)zirconium dichloride,
d@?{@ﬂl i &éllrx{g? q%ﬁ, 'gﬁ b fcdé&en%'ié?éﬂ)@iﬁh&%ﬁ{?ﬁﬂ{’doﬁﬂ%ﬁ dichtofide,
diﬂﬁd\b}lkij/dnﬂiﬂllﬁ%i-@LrhethylGyc(l’épmdiﬁtiythEQJ@ehmphhnen&lbhlbhd&

At PRI By By pensiang by 2 teipRhn iAoy ichloride;
dm?etf?;]lsﬂeiﬁklf}%]?'Be()lzlhéﬁgﬁ(yl%dﬁeﬁﬁhf%gl‘j@ 12~ b] -thiophe e)zn'c nium

I met hyl si'l andi yl bi's ter-but clope ta I"eny
dichlofidk] - t hi ophene) zi r coni um di chl ori de;

e e e R S R A e R e

didhiseidey | si | andi yl bi s-6- (3 - phenyl cycl opent adi enyl -
[1, 2- bi;"t hi ophene) zi r coni um di chl ori de;

digmati]si dmllaﬁrér@HBﬁIEOIGdQ}@l@eGEadWDDH1dbbbﬂmmﬁp¢)@ymrmp’e
di&h dEnyl [1,2-b] - thiophene)zirconi um di methyl;
et Yl silandiylbis-6-[2,5

dingbtie15itinid dbis-6¢(3 piﬁhilyydlblﬁiﬂ)dd)dhyll[K}@-@ﬂﬂtlﬁdp}%ﬁyjmrcomum dichloride;

ene] zi r.coni um di chl or

dummlﬂiqnémuaﬁér@ﬁoqhghleng«zzaahsm@ﬁycmeaaadmm142-@11 i et
oiyhaiepgmsaEtied o (1 20l

dlmethylsﬂandlylbls 6-[2,5-dichloride-3-(2- methylphenyl)cyclopentadlenyl -[1,2- b]
thiophene]zirconium dichloride; K
dimethylsilandiylbis-6-[2,5-dichloride-3-(2,4,6- tr1methylpheny])cyclopentadlenyl [1, 2 b]-
thiophene]zirconium dichloride; _ A
dimethylsilandiylbis-6-[2,5-dichloride- 3-me51ty1enecyclopentadlenyl [1,2-b]-
thiophene]zirconium dichloride; \
dimethylsilandiylbis-6-(2,4,5-trimethyl- 3-pheny1cyclopentad1enyl [1,2-b]-
thiophene)zirconium dichloride;

dimethylsilandiylbis-6-(2,5-diethyl- 3-phenylcyclopentad1enyl [1,2-b]-thiophene)zirconium
dichloride;



di met hyl sil andi yl bis- -P -dichloride-
-nmesi tyl enecycl opent adi enyl - | -Db]-
w0 boospysaee] zi rconi um di chl ori de; PCT/EP2005/002479
di met hyl si | andi yl bi s-6-(2, 4, 5-tri nmet hyl - 3- phenyl cycl op
ent adi enyl - [I 2-b] - thiophene)zirconium dichloride;

dl&?@i’lﬁ{)#ifapﬁly S (?{15?%}5' 6@&%&%@%@% oﬁgﬁ?%ﬁﬂdgyﬂf pent a

thmpnehé)yﬂr@ddmﬂ@n&ndn@-6 (2, 5-diisopropyl -3-phenyl cycl op
ent adi enyl! - 2-b] - thiophene)zirconi um.dichl ori de;

dlmqﬁlﬁtlﬁ&anémlé\ﬁér(% bqhm’um 3@l@pylévclamr%dlgly;hﬁbﬁ;h tycl op

t hi ophene) zi rconi um di chl ori de;
thm@?ﬂgﬁy‘l“l“yﬁgh%fds? 6- (2, 5-di trimethylsilyl-3-phenyl ¢
dlyﬁdthpsilahdgfﬂtﬁnﬂ(z[Sl-dxﬁnbc}thylsihyleasplmm)cycbpmtaalmmyl [1,2-b]-

hl qri de;
H%Ef' ?‘I%QW‘;‘}P@{@QH%UWI ami do) (N- net hyl - 2- net hyI 5, 6-d

P A BB i

yl()ldlht)edrytb'tiraﬂniam[ 2,1 -b]lindol-6- vyl )d| met hyI t| tan| um
di met hyl si | I(tert butylamdo net hyl -
e M PO N TR PISthosy 6 JUnEUPRAROLZ -blindol-6-

yléianeWF%lln yr?(tert but yl am do) ( N- net hyl - 2- et hyl -

dﬂne&l)dmfw((ﬂérﬁbm@m(ﬂﬁa)mlm&hplﬂ hﬁ:ihyﬁi-lyﬂ dihgttropideyb[2,1-b]pyrrol-6-
titaniumdinmethylsilyl( t
D@WWY&H\‘WN& hyl -5, 6- di hydr oi ndeno[ 2, I - b] i ndol - 6-y

dlg)egrheyrfﬁ )}/lli](}écjzrf Ftéf aml#gi,gN i yfi:t }{n i g}e lylé 8-di mgfiwnrdex}o[Z 1-b]pyrrol-6-yl)
dlﬁaﬁylﬁmﬁﬁn 2' 13, 4] cycl opent a[I 2- 6] t hi ophen 7-yl)

di met h tltanlumdlrrethyl é
i) et PR RN S A ripdepe{2 1-blindol-6-ydimetty

Q{ﬂﬁ?{ hyl silyl (tert-butyl am do) (2-met hyl -i ndenyl ) di net h
y I'tani um

dididtmtlhw(sért yh@(ai’mde)(nﬁldimeﬂmﬁEHyhi)ena[E»(,Z A dyctepenyd[ 1,2y C
apent di t hi ophene)}.. zi rconi um

Brrear 1-40 dé‘Pﬁ‘é‘t/hW‘é oy
d;lﬁ?eﬁﬁ»liriﬁgérﬂ%{d}}’e{mlhoj(ﬁﬂ@&ﬁjdhm@th&lzméni@h{mt hyl cycl opent a[

dimethylsilyl(tert-butylamido)(2-methyl- 1ndenyl)d1methyl titanium

dimethylsilyl{ (2-methyl-1-indenyl)-7-(2,5-dimethyl-cyclopenta[1,2-b:4,3-b’]-
dithiophene)} zirconium dichloride |

dimethylsilyl{ (2,4,7-trimethyl-1 -indenyl)-7—(2,5‘;diméthylcyclopenta[ 1,2-b:4,3-b’]-
dithiophene) rzirconium dichloride

dimethylsilyl$ (2,4,6-trimethyl-1-indenyl)-7-(2,5-dimethylcyclopenta[ 1 ,2-b:4,3-b’]-
dithiophene) tzirconium dichloride

as well as the corresponding dimethyl, chloromethyl, dihydro and n*butadiene compounds.
Suitable metallocene complexes belonging to formulas (I), or (II) are described in WO
98/22486, WO 99/58539 WO 99/24446, USP 5,556,928, WO 96/22995, EP-485822, EP-
485820, USP 5,324,800, EP-A-0 129 368, USP 5,145,819, EP-A-0 485 823, WO 01/47939,
WO 01/44318 and PCT/EP02/13552.



di t hi ophene) ~zirconiumdichloride dinethylsilyl'i
(2,4,6-trinmethyl-1-indenyl)-7-(2,5-di nmethyl cycl opent af

WO 205/095468- b' ] - di t hi ophene) ~zirconi um di chl oOPCTIEPRS5/002479
wel | as the correspondi ng di nethyl, chloronethyl,
di hydro and h4' but adi ene conpounds. Suitable

L O Y e

st9@ﬂ)2<#454§1.s chiied 5u51@6d19tﬁﬁng WO s8lafid? &sHainibP1He&athBRt syskm obtained in
5820, USP_5, 324,800, EP-A-O 129 36 USP 5, 145, 819,
StEPb)Alr@lM]@" istglatiopca hescatrisg ouingd aymosphgrigpigare or at reduced pressure
%ér%ﬁgl%%ﬁ%ﬁ%te%e%ﬂe{' ) can be carried out
Taccor di ng to the procedures known in the art.
TRy eftar aiohiniet/eptad )malar ctip ofSthe avatalysd systtm wptainabld adcording to the

the sol ution contain st.em Qht.aj n
piesknt SR Gngy Jrom RO gbrfaoPRLE: Rterly bom IPir e Sthop:1; more
p@fer@dl?‘ﬁ%ﬁi"ﬁf | fo 00863 Ué&n%or@br&@r%l? GAnPSE B IO N

order’ to use lower distillation tehperatures. The

Thm%talystl sysiem obtpimeblalaceqrdimg tedhé prosesstdfethe @mblytsmventlon shows a
m. obt accordin resent .invent.

i A E KRR, p SRR e PR hm bR i ity veing

re’f@ﬁﬁ&léo if ihas Catplysifie nsdal atftef h Qdig rlbdfoﬁ tiA2Q8Q@ allows ¥E6btain polymer

nmore preferably from50: 1 tol :1. The catal yst

hawjng & moesular vediglt highes thangy CQreyentlmal Hrlueneseongining gatalyst system.

50%@1% h{h\{%%ﬁ& 9%%1%/98}’1‘% ?eigiﬁg %g %Eﬁa&g%?ﬁlvgétﬁ% aga%ﬁ%}fytq)e/duced.
Atfertneg abgdcabhed rﬁés:eﬁt 1|nfveﬁthjn3s aabmhysﬁ tin hrSalu‘smlscﬂ'ﬁdneha\ang from 5 to

period of time an t o, obtai n pol yne
(L%a; Riamid B meérasvaéﬁagvﬁf sweghé}r o oIy B AR clgfigs comprising

th‘éoxleH&% gmﬁl@f e NPethfafinydans Y 8 t GPAnMEARYER &%nﬂbﬁh&‘ %bf formula

sal d cat st the presence of aroRatic sol vent
HolHs cprdéhlzidq, evh@ccmdU mdésunlbddeibovﬁoqmla methllodene mm;xmnd.

Ao 5o st b Brioh S RuRodssblrr hohnsr e g or Hore olefins

con¥Ahipp fiah 2t 200 BAr¥oR hiohdt ¢diprdingothefstdps ot &dAdtRk e or more of
t he reaction product of nethylal unoxane, a

sagd plgfins Wl therpresenee ©b thsoatady s by stesn dmeabﬂﬁ abqs@ Jor
Eﬂnﬁglgﬁ%f gleﬁnmgﬁﬁln&é%@fg hercgﬁg ?mg épéh& %ﬁenr?t of formula

ocene co
CHp@HT i wheréid B ipra0hgisgdnOsitome| ot G, AT, p Gl &adibalﬂ@tlicﬂh as ethylene,
olefins containing from2 tq 20 carbon atons

PIOBYERS: s i-RYyteptre lﬁeaﬁn%f 4upsthd i penienend -kaxensr b-ogteng gt §-dimethyl-
1- géﬁgﬁensl g&eﬁ%\e/le 85@%061 @{ra(;éagrr éfalt ﬁéxii&éceﬁé’ Si. S%d?cene l-eicosene;

crrbe anples o ins contdinin
C)thC Bﬁfmardmdrpo@tenﬂssuchrae 18- ixadiehe fl-Grhepadidney mlheihyl 1 5-hexad1ene

1
bqtgﬁ%@gﬁsop%ghgggy g,ﬁﬁ%r(%%}eorg’s ? E1-hexaC ence: -meth}/l 1,5-heptadiene, 3,7-
dimethyl-1,6-octadiene, 11-methyl-1,10-dodecadiene, 5-ethylidene-2-norbornene. '

The catalyst of the present invention is especially designed _fdr the solution polymerization
process, therefore a further object of the present invention is a solution polymerization process
for polymerizing one or more olefins containiné from 2 to 20 carbon atoms comprising the
step of contacting one or more of said olefins in the presence of the catalyst system described
above. '

Preferred olefin to be used according to the process of the present invention are ethylené,

propylene, 1-butene, 1-pentene, 1-hexene and 1-octene and mixtures thereof.
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propyl ene, 1-butene, 1-pentene, 4-nethyl-I|-pentene,

1- hexene, 1-octene, 4,6-dinethyl- 1-heptene, 1-decene,
wd2aedeaee, 1-tetradecene, 1-hexadecene, 1- OCPEHEER®N®(02479

1-eicosene; cyclic olefins, and pol yenes such as

1, 5- hexadi ene, 1-6- heptadiene 2-nmet hyl -1, 5- hexadi ene,

opt.e adi en Cl .
AQ li]éP%gljexa ve bg/ Lpsngrr,}g% ﬁatf.ly%} ({ﬁféﬂ %rﬁ g ngex_ltsf‘odxl a n‘%?lWFr- having an
mgh&maﬁmetgea calﬂbd’ﬁb‘te{hyéd- 1, 10 dodecadi ene,
et hyl i.dene- 2- nor bor nene. The catalyst of the present
Th‘ﬁ?fefﬁ Jtdha furthes ghigrtof) the gresery vaention a  Hautens| homapalymer having the

ion process, therefore a further object of
fd@l%defebtﬁ?eE

esent invention is a solution polynerization
(ipr oc esmnsicovisqosity measuzédnig tetrehydwonaphtaere! @HN)sit 135°C higher than 2.5;

cont ai mZ2 to 20 carbon.atons conprising the
stepp@?er%g}ﬁ{’%g?”ﬁﬁ‘gne or nore of said olefins in the

(lgr eSgREBuREn bh Sndledublr Wwdighty SEAMrISSRPiRE beARRKE2 and 4; preferably
referred olefin to be used according to the process

of tbetwpenedemt 3;iandenti on are ethylene propyl ene,
1l- but epe entene. . .1-hexe gtene.an o
B e BRGei SkRE Bl R Ha S SRR berween 100°C and
cat al ypC. system of the present invention a pol yner
havi ng_an hi gh nol ecul ar. wei ght . can be obt ai ned.
leweﬂgeexampl% arg reparter dor iBpstative @1d nos Emitinggaigposes.
?ﬂk gQn a 1-butene honopol yner having the follow ng
atures (i) intrinsic viscosity nmeasured in
GENERAYPROUEDURESA NDHIHARACTERIZAGMONS han 2. 5;
sﬁeferably hi gher than 3 (ii) distribution of
micals. o wei ght My Mh conpri sed between 2 and 4;

AR &ERIAR %Q%E‘Pﬁﬁd“le@uﬁfgg tgndla?%gg(lbfbkr egfrgar‘agﬁ sNg poi nt

conpri sed between 1000 y between
MetgGlamdxaeQOQAOT mas fredel vedi frogn ébenppdriesasaa 80%epidvdl éeluene solution

il lustrative and not limting purposes. EXAMPLES
(({SEhlé scapdasie '%ND CHARACTERI ZATI ONS Cheni cal s.
IrAtHe @Awmtcelaﬁmw@s Dfheh@RHaBEt Ui ed WVRIRIAD STh&AK0l, used as

techni ques. Met hyl al unmoxane (MAQ was received from
reagiyedriromeCrospiorsd 6 (rlpenst sotustondneMsiol ABi on (d = 0. 83

Pgr[e(irolPsogtﬁglaHﬁl? gur%‘c(Tﬁygywas used as such.

Isododecane was purified over alumina to reach a water content below 10 ppm.

A 101 g/L TIBA/isododecane solution was obtained by mixing the above components.

The melting points of the polymers (Ty,) were measured by Differential Scanning Calorimetry
(D.S.C.) on a Perkin Elmer DSC-7 instrument, according to the standard method. A weighted
sample (5-7 mg) obtained from the polymerization was sealed into aluminum pans and heated
to 180°C at 10°C/minute. The sample was kept at 180°C for 5 minutes to allow a complete
melting of all the crystallites, then cooled to 20°C at 10°C/ﬁ1inute. After standing 2 minutes at
20°C, the sample was heated for the second time to i80°C at 10°C/min. In this second heating
run, the peak temperature was taken as the melting temperature (Tr,) and the area of the peak
as melting enthalpy (AHy). L

Molecular weight parameters were measured using a Waters 150C ALC/GPC instrument
(Waters, Milford, Massachusetts, USA) equipped with four mixed-gel columns PLgel 20
um Mixed-A LS (Polymer Laboratories, Church Stretton, United Kingdom). The
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In the catal yst exanple C-5, the cocatal yst enpl oyed
was MAO 10 %w/vol, used as received from Cronpton AG
w@ twbsnoesaes sol ution 1.7 Min Al). Pure PCT/EP2005/002479
triisobutylal um num (TI BA) was used as such.
| sododecane was purified over alumna to reach a water

‘fl&lﬂ bioRt opﬁleoéﬂl n§JQf ol >g7 89141}n ﬁ*h@%’ob@ﬁﬁ%ﬁmerc? and the flow

utiron was o ane y m Xi ng t he above conmpone
raTd‘IewﬁﬂalltelpﬂgatpdlmtraLbﬁlnt h$olptidry neshser(tratibnsveweremdals Lg/er.i in 1,2,4

trisblaReRenEs ok BT E st Do AL Puly L enti RGHPL@HT) was added to
pl%(/é}ﬁ F’adgﬁthggd the é&%h%hﬁﬂmzﬁ {00 AL n%ll @PtRLRELments were

from t e po ynerlzat on was seal ed into al um num pans
caried hewtatdl 16C1LEERT adalibGomi isucemplehe as awopivellwharakiepzed narrow

mgichi Oovszedélg(};gig r{gu.{] glies tgﬁﬂlalgek%\évlé% Cor%@%t gfeng\l/giia'g% ?(Ir 1-hexene
pél%i/ef'ﬂ JHUL-Buter ﬁﬁym&tsamﬁ’lhd"ﬁ uivE Al A fbratton’Qfbe wb:h@btalned using 12
sanpl e was heated for t he second time to 1800C

palpetyiens stwﬁdea@pEéo@ﬁdm&&vlan qugms rangingpleeir 380 to 13,200,000. It

era wa ken ratur T
Wi ARFE S R o BeR MER AR ok YRR M 21 > 107,
hght 1pér t u
o BRSPS 2 ‘?ﬂétf?t%g‘r%?fﬁe\mﬁfﬁﬂ;b%‘ Pty pctivy. Th

M\atﬁekhubmﬂetxpsnemjsmwaq assoped tmvbe 0.706 dor pnlmykegehnd 0.725 for poly-

oI unn PLgel M xed- A LS. (Pol ymer Laboratories,
1 Sy wgih in this BRIOAGH dﬁ?gcq*ﬁeaﬁ‘rﬁ@ﬁ&?% aiged pises only an

e&%ﬁrﬁ?bﬁg&oﬁg&%c Zfoﬁk Dt cHOR cﬁé:ihvtﬁ?}; alll’o?ﬁ&i atmomparlson to

te was kept at 1.0 ni tiron
bewadent r ati ons were 0.1 g/dL in 1,2,4 tr| chI orobenzene
TCB),, t - but
%%m?l%@%{@&@a 4o trmeé@ﬁdt n&s@flﬁbégéﬁ a1 Byidopental1,2:b:4,3- b]

SABDFRELED VoL, O G Ay PSRTICREIRE.S Y Sotoning

prioocedsed:| thehlgamad] §B-(2,4(7-thiafetioindenydy] [1-e2,5 w&h@hyl cyclopenta[l 2-b:4,3-
distribution standard reference materjals ar

bavihiorpene) fdimethyl lens, e"’apﬁ‘dl’r?l??é?‘% apeseriged shdV %&1{/}7@?% 30.40 g of
thﬂ“h'%an]d q7%0k \ﬁ%ﬁélzt nd gﬂl (ﬁHﬁsV ? r9 Qﬁ?g&ﬁ gt 'n'ﬁgogen in a

ystyrene san'p es w t T'ecul &r wei g
citindmgah cgldss orea &80 eqanpﬂzé}:l 200 af@netic stmmgabauriﬁré bhmn SO]uthI‘l )

oq{@egw\églﬁgo ;d %&i Hlalent%/%r atﬁg gge 5§| at of;]ns %Eh%\g&f@ hexane (146
mtrml) m%aﬁadeaediep@ﬁe Wi® ldYoppind HlReE Ateﬁl@e&lw a/fe{me adﬁhﬁm the dark
Mark- Houw nk exponents a were assuned to be 0.706 f

biepinysolyioarreaszticred fa2bhdusrat pesiny tempeiattiesy then Boelad th oﬁQﬂQ,, and then
42%/\@ rrrtélhoI ‘%gﬁ&gw in ngg?tgo%)fmee[ﬁu'eﬁ(;}éf 2% %esre/ 8(?({?@‘;[9 gt? In a Schlenk,
16848 oflzmn (72. D& ned]l) weRGharie@ il 70val 60RRhe. Sh hiixtures were kept -
at —50°C and the ZrCly slurry was quickly added to the ligand dianion solution. At the end
of the addition, the reaction mixture was allowed to reach room temperature and stirred for
an additional hour. A yellow-green suspension was obtained. '"H NMR analysis shows
complete conversion to the target complex. All volatiles were removed under reduced
pressure, and the obtained free flowing brown powder was suspended in 100 ml of Et,0.
After stirring for a few minutes, the suspension was filtered over a G4 frit. The solid on the
frit was then washed twice with Et,O (until the washing solvent turns from brown to

yellow), then dried under vacuum, and finally extracted on the frit with warm toluene (60°
12



be made. Rac

dinethylsilyl{(2,4,7 trimethyl-1-indenyl)-7-(2,5-dinet
whgdospyabopent af |, :4,3-b"]- dithi ophene)} zPCTBP1005002479

di met hyl (A-1) mas prepared according to the foll ow ng

procedure: the |igand,

CE([%{HQ% Elﬁéjtﬁfe%iglig g‘&]uﬂé% H%‘H %Jnye;lgw ég ’cglioql {ge(ég ut géM %ll%?%luene) The
et aae dried ustizs eeduoedipicssuiidOdivd 79.8%, otsmée/ ;g)vﬁfer tvbhxsh 'H-NMR

ligand (72.26 nmmol) and 170 nl of anhydrous THF wer
shayesddebethe éqrg%mm&én frep, fromy impygigies cBhe yekdskased g ﬁlé'ﬁ‘r ligand was

7§g4pped with magnetic stirring bar. The brown
uti on so obtained was cool ed and mai ntai ned at QOC,

I\MNMR HBDAClpil r.t0f pmetiZLG)9 @, 3N, -0.19e(e a31d), (11016s, r3¥H) ).0des,3H), 2.38

a7 85 PR 2 RepiRuh- o B A3 S F R oy 2197 o)

6*6@(&@, zittH rmmmqmpqrﬁbwwz)t@gn %OHII exk- 1 37-HP08 85 (atgle J=17.04
. MeLi i et’hoxynet hane (14

Hﬂ'niﬂ:}) X&sH@ éaaém 1tH3J|=tl37HZh6§:1mSelﬂ) 16.84 ¢ O‘ZrCI 4

{ i aredabat Gt e Pl s -Simel 1< Pogp il o4 30

dﬂl‘ribﬁllﬁén)é aﬂ%ﬁuﬁrpdkﬂl%nhé g@@ﬁ* wdb ?Héﬁg&d%@é&ﬁin o "ﬁ‘{%‘)‘g&ﬁg”-

of the addi t 1 on, r eact m xture
PrcpamamhofcmMysmypmm'st ure and stirred for an

addi hoyr Iow— n suspensi on was

Bﬁ?‘gﬁ‘hg reWWQﬁé?{Yﬁ%’s &51 conpl ete conversion to

356NQ SETIHA/isoasRcte whtel muRHALi 83 5VR! 6T the TOYEMAMARGene solution
reduced pressure, and the obtained free flow ng brown

(YOI EIB Aamolar sgonidéll Then,1 Dongrbf 4f1 Etem);hssnﬂv@rwgh ithis isplgtion. The
f.or few m nut the_ sus. n'.'o. Sfl over o
gl ot o Shftiinn WAS pRtSTBRR DRt o e Bl Rt s0°C was
cmbdn ot dfdi1(d1nbluinet 412, YR SO iWAG rsmbvwfromum%ofm@m PROYMal solution
%el | o then dried under vacuum and fina /ﬁ'
Wé§<t3 m@%ﬁvm vithqutygaces afegelislt dhaténe 2@@0M)A0 HBA12:1 mol/mol.

I lsor |
ThilRoldibh 85S Wecp retb I LAE, ROk Ep R TaFRAET L nder
Coarfjiac v OF eaf plec Pﬂapgraltﬁ)n?(&' (ﬁtagyﬂfsys/lehi Ow powder ,

ich 1H NVMR showed to be the target; co lex, free
Tﬁfs At Yas; ggTiecriout ¢ eqxamefﬁséd PYorisingel 1 i od Aesand 2.8 cc of

Mﬁ@ﬁdﬁjeﬂéﬁw T}{ecﬁgygi:hg 1was Eerle@ at 2&99& ge?npeai%re no distillation
p®|e§qs @ai%@a.r(led oBH)Ihe2reSltBt1(1gj ,cleat—lredjvmlel s@mtiblr )was isb@ ag such for 1-
hég%é y%ly?rg?réfgfi?qg i‘ggrﬁrbg‘%ir% ’&'(S)IZH {f? %{fpgragg'nggg%% f’jéoggﬁx(s gsar}ution was
udeldhto Q)effor?n Ddekine pl)lyméhzﬁﬁoﬁ"?s):e Té6181. (0, | H J = 1.37
Eaamier@/Ps‘tn(ayaqimoﬂcaxahysﬁ systemy(C-3 - i ndenyl )-7-(2, 5-di net

9.blyc|c o%ﬁﬁgﬂ%go%&ahg sg’luﬂog’ w%rg mixed with 1.9¢cc of 30% MAO/toluene solution
(MAO/TIBA, molar ratio 2:1). Then, 20 mg of A-1 were dissolved with this solution. The
metallocene was completely soluble, the dark violet solution d.id'not show any trace of
residual solid. The final solution was obtained upon recovery of 2.0 cc by distillation.
MAO/TIBA 2:1 mol/mol; Ali/Zr = 400. This eolution was used to perform 1-hexene

polymerization, see Table 1.
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di t hi ophene)} zirconiumdichloride (A-2) was prepared

according to WO 01/47939. Preparation of catalyst
waeymsenseExanpl e 1 Preparation of catal yst sysSPEEE2005/002479

3.6 cc of TIBA/isododecane were mixed with 2.15 cc of

the 10% MAQ' t ol uene sol ution (MAOQ TIBA, nolar ratio
Egarﬂlh e. 4-11511e gtlis(ﬂp?toéatﬁ?'gt ten é S.Ql ved wit h this

he ol of e resulting solution was

Aroadﬁycticadohmon Dvastprd:ﬂaadd mngazt 101e fhekered puixeedstahle reaothr EQﬁpped with a

s carried oyt unt of 2.12 S renpv
CoERAEEIHEdES R R FRSFR e DR OFo] 1% /b IR selnigess imgeodecane and

|
7%&1&(5{_'_(?@ B?% 2}6 1wt)r’TWtht L(? sélﬁﬁ&g ﬁlsfgiuuetﬁlg é)%ﬁyv?lam?ﬁggd =0.89 Q/mL) were loaded

ingretheovessel ahémﬁnwequ yfmet fardt han, urglee stitaipg eat Ioorn temperature. After

10 ' | P t t
s GRS e ab AT TRy e P 367 s@tah S T hERing purpte
solﬁ?ndﬁgwei tHdn! difell ¥iB ReEh&f 14%% o7 listRId8e kA& ot0 FORhNh&idegred final

was carried out at roomtenperature, no distillation
cqmr:@ﬁ@él@nmﬁlse reastor tesnpstature Was inersaped updgo éﬁ‘é%and the pressure reduced
r ol e l.ution s .used as n
to lgl ﬁ%rr% z% é g r}/% PV% tﬁ]rem?\?eotrlﬁ% lf{flge{l)er \éls ﬁéo 160 3 hours, 660

cobdvés?cfonéetﬁ@@ of A hiStusoT /25 Midl/Mmivs tdlﬁ@ié/lidlloﬁafa'h@ fThe residual toluene in
1- hexene polynerization, see Table 1. Exanp

3
thprcgwkﬁ s ptiQyr Wélgt<a|l¢§ft §9@Q grﬁfccqgalgth sg]@tlglp was obtained with the
fo&gy g;g flecane solution were mxed with 1.9cc of 30%
t ne solution (MAO TIBA, nolar ratio 2:1).
AII'Blé%thﬂr 580 ppm Avith amAh‘dekm fratendo fd O3 hantd hai &taﬂyﬂdﬂyismm (catalyst +

The tal | ocene vva | et | ubl e, the dark
COFRBINED. CONGETRITIOn 10k o thiingolbiials avas peds iy pefform 1-butene

p(ﬁgjniaquzatl-gheesfté.nal sol ut| on was obtai ned upon recovery
of 2.0 cc by distillation. MAO TIBA 2:1 nol/nol; AW

CompaativEreaxgmpdés i Pmpavﬁéomsfsutalmstwslfem @8- hexene
ol i zat.ion, see Tab 1. Exanpl e .4, Pr. rati on
TROFAFGES FRYLRE e ol f i B a7 HERdls BioBRa fagunt of the
MAD/BJuéhe solution GleedickoSehieh € A A7 kiti seFCA00r an@ POOPPRE solutions were
with a condenser. Under a nitrogen flow, 2300 g of a

stred §pr. 191 BAnsal Uee®n tamparaBgo detan cbeing wed foL pefform 1-butene

pég%?r#%r;{\éi\%e% et a@% db%l#/]x?lgrl%eﬁlohs%ggg%ng éhg) ?lﬁ%a&llég%f)t%lzgtlgg’ df'ita of the |

otitained pdignierstinel sposttd i Tabge 2t room tenperature. After
this time 13.5 g of A-1 was added to formthe catal yst
Palymerization 16865 obt ai ned purpl e sol ution was then

1%&&.&3}1,' glfi%zftﬂﬁﬂt E@ﬂerglflmcgduﬂfe |sododecane to reach

To 20g of liquid 1-hexene an amount of the catalyst solution obtained as reported above
containing 0.5 mg of metallocene, is added at 50°C. After 30 minutes, the polymerization
is stopped with ethanol. Then, acetone is added té separate the polymer. Finally, the
polymer is dried at 50°C under vacuum for several hours. In examples 3-6, polymerization
tests were repeated after several days by using the same catalyst solutibn in order to test the
change in activity. The results of the 1-hexene polymerizétion tests are reported in Table 1.
1-butene polymerization in autoclave, generz'll procedure. '

A 4-L jacketed stainless-steel autoclave autoclave, equipped with a ﬁlagnetically driven
stirrer and a Flow Record & Control system is used All_ﬂﬁxes,.pfessure and temperatures

into the autoclave are controlled via DCS PC. Before each test, the autoclave is cleaned
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concentration. The reactor tenperature was increased

up to 550C and the pressure reduced to 14 nbar-a using
W@ 2008098468 punp to renove the tol uene via distiPCHEPING002479

hi 3 hours, 660 cc was condensed of a m xture 75/25

nol / mol t ol uene/i sododecane. The residual toluene in

[ {.0 3 fi_ '

e Bk S N T B B R bR M 6 mmol of
ARi-Buyt (asZza BEOsabyptinnwirt theramef at rchangedirat r @mbmo temfipe2€8re. Then, the

and a catal ytic st.em (catal yst + cocatal yst), . .
afiletnts derirird %btﬁequ_l_.ymw i0g JFMPFIBRI AL gelutjop gontaining the
cAR §ROBAA MUMBABreRS i XjRBEd Z@b | RE ahRelaSe tﬁ@ﬁ%ﬁﬁ%ﬁifﬂ@ss—steel vial by

exanpl es 5 Preparati on of catal yst systemC-5 The .
meansapf) sitrager tpressurendn esxgmplear 2 B0Oymdiiof Suidvogey #xe Anjgictel into the

t.h r r amount. of e QO tol uenersol uti on _needed .
a6l P85 AP PHRcRiar b AT RS 5B Pl B PS Gt caried ou
at\egriStadt itdrhgatufy fokO1HT Thed! stigfip iseiiReruptdd @n@ah@peessure into the

bei ng used to perform 1-buteme polynerization tests.

autpelayso fisy pisqdz kg i28nbarh anithi Bieogemd The: d -Ruienciralnd rbugneopixture is
f Lne I e d [ l-B0d.

S Ep S8 SRR BURA BBl Rk SRALs Ry g 3 Ao The ank
h¢atiag dslswitched dff ad@g fddw lof itk ekeh-do xEbhar-@is fedp Wifter 0boling at room
the catal yst sol ytion obtained as reported above i
(eRBIERTE W@_SGF.CE tak lafopﬁ%ftdamdo@e ﬁgﬁt_n@%&@ egipd.sbhgcwet polymer is
did 6h A0 LA ULRR: rEHHf‘ceHPlgﬁéHﬁ% tw@.'ﬁmﬁ;iemﬁ&swn.v.) of the

et hanol . Then, acetone is added to separate the
pplpbytemas weFe mehsured inhEHNGI y3EIC.i s dried at 500C under

vacuum f or, several hours.. In ex les 3-6,
T ARG RORENAL B PRI o e SOBIFREE: Hsbiforas L ¥agl 305 the
didiibuEbMBf bR caRFWeipAt AVIWAVInF Of 218 afira el it @nt,§61 103°C.

the change in activity. The results of the 1-hexene

pol yneri zation tests are reported i.n Table 1. 1-butene

hi 1oR in. I , general procedure. A 4-L

Tiggigilg?’ehg’z@{eaqorllﬁleg%z-%ﬁggg?saggt ocl ave autocl ave, equi pped
Bt h a [negnedijcal |y dr Avevinsti Acwnitand AW Reegr | 8,
G chasffsemc’?‘gldzg%@dglmﬁ %05 idb] SEEHLEANIGPC | GPC

yenmpe[ grur gs int hegajgrocrave are contyelie a 730
Pd. Beflor egeach ﬁeét tﬁé‘gaut oclzg{/e IS CF eanegl%ms‘sltohgﬁ >
it Ceygn (. S |baygy N2, z@'g, 1 hquy). |Thepn; 1358343391 76258
1-butene—and—G—rrol—af—AH{Z-Bu) 3 (astatMsolution{n

ﬁe;;héi ark charlddé at 638m { en‘béﬁat‘urei I4hen| fRe | na
tocl gve | s th Strateg_atr jthn Of yIET{ Zatipn ,
; hjrz LUt i Sﬁs ?ﬁ ng 3 ne- e

terrp;egatur‘é, t conta g/t he
5 11 11.4 45.6 2.07 1.2 n.a, n.a.

6 14 12.7 50.8 231 | 13 na | na

n.a. not available

* comparative ,

By comparing the performance of the catalyst :system of example 1 and comparative
example 2, it results that polymer of higher molecular weights can be obtained by using the
catalytic solutions prepared according to the present invention. Moreover, Example 3

shows that the catalytic activity remains substantially unchanged upon ageing.
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catal yst/cocatalyst m xture is injected into the
autocl ave through a stainless-steel vial by neans of
woedosogEes pressure. In exanple 13 300 nl of hyPEDERI005/002479
are injected into the autocl ave before the injection
of the catal yst solution. The polynerizations are
) &C . enperature for Ih. Then,
Tgﬂerjf i?ﬁou?#% pl%;ytnge?%%&gg?t&and the pressure into the
Bxitlocl ae i s |rai sed to |20 bar- el‘ﬁ“h ni trogen| TH¥.
S

1- Hutend/ P8I y-alivAG)Ens qr%oxt ur di SER¥Yed| f ramgt he
eel
'3

botftomijnto g heated st ank@)conkeEMAP ka1 errak)
TPOCC S e édl K ITeggy Ty [T oS T EEd [of fﬂd a | toyngl
Hrege— e —8—SRBar oS hef—Attef—eoot L rg—at—Fogi—
et ltne Woat Te 801 100 i 2 Vol wel 33 |
r?nl y@n‘i mzlﬁ dct ed35The |wéP pol “rg rlis déded ih adOfhve
bhde-4 gddded prdssur e [at’0700Cl40 ntli nsi 89vi scpsi ¢S5
{LV. C-&f| RIe |pol yiBat ends 80ene M¥asured 3.8 THN| at 1.64
12390C-4 The3pql ymaisobt gi ned [ nigxarpl-e §gwas 1.19
" mpAr At Al dcé R d VG U5 300181 OF 33 WeRVId 4R .
g% no eculcar ?/\d/enlt%% m I\/hf)m%%lagfv& and a rre]]qti r?g %dgignt
By Tofpanng 13 palymitabiteonliresultshefemepapasi venexaimpietsi iarwhich the catalyst

results, .*.c arative, conpari.ng. t he .performnce .of
SYSHe P igeddy §?18Fﬁ%wt€¥1m ARCOTdigR P ﬂlﬁ&g&?‘é‘t’f‘v‘é I§°Svident that, as
foRMaMR e L-hekéne’ SPnbazARAS, RO inct®singf o the MRIyni& B6E@Er weights

wei ghts can be obtained by using the catalytic o
reprsisents en sdpapge eldthgquesedi eajalyss formaulgtiers dvipreprercthe iagtivity of the

reaqver |.e shows, that th talytic activit
AR S TR Fatod M Mln e Cof % Jubh g hirve examptes
7-D).but ene pol yneri zation data. ng of netallocene

conmpound used. * conparative. # 300 mMl of H2 were

added . By conparing the polynerization results of
conmparative exanples in which the catal yst systemis
solubilized in toluene with those according to the
invention, it is evident that, as found in the

1- hexene pol ynerizations, the .increasing of the

pol ymer nol ecul ar wei ghts represents an advant age of

the present catalyst fornul ati on. Moreover the

activity of the catalyst systemof the invention is

hi gher than that of the prior art (conparative

exanples 7-9).Clains 1. A catalytic solution

obt ai nabl e by a process conprising the foll ow ng

steps: a) contacting a solution of nethylal unoxane

(MAO in an aronmatic solvent (solvent a) with a

solution in a solvent (solvent b) of one or nore

al unoxanes 4

-
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di fferent from nethyl al unoxane or one or nore
or gano- al um ni um conpound of fornmula H ALU3-J or
wopodsAB6s , where the U substituents, sane or PCT/EP2005/002479
di fferent, are hydrogen atons, hal ogen atons, or
hydr ocar bon group containing from2 to 20 carbon
CRlifgs, optionally containing silicon or germanium
atons, with the proviso that at |least one Uis
1.di fAeatelymcfsokmnoh abageblednth pt’océse asmprsieg the folldwirfgestepst

from ydr en, ges mOto i.ng al so a

non- Pﬂtcé’& “%r?oé‘ic’jlu{l%)o 'i’i‘y b(;v[A@?dH 4 &H‘H’P‘i‘ttc solvent
sol vent(s@Qieita) YAl a Boluliés irfa Bt TSIt Y of 8Webr HdANalumoxanes
solvent a) adding to the solution formed in step a) an

al i f at i diffeghtvram msthmpélnnom)le m\ﬂnn @ andseiorgang-apunintum compound
hi gher tfj}a ﬁg hvglt Ly PP 1Al 6d’ow &e &hdab[iJ sul%shl)cuents same or different, are

sol ubi 19212 e ocC e sol

obt ai na@dtd’geﬁ ta@fing haloper Mok efr l@drooaﬂﬁm(gibup containing from 2 to 20
substantially renmoving the aromatic sol vent(s)

('sol verfiarbon aipms; gp y yntainmesHicor AT ggmanium aiprgs, vyth the proviso
has beetﬁat%ﬁ%a%te&eot‘ﬁ% dlfffePe’ﬁ}r o ‘i’é dthia08 at %&ro%mﬁé“&fferem from
content of the aroma vent In the solutio

obt ai neydragestand j dyngesfrbmweto 1f beimg %6 dHyomiitapiet numlbm

nmol ar . concent r at on of the .netall ocen ound
{1 ) SORER TeLYPm B0 B HEFOPIFHE SeiscR OrrSaNgBL OF a5 poiling pSint lower

0’5 to than sblv% £§Déc4d1rm A Gnd Qﬁuﬁ'&l #rnfedl fnostpﬁtay\’%ﬁnahfatlc solvent

met hyl al unoxane and th e or gano- al um ni um conpound
t he nol(aelventtc) bavieg wbeilinggoint Ihmhﬁntma rselvamda) ahe solvent b);

o UGBS R GG AT 050 ki e o o i

obt ai nafdEbadd the process conprising the follow ng
steps: al) contacting a soluti.on of metzél al unoxane in -
an addrabstantizdlyviemovingothpesromatic wplvantés) ssplyentod @tf scdh@t a) and

or nore O~ (0]
or Hj AIS?W@%? I hfaslé\eﬁ)%a?l |a1bj g%élhcéggrg venffr? é\}génlﬁt(a hav ng
a behdreinghe @bmenthofythe rarérhaic sodvena(s) marhe solugibe obtiined in-step d) is

substltuent§ sane or. different, -are h\éﬁ{o gen atons,"
hal l6yenthar 3%ty Brigh( dhemalan eoncaitEion of i mstallargng Fosipopnd in the

to 20 SALAH kAP in %ébt @%ﬁé ¥rohP M R PR ShbC R B molar ratio

germani um at onms, W't oviso t at at | east one
i s lkitivéar mthylalmno*mieogﬂntharmigefmenhummgempoumidoq the molar ratio

' an@e%%egnrrge )gla u(r)nolxaneb EA(P t%e gllu%%xgnenu%gd {nnstteego ranges orrn; 10:1 to 1:10.
2. The catalyst system solution according to claim 1 obtainable with the process

comprising the following steps:
al) contacting a solution of methylalumoxane in an aromatic solvent (solvent a) with
a solution of one or more organo-:alurri_inium compound of formula H;AlUs; or
H;ALLUg; in an alifatic solvent (solvent b) havihg a boiling point higher than
solvent a), where the U substituents, same or different, are hydrogen atoms,
halogen atoms, or hydrocarbon groups containing from 2 to 20 carbon atoms,
optionally containing silicon or germanium atoms, with the proviso that at least one
U is different from halogen and from hydrogen, and j ranges from 0 to 1, being also

a non-integer number;

b1) solubilizing a metallocene compound in the solution obtained in step al); and
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bl) solubilizing a nmetal |l ocene conpound in the
solution obtained in step al); andcl) substantially
WO eomeM9Fage sol vent a) fromthe sol ution. wher ei PCT/BB2005/002479
content of solvent a) in the solution obtained in step
cl) is |ower than 2% by wei ght;; and the nol ar
concg t e ound in the final
s{lgst%x}q{éll d‘h'&%ng‘g lvent|a§ Bl tg‘%g&fly

soluct on o ep ¢c ran M TIO5 to H

Ol mibkreln tharenteitcofrsolvent 4)dh it dohition&btatiid i Iseblrpisad®er than 2%
and t he aqrgano-al um ni um conpound ranges from 10:1 to

1: 10y weightifirad the anglat canpenteation it the gretallosenedramgpaugd in the final

I
o1y g B0 1) RPERRAPICR1 710 HADIRP ot i
br abetivecn @lethyGlumakanel andaﬂe ogdano-4lumihi@mcaingdoyadl rangss &om 10:1 to

sol ;ion according to any one of clains 1 to 3 wherein
sol veft a) used in step a) or al) to obtain a solution

30f  mRE hyalpmyass éo'iutﬁﬁl AERRRAS Go IBMBNE JpaY Wirdik G tRe organo-
to 12 carbon atons. 5. The catalyst system sol ution

ac C @hlcnlmgmt @nmwnd.) né fQ;Tnutﬂ HjAdHs 101t B;AL Uheld d5 A linearvarhiranched Ci-

a tic solvent having from5 to 30 carbon
at oh‘é ﬁgyl af‘h‘éﬁlcat al yst system solution according to
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sol usadgn sEPcragialy i @btamya getioss ofmethygumoxageds @h @rasmatic solvent
sol H&ng%ﬁbm%% 13 Rk g} p0| nt hi gher than 1100C. 8.

The catal yst §fem s ion according to any one of

5cl alTh® cdtaltyst s}smiﬁoaumn&tce@ddmg toany bje ofclaiafsr i @ @hitrelnysolvent b)
t he ning the catal yst system
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conprisin e reaction prod met hyl al unoxan
or gsnbe)aﬂcnmmlsnmmamound of formula H Al U3-J or

wher ein i S de cribed above and a .
rretAiﬁ? 8@%‘% & Btﬁ’ﬁ‘oﬁﬁ’ﬁg“’&ﬂ‘:&% inejeany. Hneaﬂfe%i‘lfl?a‘t fod wherein solvent b)

sol M@Hb&iﬁﬂéﬁ&nfﬁlgﬂérﬁh&mﬁﬁccarbon atoms. 10. A
process for polynerizing one or nore ol efins

8conthe natﬁlgstf%tnmzsomdlmce@mbmto ame) oge ebelpims] tay7 herein step d) or
or c2hite SRR AL b0 A e Rl b %lfu‘ilsﬁbee ppfsfsteiCobtained in
step b) or bl). _ -

9. A solution to be used as catalyst system for the polymerization of olefins comprising
the reaction product of methylalumoxane, a orgaﬁo-aluminium compound of formula
H;AlUs; or HjALLUe,, wherein U is described above and a metallocene compound
solubilized in an alifatic solvent having from 5 to 30 carbon atoms.

10. A process for polymerizing one or more olefins containing from 2 to 20 carbon °
atoms comprising the step of contacting one or more of said olefins in the presence
of the catalyst system of claims 1 to 9.

11. A solution polymerization process according to claim 10, for polymerizing one or
more olefins containing from 2 to 20 carbbn atoms comprising the step of contacting

one or more of said olefins in the presence of the catalyst system of claims 1 to 9.
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11. A solution polynerization process according to

claim 10, for polynerizing one or nore ol efins
w@onsayassg from 2 to 20 carbon atons conpri si PQI/EP®05/002479

step of contacting one or nore of said olefins in the

presence of the catalyst systemof clains 1 to 9.12. A

ek deelaafth GraeR SeAraRL i i afi RoTophPi e olefins are

whedlghaloldfinsSoffoRittlia qUeGHD Whein B i$d hidBged kivhs or a Ci-Cyg alkyl
radi cal . 13. A 1-butene honopol yner having the

folrla@)'\ﬁﬁlng features: (i) intrinsic viscosity neasured

in tet @%ﬁé ]@\% : i.gher than 2.5;
ljpr e“%gr% yqﬁ%@gw’ﬁ@ﬁ%&gg. | llgﬁéﬁ%?ﬁﬂﬁsbn of
nol@cul dntrinsic ghiscobliyVmeaangd irs etrahgiroeaphtalna@HN) a&ntB5°C higher
(i) mst{latu{ 519 p@é’f‘e{‘aﬁaly‘:ﬁgﬁeﬂ'ﬁaﬁ% bet ween 100C and 115C.
(i)  distribution of molecular weight Mw/Mn comprised between 2 and 4; and

(ili)  melting point comprised between 100°C and 115°C.
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