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" CATALYSTS AND PROCESSES FOR THE POLYMERI ZATI ON OF OLEFINS' The present

i nvention r gv@bws1spw catal ysts for the polymerization of ol ef iRGI/EPI8/06732
~particular, it relates to high activity catalysts for the polynerization of
ol efins obtai-ned from cycl opent adi enyl conpounds of a transition netal,

or ganomnet a'dé&'rﬁ!ws'-{g Mﬁm@smm POINEMEREZATIONODF OLEFR{SS t 0
e polyneril zation o

processes for t olefins carried out I n the presence of
the catal ys§s of the inventi,on. Ho enepus, catal ytic.syste based an .
et al | ogenolBEoRSRTh JRVERHIoR APIRIES 1P SPIRDIS: DR s RO ErFagH Bf Sleios o Raroiylan t
active in the polynerization of olefins. In European Patent Application EP
384, 171, caelitesste high abévigol eatalysts aforo theo fpodymetizasionr of delefins hebtaingic from
conprise the reaction product of: (a) a metal | ocene conpound of fornula: -
(d err] R erdyk)dpentaliishgy édhpditids| ot £ irahgitibh ehétal, WigdndnietdlGt @lurhith@h Jompounds
optionally substituted cycl opentadienyl group and two or four R =

substituenta%d%%t%ne and the sane cycl opent adi enyl group can formone or two
rings having 4 "6 carbon atons; R'‘is a divalent radical -bridging the two

cycl opent adi_enyl groups; X can be for instance an hal ogep atom Mis a,
transition H& Hiveaignoalse gelates o processes fat ther polymerizaion; ofI?le#P? gaggied 10yt in sthe
when m=0, .then p=0 and when p=0, at |east one R substituent is different
f r om hydr ogmesence-¢f thé eatalysts ofithd inventiohen p=0; and (b) an al unoxane of the
formula: [err] wherein the substituents R can generically be alkyl, alkenyl
or al kyl ar yijomaghedhsS  cal@id Sytentd %a_sed on metallocene compounds, aluminium alkyl
| compounds and water are known to be active in the polymerization of olefins.
In European Patent Application EP 384;171, catalysts for the polymerization of olefins are
described which comprise the reaction product of:
(@) a metallocene compound of formula:
(CRDR"(CRIMX,
wherein (C,R') is an optionally substituted cyclopentadieny! group and two or four R’
substituents of one and the same cyclopentadienyl group can form one or two rings
having 4 to 6 carbon atoms; R" is a divalent radical bridging the two cyclopentadienyl
gi'oups; X can be for instance an halogen atom; M is a transition metal selected from Ti,
Zrand Hf; pis O or 1; mis 0, 1 or 2; when m=0, then p=0 and when p=0, at least one R’
substituent is different from hydrogen; n=4 when p=1 and n=5 when p=0; and

(b)  analumoxane of the formula:

R R

~AI—0—AI]
R R
wherein the substituents R can generically be alkyl, alkenyl or alkylaryl radicals, having 2-20

1



WD 99/ 21899 ' PCT/ EP98/ 06732
carbon atons. The al unoxanes (b) are prepared by reacting the correspondi ng
trial kyl al um ni um conpounds with water in a nolar ratio of 2:1. In the
enbodi nent XY 4l unoxanes are used in which the R substiRGEEPS/§TR

et hyl, isobutyl or 2-nethyl pentyl groups. European Patent Application EP
575, 875 descri bes honbgeneous catalytic systens for the polynerization of

ol ef i ns conparben atpms( A) a cycl opent adi enyl compound of the fornmula:
(Cerr]R[err]Herr])Rerr](derr]R [err] H[err])[err] MJerr] in which Mis

ZI-: %fg eg'[I yHTgﬁBqult?ff t’%{%és[d@cycl %ﬁda eny: T1Ngs arﬁcﬂn%%#@o%t |rtn§em% S
from4 to Za“&%%c'weﬁr‘)pe”t ot Y. 8 hennRg R amplon AlomoKRA s ed ppkich

cycl opent adi en rings; the substituents Q are preferably chlorine atons; m

can be 0 or the mhsahlen’saoeethymsomhg%mﬂﬂmlpmtﬂgmupss an i nteger conpri sed
bet ween m+1 and 5; y is an integer conprised between mand 5; (B) an

or ganonet al Bufo R[pgbxu [Pattnt! ApPpABRIIANEP 3175895 Natséribed| HanfdgehbdhR! Eakal Yl fitéingd 6k the

substituents rr] are alkyl, alkenyl or alkylaryl radicals containing
froml-to 1 EQ?Q .IIy containing Si or Ge atons, at |east
one of the u@ﬁ{ oq}:‘“gi 3 h‘%@? d| fferent froma straight al kyl group;
zis 0or 1, and (O r. The nmol ar ratio_between the organorretalllc

al umi ni um cé%ouﬁ&ytﬂleper&%@e%semm@;d ofshe forpilased bet ween 1:1 and. 100: 1.
In the enbodi nent exanples, only triisobutylal um nium and

triisohexyl alum ni um are used afCRg Ty IR OO’ g HL ) MQuM ni um corrpounds. 2

in which M is Ti, Zr or Hf CR',-Hs, and CR', H,, are equally or differently

substituted cyclopentadienyl rings and two or four substituents R' of the same
cyclopentadiényl group can form one or two rings, having from 4 to 6 carbon atoms; R?
is a bridging group whlch links ihe two cyclopentadienyl rings; the substjtuepts Q are
preferably chlorine atoms; m canbe O or 1; n cal_'x-be O or 1, being 1 when m=1; x is an
integér comprised between m-+1 and 5; y is an- integer comprised between m and 5;
'(B)  an organometallic aluminium compound of formula:
| AIRY, H,

wherein the substituents R* are alkyl, alkenyl or alkylaryl radicals containing from 1 to
10 carbon atoms, optionally containing Si_of Ge atoms, at least one of the substituents _
R* being different from a straight alkyl group; z is 0 or 1; and

(©  water. |

The molar ratio between the oréanometailic aluminium compound (B) and water ©) is

comprised between 1:1 and.100:1. In the embodiment examples, only triisobutylaluminium

and triisohexylaluminium are used as the organometallic aluminium compounds.



VO 99/ 21899 |
PCT/ EP98/ 06732 I nternati onal Patent Application W96/ 02580 desch bes
i nproved catwpdgdp@osystens conprising: (A a cycl opent adi en¥cHEPrIsusns: of

formula: (Cerr]Rerr]Herr])Rerr](Cerr]Rerr]Herr])[err]MJerr] in
which Mis Ti, Zr or Hf; Clerr]Rerr]Herr] and err]R err]Herr] are

cycl opent ad g bs ted i Lfferent .S; the
subst i tuentisn?%gno{nﬁg E%%\g d& Igpgljléﬁ'é)r eﬂ’@ﬁ%zﬁsn%g:éﬁ%%ﬂ%r ﬁlm i ] @t\f‘“,%ﬁl I?g%'i"s
aryl, alkylaryl ior arylal kyl radicals, which have 1 to 20 carbon atons and
éoptional |y ESRPUSING:S| " or Ge atonms or S (CH3)3 groups, or two or four
substituents R of one and the sane cycl opentadi enyl" group can al so .form
one or two (ANgsa chclopentadienybcdmpaumdef forimidm; R[{err] is a bridgi ng group
linking the two cycl o- pentadienyl rings and is selected from CR[err],

, S , S
g[i”}g[g?{]err]lR[NeR”Lnd :D[Rerr] e’réﬁ"'h’fq?%gﬁgﬂt“ Qé*‘}?[REaﬂ]r] the same or
diff t f h.o f
Subst ¢ uent 5 Ry ot P o s 3728 1 Bire COR nblon RS QSRS aebn s oy Sprmuadicph rings

atons; the substituents Q the sane or different fromeach other, are
hal ogen, . hydr ogesubstitutedir the Sirie wijRbedifferant wags;[the sqb,stxtmemaﬂk',tﬁe@ame ot different
can be 0 or 1, being 1 if n¥l; x is an integer ranging from(ml) to 5; and

y is an integer @bni éiicHoter, are
compound of formul a: AI(Cerrrjﬂkm ﬁh[ermr])[err R[?Agidf}:s“w}ﬁvh!mto

wherein in the ( er ) or_different
from each ot her, "R er r+a|%§13§£n:{cﬂa%naﬁ§k%gﬁxb Sx%yﬁf%og‘swlss OHB%loﬁéwo or
from1l to 10 carhon at is an al kyl', al kenyl, aryl, | al kyl or
al kyl aryl group, 19 sHbs fmﬁi& fi'ama@dctaﬁme&y ARen grcslpcﬁan fong er
a straight alkyl or al kenyl group and, optionally, Rerr] and R err] fused
t oget her 3 two rings, having 4 to 6 carbon atoms; R? is a bridging group linking the two cyclo-

pentadienyl rings and is selected from CR’, CR?, SiR?, Si,R%, GeR’, GeR’,

R%,SiCR?, NR! and PR!, wherein the substituents R, the same or different from each

other, are R! or hydrogen, or two or four substituents R can also form one or two rings

having 3 to 6 carbon atoms; the sﬁbstituents Q, the same or different from each other,

are halogen, -hydrogen, R', OR!, SR', NR'; or PR';; m can be 0 or 1; n can be 0 or 1,

~ being 1 if m=1; x is an integer ranging from (m+1) to 5; and y is an integer of ranging

frommto 5; |

(B)  an organometallic aiuminium compound of fonm_xla:
Al(CHz-CR“R’R'“)\,,R’,,I-Iz

wherein in the (CH,-CR'R’R®) groups, the same or different from each other, R* is an

alkyl, alkeﬁyl or arylalkyl group, having from 1 to 10 carbon atoms; R’ is an alkyl,

alkenyl, aryl, arylalkyl or alkylaryl group, having from 3 to 50 cgrbon atoms, which is

different from a straight alkyl or alkenyl group and, optionally, R* and R’ fused together
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PCT/ EP98/ 06732 can forma ring having from4 to 6 carbon atons; Rlerr] is-
. hydrogen or an al kyl, al kenyl or arylal kyl group, having from1 to 10
carbon at onWOMRER err] substituents, the sane or different PEDEPRUIGI32

. other, are alkyl, alkenyl, aryl, arylalkyl or alkylaryl radicals, _
containing from1l to 10 carbon atons, optionally containing Si or GCe atons;

wis 1, 2 or 3; caniforn¥a fing haviug froit 4 to 6.6&tb6ChtomsyRE i hydFdpen &9 bid alkyRlalkeényl or
bet ween the organonetal lic al um nium conpound (B) and water (C) iS

CorD e heL s i R el 10D ROBLBREAEI K MMM, e o

groups are 2,4,4.trinethyl-pentyl, 2-phenyl-propyl or 1- butene oligoners.
However, the catd&%@f‘%%@ébég‘r%o@ q’nafﬁhgﬁgb@umﬁt%'ﬁs pavialkyl o5 atkylagy gadicals,
exert activities in the polynerization of olefins which are not conpletely
satisfactory. Thentimng frorrhktgpl®birbon atbahise eptiahally coivaining Siot Ge atonms, wois 3,2
to inmprove the activities of the above-di scussed known catal ysts. To sol ve
this probl em ncafgl;zqsa@a,ly;sﬁg_‘u@yﬁldmexpect edl y "been found.which are
sui tabl e for the polynerization of olefins and possess a considerably
| mpr oved ag@vit conpared with the known catal ysts. Thus, according to a
first object;y th esent invention provides a-catalyst for the
pol ynmeri zatjon of olefins conprising the product obtained by contacting the
fol l owi ng cepBwianaptia betvgen the erganapetalliadalumjniumoeqroperndo(BY andnater( (G} is
(Jerr]Rerr]Herr])Rerr](Cerr]Rerr]Herr])[err] MJerr] (1) wherein
-g/! } fs Ti, t ercoglprkEd bétveen ) R andr 106k e rTHe @iy ofgapompallRy dlluriitun] conouads distisedr
ifferently :

are those wherein the (CH,-CR'R’R®) groups are 2,4,4-trimethyl-pentyl, 2-phenyl-propyl or 1-

butene oligomers.
However, the catalysts described in the above-cited patent applications exert activities in the
polymerization of olefins which are not. compietely satisfactory. Therefore, the problem
addressed by the present invention is to improve the activities of the above-discussed known.
catalysts.
To soive this problem, novel catalysts have unexpectedly been found.which' are suitable for the
polymerization of olefins and possess a considerably improved activity compared with the
known catalysts.
Thus, accorciing to a first object, thé present- invention provides a catalyst for the _
polymerization of olefins comprising the product obtained by contacting'th-e followiné compo-
nents:
(A) acyclopentadienyl compound of formula @:

CR' mn )Rz...(CsR’mHs.y)nMQ;.,. @

wherein M is Ti, Zr or Hf CR' _H,,  and CR',.Hs, are equally or differently

4
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PCT/ EP98/ 06732 substituted cycl opentadi enyl rings; the substituents R, the
~sane or di {icPdoRikesfl rOm each other, are selected fromthe groweTiEMSiosiszng
of a linear or branched, saturated or unsaturated Clerr]-Clerr] alkyl, -

. (err]-Cerr] cycloalkyl, Cerr]-Clerr] aryl, Cerr]-Clerr] alkylaryl or

atoms or 8 (GEs "r--ga-pﬁf%#ﬁ%r%ﬂ%ﬁ@airhe%ﬁ%s K R o filenf frofeach
- cycl opent adi enyl _gro formone or two rings,. havin to 6 carbon atons;
: R)[/errio i s aI br?lﬁ'@%hgaggrsélﬁﬁteﬁeﬁ%éhetgﬂ@lﬂl R tq’d"&%ﬁ&l hes sahwated or
sel ected fromthe group consisting of CRerr], (Jerr]Rerr], Si R[err],
‘Sierr]Rierr], Gaiahauted C,@}elkjIRGHC,) cytlbalkyl T,aB)enyl] CEh aikylarghér C-Cyy

PRl err], wherein the substituents R err], the sane or different from each:

-other, are hydr ﬁf&i’f* tﬂ%nﬁ{g r o
~substituents R[eigri # m-one or T% Fng avi ng G’éa Yi%ac?bsolgél‘l{)%%ups, e
substituents Q  the same or, dlff frome her are el ected from
the group consi g‘f"?ﬂ ? l?;ﬂ“&lfé‘ﬁ 6} % Hp Ope OF, gvo rings,
PRl err]; mis O or 1 nis or 1 bernglv\,henmzl xrangesfrom(m’rl) _
to 5 and y range‘engﬁdmﬁwa:bmsato(ns;R 1saa1bndg}aa@1mlpdbatweemﬂagrtwm

of formula (11):

Al (CH err] - CRl eringShed id séldia] fbfl e’ drbtye considiingr dfFCRY,T TR sﬂR”z, Si,R%,, (GeR%,,

wherein R err] is a linear or branched, saturated or dnsat ur at ed

Cerr]]-derr] '

.or a linear or E%r 6’rge) i sa’fura%‘gi’or ur%%ﬁura%ub%{%ﬁ tﬁierr‘J]é“#%g'#}wﬁ&n
Cerr]-Cerr] a | a group; Rlerr] and Rlerr], the same or different
from each ot her! %Q!@'rr ng%pamwswmﬁmo ' GREHR oF fpugubstituents R’
Cerr]-Cerr] aI kyl, Cerr]-Cerr] aryl, (Qerr]-Cerr] arylal kyl or

al kyl aryl gr oup$orm bee suibwo irings,nhavirg Erto]6 earborRptems] thensibstituBfits rQ,] tharsdme or
Rlerr] optionally formone or two rings, having 3 to 6 carbon atoms; Rl err]

i s hydrogen or alﬁaaﬁ%xﬂea@r&n&he@se&e&arﬁ%&ﬁm %oﬁﬁ‘é&ki&ﬁﬁé%f'hﬁb@éﬂ,hy@o%&ﬁ,]
alkyl, Jerr]-Cerr] aryl, (err err] aryl al kyl derr]-

Get e Grerr PRty By s B B B ESF‘%PZ-%L%%m%dl Gk 515l

from (m+1) to 5; and y ranges ﬁ'om mtoS;

()

(B) an organometallic a]ummmm compound of formula (II):
Al(CH,-CR'R>-CRR'R®),R’ H, (I
wherein R* is a linear or branched, saturated or unsaturated C,-C,, alkyl or C-,-Czo
arylalkyl group; R’ is hydrogerr or a linear or'brancherl, saturated or unsaturated C,-C,,
alkyl or C,-C,, arylalkyl group;-R6 and R’, the same or different from each other, are
linear or branched, saturated or unsaturated C,-C,, alkyl, C,-C,, aryl,'C,—C,o arylalkyl or |
alkylary! groups; the substituents R* and R® and/or R® and R” optionally form one or
two rings, having 3 to 6 carbon atoms; Riis hydrogen or a linear or branched, saturated
or unsaturated C,-C,, alkyl, C,-C,, at:yl, Cy-Cy, arylatkyl or C;-Cy, alkylaryl group; R’ is

a linear or branched, saturated or unsaturated C,-C,, alkyl or C,-C,, arylalkyl group, a
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PCT/ EP98/ 06732 carbon atomin the conpound of fornmula (I1) being-~optionally
replaced by a Si or a Ge atom wis 1, 2 or 3; zis 0 or 1; q=3- X d
(O  waterWOMEIHA9 ar ratio between the organonetal lic al uni ﬁﬁ%éﬁ?@gﬁnd
(B) and water (C) preferably ranges from1l:1 to 100:1, and nore preferably
‘from1:1 to 50:1. A suitable value for the AI/H20 nolar ratio.is 2. The

mol ar rati o bet venthon diemdn teroomptoahd of fornuta (@) beingcuptionzilydrepBcedibylatSier a Ge
.cycl opent adi enyl conpound (A), calculated as Al/Mnolar ratio, preferably
ranges from 50 t&oxﬁﬁ)@qpl,f‘&ch;’i%ﬁo??f‘éﬁé@biﬂénﬁrOm 500 to 5000. In the

‘cycl opent adi enyl conpounds of forrmula“ (1), the netal Mis preferably

zi rconi um en in formula (I) meO, Cerr]Rerr]Herr] and '
‘Cerr]Rerr [eerl re preferably pentanethyl cycl openta- dienyl, indenyl or
4,5,6, 7-tetrahydroi ndenyl; the Q substituents are preferably chlorine atons
or ( er r] - (The mplangatio betweon theprganemetallicl aluminiupy comepannd (Bhard waten(T) ngeferably.
Non-1imting exanpl es of cycl opentadi enyl conpounds of fornula (1), wherein

=0, are: (Mg frdraPd:l abri0bH), (288 thore preferably ffoMe[1er td SPJ1[ o 1shivABi¢ &aluk for the
(Me[err]Cp)[err] M [err] (NE[’err]Cp)[err] Mve[ err]

Me - (Me[ err] H -
(ele Stpolnia,  URerale Mg e e e
CoH5) Me . NCl _ :
[l GOE T CORER TETE AL 1T R——g—
(Ind)[err] M| err] (Herr]Ind)[err] M [err]
( H[ er r] | nd) ¢yelapehaéieaylrdonipotind (AJ, ealchiatel]dseAl/Yvablaeratip, preferably ranges from 50 to
{[Si(CHerr])[err]][err]Cp}[err]MI[err] (Me[err]Cp)(Me[err]Cp) M [err]
(Me[ err] Cp) $6d0bedrd more preferablg frdn80@ t5 36@0) MBenz[ err ] |
(I'nd) MBenz[err] (HA4Ind)MBenz3s wherein - Me = nethyl, Et = ethyl, Cp =
cycl

When in formula () m=0, C,;R', . H;, and C;R', H;, are preferably pentamethylcyclopenta-
dienyl, indenyl or 4,5,6,7-tetrahydroindenyl; the Q substituents are preferably chlorine atoms or
C,-C, hydrocarbyl groups, and more preferably are methyl groups.

Non-limiting examples of cyclépentadienyl compounds of formula (I), wherein m=0, are:

(Me,Cp),MC), (Me,Cp),MCl, (Me,Cp),MCl,
(Me,CpyMMe, (Me,Cp),M(OMe), (Me,Cp)M(CJHL),
(Me,Cp),M(CH,)C1 ,(EtMe,,Cp)zMCl; . [(CH)Me,Cpl,MCl,
(Et,Cp);MCl, (Me,Cp),M(CH,)C (ind),MCl,
(Ind);MMe, MO, (BInd),MMe,
[(Si(CH,);Cp,MCl, {[Si(CH5,),},Cp} . MCl, (Me,Cp)(Me,Cp)MC],
(Me,CpIMCY, - (Me,Cp)MBenz,  (nd)MBenz,
(H,Ind)MBenz, |

wherein Me = methyl, Et = ethyl, Cp= cyclopentadienyl, Ind = indenyl,
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PCT/ EP98/ 06732 H err]Ind= 4,5,6, 7-tetrahydroi ndenyl, Benz = benzyl; Mis
preferably Zyoo¥pmaoin formula (1) mel, Cerr]Rerr]H err] andPCI/EP98/06732
Clerr]Rerr]H err] are preferably tetranethyl-cycl openta- dienyl, indenyl,
4,5,6,7-tet ahydr0| ndenyl, 2-methyl-4,5,6, 7-tetrahydroi ndenyl, 4,7-dinmethyl -

4,5, 6, 7-tet t 't d d |
A L

| err err e substitugnts are era ch| orj ne or

Clerr]-Cer Wheﬁylﬂr rmyla (hy=4 6:F sm an@dn& Qf‘ﬁgmfﬁ Wﬁmstbafhﬁxchpenta-

Non-limting exanpl es of cycl opentadi enyl conpounds of fornula (1), wherein

nEl, are: Miztyl( Ndenyl, | 4.5p[7atetrilyidedindenlyl, 2-methyl-45 6 7-tetrahydr01ndenyl 4,7-dimethyl-
Me[err] Si (I\/b[err] CP)[err] I\/I\/b[err]

e g ey
Cerr]Herr %%ﬂ%liZtﬁwmr@kﬁw@? Q‘,’l"é’ﬂ‘ ME’RE%#WY %ﬁ‘[‘%}’%[@pﬁ |

Cerr]Herr](Herr]lnd)[err] ME[err]

[ err] H er r parbylegroppsnan me]mewmynmum Me) Si (Ind)[err] M [err]
Phlerr]Si(Ind)[err] M [err] Me[err] C(Flu) (CP)MO [err]

 err] H er r Noi{nsitihg eRarhsies il»f‘@cio%éﬁthdlenyl compounds of formula (I), wherein m=1, are:
C[err]l\/b[err](lnd)[err] [err]

Welerr] S| e ShRdaEL] MO [ e SRidEH oA 2 Vo1 AL il Mpdiichmar,

H 4. 7- I nd vl
e e slomehn || PO e IO EiIMMe,  Me,Si(Me Cp)MCI(OED
Cerr]Herr](2-MeH err]Ind)[err] Ml [err]

C err] H err Cii,(IadyM@Ler r ] H er r ] |G, (IndpNIM,[ er r | C,H,(Ind),M(Nme,),
Cerr]JHerr](4,7-Me[err]Herr]Ind)[err] Ml [err]

Clerr]Herr t?ﬁ (H,,Iﬁd @y rlind)[erg [&l)ﬁ'l\hMe, C,H,(H,Ind),M(NMe,)OMe
Cerr]Herr] enz[e]lnd)[err] [ery

Ve[ er 1] S ( ?‘)@%@F&@%ﬁ)ﬁﬂéz[eéi ! ]”‘N‘u[fhe#ﬁn%%ﬁ] > (2 VRIS BbEpMCt,
Nelor 1] 51 ( > CHMaBMAAG) [ o1 r ] rébaql):MClz Me, SiCH,(nd),MCl,
Me[err]Si(2-MeH err]Ind)[err]Md[err]

Me[err] Si (4CHNRMeInd)ME]; | | nd) [ dﬁﬁweﬁrd)MCIz C,H,(4,7-Me,Ind),MCl,

Me[err]Si(2,4,7-Me[err]Herr]Ind)[err] M [err]

Vel err] Si (Begiigh baiIsuMER [ e rICMbbRMctEiagMer, Benz @R’IQMﬁM%E%ﬁM@lz

C,H,(4,7-Me,H,Ind),MCl, C,H,(2,4,7-Me,Ind),MCl, -
C,H,(2-Me-Benz[e]ind),MCl, C,H (Benz{e]Ind),MCl,
Me,Si(2-Melnd),MCl, Me,Si(4,7-Me,Ind)MCl,
Me,Si(5,6-Me,Ind),MCl, Me,Si(2,4,7-Me,Ind),MCl,
Me,Si(2-MeH, Ind),MCl, Me,Si(4,7-Me,H,Ind),MCl,
Me,Si(2,4,7-Me,H,Ind),MCl, Me,Si(Benz[e]Ind),MCl,

Me,Si(2-Me-Benz{e]ind),MCl,

wherein Me =methyl, Cp= cyclopentadienyl, Ind= indenyl!, Flu= fluorenyl, Ph= phenyl,



wherein Me =nethyl, Cp= cyclopentadienyl, Ind =indenyl, Flu =fluorenyl, Ph
=phenyl, 7 WD 99/ 21899 N

PCT/ EP98/ 06732 H err]ind = 4,5,6, 7-tetrahydroindenyl; Mis preferably Zr.
I'n the orga¥P¥2480? ¢ al umi ni um conpounds of fornuia (11), R RGIYERIS/06732
preferably a (Jerr]-Cerr] alkyl group, nore preferably a (Jerr]-Cferr],

al kyl group, and even nore preferably a methyl or ethyl group; Rerr] is
pr ef er abl y Hyjmit©4,5.6,7-itmhydromdenyl Bf is preferablyZzf er ably Clerr]-Clerr] al kyl
groups, nore preferably (Jerr]-Cerr] alkyl groups; Rerr] is preferably

eyl or oup™ i pRESmARC i GaidinglBf Rrlllf (PRHs Brsfbibly s Ol
br anched a/BESAP GRBCHEISUAR & s HIREk P e PSR Ry ok o s ot

invention, conponent B) can suitably. conprise a m xture of two or nore
or ganorret alR’iig Pﬁmlhww Rifaré praferably(T,+G's aliglrgronps; moRoprefarebly Q ),
can be used in conbination with other organonetallic al um num conpounds,

ot her than aliy0 goups; Rbis itRrablyl hydrdgienl 6 ICLY ity piolip OBR! pré REEMAY bl &, alkyl

cocatal ysts known in the state of the art. In the organonetallic alum™nium

artal um Er v sieably 2 6o dnberetbuebfis: Wiy SO en{ o, RO} Bt

hydride; t ydride content can slight]ly change during prol onged storage
peri ods an lb@@%iﬁ@%ﬁ%@ﬂh@b@%l@@n W@r@?@rﬁ?feﬁgw_@bw- to a
preferred enbodi nent of the invention, conponent (B) is a mxture of the .
t wo or ganorsicatding: taatherinvéntion coommsunenis (B)f cahasuitabla cohiprisevaanixitire fAwerst mark,
so that the nolar ratio between the hydrogen atons directly bound to

al um ni um FRghndiveEIN ATAhRICompotnds oF ForMas 1. Mor‘é@iléﬁ,eﬁlgéuﬁg#&%) E&PPe fsed:

and even nore preferably ranges from.0.05 to 0.3. M xtur
or ganonet al,] i 0L pounds haxi ng said overall z_.val.ues cangtb
prepared wi' ﬁgﬁ@{nﬁgé@ hﬁﬁoﬂ’%ﬁgg)‘?{g?‘}?@@é‘f gﬁlmxn?rﬁé:og}pp}m Sp Othen han thase ﬁ’ﬂ?}‘ﬁg
t he correspaﬁndi ng trisalkylalum nium and bisal kyl al um ni um hydride in

_ ), or in mixture with other compatible cocatalysts known in the state of the art.

In the organometallic aluminium compounds of formula (II), zis 0 or 1. As it is known in the
state of the art, aluminium trisalkyls may contain small amounts of bisalkyl-aluminium

| hydride; the hydride content can slightly change during prolonged storage periods and

' dépending on the storage temperature. Therefore, according to a preferred embodiment of the
invention, component (B) is a mixture of the two organox_netallic aluminium compounds of
formula (II) wherein z=0 and z=1, so that the molar ratio between the hydrogen atoms directly
bound to aluminium and aluminium atoms (i.e. the overall z value) is lower than 0.8, and even
more preferably ranges from 0.05 to 0.3. Mixtures of organometallic aluminium compounds
having said overall z values can be prepéred with methods known in the state of the art, for
instance by mixing the corresponding kaylﬂmm®' and bisalkylaluminium hydride in
appropriate molar ratios..

Non-limiting examples of organometallic aluminium compounds (B) of formula (II), according



appropriate nolar ratios. Non-limting exanples of organonetallic alum nium
conpounds (B) of fornmula (I1), according 8 WO 99/ 21899 N

PCT/ EP98/ 06 7@ 99/218%e present invention, are: PCT/EP98/06732
tris(2,3,3-trinethyl-butyl)al um nium tri s(2,3-di met hyl - hexyl ) al um ni um
tris(2,3-dinethyl- butyl)alum'nium tris(2,3 dirrethyl pentyl)al um ni um
tris(2, 3-ditgg seRERivition, gl Nui m  tris(2-methyl - 3-et hyI pentyl )aI umi n| um
tris(2-methyl-3-ethyl-hexyl)al um ni um : - .

tris(2-net hy URI_ NI um

tris(2-net %%Qé’% upf}bqﬁelg'wb%h‘"'w T um

tris(2-ethyl-3-nethyl- butyl)al um nium .

tris(2-et hﬂls@«ﬁ'tml'[bm)ﬂlmm um tri s(2 3-di et hyl - pentyl Yal uni ni um
tris(2-propyl-3-methyl-butyl)al um nium o

tris(2-i sopris@\3-dithetdsyl-bytylalinyihja,um ni um
tris(2-isobutyl-3-nethyl-pentyl)alum nium

S P T 152,331t 1 - ey i
tris(2- Eth%a?’dlﬁ%ﬁ%ﬂ Lml,umnlum ' _

. 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,
nis(2,3-dieﬂ1yl-pentyl)a1unﬁnium,
tris(2-propyl-3-methyl-butyl)aluminium,
tris(2-isopropyl-3-methyl-butyl)aluminium,
tris(2-isobutyl-3-methyl-pentyl)aluminium,
tris(2,3,3-trimethyl-pentyl)aluminium,
tris(2,3,3-trimethyl-hexyl)aluminium,
tris(2—ethy1-3,B;dimethyl-butyl)aluminium,
tris(2-ethyl-3,3-dimethyl-pentyl)aluminium,
tris(2-isopropyl-3,3-dimethyl-butyl)aluminium,
tris(2-trimethylsilyl-propyl)aluminium,

tris(2-methyl-3-phenyl-butylaluminium,



tris(2-isopropyl -3, 3-di met hyl - butyl)al um ni um

tris(2-trinmethylsilyl-propyl)al um nium o ~
tris(2-methyl-3-phenyl -butyl)al um nium 9 WO 99/ 21899
- pCT/ EPO8) 08 qlg?%(Z-et hyl - 3- phenyl - but yl ) al uni ni um PCT/EPI8/06732

~tris(2,3-dinmethyl-3-phenyl -butyl)al um nium tris(1-nmenthen-9-yl)alum nium
as well as the correspondi ng conpounds wherein one of the hydrocar byl

- groups i stristyethyk3-pbenyd-butydlebuminium.om and t hose wherein one or two of the
- hydrocarbyl groups are replaced by an isobutyl group. Particularly

pr ef er r edtris@pdimiethyle3-phényil-b4&1)dludrinduiyet hyl - but yl ) al um ni um and
“tris(2,3-dinethyl-butyl)alum nium The conponents of the catalysts of the

. present iP,(y)s?p_Heg&eﬁ_@yém ht into contact in different ways. It is

.possi bl e Instanc 0 contyact first the al uminium conmpound (B) with

~water (C) and subsequently to bring the thus obtained reacti on product _jnto
contact wA% Well ﬁéawgmmi compouRdsRURD %)o?mm@rw ZEOYRs a3 Eplaced by

~enbodi nent of the present invention is a catalyst for the polynerization of

ol ef i ns ceaiyydiogem gtont)and thebe cthepdih ahe ol tvy of thet lndracarbyl igeoups lateossplaged by an

~conponents: (A a cycl opent adi enyl conpound of fornula (1): -

(Cerr]R %bhl[ale %) %Eﬂmﬁﬁﬁdﬁ‘[ﬁé‘fﬂﬂﬁﬁe‘ﬁ ?rla )ﬁéf(g,;a}d]@n%é,m%bﬂpﬂmﬁﬁﬁl And/

(err]Rerr]H [err], have t he
-meaning r e oVve. d (B t he product of the reaction between water
‘and an or%%ﬁ%%ﬁﬂﬁ%%g’gyﬁﬂm%conpound of formula (I1):

The components of the catalysts of the present invention can be brought into contact in’

different ways. It is possible for instance, to contact ﬁrsf the aluminium compound (B) with
water (C) and subsequently to bring the thus obtained reacﬁon product iixto contact with the
cyclopentadienyl compound (A).
Therefore, a prefcrfed embodiment of the present invénﬁon is a catalyst for the poijrmerization
of olefins comprising the product obtained by cdntacﬁng the following component's"':.
(A) acyclopentadienyl compound of formula (I):
(CR',H; JR(CRY, H)MQ,, (D
wherein M, C,R', .H,,, C;R,.H;,. R%, Q, m and n have the meaning reported above;
and
(B')  the product of the reaction between water and an organometallic aluminium compound
of formula (II): | |
AI(CH,-CRR*-CR'RR}),R° H, (1)
‘wherein R, R>, R, R, R%, R®, w, z and q have the meaning reported above.
The molar ratio_between said organométallic; alumxmum compound and said water preferably

ranges from 1:1 to 100:1; more preferably from 1:1 to 50:1; even more preferably, the AVH,O
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Al (CHerr]-CRerr]Rerr]-CRlerr]Rerr]Rerr])[err]Rerr]Herr] (I1)
wherein R err], Rerr], Rerr], Rerr], Rerr], Rerr], w, z and g have the
meani ng r epyd higsove. The nolar rati o between sai d or ganonepeiriEr®sns732

al um ni um conpound and said water preferably ranges from1:1 to 100:1; nore

preferably from1:1 to 50:1; even nore preferably, the Al/Herr]O10 WO
99/ 21899 '

: : > (29 : » P 9
nol ar rat i%mllmé rgt_lo 'Ilﬁez'e;(‘%er SSRITEhon pPBO l‘JlS'i ogfreerzcetlggt i%%msn%lgﬂﬁg %étgﬁﬁfby
obtai ned by contacting §he nentioned conponents. The nolar ratio between
said orga pg the mentioned cOMPONEBSuUNd and sai d cycl opent adi enyl conpound,
expressed as Al/Mnolar ration, preferably ranges from50 to 50000, nore
pre- ferabThe molanrdi0betweSD$id offanometaliicraburhiniwrh compownd aidyssid cydlopentadienyl
present invention can be brought into contact by other nethods known in the

state of tQguifungd, Exibssd ab WM idlac ARbAC hrefGabif irthes GRP 5D 48!50000,anbH8 pieum

conmpound wth said cycl opent adi enyl -conpound and, thereafter, with water. -
According to,an.e i of the invention, water can be gradually added

to said or%ﬁ%?ﬁ‘l%&gg%% ni um conpound in solution, in an aliphatic or

aromatic inert hydracarbon solvent, such as heptane or toluene. Thereafter,
the thus obbeforappensoisiafithe catalysts of thetpresent inventioosan hedprought dnfp gontact by other
cycl opent adi enyl conpound in a suitable solvent, such as toluene. According
t o anot her methbdslikienn i thdetatev€the @R, suth s by firkte conicting usaddl orgarfolreetallic
nmononer or in one of the nononers to be polynerized. In this case, said -

or ganonet ﬁiﬁ‘g" i el GRER ' Wd%@' Ve HHRQIHIE ar e
pr econt ac?%l eﬁgre Bgiwr% useg}ﬁrb%cgﬁgm%g r%%?ﬁfgtlon. ccor%“l’:ng t o anot her
enbodi ment ,of the invention, water, can, be reacted in.g comhined fqQrmas _a
ylr at cd SAROTBE 1o Ao FoBRUmR 5 <8 oV ERh tict 1 be. SEPALY, 50k @ eid

as silica.

organometallic aluminium compound in solution, 1n an aliphatic or aromatic inert hydrocarbon
solvent, such as heptane or toluene. Thercaftér, the thus obtained solution is contacted with a
solution of said cyclopentadienyl compound in a suitable solvent, such as toluene.

According to another embodiment of the invention, water can be introduced in the monomer or
in one of the m-onomers to -be polymerized. In this case, said organometallic aluminium
compound and said cyclopentadigny_l compound are precontacted before being used in the
polymerization.

According to another émbodiment of the invent_ion, water can be reacted in a combined form as
a hydrated salt, or it can be adsorbed or absorbed on an inert support such as silica.

According to a further embodiment, said organometallic aluminium compound ;:an be allowed
to react with boric anhydride and with boﬁg acid.

The catalysts of the present invention can be used on inert supports. This is achieved by
‘depositing said cyclopentadienyl compound,.or the product of the reaction.thereof with the

aluminium compound pre-reacted with water, or said organometallic aluminium compound

11



According to a further enbodi nent, said organonetallic al um ni um conpound
can be allowed to react with boric anhydride and with boric acid..The

catal ysts of the fresent i nventi.on can be used on inert supports. This is
achi eved by W¥@3¥318Png said cycl opent adi enyl conpound, or the RETERASIO6TR
the reaction thereof wi th the al um ni um conpound pre-reacted wrth wat er, or
sai d organonetal lic al um ni um conpound WO 99/ 21899 '

PCT/ EP98/ O6piddegutedt with ovatel anidt subsejuentiyssid cyblopentadienyl dofipdund, on mert supports
cycl opent adi enyl conpound, on inert supports such as silica, alumn

bl ai ned ol H S Shes AR SN PR v et t*"hﬁ gésr?akgﬂ%‘?f?%éﬁﬁw Tt

or ganonet al S al urg ni u ound, |th or pre-reacted with
wat er, can ‘g?tﬁ”? E]ﬁggp k‘“‘i ¥ jagddition 1ofosaid t%gm@h
t he present I nvention can be used in the polynerrzatron reactions of

ol ef i ns. Thalmsiniwe, compound; either as Sucht tepreabacted withhwater) can beosuitably visdd $n @as
process for the polynerization of an olefin in the presence of a.catalyst
as descri beghag®pM§mefkaftionss whi ch can be pol ynerized with the process of
the present invention are, for instance, [err] oI efins of forrrul a CH2=CHR,

accor i ng (14 ARG fe Bl iemROR ar b ) PBhimr RSB ot olefins.

honmopol yrer j zatjon of ethylene, in particular for the preparatron of HDPE,
and in the %Mq%m & usther obigete the, inyention providesa priogess fbithe mofsanerization
of LLDPE. The LLDPE copol yners whi.ch can be prepared have a content of :

et hyl ene unéfian olefiginthe presenc8 @f a@a@B sty désciithed abotle Glefiys WhitBREn be ?Bly%e%ﬁed
to 0.95 g/cnferr} and they are characterized by a uniformdistribution of

et hyl ane. cgﬁgt‘iy“r’}%r Rk 3 8B $rlsBs BOLMEL o, S03hBency AR, FPRRARIECRACHE.

a linear, nchelg clic C%eramy g:a[derai] al kyl radical, and cycl ool efins.
p@mﬁ oraC 1 :

Exarrpl es of

The catalysts according to the present invention can be conveniently used in the
homopolymerization of ethylene, in particular for the preparation of HDPE, and in the
copolymerization of ethylene, in partictllar for the preparation of LLDPE. ‘The LLDPE
copolymers which can be prepared have a content of ethylene units ranging from 80 to
99 mol%; their density ranges from 0.87 to 0.95 g/cm® and they are characterized hy a uniform
distribution of the at-olefin umts along the polymerie Chain.

Suitable comonomers in ethylene copolymers are a-olefins of formula CH,=CHR, wherein R
is a linear, branched or cyclic C,-C,, alky! radical, and cycloolefins. Examples of such olefins
are propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, l-oetene, allyl-cyclohexane,
cyclopentene, cyclohexene, norbomene end 4,6-dimethyl-1-heptene. The CH,=CHR or
cycloolefin units are preferably present in the final copolymers in a quantity ranging from 1 to

20 mol%.

Suitable comonomers in said ethylerie copolymers are polyenes, in particular conjugated or
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are propylene, 1 -butene, 1-pentene, 4-nethyl-1 -pentene, 1-hexene, 1
-octene, allyl-cycl ohexane, cycl opentene, cycl ohexene, norbornene and

4, 6- di et hyl%-&-g?f:ﬁg ne. The CH err]=CHR or cycloolefin units gcerpegRfoaiabl ¥
present in the tinal copolyners in a quantity ranging from1 to 20 nol %

Sui t abl e conononers in said ethyl ene copol yners are pol yenes, in particular
conjugated or 12. 99/ 21899 .. .. . . 4
PCT/ EP98/ 0690RCipaatedy lifsat 5 Cyclifidipnss, sugh,as. 14rhexadiens, ispprgpe, 1,3-butadiene,

1, 4- hexadi ene, isoprene, 1, 3-butadiene, 1,5-hexadiene and 1, 6-heptadi ene.
The cat al ysi.5-hskadiene and\lcorheptadiensn be suitably used in propyl ene
honopol yneri zation, in particular for the production of isotactic

pol ypropyl eThe cMalyR@V6r the! ihRermtitnabas bé saftabl usedi rbpyles Romeplyinedition, in
used in the preparation of elastoneric copolyners of ethylene with

a-ol efins of,{. = | ' Clerr]-Cerr] alkyl

radi cal , saﬁ#@gﬁgwﬁ%&%ﬁ?%?%%ﬁl%ﬁﬂgn% nor proportions of units
deriving from pol yenes. The satuyrated el astongeric copol yners ohtaipable
with the calMersayes thy c%‘ﬂ@“bf’é%ﬁ%“’?’\%@ﬁﬂlgﬁ Spitabiy: pssd) 3 the, prepamtion ehplasomgric

85 mol % of ethylene units, the conplenment to 100% consisting of units of
one -or nor ecdpolynhers|offethipderenwithro-olefins @f] fogaule CHj=THR] whereid R isoa C,-C,, alkyl
cycl opol ynerise. The ‘unsaturated el astomeric copolyners may al so contain,

in additi ongdgRaft &id Q:Bﬁol?ﬁﬂrs%ﬁﬂi&faﬂ? ¢bttdifing "nitdr ROPEELHS QFSurfifs deriving from
unsat urated polyene unitS; the content of unsaturated units can vary from
0.1to 5% bé?lm)l es and it is preferably conprised between 0.2 and 2% by

nol es. " The L Sneri ¢ copol ymers obtainable with the catal ysts of the
invention are endowed with val uabl e properties, such as a | ow content of

ashes and h&he getnetadselastomerie gopalymers etainebleyyiththescatalysty of the prepastt yipentien

chai n.
preferably contain from 15 to 85 mol% of ethylene units, the complement to 100% consisting

of units of one or more a-olefins and/or non-conjugated diolefins able to cyclopolymerise. The
unsaturated elastomeric copolymers may also contain, in addition to ethylene ana a-olefin
units, minor prb_pdrtions of unsaturated polyene units; the content of unsaturated units can vary
from 0.1 to 5% by moles and it is preferably comprised between 0.2 and 2% by moles.

The elastomeric copolymers obtainable with the catalysts of the invention are endowed with
valuable properties, such as a low content of ashes and homqgene_ous qi_stribgtion of the
comonomers along the copolymeric chain. |

a-olefins which can be suitably used as comonomers in said elastomeric copolymers are
propylene, 1-butene, 4-methyl-1-pentene, 1-hexene and 1-octene.

Polyenes which can be suitably used in said elastomeric copolymers comprise:

polyenes able to give unsatﬁrated units, such as: |

- linear,.non-cohjugated dienes such as 1,4-hexadiene trans, 1,4-hexadiene cis, 6-methyl-

1,5-heptadiene, 3,7-dimethyl-1,6-octadiene, 11-methyl-1,10-dodecadiene;
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[err]-olefins which can be suitably used as conobnoners in said el astoneric
copol yners are propylene, 1 -butene, 4-nethyl-1-pentene, 1-hexene_and
1-octene. Pol yenes which can be suitably used in said el astoneric

copol ymers C¥RPPREE% pol yenes able to give unsaturated units, POREPISH6732

| i near, non-conjugated di enes such as 1, 4-hexadi ene trans, 1, 4-hexadiene
cis, 6-nethyl- 1,5-heptadiene, 3,7-dinethyl-1,6-octadiene, T

11- et hy! - 1, 10- dpdaccydiie @olefink such\iE) R/ ABPR, cis-1,5-cyclooctadi -methyl-1,5-
PCT/ EP98/ 06732 nonocyclic diolefi n}s@such as, fg; e’xgyrr%log, ene and S-methyl-1,5

cis-1,5-cycl ooc;‘%&i&%&gﬁe&g, 5-nmet hyl -1, 5- cycl ooct adi ene; bicyclic diolefins
such as for exa e 4,5,8,9-tetrahydroi ndene and 6 and/or 7-nmnethyl-

4,5, 8, 9-tetrahydroi ndene; _al'kenyl or alkylidene norbornenes such as for
exanpl e, 5-%thyl biguehic ol fipn sk e ,folsﬂanXﬁﬁé&Q-te&éwdzomdmmd@md/or 7-methyl-
exo- 5-1i sopropenyl - 2- nor bor nene, 5-vi nyl -2-norbornene; polycyclic diolefins

such as, for exa#f|89-tetinhydrbindemst adi ene, tricyclo-[6.2.1.0[err]]4,9-
undecadi ene and the 4-nethyl derivative thereof; non-conjugated diolefins

abl e to cycl opol ypEf 1%?@1@1&&&62130%0&69@%11%%?3% %ﬁ@%ﬁ%ﬁ@?ﬁﬁ%?' grhomeng, &

met hyl - 1, 5- hexadi en€; conj ugat I enes, suc

and i soprene. Acgcordi r&gq’et cbua gurt her enhodi ment th% catal ysts_according.to
the present i nveRPRTGRYien-2;00rhomens, gxo-Srisonropany ls2-ngrbogyene oy Visw]-3-nosharaenss
Monocyclic and polycyclic olefin nononmers can be either honopol ynerized or
copol yreri zed, aPacxslic [diolefinsm suchl a5 ifor example, dicyclopentadisnea tioyeloef61h0¥34,94
cycl ool efin pol yners which can be prepared with the catal yst of the present
inven- tion are aeikcididiRthndthd S mebiyy] derivtive degstir: appl i cations EP 0 501 370

and EP 0 407 870: The pol ynerization processes of the present invention can

.be carried Mcdnjhéa{eau&iglemﬁﬁe to cyclopolymerisé, such as 1,5-hexadiene, 1,6-heptadiene, 2-
methyl-1,5-hexadiene; conjugated dienes, such as butadiene, 1,3-pentadiene and isoprene.
According to a further embodhﬂent, the catalystslaccording to the present invention are ﬁsed in
the preparation of cycloolefin polymers. Monocyc)ic and polycyclic olefin monomers can be
either homopolymerized or copblymerized, also with linear olefin monomers. Non limitative
examples of cycloolefin polymefs which can be prepared with the catalyst of the present inven-
tion are described in the European patent applications EP 0 501 370 and EP 0 407 870.
The polymerization processes of the present _in_vention can be carried out in liquid phase,'
optionally in the pi'esénce of an inert hydrocarbon solvent, or in gas phase. Said hydrocarbon
solvent can be either arométic (such as toluene) or aliphatic (such as propane, hexane, heptane,
isobutane, cyclohexane and 2,2 4-trimethylpentane).

. Polymerization temperétu;e_ preferably ranges from 0°C to 250°C; in the preparation of HDPE

and LLDPE, it is preferably comprised between 20°C and 150°C and, more particularly
between 40°C and 90°C; in the preparation.of elastomeric copolymers, it is preferably

comprised between 0°C and 200°C, and more preferably between 20°C and 100°C.
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optionally in the presence of an inert hydrocarbon solvent, or in gas

phase. Sai d hydrocarbon solvent can be either aromatic (such as .toluene) or
al i phati c @iodR18s propane, hexane, heptane, isobutane, cycl gpoaErys/osd

. 2,2,4-trinmethyl pentane). Polynerization tenperature preferably ranges from
~0C to 250C; in the preparation of HDPE and LLDPE, it is preferably

:conprised

- 90C;, in the pﬁ@%‘éﬂ oréﬂ‘W‘?S‘;“ﬁg"g!@P% copoefeyners !’aptwwgﬁw
~conprised between 0C and 200[err] C, and gﬁef erably bet en 20[ er{e]:&i
and 100C. t¢mperatuyg, t9e typeqydhe congentration o yst components, or Y using mo. ar
PCT/ EP98/ 06732 The nol ecul ar wei ght of the (co)polynmers can be varied
sinply by weight regulptors; swchi ashlythmges.enper at ure, the type or the concentration
of the catal yst conponents, or by using nol ecul ar weight regulators, such

as hydrogerhe TfgletRlaf Cite tV\&kﬁi'BguenyfzidCbBE '%eﬁa'iz? i fifkniYs USE Ndifferent

"m xtures of different cycCl opentadi onpounds 0 arryi ng out the

'polyrrerlzatl n in.several which. dlf- f |nt 0 izati

t enper at ur & APEREHIERYFomponn ‘ﬂ‘[g‘?r ﬁ’(“&%ﬁj Oh“ﬂ‘nglf'
polynerlzatlon yi el-d depends on the purlty of the cyclopentadlen
_conponent sfet iy the polymerigationl tymperatnneanst/or the concentrations opmalesular wpig {étﬂ@bﬁvnt
can be used as such or can be subjected to purification treatnents before

use. PartiThd polymetinitiongidld depends oh te pirity ebiliei cyclpahadieryl Compomaite(X Finthe

the catal yst of the invention are contacted anong them before the

‘pol yneri z t

M nut es, ﬁ%%%%fﬁﬁ“sﬁ% 57 loBEiciofl ShBioBink o5 BE AL <iEh 4F Sy be Sibjeltel
concentrations, for the c ent adi enyl conpound are conpri sed between
10[err] ant® PHHificatt qnmm%/ a%PTeé‘sF-or the product of the reaction between
the organonetal |i ¢ al um ni um conpound and water they are conprised between
10 and 10[Rartipulemly /itterestibg: results cave anbtained when the components of the catalyst of the

invention are contacted among them before the polymerization. The contact time is preferably
comprised between 1 and 60 minutes, more pfefefably between 5 and 20 minuteé. The
precontact concentrations _for the_cyelopentadienyl compound are comprised between 107 and
10° mol/l, while for the product of the reaction between the organometallié aluminium
compound and water they are comprised between 10 and 10°mol/l . The precontact is
preferably carried out in the presence of a hydrocarbon solvent and, optionally, of small
amounts of monomer.
With the exception of uis(2,3,3-uimethyl-butyl)almnix_ﬁum, tris(2,3-dimethyl-butyl)aluminium
and tris(1-menthen-9-yl)aluminium, which were described in Chim. Ind (Milan) (1976), |
58(12), pages 876-7, and Liebigs Ann. Chem., vol. 629, pages 14-19 respectively, the
organometallic aluminum corepounds of formula (II), as reported above, are new in the state of

. the art. Therefore, a further object. of the present invention is an organometallic aluminium

compound of formula (II):
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preferably carried out in the presence of a hydrocarbon sol vent and,
optionally, of small anpunts of nononmer. Wth the exception of -«
tris(2,3,3-trinmethyl-butyl)alum nium tris(2,3-dinmethyl-butyl)al unm ni um and
tris(|-rrentw&19391§é)al um ni um which were described in Chim et
(1976), 58(12), pages 876-7, and Liebigs Ann Chem, vol. 629, pages 14-19
respectively, the organonetalllc alunlnunlconpounds of fornmula (11), as .
‘reported above, are new i PANGH,CRARECRFRIRILRAH,. Therefore, a further (D)
.obj ect of the present invention is an organonetalllc alun1n|un1conpound of

formul a (| teréi® R*-R’, q, w and z have the meaning reported above, with the exclusxon of tris(2,3,3-
Al (CHerr]- CR[err]R[err] CR[err]R[err]R[err])[err]R[’err] [err]

W th the clmsesbhugPulkiss $5803 otfiPoiobolRatn | R SPRRben-

tris(2,3-di rrethyl butyl)al um nium tris(1-nmenthen-9-yl )aI um ni um. and
tris(2-et hw)ahlmmm -butyl)alum nium Rerr] is preferably nmethyl and
Rlerr] is preferably hydrogen and, according to a particul ar enbodi nent of
the organorRft & Ipreferablymimthyl %ﬂpkﬂrﬁsp&feréﬂ’lﬁ liydvegehi and, iicordidg heSa GParticalt

two carbon atons. The variable wis preferably 2 or 3. It is another obj ect

of th I

%% topor e dlftf B W ocBadtiidi B alylinhl Mo Ui U ?%%’%ﬁ“f’wd'@a‘“‘")’
| kene of f |

g—lﬁgre;?]s ((:ZOR[ ISI“&%%&% péxg%lq&[aépqefera a@r"g n _(I;[er(r)]r rruR[aerr], R err] and

Rl err] have the neaning reported above, and (b) an al um ni um conpound of
fornmula Al B lsran])themﬁueemﬁ ﬁldme@eulv]mtmmwocwrfOsprepdrklgmmoundmﬁfandat(ﬂ),
from each other,- are hydrogen or alkyl radicals containing a [err]-hydrogen

subst i tuentmh@wﬁaa&wm&wwﬁo@@ma&nmﬂ n!ARTPrbEedl corhpidify Alabitene
(a). Rerr] is preferaE)Iy hydrogen or a (Jerr]- err] al kyl ; partlcul arly

preferred qaymPouRdiiddordbfaula CHACR-CRR'RY, wherein R, R, R and R’ have the meaning

reported above, and

(b)  an aluminium compound é_f formula AlR“’,, wherein the R' substituents, the same or
different from each other, are hydrogen or alkyl radicals containing a B—hydrogeﬁ substituent
having a number of carbon atoms lo§ver than that of the alkene (a).

R" is preferably hydrogen or a C,-C, alkyl; particularly preferred compoqnds (b) are
triisobufylaluminium and diisobutylaluminium hydride._

Compound (a) must be present in a rhol& .lamount' at least three times higher than that of
compound (b). The reaction can be suiﬁbly performed in a hyﬂrocarbon solvent, such as
toluene or p-xylene, or for somé higher olefins in the absence of added solvents; the
temperature is preferably comprised between 100°C and 140°C, depending on the solvent and
the reactants employed.

The thus obtained compounds of formula (II) generally contain smali amounts of the

corresponding dialkylaluminium hydride, due to beta-elimination at high temperatures; in fact,

THIS SHEET HAé BEEN : 16 This Sheet Has Been Replaced
e |||||||| TR




triisobutylal um ni umand diisobutyl al um ni um hydri de. Conpound (a) nust be
present in_a nolar anmount at |east three tines higher than that of conpound
(b). The regsdbisagsan be suitably performed in a hydrocarbon peryEmsnsBach
as toluene or p-xylene, or for sonme higher olefins in the absence of added
solvents; the tenperature is preferably conprised between 100[err] C and
140[ err] C, dependjng on the, solvent and the reactanpts,eppl oyed, The thus
obt ai ned céhi)gnﬁaie eomtent,, besides depending on the naturs pf the; allrl, groups.iprreases fwighy the
correspondi ng di al kyl al um ni um hydri de, due to beta-elimnation at high

-t enper at ur dbermolysisademperatuil) Therefk#€0 in order to obtain hydride-free trialkylaluminium
PCT/ EP98/ 06732 t he hydride content, besides depending on the nature of the -

al Kyl gr ouRempoltads e fenydval) of B §deahd Dfthé BRI dlefinis cARACHR With bite, at
order to obtain hydride-free trial kylal um ni um conpounds, the renoval .of

-t he sol vent,_and of the.e s ol,efi.R,AS carried out wth care, at :
tenperaturetgnﬁg?'éﬁ'é?sm%)é ?vefhléﬂsgcflf‘err]'c. The fol |l owi ng exanpl és are
given for illustrative and not limtative purposes. SYNTHESIS OF THE
CATALYTI C Ghwrolpwing examples ayscgiven for dlustrativennd aoy imitative purpesepar ed as

fol |l ows: CYCLOPENTADI ENYL COVMPOUNDS rac-Et(1-Ind)[err]zZrc[err]

(r-EBI Zr O [SYNTHESISOFTHD CAPAEN TACCCOMPONENTS®e procedure descri bed in
. EP 575,875. rac-Me[err[Si(I-Tnd)[errJZrTerr] The product conmercially

avai |l abl e W V3 E‘ﬁ*ﬁﬁ%&%ﬁ scopy showed the isoneric
purity to be >°§g%%8r9%c. '5%?5\%%&% %B% General Procedures .

CYCLOPENTADIENYL COMPOUNDS

rac-Et(1-Ind),ZrCl}, (r-EBIZrCl,)

This was prepared according to the procedure described in EP 575,875.

raoMqSi(l-Indh}rClz

The product commercially available from Witco was used. 'H NMR spectroscopy showed
the isomeric purity to be > 95% rac.
ORGANOALUMINIUM COMPOUNDS

General Procedures

All reactions were carried out under nitrogen in the glove box or under Schlenk conditions
usiﬁg oven-dried glassware. The toluene solvént was dried by refluxing o%r.er
'Na/benzophenone and _the xylene solvent (Aldrich anhydrous grade) was dried over 4A
molecular sieves. All alkenes were dried over 4A molecular sieves prior to use.

tris(2,3-dimethyl-hexyl)aluminium (TDMHA)

In a glove box, CH2=C(Me)CHMeCH2CH2Me' (96.3 g, 0.860 mol; “98%” ex-Wiley) was
dissolved.in toluene in a 500 ml 3-neck flask. HA1{CH,CHMe,}, (HDIBA, 35.0 ml, 0.139-

mol, ex-Witco) was added over 10 min by syringe to the rapidly stirred solution at ambient
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Al'l reactions were carried out under nitrogen in the glove box or under
Schl enk conditions using oven-dried gl assware. The tol uene sol vent was
dried by refluxing over Na/benzophenone and the xyl ene solvent (Al drich .
anhydrous gr¥%@89218% dried over 4A nolecul ar sieves. Al al keFEI/ERIBO6THR| ed
over 4A nol ecul ar sieves prior to use. tris(2,3-dinethyl-hexyl)alum nium
(TDVMHA) I n a glove box, CH err]=C( M) CHMCH2CH2Me (96.3 g, 0.860 nol; "98%
ex- Wl ey) wempbratar, ihe-stoppefddufaction flasio s femdved &oni RS flove box and a reflux
HAl {CH[ err] CHWe[err]}[err] (HD BA, 35.0 m, 0.139- nol, ex-Wtco) was added

over 10 MM nehieSud 8% idrSpen tne AR inShi m@nae&.%ﬂeqeoﬁm ok sqliectd

99/ 21899
tenperature. The stoppeyed. reaction flask s renpved fromthe gl ove box .
and a ref| uRsSiBg m@aﬁeffa‘;ﬂleﬁm Versel immersed M2 K 1'G AcetaRe/dny e hefb TherpRaction

| sobut ene product was collected using a graduated coll ection vessel

i mrer sed i nmixtuTSivas Wafinad even3d diiputes ¢o ba titernah tenapesattiteoof 1123 OC 2 Tha seaction
war med over 35 minutes to an internal tenperature of 112.3 [err]C. The

reacti on wagaslaliowed td RARHEY0 h YinAGefluk tdniitkathRf 1192 ‘%ﬁ*ﬁ & 198%Pof the

[err]C), affording ca. 100% of the theoretical maxi num | sobut ene

(ca. 2.0 equw valents/A). The,renmainin | ef jn and, spol vent. were .renoved in
vacuo (80 CHBE mhign S 0% SRG R G- D BBl RRY AT T Fesbainifg i
51.7 g (99%yield based on HDI BA) of tris(2,3-dinethyl-hexyl)alum nium
(TDVHA) . Thé&Okyentgrere semeyed inygcumByiOs P.05vmbarp 80 minkutdiging & dneice/acetonmbath to
m xture of two (diasteroneric) species, showing negligible AlIH or AIOR

cont ani nant ghevil.? g (99%syieldhased 6n MDIBA) dfitiiy(2) RbinwethyltexyhdBisiud (TDFIHA).
gl ove box, CH2=C(Me)(CMme[err]) (81.5 g, 0.831 nol; "99% ex-WIey) was

di ssol ved i r Y&l e ) ' -neek Il R
A{CHerr] cﬁ{’/g[ ﬁ‘??‘f SO, %‘?%ﬁﬁﬁ%%%ﬁ%&%ngiﬁe% o 1388 mixture, pf two
over 10 mn (clﬁgstes He%?sﬁe%iés,h s%o(av?’x?gl rqé ig?lglle rA{lﬁdt)rslgll() tc':o(}lrt]a'nﬁmt levels.

tris(2,3,3-trimethyl-butyDaluminium (TTMBA)

In the glove Box, CH,=C(Me)(CMe;) (81.5 g, 0.831 mol; “99%" ex-Wiley) was dissolved in

dry p-xylene (ca. 145 ml) in é 500 -ml 3-neck flask. AI{CH,CHMe,}, (TIBA, 35.0 ml, 0.139

mol, ex-Witco) was added over 10 min by syringe to the .rapidly stirred solution. The

stoppered reaction flask was removed from the glove box and a reflux condenser and

nitrogen line attached in the fume hood. The isobutene product was collected using a

graduated collection vessel immersed in a -78 °C aéetone/dr}; jce bath. The reaction mixture

was warmed over 35 minutes to an internal temperature of 105.6 °C. The reaction was |
allowed to reflux for 20 h (final reflux temperature 121.2 °C), affording ca. 95% of the

theoretical maximum yield of isobutene (ca. 2.9 equivalents/Al). Despite the low boiling |
point of CH,=C(Me)(CMe,), only a negligible amcunt of this olefin was collected in the cold

. trap. .'I‘he_reméining olefin and solvent were removed in vacuo (80 °C, 0.05 mbar, 90 min)

utilizing a dry ice/acetone bath to give 43.0 g (95.5% yield based on TIBA) of tris(2,3,3—
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'stoppered reaction flask was renoved fromthe glove box and a refl ux
~condenser and nitrogen line attached in the fune hood. The isobutene
pr-oduct V\/aswgg},)c,{%ged usi ng a graduated collection vessel | Mmpceedos/ss7se - 78
‘[err] C acetone/dry ice bath. The reaction m xture was warnmed over 35
‘mnutes to an internal tenperature of 105.6 [err]C. The reaction was

al l owed to_refl-ux f 20.h (finaloreflux tepperature,l121.2 '

“affor di ng erhipu et (RS *&&‘f% ol wﬁowg&y[ﬁ%%%%sm to
equi val ents/Al'). Despite the |ow boiling_point of CH2=C(Me)(CMe3), only a
“negl i gi bl cbeaslenn single species|showing ressizn pf Al og AIQR ngsonepees. t rap. The |
.remai ning olefin and solvent were renoved in vacuo (80[err]C, 0.05 nbar, 90

m n) ) ut }I iﬁiiggl:;a_d_éidigth% pﬂ@slminiintgglgMBAlve 43.0 g (95.5%yield based on
TI BA) of tris(Z2, 3, 3- ) - o :

PCT/ EP98/ 0 ri = | B $PMBAMEON theNfea&fi =P Mo
‘shown by Nmms%éc% C &%%X%éé@éﬂg {euan singl e sp'fah-cgi es, S éﬁ% gghvsll gn OF ,
Al H Al : ' - di -butyl ) al um ni A). T,

o o o T ER0IR] S, Sk il R b A O b S e 1

(42.6 g, 0.507 nol, .99% ex-Wley) with TIBA (21.4 m, 0.085 nol, ex-Wtco) °
in dry xyl ¢€0sm{;9omér,mixturekin 21500 mi 3jneck flaslc Mhemhixture svak allowed to Efluxfox2he
was allowed to reflux for 20 h (range reflux tenperature: 85 - 109 [err] O,

affording éf reffux\ighikiabie184 €1109!°C) Naftdi@indl 30 bl DftvoRitilS BASdrRl i P lryCie
8 mM of CH2=CHMeCHMe[err] and ca. 22 im of isobutene (ca. 100% of -

t heoretica he_.tenad ni | efd S nt restenoved.in vacuo

Lorr] G 0. wupshrishy Gt (B Ml of G R ROHNAS gl 3028 TS 3SoRen 0100 of
(97% vyield based on_TIBA) of tris(2,3- dinethyl-butyl)alum nium (TDVBA). The
col orl ess Hheprefigal)sEbeerpaining qlefin apd) soluent) wemwemeped: i vareg (60 {6, B4 mbara 80
‘TDVBA contam nated by 4 % (nol ar basis) of

Al (CH[ er r] aiipitilizihg @@y dce/adEtdrieGlripetor giVe 2814 § (D EXorlicldrimsédvbh MIBA) aifads(2Bse
to AIH or AIOR fragnents :

: dimethyl-butyl)aluminium (TDMBA).The colorless oil was shown by 'H and BC NMR

spectroscopy to be clean TDMBA contaminated by 4 % (molar basis) of
AIl(CH,CHMe,)(CH,CHMeCH,Me,),; no NMR resonances due to AIH or AlOR fragments
were observed.

' tris(2,3-dimethgl-pentyl)aluminiuin (TDMPA)

TDMPA was prepared analogously to TTMBA from the reaction of
CH,=CHMeCHMeCH,Me (50.0 g, 0.510 mol, 99% ex-Wiley) with TIBA (21.4 ml, 0.085
mol, ex-Witco) in dry m-xylene (165 ml)ina 560 ml 3-neck flask. The mixture was allowed
to reflux for 16 h (range reﬂux temperature: 105 - 120 °C), affording 25 mi of volatile
' material in the dry ice trap consisting of ca. 3 ml of CH,=CHMeCHMeCH;Me and ca. 22 ml
of isobutene (ca. 100% of theoretical). The remainirig olefin and solvent were remoffed in
vacua.(60 °C, 0.7 mbar, 60 min) utilizing a dry ice/acetone trap to give 25.9.g (95% yield

based on TIBA) of tris(2,3-dimethyl-pentyl)aluminium (TDMPA). The colorless oil was
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were observed. tris(2,3-dinethyl-pentyl)alun nium (TDVPA) TDVPA was :
prepared anal ogously to TTMBA fromthe reaction of CH2=CHVECHVECHRZMe (50. 0
g, 0.510 nol, 99%ex-Wley) with TIBA (21.4 nl, 0.085 nol, ex: Wtcogl |n dry
m xyl ene (1O M8, a 500 M 3-neck flask. The mixture was aPFERESPLTS
reflux for 16 h (range reflux tenperature: 105 - 120[err]C), affording 25
m of volatile material in the dry ice trap consisting of ca. 3 m of

CH er r | =CH\howmdbaHE\and RE NMR spectrbsaopyite dbsa elpan 1 ddiastenmenic mixtarerne MMR.
The remaining ol efin and sol vent were renoved in vacua. (60 [err]C, 0.7
nmbar, 60 mreéoﬂahédsidaEWAm@rmme&@@eéﬂwﬁreiermeﬁvedgi ve 25.9. .9 (95%yield
based on TI BA) of tri s(2 - di et hyI pentyl )al um nium (TDMPA). The col orl ess
oil was 19 .. ‘ . 1 :
PCT/ EP98/ 06r32—Strowr NviR—Spect roscopy to be a clean
1:1 diaster r|c mxture nQ NIVR resgnance du to AlH or: Al OR fragments
wer e observ Wﬁmmgg‘%ﬁ%@w reastoppfEikCHM 63.2
prepared anal ogousl y to TTMBA fromthe reactlon of CH2=CHWMeCHEt 2 (63.2 g,
0. 564 nol , g,98564 mal; Y98%Y ex-O¥iieygicontined. ca33%e0df Nie OS-CHY ) with TIBAI (24.0TthBA.095
(24.0 m; 0.095 nol, ex-Wtco) in dry xylene-(98 nl; isomer mxture) in a

500 Nl 3- nggpki bkaw ifcozls r %“Eﬂf g)ﬂ'?%)l%ﬂzél"ﬁﬁ(tﬁ:@) 114 506 nll ¥k sk I TG ixture

refl ux tenperature: affording ca. 100% of theoretica

amount of |sob en he_dr, e trap. The re 9 3 nd. sol v
were renoved W@J %‘6‘ f°§rﬁ]1tf %Hﬁtemﬂﬁaﬁ?t t ﬂﬂi(hga&o l?‘ﬁgca'q%%
| ce/ acetone bath to give 32.0 g (91% yi el d based on TIBA) of

tri s(2- met rgfithepretics) pmpuri ofiiyehutanein the dryNePpp. Theremaining elefingind splvent wetn
by [err]H and [err] C NVR spectroscopy to consist primarily of TMEPA,

contai ni ng refmved inbackoi (6017C| Oi3edbag90anin) akilizingAl diyoice/btétbhe bahite give 32.0 g

(91% yield based on TIBA) of tris(2-methyl-3-ethyl-pentyl)aluminium (TMEPA). The
colorless oil was shown by 'H and *C NMR spectroscopy to consist primarily of TMEPA,
containing traces of unidentified contaminants (AIH or AIOR species).

tris(2-ethyl-3-methyl-butyDaluminium (TEMBA)

TEMBA was prepared analogously to TTMBA from the reaction of CH,=CEt(CHMe,) (38.0
g, 0.388 mol, “93%” ex-Wiley) with TIBA (16.0 mL, 0.063 mo.l, ex-Witco) in dry xylene
(80 mL; isomer mixture) in a 250 mL 3-neck flask. A transitory yellow colour was observed .
on mixing the reagents. The .mixture was allowed to reflux for 18 h (range reflux
temperature: 112 - 125 °C), affording ca. 100% of the theoretical amount of isobutene in the
dry ice trap. The remaining olefin and solvent were removed in vacuo (90 °C, 0.6 mbar, 90
min) utilizing a dry ice/acetone bath to give 20.2 g (90% yield based on TIBA) of -
tris(2-ethyl-3-methyl-butyl)aluminium (TEMBA). The colourless liqui& was shown by 'H
and *C NMR spectroscopy to contain traces of AIH specieé.

tris(2-ethyl-3-methyl-pentyDaluminium (TEMPA)
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tris(2-ethyl-3-nethyl-butyl)al um nium (TEVBA) TEMBA was prepared

anal ogously to TTMBA fromthe reaction of CH err]=CEt(CHWe[err]) (38.0 g,
0.388 ol , w91y W!ley) with TIBA (16.0 ni, 0.063 nol, ex-Peymphsnsrsiry
xyl ene (80 mL; 1somer mxture) in a 250 nL 3-neck flask. A transitory

yel | ow col our was observed on m xing the reagents. The m xture was al | owed
‘to reflux for 18 h (range reflux tenperature: 112 - 125.[err]C), affaqrding
‘ca. 100% of TENPA heWast | prepasedp | analogonslyhuitnel IMBAe Wl cthet  geaction of
‘remai ning ol efin and solvent were renoved in vacuo (90 [err]C, 0.6 nbar, 90
‘mn) utilizCHy=GEH{CHMeECHMe) (310 iza0l277angl, \98%2 6x-Wiley)o@ith yIIBIAJ (Ha8 en[.,o@1047_
TIBA) of tris(2-ethyl-3-nmethyl-butyl)alumnium (TEMBA). The col ourl ess. -
i quid was _ ] a,ﬁger{?e [N al t £ S '
‘Al H speci esﬁ{a'?\r/\}&s?nu{o lﬁ dij% gdpg%f ’\%ﬁﬁem ni u EI\)’F?,R)CH%OQ‘L&CR PAESTRE
99/ 21899

' . / 06.732
TEMPA  was™ixfpesursallowsd tp seflicfoy 16 {rangeppflux tempgrature; hg‘g JELL, gfiordfpe ca
CH2=CEt (CHVeCH2Me) (31.0 g, 0.277 nol, 99% ex-W|ey) with TIBA (11.8 ni,

0.047 nol, &80%yafdbs theoretropl apbuntcof isobutene insthedry it trapeThe remaiging olefin and
3-neck flask. The mixture was al lowed to reflux for 16 h (range reflux

tenper at ur egol¥eiit werd 3o hGacud (607Cli 019 nitar, ORIl & depicldcedhe trap to

anount of isobutene in the dry ice trap The remai ning olefin and sol vent
wer e rermve C 0

icelacet one re aaﬁ% Lég 29"3%5%& Cb?sgf%o b%f;netg}’g%#ﬁ%ﬁ lghﬁ/l)alummmm
tris(2-ethyl-3- Iumnlum(TE colourless |iq -
shown- by [eﬁm%‘&& ‘N quiskwes shevsp g/PA% aﬂghi" @pgcqoscopyto be a clean

di astereomeric mxture exhibiting no NVR resonances due to AtH or Al OR
fragments. Al diasteieomarje mirtuze ekinibitihgosnNMR aesohanices ae yte ATH gr AUOR tfragments.
pol yneri zation testing), partial formation of Al H species was observed.

After storage in a closed container for one year (prior to polymerization testing), partial

formation of AIH species was observed.

tris(2-isopropyl-3-methyl-butyl)aluminium (TIMBA)

.TIMBA was prepared analogously to TTMBA from the reaction of CH'2=C(CI-IMe2)2 (536¢g,
0.479 mol, ex-Wiley; contained 1.5 % CMe,=CMeCHMe,) with TIBA (20.2 mL, 0.080 mol,
ex-Witéo) in dry xylene (86 mL; is.omer'mixtlire) in a 500 mL 3-neck ﬂask The mixture was
allowed to reflux for 20 h (range reflux: 1 15-130- °C) affording ca 100% of the theoretical
amount of isobutene in the dry ice trap. The remaining olefin and solvent were removed in
vacuo (55 °C, 0.3 mbar, 90 min) utilizing a dry ice trap to give 28.0 g (95% yield based on
TIBA) of tris(2-isopropyl-3-methyl-butyl)aluminium (TIMBA). The colourless liquid was
shown by 'H and “C NMR spectroscopy to be free of AIH or AIOR species.

tris(1-menthen-9-yDaluminium (TMENA)

TMENA was prepared analogously to TTMBA from the reaction of (R)-(+)-limonene (247.5

g, 1.82 mol, 98 % ex-Aldrich) with TIBA (60.0 g, 0.30 mol, ex-Witco) in dry toluene (310
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tris(2-isopropyl-3-nethyl-butyl)alum nium (TI MBA) Tl MBA was prepared

anal ogously to TTMBA fromthe reaction of CH err]=C(CHWe[err])[eryr] (53.6
g, 0.479 nol, ex-Wley; contained 1.5 % Cve2=CMeCHWe2) with TIBA (20.2 ni,
0.080 nol, NOWRHEY in dry xylene (86 ni; isomer mxture) in PRCTERDSNE732
3-neck flask. The m xture was allowed to reflux for 20 h (range refl ux:
115-130 [err]C) affording ca 100% of the theoretical anmount of isobutene in

the dry ice Iy a 11e34 2 | ifdtire ' el a
(55 [etr] G 0 e o > guok MRl HHe i ng%g&darigiv?le?g%tféggﬁf%%?lég&?é&&yg%%%%e

yi el d based o tri - r | -.3-met hyl - but yl ) al um ni ym ( Tl MBA
The col ourl elgg ﬁ’?@?%@ s°as‘f?§{%21°€§‘%['§€¥’f?%ﬁ&“t%ﬁ‘ P? é‘%ﬂéngﬂé&? g%ﬁfﬁ;ﬂ%
free of ALH or Al OR species. tris(l-menthen-9-yl)alum nium (TMENA) TMENA

was pr epar cASHABINEAkER AN Solventers tmaved incrasud 470 SC, (6. fubjr, 6kt give
(247.5 g, 1.82 nol, 98 % ex-Aldrich) with TIBA (60.0 g, 0.30 nol, ex-Wtco)

in dry. tol uddé.58(99% Yield baedon TWBAY of tris(1-menthen-9-yl)aluminium (G). The colourless
PCT/ EP98/ 06732 nL) in a 1 L 3-neck flask. The mi xture was allowed to refl ux

|1
for 22 h (reid t r r S5¢lenkl as i : on. he -
t heoreti cal ar?ggsntlﬁg?&igo ustﬁgg]vgx P% t%eggryéwg?g@q#gg?/%%i Fn% Wen of
and sol vent mere renoved jn vacuya (70 _[err]C, 0.06 nbar, 60 mn) to give
131.5 g (99%‘%#%?‘8“?{5%@?%?& ?‘?‘&S‘%Wt‘# soRanceduegto, Al o, Nﬁmwm&m
col ourless viscous liquid was showmn by 'H and [err] C NVR spectroscopy to be )

a m xture ofconiaineddracemeflinonspeci es, exhi biting no NVR resonances due to
AlH or AIOR fragnments, but contained traces of. I inonene.

tris(2,4-di nrsi2yd-diieethyl-h i i e oh PA  was prepared
anal ogously to - rom | '

of
O er 1] =C MSRBA R Bl - Gotlogud§® B TREAX MYkt ULLEA of

(32.3 nl,
- CH,=C(Me)CH,CHMeCH,CH,Me (97.0 g, 0.769 mol; 98% ex-Wiley) with TIBA (32.3 ml,

| 0.128 mol, ex-Witco) in dry toluene (cé. 150 ml) in a 500 ml 3-neck flask. The mixture was
allowed to reflux for 20 hl(range reflux temperature: 115-121 °C), affording ca: 100% of the
theoretical amount. of isobutene in the dry ice trap. The remaining olefin and solvent were
removed in vacuo (70 °C, 0.03 mbar, 120 min').to give 51.5 g (99% yield based oﬁ TIBA) of
ti'is(2,4-dimethyl-heptyl)aluminium (TDMHPA). The colourless oil was shown by NMR
spectroscopy to be a clean 1:1 diésteromeric nﬁxture, showing no sign of AlH or AIOR

resonances.

tris(2,4,4-trimethyl-pentyl)aluminium (TIOA)

This was prepared according to ﬁle method described in Liebigs Ann. Chem., Volume 629,
Ziegler et al. “Aluminiumtrialkyle und Dialkyl-aluminiumhydride aus Aluminiumisobutyl-
Verbindungen [Aluminium trialkyls and dialkyl-aluminjum hydrides from aluminium
isobutyl compounds]”, pages 14-19.

tris(2,5-dimethyl-hexyl)a_luminium (TDMHEA)
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0.128 nmol, ex-Wtco) in dry toluene (ca. 150 ml) in a 500 ml 3-neck fl ask.
The m xture was allowed to reflux for 20 h (range refl ux terrperature
.115-121 [erw(g 13597 ording ca; 100% of the theoretical anmunt ped ,ﬂcrg gne
in the dry 1ce t’zrap. The remaining olefin and sol vent were renoved I n vacuo
(70[err]C, 0.03 nbar, 120 mn) to give 51.5 g (99% yield based on TIBA) of

tris(2,4-di - he al lum (T T :
by R ¢ A A AR Yl e Ca Gkl g e 3B ol
'sign of AIH or Al OR resonances. tris(2,4,4-trinethyl-pentyl)al um nium
(TIOA) Thi £xnWiley) whr’laBAaeé&ang 06 malcexrWites) injdrcmidens (64 mbbing:250hmL
-Chem, Volune 629, Ziegler et al. "Alum niuntrial kyle und

Di al kyl - al (Bvhedk fasicl r Thke niisturd\vdd dlioweds e uefix foie20i h qraige nrefliky il 81133 °C)
trial kyls and dial kyl -al um nium hydrides from al um nium i sobutyl '

coMpouNds| affdidh va' 10094 of!tht Hheoreticll BRI of bl HIHHY &Kt AHEA gé%ggry

WD 99/ 2189

TDVHEA was epared fromthe reactjon

CH err]= Gi?wﬁ 9lysa:n9é[®rmq79ngﬂlz rgagenty The rppining olgfinapg spivent Wemn
(16.0 ni, 0.061 mol ,. ex-Wtco) in dry mxyl-ene (64 nL) in a 250 M. 3-neck
flask. The reimoved i varzo 53 2003 mbar,0 min) futilizidg andrfyicetyap toedive21.31g15Y8gield
[err]C) affording ca. 100% of the theoretical am)unt of isobutene in the

dry ice tragased\oh/ FIBAY 8f Yns}?gldﬂﬂ i—ﬁb‘i | (ABMPEAY TheSdié\gless liquid
reagents. The remaining ol efi'n and Sol ven wer e rermved I n vacuo (55[err]C,

0.3 nbar, 90 m,n y ice tra .95%. as
O e o RoedBbat S R b odhhaP d efh b o AL V3R, BuflBoRe
liquid was shown by [err]H and [err] C NMR spectroscopy to contain traces of
Al - H speci €af AIQR comaminaptsee of Al OR cont ami nant s.

Methylaluminoxane (MAQ)

The product available from Witco as a 10% w/w solution in toluene was used.

tris(2-methyl-propyl)aluminium (TIBA)

The product available from Witco was used.

POLYMERIZATION

Example 1

Polxinerization of Propylene

A 5 litre reactor equipped. with helical stirrer, steamlwatel; temberatme control and a catalyst
injection system was heated to 150-160 °C overnight, whilst purging with nitrogen, cooled
and then pickled at 70 °C using a mixture of TIBA (0.25 g), toluene (20 ml) and propylene |
(500 g). The pickle mixture was removed and the reactor then charged with 1650 g liquid
propylene, whilst increasing the temperature from 20 °C to 50 °C.

Separately, 3.29 g of Al{CH,CHMeCHMeCH,CHzMeh (TDMHA, 9.00 mmol) were

dissolved in 20 g of toluene in a bottle with a septum cap. The solution was cooled to 0-4 °C
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Met hyl al um noxane (MAO) The product available fromWtco as a 10% w w
solution in toluene was used. tris(2-nethyl-propyl)alum nium (TIBA) The
product available fromWtco was used. POLYMERI ZATI ON Exanple 1

Pol yneri zat MA9U#8® opyl ene A 5 litre reactor equi pped with hE@CTERIS/N6732
stirrer, steamwater tenperature control and a catal yst injection system
was heated to 150-160 [err] C overnight, whilst purging with nitrogen,

cool ed and uding apiceiiaty add 81thl [ofwdtés (45 Menol) addetl ih Fodf shotsBisifda 25 i syringe,
toluene (20 m) and propylene (500 g). The pickle m xture was renoved an

Tt et At
Al CH2 CHve CHIVe CH2 CH 3 (T 9. 00 - i i 20

tol uene in ?@P&P@@?%%ﬁﬂ%%@&@s %tisirmq V%ééléfg@@’ﬁ%smno in using
[err]C 23 WD 99/ 21899 -

PCT/ EP98/ 0623ml oftolegnen i ce bath, and 81mi " of water (4.5 mmol) added in
four shots using a 25 ml syringe, whilst maintaining the tenperature bel ow

15[ err] C anMepiwhild)9.7 g &Qb&EiamlF QLEB%@"@, pLL) lﬁﬁx\?\)gs\’iﬁ%rg%égwé& P17 g%s

I ntroduced into the reactor usin ction system In using 2
m of tolue Ny 9. of .. e . '
rac- Et (1-1 n@ﬁoér f i;Z% F?ﬂr%("?-@%lsﬁﬁ'&of’&hﬁ‘?&z@@? Feagted with O- 4 e TPYEIA;(9-30
17.6 g of toluene, and 2.57 g of the solution obtained were reacted with
0.11 g Tol\mtg)., Jesulbng jn areolenr chagge from silowy toc Hightgyellove nTere minvtes after get
yellow. Ten mnutes after the introduction of the hydrolysed al kyl al um ni um
mxture i ntmtrbduc_tmaaof dhe Hydeolpsedy hikyRduminium mixture into the reactor, the alkylated
zirconocene solution (aged for 5 minutes) was injected into the reactor (using 20 ml toluene).
The polyinerization was continued for 1 hour at a constant tempefature of 50 °C using 840-
1100 rpm stirring. The polymerization was then stopped by injection of 5-10 ml methanol.
The heating was then discontinued and the propyléne rapidly vented and the powder
polypropylene collected. Fouled material was removed using hot toluene and;hprecipitated
with methanol. The polypropylene fractions were dried (70-80 °C, 200 mbar, nitrogen
purge) an_d combined to give the total yield of polypropylene.
The polymerization conditions and the data relating to the obtained polymer are indicated in

Table 1.

Examples 2-5

Polymerization of Propylene

The general procedure described in Example 1 was followed, but using
Al{CH,CHMe(CMe;,)}; (TTMBA) as aluminium compound instead of TDMHA and
operating with the amounts of metallocene, aluminium compound and water indicated in

Table 1. The polymerization conditions and the data relating to the obtained polymer are
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zi rconocene solution (aged for 5 mnutes) was injected into the reactor
(using 20 M toluene). The polynerization was continued for 1 hoeur at a
constant tggeyakey € of 50 [err] C using 840- 1100 rpm stirri per/EPBS06732
“polynerization was then stopped by injection of 5-10 ml nethanol. The

" heating was then discontinued and the propylene rapidly vented and the
powder po'iéﬁfcgﬁﬁliﬁ&%b ql | ected. Foul ed naterial was renpbved using hot

tol uene and precipitated with methanol. The pol ypropyl ene fractions were
~dried (70-80 [err]C, 200 nbar, nitrogen purge) and conbined to give the
“total yi eIﬁ-&Mx ypropyl ene. The pol ynerization conditions and the data
~relating to the obtained polynmer are indicated in Table 1. Exanples 2-5

- Polyner i z2Relymevization wf Propyléhe general procedure described -in- Exanple
1 was followed, but using A {CH2CHMe(CMe3)}3 (TTMBA) as al um ni um g

- conpound i TRd egnahl TR daR] QBRYBEA NGnWM Eﬂn&%lelaﬂvwss 1ol | 1t ©ising

al um ni um-conpound and water indicated 1n Tab The pol ynerization -
condi tions rel aty t he, oht ai ned pol I are 2 : .
99/ 21899 A?{Eh}dlﬁa‘%ﬁh%ae,i ?‘H)%.I\f) as aluminium -con?poux ms%é/ géé@?%zand
-indicated in Table 1. Exanple 6 Polynerization_of Propyl ene The general-
procedur e ORfating with therameupispf snetallocgpss alwiniwnecompound wod water indicated in
Al { CH2CHMeCHMe2) 3 (TDMBA) as al umi ni um conpound i nstead of TDWVHA and

oper ati ng Tabié It heapolyunetizatfonndinditions amd, the lddts ﬁlamgqermewmhimﬂpm?m are

indicated in Table 1. The polynerization conditions and the data relating

to the obtﬁm%qglﬁgﬁrl.are

Examp_ le 7

Polymerisation of Propylene

The general procedure described in Example 1 was followed, but using
Al{CH,C_HMeCHMe_CH,M_e}g (TDMPA) as alumlmum compound instead of TDMHA and
operating with the ainounts of metallocene, aluminium compound and water indicated in
Table 1. The polymerization conditions and the data relé.ting’ to.t.he obtained polymer are
indicated in Table 1.

Example 8

Polymerisation of Propylene

The general procedure described in Example 1 was followed, but using
Al{CH,CHMeCHE,), (TMEPA) as aluminium compound instead of TDMHA and
operating with the amounts of metallocene, aluminium compound and water indicated in
~ Table 1. The polymerization conditions and the data relating to the obtained polymer are

indicated in Table 1.

Example 9
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indicated in Table 1. Exanple 7 Polynerisation of Propylene The general
procedure described in Exanple | was followed, but using -«

Al { CH2CHMeCHMeCH2Me} 3 ( TDMPA) as al um ni um conpound i nstead of TDVHA and
‘operating WOWRE®anpunts of netal | ocene, al um ni um conpound @ EPRAEER
indicated in Table 1. The polynerization conditions and the data relating
‘'to the obtained pol ymer are indicated in Table 1. Exanple 8 Pol ynherisation
.of Propyl eReolymaerisatiomw of Propylengur e described in Exanple 1 was followed, but
‘using Al { CH2CHMVeCHEt 2) 3 (TMEPA) as al unminium conpound instead of TDVHA
‘and oper at iThg \A%éﬂerélhepr eEdué S debcritedal inoc Bxamph) Ui nivasn Follvwed)d Bd wsher
‘indicated in Table 1 he pol ynerization conditions and the data rel at | ng

L) e o0t et ERBIERMEY,S ERERY W WAk domfSHBEP yca2Be TONELY and

Pol ynmeri sati on of Propyl ene The general procedqure descrl bed in Exa
was f ol | onOperating wikh the amounis ofrneteliecens, alymipminm gompoynd; an mnﬁn&e#edm

‘instead of TDWVHA and operating with the anounts of netallocene, alum nium

conpound- arftableal eThe pdlynadrizdtiom cdmlitienslandlthe ged yeleting to thenoltaine tpolyseraard

the data relating to the obtained pol yrrer are indi cated I n Table 1.
indicated in Table 1.

Example 10

Polymensatnon of Propylene

The general procedure described in Example 1 was followed, but wusing

Al{CH,CHEtCH(Me)Et}; (TEMPA) as -aluminium compound instead of TDMHA and

operating with the amounts of metallocene, aluminium compound and water indicated in

Table 1 The polymerization conditions and tﬁe data rélating to the obtained polymer are
_ indicated in Table 1.

Examples 11-13 (Comparison)

Polymerisation of Propylene

The general procedure described in Example 1 was followed but using
Al{CH,CHMeCHZCMe_,,}, (TIOA), an aluminium compound not envisaged by formula (II)
according to the present invention, instead of TDMHA and operating with the amounts of
metallocene, aluminium compound and water indicatéd in Table 1. The polymerization
conditions and the data',relatin_lg to the obtained polymer are indicated in Table 1.

Example 14 (Comparison)

Polymerisation of Propylene.

The general procedure described in Example 1 was followed- but using
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Exanpl e 10 Pol yneri sation of Propylene The general procedure described

in Exanple 1 was followed, but using Al {CH2CHEt CH(Me) Et}3 (TEMPA) as

al um ni um cevgossdes Nst ead of TDVHA and operating with the a”%?s%snz
nmet al | ocene, al um ni um conpound and water indicated in Table 1. The '

pol yneri zation conditions and the data relating to the obtained polyner are

i ndi cated i - ( | Son) Pol.ynerisation of .
Propyl ene @é%ﬁ@?cmaﬁﬁ%&éé%h @W@xﬁ&rﬁl %@WRR‘!"B\M cpyigaged
using Al {CH2CHVeCH2CMVe3}3 (TI OA), an al um ni um conpound not envi saged by
formul a (I by fosmylagIRpaccerdingstosthepwesent inmentiom rinsteard; o£ TDMHATRId Bparating with
operating with the anobunts of netall ocene, al um nium conpound and wat er

i ndi cat ed ithe Batduatslof Hiteallootns) aihirdidinA ncohgitintli AidSwated ihdicatddtia Talall f'g:e
to the obtained polynmer are indicated in Table 1. Exanple 14 (Conparison
Pol ymeri saty ' I edu Y I n Exampl e 1 .
Pol ymer ! Salgefingizaflof g@gﬁm B S0 Sl roeRER iR &ﬁiﬁe& Dofmidt FAMRLSted in
PCT/ EP98/ 0 f | { CH2CHVeCH2CHMECH2CH2Me} 3 ( TDIVHPA) , an al um ni um conpound
not envi sagég %C formula (11) according to the present invention, instead
of TDMHA and operati-ng with the anounts of netall ocene, al um nium conpound
and wat er Exampleds (Compmrisen). The pol.ynmeri zation conditions and the data
relating to the obtained polyner are indicated in Table 1.

Polymerisation of Propylene

The general procedure described ip Example 1 was followed but using
Ai{CHZCHMeCH2CH20(Me)3}3 (TDMHEA), an aluminium compound not envisaged by
formula (II) mcordiné to fhe present invention, instead of TDMHA and operating with the
amounts of metallocene, alurmmum compound and water indicated in Table 1. The
polymerization conditions and the data relating to the obtaine‘d- polymer are indicated in
Table 1. |

Example 16 (Comparison)

_Polymerisation of Propylene

The general procedure described in Example 1 was followed but using Al{CH,CHMe,},
(TIBA), an aluminium .compound not envisaged by -formula (II) according to the present.
invention, instead of TDMHA and operating ﬁrith the amounts of metallocene, aluminium
compound ana water indicated in Table 1. The polymerization conditions and the data
relating to the obtained polymer are indicated in Table 1.

Example 17 (Comparison)

' Polymerisation of Propylene

The 'general procedure described in Example 1 was followed with the following changes. A
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Exanpl e 15 (Conparison) Pol ynerisation of Propylene The general procedure
described in Exanple 1 was followed but using .

Al { CH2CHMeCH2CH2C( Me) 3) 3 ( TDIVHEA), an al um ni um conpound not envi saged by
formula (11)WQEY¥EI ng to the present invention, instead of TmPag/eﬁm
~operating with the anounts of netall ocene, al um nium conpound and wat er

i ndicated in Table 1. The polynerization conditions and the data relating
to the obt asobstibnpsfl MAD (8156 nmmol) émteldenenwdsintredicedfxtombe eeddbor( fotlowad, aften)10
Pol ymeri sati on of Propylene The general procedure described in Exanple 1

vas foll oweﬂgﬁ%%s, by ir%}aﬁld?: oh}({ferf-EﬁLKerE%rEﬁ)nmﬁﬁ AdRAD ‘{ms_eqmaggﬂ

not envi sage according to t esent ‘i nvention, inste

~of TDWHA and, operating,w th the unts of netall ocene,. al.um ni um cogpound
and wat er - UHBG SHqH had heen Azed BT 49 JHENFS ol R, BODRRIZAHOM Svasn CArTing. Gl 25
relating to the obtained polyner are indicated in Table 1. Exanple 17

( Conpar i sondespuibedninrExample . the polymerieationTtoadijione and ther dede celatingitosthe iobtainedn
Exanple 1 was followed with the foll owing changes. A 27 WO 99/ 21899

PCT/ EP98/ 06goly¥mePard inditated inVf¥Blé §. SO nmol ) in tol uene was i.ntroduced into
the reactor followed, after 10 m nutes, by the product of the reaction of
r-EBlI Zrcl 2 %and MAO (0.50 nmol) in toluene, which had been aged for
30 m nutes. meri zation was carried out -as described in Exanple 1.

The pol ynerjzation conditions and the data relating to the obtained
: Polymerisation of Propylene :

The general procedure described in Example 1 was followed, “but using 'rac-MéZSi(l-
Ind),ZrCl, instead of r-EBIZrCl,, and Al{ CH,CHMe(_CMe,)}g (TTMBA) instead of
.TDMHA, and operating with the amounts of metallocene, aluminium compound and water
indicated in Table 1. The polymerization conditions and the data relating to the obtained
polymer are indicated in Table 1.

Example 19 (Comparison)

Polymerization of Propylene

The general procedure déscribed. in Example 19 was followed but using
Al{CH,CHMeCH,(CMe;)}; (TIOA), an aluminium compound not envisaged by formula (II)
according to the present invention, instead of TTMBA and operating with the amounts of
metallocene, aluminium compound and water indicated in Table 1. The polymerization |
conditions and the data relating to the obtained polymer are indicated in Table 1.

Example 20 (Comparison)

Polymerization of Propylene

.. The general procedure déscribed in Example 18 was followed with the following changes..A

solution of MAO (8.50 mmol) in toluene (10% w/w) was introduced into the reactor
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polymer are indicated in Table 1. Exanple 18 Pol ynerisation of Propyl ene
The general procedure described in Exanple 1 was foll owed, but using

- rac- Me2Si (| wénooridde Cl 2 i nstead of r-EBlIZrd 2, and PCT/EP98/06732
Al {CH err] CHVe(CMe[err])}[err] (TTMBA) i nstead of TDMHA, and operating with
t he amounts of netall ocene, al um nium conpound and water indicated in Table

pol yror " ar SOSED 48 £ ElnhbS Yy A pleboet Bt e felion B el RUSZRCH 4
Usi g, A{ cpeelle &%m&si’ced“re ) i 201usc, iPHieh oG hsBu ABS e 80 PaRd Ty
formula (I11) according to the present invention, instead of TTMBA and

. operating \noﬂmerﬁmﬁanwmt@méd out ad Hescribed mEmhpleum Tispolymitrizaibn\edmlitions
indicated in Table 1. The poI ymeri zati on condi t ions and the-data rel ating

‘to the obt YelRingto ﬂ%ﬁ@a ;"rﬁkr .20 (Comnpar.ison)
~Pol yneri zaﬁnggﬂeof&aigropyl ene The gen?g ;Eg%’iéx ure Egscrl bed in Exanple 18
~was follo Wi t he foll ow ng changes. A solution of MAO (8.50 nmml) in

- toluene (1 s introduced into the reactor 28 WD.99/ 21899

- PCT/ EP98/ 06732 fol |l owed, after 10 m nutes, by the product of the reaction
of rac- Me[ dialymprizationjsOBthyléne r] (1 nmol) and MAO (0.50 mmol ). in tol uene,

- whi ch had been aged for 30 mi nutes. The polynerization was carried out as
~descri bed iA 1Hx jatkeecobledTRactn)|eyiiipped Withodh &UR6E biirdéts was placed under vacuum and

heated to 70 °C overnight. A pickle sc_)lution_ of TIBA (0.10 g) in toluene (50 ml) was then
added and the mixture was stirred for at least 1 hour, at 50 °C. The mixture was removed and
the reactor flushed with nitrogen and then charged with iso-octane (300 ml). The reactor was
pressurized with ethyléne (7 barg) and the temperature maintained at 50°C.

Sepmtely, 0.548 g of Al{CH,CHMeCHMeCH,CH;Me}, (TDMHA, 1.5 mmol) were |
dissolved in iso-octane (5 rhl) in a bottle with a seﬁtumbap. The solution was cooled to 0-4
°C, using an ice bath, and 13.5 ml of water (0.75 m'mbl) added using a 25 ml syringe, whilst
maintaining the temperature below 15 °C and purging the solution with nitrogeﬁ. The
resulting solution was introduped into.the reactor w1thm 30 s, via an injection system, using
a total amount of 50 ml of iso-octane.

Meanwhile, 6.2 mg of rac-Et(l.-Ind)ZZrCl2 (14.8 mmol) were dissolved in 20.0 g of toluene
and 0.070 g of the solution obtained (0.052 mmol) was diluted with toluene (1 ml) |
containing 0.037 g of TDMHA (0.10 mmol). Five minutes after the introduction of the
hydrolysed alkylalum_inium mixture into the reactcr, the alkylated zirconocene solution (aged |
for.5 min) was injected ihto the reactor (using a total 50 ml iso-octane). The .polyméﬁzaﬁon--

was continued for 1 hour, at a constant temperature of 50 °C and a constant presém_'e of 7 bar;
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and the data relating to the obtained polyner are indicated in Table 1.
Exanpl e 21 Pol yneri zation of Ethylene A 1 L jacket-cool ed reactar, equipped
wi th an anchor stirrer, was placed under vacuum and heated to 70 erriC
“overni ght . WR328%%% sol ution of TIBA (0.10 g) in tol uene (50PGF¥ Then
“added and the m xture was stirred for at least 1 hour, at 50 [err]C. The
~m xture was renoved and the reactor flushed with nitrogen and then charged
"W th i so- deating:wasaltemdliscortinyed and ethylangsveptedstepidly £2+3 wnin). Thépesulting(sturry
“barg) and the tenperature maintained at 50[err]C. Separately, 0.548 g of

Al { CH2 CHVie¢asddab fo- 2 WretinolT $Virifon (B % WRPHCIYdefiltére® Ahe P bbrainda vadsidied in 5
m) in a bottle with a septum cap. The solution was cooled to 0-4 [err]C,

Syringer el TyeR T i 100 Fbef GRS Bnd I ViR BB 05 T (e

sol ution th nitrogen. The resulting solution was introduced . into fhe .
react or vﬂfh?i Relypenzation copditipps and thedata zelating to thepptained palymer are-indicateddn ni
of iso-octane. Meanwhile, 6.2 ng of rac-Et(1-Ind)2Zrd 2 (14.8 mmol) were
di ssol ved Tabl€2Z. 0 g of toluene and 0.070 g of the solution obtained (0.052
mmol) was diluted with toluene (1 m) containing 0.037 g of TDVHA (0. 10

mmol ). Fi \Eaxarﬂ%tzgs after the introduction of the hydrolysed al kyl al um ni um
m xture i eactor, the al kylated zirconocene solution (aged for 5

m n) was iﬁ'llect ed {'intozﬁﬂe!r eactor (using a total 50 ml iso-octane).. The
pol ymeri z e_ or 1 hour, at a constant tenperature of 50
[err]C and _a constant pressure of 7 bar; 29 WO 99/21899 . .

PCT/ EP98/ (e32genemali nprogedire halesatibedonimi nByempled 2k hywasnefollowedd bupi usipg

(2-3 mn). The resulting slurry was added to a nethanol solution (2 %ww
- HA') and fAW{CELEHMSICMENR,oTRVBZ) WaSaltinifidm! Bompound instead of TDMHA and

operating with the amounts of metallocene, aluminium compound and water indicated in
" Table 2. The polymerization conditions and the data relating to the obtained polymer are

indicated in Table 2.

Example 23

Polymerization of Ethylepe

The general procedure described in Example 21 was followed, but using
Al{CH,CHMeCHMe,}, (TDMBA) as aluminium compound iﬁstead of TDMHA and
operating with the amounts of metallocene, aluminium cémpound and water indicated in
Table 2. The polymerization conditions and the data relating to the obtained: polymer are

indicated in Table 2.

Example 24

Polymerization of Ethylene

The .. general procedure described in Example 21 was. followed, -but .using

Al{CH,CHMeCHMeCH,Me}, (TDMPA) as aluminium compound instead of TDMHA and
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a vacuumoven (70 [err]C, 100 nbar, nitrogen stream) and the yi el d
determ ned. The pol ynerization conditions and the data relating t.o the
obt ai ned poky@Bsnaes i Ndicated in Table 2. Exanpl e 22 Pol ynerll,a-y,%ﬁ

Ethyl ene The general procedure described in Exanple F’uovved
but using Al {CH2CHWe(CMe3)}[err] (TTMBA) as al um ni um conpound instead of

IaDltMSf\ i oopaging ot fnd Wﬁ%ﬁ&?ﬁiﬁ%ﬁﬁ%ﬁd. {f‘*@#@“anﬂ'“ﬁg”%“%’%m
Pol yrrer  zat REMech B pERBAHOD SHORIoR obe dsbbrolaect e b ‘?‘ariﬁedeegzém@re

21 was followed, but usmg AI{CI—|[err]CI—|I\/bCI—|I\/b[err]}[err] (TDVBA) as

al um ni um cmﬂmmdjlm'l’abﬂfeb.d of TDWVHA and operating with the amounts of

et al | ocene, al umi ni um conpound and water indicated in Table 2. The B
pol yneri zat Exg %@gstlons and the data relating to the obtained pol ynmer are
I ndicated in Ta Exarrpl e 24 Polymerization of Ethylene The general
procedure deseri e 21 was. followed, but using

_ CHRE - v #s al um ni um corrpound i nstead of TDWVHA and 30
WD 99/ 21899 PCT/ EP98/ 06732
operating wilhg 1graerRkp TpesdyTe né?-iﬂ'lb@%en@ Examplei Zh compofatowed; vbiter using

i ndi cated in
Al{CH,CHMeCHEt,}; (TMEPA) as aluminium compound instead of TDMHA and

operating with the amounts of mefallocené, aluminium compound and water indicated in
Table 2. The polymerization conditions and the data relating to the obtained polymer are

indicated in Table 2.

Example 26

Polymerization of Ethylene

The general procedure described in Example 21 was followed, but using tris(1-menthen-9-
yDaluminium (TMENA) as aluminium compound instead of TDMHA and operating with
the amounts of metallocene, aluminium compound and water indicated in Table 2. The

polymerization conditions and the data relating to the obtained polymer are indicated in

Table 2.

Examples 27-29 (Comparison)

Polymerization of Ethylene

The general procédure described in Example 21 was followed but using
Al{CH,CHMeCH,(CMe;,)}, (TIOA), an aluminivm compound not envisaged by formula (II)
according to the present invention, instead of TDMHA. and operating with the amounts of

metallocene, aluminium compound and water indicated in Table 2. The polymerization
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Table 2. The polynerization conditions and the data relating to the

obt ai ned pol yner are indicated in Table 2. Exanple 25 Pol yneri zati on of

Et hyl ene The general procedure described in Exanple 21 was followed,.
but usi ng AWGMZ23BMCHEL 2) 3 ( TMEPA) as al um ni um conpound i NBEEERIFN67IDVHA
and operating with the ampunts of netallocene, alum nium conpound and wat er
indicated in Table 2. The polynerization conditions and the data relati ng

to the obt gonditioaoindle datagelatifly G@ﬂle%btﬁnceﬁ?dlﬁn& arEhtligdted iA0TdBd Yer i zat i on

of Ethylene The general procedure described in Exanple 21 was followed, but

using tri s(ge EI% Clin m ni um ( TMENA) as al um ni um conpound i nst ead
of TDVHA a ' e anmount's of netal |l ocene, al um ni um conpound
and wat er indi cat ed,l n Tabl e 2. The polymerization conditions and the data

rel ating tCRYBECHEAOMOHLURYENer are indicated in Table 2. Exanples 27-29
(Conpari son) Pol ynerization of Ethylene The general procedure described in

Exanpl e 21 Thes gerderalneprobedure:sidegcritiefl CHRICHERAPIECVEB) JWas 1 FollowedA) butan using
al um ni um conpound not envi saged by fornmula (11) according to the present

i nventi on, AH@@F@MCﬁ@ﬁ‘&}mgghabi\gH?%)Tabl Mﬁxﬁﬂ%op%uﬁfl 1§t HvisBE&! By

al um ni um corrpound and water i nt 2. The polynmerization 31

VO 99/ 21899f rmula (II) according to the present invention, instead of TDMHA S:T é)eErIZ Sé (\)N61&13&x

amounts of metallocene, aluminium compound and water indicated in Table 2. The '
" polymerization conditions and the data relating to the obtained polymer are indicated in
Table 2.

Example 31 (Comparison)

Polymerization of Ethylene

The general procedure described in Example 21 was followed but using Al{(.'ZIHZCI-'IMez}3
(TIBA), an aluminium compound not envisaged by formﬁla (In éccordiné to the present
-invention, instead of TDMHA and operating with the amounts of metallocene, aluminium
cbmpound and wéter indicated in Table 2. The polymerization conditions and the data
relating to the obtained polymer are indicated in Table 2.

Examples 32-33 (Comparison)

Polymerization of Ethyle_ne

The general procedure described in Example 21 was followed lwith the following changes. A
solution of MAO (1.5 mmol) in toluene (10% w/w) was introducéd into the reactor using a
total of 50 ml of iso-octane. After 5 min, the product of the reaction of r-EBIZrCl, (0.065
mmol) and MAO (0.1 mmol) in toluene, which had been aged for 5 min, was introduced

using a total of 50 ml of iso-octane. The polymerization was carried out as described in
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conditions and the data relating to the obtained polynmer are indicated in
Tabl e 2. Exanple 30 (Conparison) Polynerization of Ethylene The . general
procedure vpigoqiighed in Exanple 21 was followed but usipgg/EPse6732

- Al { CH2CHMeCH2CH2CHWe 3} 3 ( TDVHEA), an al um ni um conpound not envi saged by
formula (11) according to the present invention, instead, of TDVHA and

operating wth.,t unt s aof metall.oce | um ni C ound._.an ter
b cat el rpeltte- SARelsarai RdftenR ta i Beieing IO R iarpat pRFEr my
to the obtai ned polynmer are indicated in Table 2. Exanple 31 (Conpari son)
Pol yner i zandisatedfin fehlgi2ene The general procedure described in Exanple 21
was followed but using A (CH2CHwe2}[err] (TIBA), an al um nium conpound not
envi saged POLYVIER CHARACTYERIZIATIOND t he present invention, instead of
TDVHA and operating with the anpbunts of netall ocene, alum nium conpound and

wat er i ”diﬁyt_tl\ﬁﬂn%@;sﬁabl e 2. The polynerization conditions and the data
relating t i ned polynmer .are indicated in Table 2. Exanples 32-33

( Conpari so ol yneri zati op of Ethylen he. eral procedure described in
“Exanpl e 21 SEHWetF ﬂ@slps#ﬁﬁwg@neg@g’gge?sg?lwt&ﬁ% f MAO (1.5
ol ) in toluene (10%wWw was introduced into the reactor using a total of

50 ml of iGPGAnalysis After 5 min, the product of the reaction of r-EBIZrcl 2
(0.065 nmol) and MAO (0.1 mmol ) in, toluene, which had been aged for 5 mn,

was i nt rodpgAd wipdiae (GHE anlyssd wire QerfoRfie® GistiRe the F611Wing TElirbA:R{gRIphIES

_carri ed out as described in 32

conditions: |

Column: PLgel 2 x mixed bed-B, 30 cm, 10 microns
Solvent: - | 1,2-dichlorobenzene with antioxidant
Flow rate: - 1.0 m/min

Temperature: 140 °C

Detector: . refractive index

Calibration: polystyrene

DSC Analysis

DSC analyses were performed on a Perkin Elmer DSC7. The following températm-e program

was used:

Temp 1: 25 °CTime 1: 1.0 min | Rate 1:10.0 °C/min

Temp 2: 160 °C Time 2: 0.1 min Raté 2:20.0 °C/min
Temp 3: 25 °CTime 3: 1.0 min Rate 3:10.0 °C/min

Temp 4:160 °C Time4: 0.1 min Rate 4:20.0 °C/min
Temp 5 25°C
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are indicated in Table 2. POLYMER CHARACTERI ZATI ON LVN

r

%??éﬂl?%’es wer e perforned using decahydronapt hal enBCEEPS#673Nt

i

Exanpl e 12. The pol yneri zation condi tions and the data relating to the
V
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Tine 4.

at 135 [err]C. GPC Analysis High tenperature GPC anal yses were perforned
2- X m xed bed-B,

using the followi ng chromat ographi c conditions:

1, 2-di chl orobenzdgne W th
Tenper at ur e:
3: 25 [err] CTine}3:

I ndex Cali brati or;
performed on a Pgrk
used: Tenp 1: 25
Temp 2:160 [err] &
[err]C

[err]C 33

PLgel

5.105a009.1d 3s41e3€200 se smnumnepiye parpuelq-i‘g Suisn uonesLamAjod suspddory 1. 9jqe ],
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PCT/ EP98/ 06732 [err] WO 99/ 21899 N '
PCT/ EPO8/\0698/21498 1 | CLAI M5 1. A catal yst for the pol ywowErmsosta2 of
ol efins conprising the product obtained by contacting the follow ng
conponents: (A) a cycl opent adi enyl conpound of fornula (1):

(C[err]R[err]H[err])R[err](C[err]R[err]H[err])[err]I\/Qerr] (1) in which M

is Ti, Zr or H, ( epRier+HeritTar - re equal ly or
dlfferently substitu %d yclopent d_j@yl Etupnts R, the
sanme or different fropgm eq&h ot her,| HIEY s Up consi sting
of a linear or brancfedTsaturate —{om r] al kyl,
Cerr]-derr] cycloalkyl |&] err] SCE4r3] oo hlkylaryl or
Cerr]-Cerr] arylal k gnoups |&)]&ELE hg Si or Ge
atoms or Si(CH err])Ferr]f_groupk, [ ) ‘R of the
sane cycl opent adi eny grc(ﬁ) for@o%ﬁarg hed (00 0'_6 car bon
atons; Rerr] isab =dgilrg gr ouw (i‘e‘n i enyl rings
~and is selected fromthe|group tomsilstyn [ e Cler¥| R err], |
SiRerr], Si[err]Relf, @R[erfﬁraﬂbﬁ‘_ﬁ qr2)|3| Bl enBISkCRierr], NR and
PR, wherein the gubstituents RIEI ATk TE g IdP] D A STEDE T rom each
other, are hydroggn ¢r hque the|sane ahi rbg of] R, o thwoi of four
substituents R erf] f @& migge or]t ringg, hgvijngl 31tq € cprpon atons; the
" substituents Q t8e $&e di f goﬁto‘ Lpaatedchy of her | #nel gel ected from
the group consistBng|l& Hag ogen| HEIrHOENE] S| «| il | = Sl S| S : -
L % "a' mieloldlalaivlelel 1 1 1o
g = | @l €| | 2l 2| =1 %| %] 2| 3] 5| =
S 2 '
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R, OR, SR, NRerr] and PRl err mis 1; nis O or 1, being | when
m= 1; X ranges from(rmm Lﬁ“ ﬁges frommto 5; (B) an
organonetal lic alumniu formula (11):

Al (CH err] -WQ¥RI8R err] - CR[err']R[err]R[err])[err] R er r | H erPGT/EP806732
wherein Rlerr] is a linear or branched, saturated or unsaturated
Cerr]-Cerr] alkyl or (Jerr]-(err] aryIaI kyl group; R err] is hydrogcn or
a linear or branched. saturated or uns@LABMSd Cerr]-Cerr] 36 WO

99/ 21899 : . PCT/ EP98/ 06732

al kyl or Cljerr] Aﬂcﬁfal;]st Fop o bMiynﬁ&Ehﬁbn Bf‘iiléﬂnsaé&nlﬂsmgt e prodRcObbtained by
different from each ot her, aré [l near or branched, 'saturated or unsaturated

Cerr]-Cerr] aIk Cerr]- C[err] aryl al kyl .or .

al kyl aryl group§° Cgs[tﬁg&qot%%fim l%P"F] and Rlerr] and/or-Rerr] and
R[err] optionally formone or two rings, havmﬂ 3 to 6 carbon atons; Rerr]
is hydrogen or 4A)i neyclopenadienyl cempeund offomanlaMunsat urated Cerr]-Jerr]
alkyl, C(ferr]-Cferr] aryl, Cferr]-Clerr] arylalkyl or (Jerr]-Clerr]

al kyl aryI group; Rlerr] is a(C;ng 2@MM%M@LM(&) ed.or unsaturated

Cerr]-Clerr] alkyl or (JQerr]-Clerr] arylalkyl "group, a carbon atomin the
conpound of formul a Qe I [ﬁﬁ&%
|smi 2 or 3, zis O(IhWhi gﬂpzlj;&anﬂb{%)‘m"’%gltag:r’ﬁy ﬁ ﬁyv

Conpr 1 Sed. bet vodh SRt ol ttes; e’ Sa'd f’éreé& G

wherein the nolar ratio between said organonetallic al um ni um corrpound (B)
and said water (cferj sre2sele®ted fromhthecgroup yonsistingoofiia lipeanor brinched, ssturated or
wherein the nolar rati o between said organonetal lic alum ni um conpound (B)
and said cycl opaims@tiagdy C,-Comagy) C(@), dyeRaryl fCo0), Ryk €,3C,, WWaryl or C-Cy
arylalkyl groups radicals, optionally containing Si or Ga atoms or .Si(CH3)3 groups, or
two or four substituents R' of the same cyclopentadieny! group form one or two rings,
having 4 to 6 carbon atoms; R? is a bridging group between the two cyclopentadienyl
rings and is selected from the group consisting of CR?,, C2R34, SiR3,, Si,R’, GeR?,
Ge,R?, R%,SiCR%, NR! and PR', wherein the substituents R?, the same or different from
each other, are hydrogen or have the same meanjng of R',.or two or four substituents Rs
form oné or two rings, having 3 to 6 carbon atoms; the substituents Q, the same or
different from each other, are selected fram the group consisting of halogen, hydrogen,
R!, OR', SR}, NR',2 and PR,; m is Oor1;nis0or 1, being 1 when m=1; x ranges
from (m+1) to 5; and y is ranges from m to 5;
(B) an organometallic aluminium compound of t_h¢ formula (II):
Al(CH,-CR'R*-CR'R'RY) R’ H, ()
wherein R* is a linear or branched, saturated or unsaturated C,-C,, alkyl or C,-C,,

arylalkyl group; R’ is hydrogen or a linear or branched, saturated or unsaturated C,-C,,

" This Sheet Has Been Repl
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4. The catal yst acco aims 1 to 3 wherein, in said
cycl opent adi enyl corrpou ﬂ“ﬂ "m,m lm"mg the metal Mis zireonium 5.
The cat al ys§o 6689411 Ng t & any of el as e wherein, in s®ca/EPIS/06732

cycl opent adi enyl conpound of the fornula (I) m =0; C[err]R[err]H[err] and

Clerr]Rlerr]Herr] are selected fromthe group con5|st|ng of

R TR Sl G M 5,

~according to any of clains_1 to 4 wherein, |n sai d cycl gpent adi enyl 37 -
WD 99/ 21899 ear or branched, saturated or unsaturated C,-CpalintroetnamdoCoomssiialiyier

the fornula (1), m=1;, (err]Rerr]Herr] and Clerr]Rlerr]Herr] are

- sel ected from tﬁkylgnybgmmrmbshbm'mmis RtiamdRE ahd/or B ahd RS reptidhailyy form one or
i ndenyl, 4,5, 6 7-tetrahydroi ndenyl, 2- methyl 4,5, 6, 7-tetrahydroi ndenyl‘

4, 7-di met hyl - émﬁ“‘z%'gt@é‘ﬁfgw 8

2,4, 7-trinethyl-4,5 rg{1 Sﬁgl n?idoﬁ?fRaﬁdlyﬁoég?gﬁﬁllmaarrgﬁggam I s
%ﬁhi[%&éﬁ;? "o i naéa#@ RITMIRAR ?@fcﬂﬁo‘%ﬁ?éﬁcﬁhﬁ@'&é&pﬁ‘
“wherein, in said organonetal lic al um ni um conpound of fornula: (Isl}lfcﬂ R[err]

is a derr] - C[ e# lineasjor pranghes, saturates: or] urisgtuga /Qi-Cgeaikylton,-Gp aryiglkylrgtoup, a
Rlerr] are (Jerr]-C[err] alkyl groups, R err] is hydrogen or a

err err
B e o s

according to cl EWB 1sb'2>r§ ﬁg_?_wg%ﬂgmet allic al um ni um conpound of

formula-(11), erf IS’ rre or €t The catal yst according to
claim 7 wher ei& in said or ganorret al I i ¢ al um ni um conpound of formula
(1), qis diff&ent™MBm 0 and Rlerr] is i sobutyl. 10.  The catal yst
.according to any of clainms 1 to 8, wherein said organonetal lic alum nium
conpound of f ortinapldd tajio ibstWeeh_sséﬂ, Gganametatiic hiamibiuty compoumdn(BYrmd said water

(C) being comprised between 1:1 and 100:1.

2. The cé’talyst according to claim 1 s whereig the molar ratio between said organometaﬂic
aluminium oompound (B) and said water (C) is 2.

3. The catalyst according to claim 1 or 2, wherein the molar ratio between said
organometallic aluminium compound (B) and said cyclopentadienyl compound (A)
ranges from 50 to 50,000. |

4. The catalyst according to any of claiins 1 to 3 wherein, in said cyclopentadienyl
compound. of the formula (), the metal M is zirconium.

5. The catalyst according to ény of claims 1 to 4 wherein, in said cyclopentadienyl
compound of the formula (I), m =0; CR',H;, and CR', H,, are selected from the
group consisting of pentamethyl-cyclopentadienyl, indenyl and 4,5,6,7-tetrahydro-
indenyl; and the Q substituents are chlorine atoms or methyl groups.

6. The catalyst according to any of claims 1 to 4 wherein, in said cyclopentadienyl
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11. The catal yst accordi nﬁ to a wherein said

to 10

conmponent (B) is a mixtu ﬂ! g"ﬂﬂﬂmﬂmmﬂfnomﬁ al i c al um ni um conpounds of
formula (11 wherein z= the nolar ratio between the ;
hydrogen aWe9248%ect|y bound t6 al um ni'um and al uni ni um at dHfet/FEI8(087R2,

" than 0.8. 12.  The catal yst according to claim 11, wherein said nol ar

- ratio between the hydrogen atons directl bound to al um.nium and al um ni um
atons ranges feomp@indfithe forgmla @), m =A; GRU.IE4 m@pskbaﬂpp&ymméfﬁmﬂ!ﬁ
ol efins corrprl sing the product obtained by contacting the foll ow ng

© conponents: group\86hsi§tink 1of @ftramethyl-cyclopentadienyl, indenyl, 4,5,6,7-tetrahydroinden 1,2—
- PCT/ EP98/ 06732 (A f a cycl opent ag-gzylopcorrpognd of YformJI a (|§' Y

orr] Rerr ] H{ B @fé?#%ﬂh&%th?@?”g%iﬂ}”%%@@w e

S mon B e 54 S gekps RS (G512
Al (CH[err] CRlerr]Rerr]-CR err]R err] R[err])[err] R[err] Herr] (I1) .
wher ei n R[ er r ] CHCEg+; the QsebstifuentS[aee chloring ermgthylifreups] , w, z and g have the

nmeani ng reported in claim1; the nolar ratio between said organonetallic
~al umi ni unycoMpPquAC: b&dﬁ@ £ aRf HOCHRAIPN #°¢ BWREEE nlseld WehnbRiRiallic

14. A process for e pol ymer i zatlon of an oI efin |n the presence of a

-catal yst accordjn Io any of | B GESS, a cord| n to |
cl ai m 14, wher uﬁrﬁgwq# do %g r}{ 8Ia '|" s g "ﬁh&a _

wher ei n Rlsh roge or a ery al kyl radlcal
¥{g c? D %[lkyl groucp[s 1Js hydroéen or a C,-C; alkyl group, wis 2 or 3 and,

when g is different from 0, R? is a branched C,-C; alkyl group.

8. The catalyst according to claim 7 wherein, in said organometallic aluminium
compound of formula (II), R* is methyl or ethyl.

9. The catalyst according to claim 7 wherein, in said organometallic almmmum
compound of formula (II), q is different from 0 and R’ is isobutyl.

10.  The catalyst according to' any of claims 1to 8, wherein said organometallic aluminium
compound of formula (1T is tris(2,3,3-trimethyl-butylaluminum.

11.  The catalyst according to any of §IMS 1 to 10, wherein said component (B) is la
mixture of the two organometallic aluminium compounds of formula (II), wherein z=0
and z=1, so that the molar ratio between the hydrogen atoms dirécﬂy bound to
aluminium and aluminium atoms is lower than 0.8. o

12.  The catalyst according to claim 11, wherein -said molar ratio between the hydrogen
atoms directly bound to aluminium and alu=inium atoms ranges from 0:05 to 0.3.

.13. A catalyst for the polymerization of olefins comprising the product obtained by

contacting the following components:
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16. The process accorkmiuyuﬁuwﬁllwﬂ wherein ethylene is
honmopol yneri zed. 17. ding to claim15, wherein ethylene

i's copol ywrydorageon th an a-olefin of formula CH err] =CHR, wper@Pps/is78s a
| i near, branched or cyclic (Jerr]-Clerr] alkyl radical, or with a -
cycloolefin, and optionally with a polyene. 18. The process according to

claim 17, whefggyn 'Eifjéfta{ 5 th@m ind oTSoGRiISH).f r om the group consi sting
G & 4%%%% - pent ene, )

of propyl ene, “1' -buténe; - hexene and 1 -octene. 19.

The process according to clAi ol gy 1 r&l . an el astonmeric copol ymer
of ethylene is obtained, s&éﬁ{nem"@%m f(f)om 15 to 85 nol % of
ethylene units, the com plenent to 100% consisting of units of one or nore
[err]-ol efins and/ wherein M,iGR!, .38, CR aiiyoRt € miand athave thsl meaning reported
cycl opol yneri ze. 20. The process according to claim19, -wherein said

~ copol ymer cont ai ns i élaim P ahdt 0 5% by noles of polyene units. 21.° ~An

- organonetal i c al um ni um conpound of forrmula (I1): '

11 L s S g S W S i

. exclusion of tris(2,3,3-trinmethyl-butyl)alum nium
tris(2,3-di met hyl - sempeynd efformia{ID:t ri s(1- nment hen-9-yl ) al uni ni um and

tris(2-ethyl-3-nethyl-butyl)al um nium 22. The organonetal lic al um nium
- compound according to cl ai MAACHMRIRCRE'RIR Has (H) | east two carbon
-atons. - 23. A process for preparing an organonetal lic al um ni um conpound

aai A progess compr TR R Rane Ryl 4 Al M ang Bipting kirorl il UBLA 97T
IS GRS CERte; Raat EAAL F AT N A KR SR
| comprised between 1:1 and 100:1. ' -

14. A process for the polymerization of an olefin in the presence of a catalyst according to
any of claims 1 to 13.

15.  The process according to claim 14, where_in said olefin is an o-olefin of formula
CH,=CHR, wherein R is hydrogen or a C;-Cy alky! radical.

16:  The process according to claim 15, wherein ethylene is homopolymerized.

17.  The process according to claim 15, wherein ethylene is copolymerized with an a-olefin
of formula CH,=CHR, wherein R is a linear, branched or cyclic C,-C,, alkyl radical,. or
with a cycloolefin, and optionally with a polyene.

18.  The process according to claim 17, wherein said. o-olefin is selected. from the group

| consisting of propylene, 1-butene, '4-methyl-1 ~pentene, 1-hexene and 1-octene.
- 19.  The process according to claim 17 or 18, wherein an elastomeric copolymer of ethylene

. = - is obtained, said copolymer.containing from 15 to 85 moi% of ethylene units, the com-

plement to 100% consisting of units of one or more a-olefins and/or of a non-
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(b) =~ an alum nium conp Rlerr], wherein the R err]
substituents, the sane Oﬂmﬂ‘amﬂm' each other, are hydrogen or alkyl
radicals containing a [erer]-¢ rogen swbstituent having a nunber of -carbon
atons Iomer‘”‘?ﬁ%{?i‘s???at of the al kene (a); wherein conpound (afCTERIBATEt in
. a nolar anmount- at |least three tines higher than that of conmpound (b). 24.
- The process according to claim23, wherein said conpound (b) is
triisobutyl al urdonjugated dickéfinsattleto,dyslopolymenize-hydri de. 25. The process
according to claim23, wherein said conpounds (a) and (b) are reacted in a
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moles of polyene units.

21.  An organometallic aluminium compc;und of formula (II):
Al(CH,CR'R-CRRR),R°H, ()
wherein R*-R’, q, w and z have the meaning reported in claim 1, with the exclusion of |
tris(2,3,3-trimethyl-butyl)aluminium, nié(2,3-dimethyl-butyl)alﬁnﬁnimn and tris(1- |
menthen-9-yl)aluminium. '
22.  The organometallic aluminium compound according to claim 21, wherein R® has at -
least two carbon atoms.
23. A process for preparing an organometallic aluminium compound as déﬁned in claim 21
or 22, wherein w is about 3 and R; is hydrogen, said process comprising reacting:
(a)  an alkene of formula CH,=CR*-CR’R'R®, wherein R*, R®, R’ and R® have the
' meaning feported in claim 1;and
(b)  an aluminium compound of formula AIR™,, wherein the R™ substituents, the
same or different from each other, are hydrogen or alkyl radicals containing a f-
- hydrogen substituent having a number of carbon atoms lower than that of the
alkene (2);
wherein compound (a) is present in a molar afnount at least three times higher than that
of compound (b).
24.  The process according to claxm 23, wherein said compound (b) is triisobutylaluminium
or diisobutylaluminium hydride.
25.  The process according to claim 23, wherein said compounds (a) and (b) are reacted in a
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hydrocarbon solvent.
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