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(54) Title: METHOD FOR OLIGOMERIZING OLEFINS

v (84} Bezeithoung VERFAHREN ZUR QLIGOMERISIERUNG VON QLEHNEN

{57 Abstract: The lnveniion relates 10 2 method for oligomerizing olefins according 1o which an olefin is broughi into contact with a

calalyst system compnsing: ) at least one transition metal complex having a multidentate complex ligend. and: b an alkylalumoxane
@~ in quantities in which the molar ratio of aluminum to transilion metal is greater than 10, whereby at least onc portion of the quantity
<F of the transition complex is added continuously or in portions over the course of oligomerization. The method enables the production
g of greater quantities of olefin vligomers with 2 given quantity of alkylalumoxane.

!") {57) Zusammenfassung: Beschrieben wird ein Verfahren zur Oligomerisierung von QOlefinen, bei dem man ein Olefin mit einem
Katalysatorsystem in Kontakt bringt, das a) wenigstens einen Ubergangsmetallkomplex mit einem mehrzihnigen Komplexliganden
und b} ein Alkvlalumoxan in solchen Mengen umfassl, dass das molare Verhiltnis von Aluminium:Ubergangsmetall mehr als (10)
betragt, wobei man zumindest Oligomenisierung konlinuierlich oder portionsweise hinzufigt. Das Verfahren gestatiet die Herstel-
lung griisserer Mengen an Olefip-Oligomeren bei gegebener Menge an Alkylalumoxan.



plasticizen?qﬁﬂ’ﬁﬂ%&ﬁics. Processes for the oligonerization of | ower

ol efins produced in, for exanple, steamcrackers are thus 15 of central

i nportance in the production of products used in daily life. W 00/58319
describes a process for preparing oligomers of olefins using an

ol i goneri zation catal yst which is obtainable 20 froma chrom um conpound

and a 1, 3, 5(}r|gﬁg%%&k38§§§?e%gnp an activating additive such as an

aIkyIaIun1noxaﬁe 9" descri bes the ol i goneri zation of ethene in
the presence of a catalyst conprising a chrom umconplex with a 25
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al kyl gr oup 3GKYLAS um%ﬂQ&ﬂ“&lun1noxane This forns a catalytically active
speci es which adds on olefin nolecules in a stepwi se fashion. The olefin
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di scar ded. 4@Wneoh¢:¢<y15alpmﬁn@&@rﬂem Sousewdnpleaisstiepm crickegs exeetuhased
on the trYmerd testraktiadpoceaptexin rther geodict iathioéVprsdidisf ackedr yn daily
activation. 1Tke_associ ated hi gh consunption of al kyl al um noxane therefore
represents a considerable cost factor in such olefin 45 oligonerization
processes. 5 4 s an object of the present_jnvention to
provi de a pF% ggzg?iig qﬁﬁgrb ?@dﬁéFF%SFFoﬁOEﬁpﬁﬁpéfﬁﬂg ?%FQHWQEﬁ 8h olefinis
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the al kyl al uaknoxene Adikave swmGst Bat alkyraleRiiaekans, achi eved by a
process for the oligonerization of olefins, in which an olefin is brought

Into cont a%% }QA BhS.'?'I C6%t9a| gscrl es etrﬂ]ecg cgén?elrn%ajélon of ethene in the

presence of a catalyst comprising a chromium complex with a
25 pelydentate complexing ligand and an alkylaluminoxane.

Although the mechanism of olefin oligomerization over transition
metal complexes has not been fully elucidated, it is assumed that
. the “activation” of the transition metal complex by the

30 alkylaluminoxane involves a ligand exchange reaction between an
abstractable ligand of the complex and the alkyl group of the
alkylaluminoxane. This forms a catalytically active species which
adds on olefin molecules in a stepwise fashion. The olefin
mclecules react in the coordination sphere of the transition

35 metal complex to form an oligomer. Liberation of the oligomer
regenerates the catalytically active species. However, even with
substantial execluaien ¢f impuritises, the catalytic activity of
the catalyst system becomes exhausted after some time. In
general, the catalyst system is then discarded.

40
The alkylaluminoxane 1i5 usually used in a large excess based on
the transition metal complex in order to achieve satisfactory
activation. The associated high consumption of alkylaluminoxane
therefore represents a considerable cost factor in such olefin

45 oligomerization processes.
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complexing ligand and

15 . . ;
b) an alkylaluminoxane in such amounts that the molar ratio of

aluminum:transition metal is greater than 10, where at least
part of the amount of the transition metal complex is added

20 continuously or in pertions during the cligomerization,

Suitable alkylaluminoxanes are, for example, known from
DE-A-3 007 725, and their structures are largely unelucidated.

25 They are products of the careful partial hydrolysis of aluminum
alkyls. These products are obviously not in the form of pure
chemical compounds, but are mixtures of open-chain and cyclic
structures of the types Ia and Ib which are presumably in dynamic
equilibrium with one another,

30
R
Al
35 | |
R 0 R Al Al
m
R R R m
40 Ia Ib

In the formulae Ia and Ib, the groups R are identical or
different and are each, independently of one another, C;-C;;-alkyl
such as methyl, ethyl, ne-propyl, i=propyl, n=butyl, i=butyl,
sec-butyl, tert-butyl, n-pentyl, i-pentyl, sec-pentyl, necpentyl,

45

1,2-dimsthylproprl, i1-amyl, n-hexyl, i-henyl, secc-henyl,



n-butyl, i-bU¥YY °¥e&butyl, tert-butyl, n-pentyl, i-pentyl, sec-pentyl,
neopentyl, 1,2-dinethylpropyl, i-anyl, n-hexyl, 5 i-hexyl.

Met hyl al um noxane is particularly preferred- mis an integer fromO to 40,
preferably fromO to 25 and in particular fromO to 22. Cage-like
structures fQrmedeyli, nox thaveogl o, heendh SCHSERG 1 AnalR-ddifedyiterature
(cf. Organo | j 1 9_%_ D... A213- 26; Kr . Symp. 1995797, pp.
15-25). Ther%t{éﬁﬂa‘raa'gbx négkgfr')esusw t%gbﬁgt}?%iré’ teﬁg?’gur%%%r%?y(])lf’ tlﬁ%ro%"F]ésent
i nvention r e’b‘apr‘%/?ly ssl(')gu‘f i SESCPUEY i dieThaPUFRl . IS PEREYLr abeReNtdd et al
conpl ex can IRE-BEPLy¥daphesreativéh, 1 a? tdimetayl pyerylon i-agydapabhexydf,

ol i gomeri z5 niy-t@xafli. nBe ISl 4Jaliaoxand algy sas tatul i 1y tprpeeared dasars had in
"Frontiers ijhtdRirakeremt @l Qd, PelyF@¥Fdradt i£08m. 0 GieMs BRY. i A4 12099, Vol .
100, 20 No. orPR +4164-1645. The transition netal in preferred conplexes
I's selected fromanong chrom um vanadium tantalumand titanium Suitable
transition metal conpl exes can be represented by the formula LMeXk, where
Me is a trarfSa9-dakretbfuctiresefapl Jluminoyapes JdnvE alsoj een ghispyssedt &n
conpl exi ni@ | tlgarddteXature | (dent Decabnametadiliter €996 arlisongpan22 kK3426;2 or 3.
The pol ydentsdkeomenp! syhpg 1dsgangds7 pr%j,erlablzy) pccupies three adjacent
coordi nation positions on the octahedrally coordinated 30 netal atom

Ni t r ogen- cong.ai ni | ydent at e conpl exi |l i.gands. _are preferred.
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skel et on. 185 Suitable conplexing |ligands having a 1, 3,5-triazacycl ohexane
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Cl- C12- al ky| ,etéd'-‘ﬁ’l‘5§5¥§ﬁd JOLFREERBALHAN | kP Ry BPEALt A0, Vedhy 00,
N, N- di n'etfhéll*éﬂﬁ HoePhyl 1167364Py| The-tmanglitiperpetnit yin prefeaged gemplexes

dodecyl, 1, Lidisegthyédofismy lamong lepeniyingt hghad Rmef eanedlum and titanium.
1,3,5-triazacycl ohexanes are 1,3,5-tri-tert-butyl 45
1, 3,5-tri azagy:cl.ahex 1.,:3,.5-triet - 5.1 ri
S e R e Sl BSOS o
1,3, 5-tri s (LRI ABAER N -IF 3, STERT HoHUy EFGRLy SR SHTAR0USET s34 PE 4
25 Ti, L 1s a polydentate complexing ligand, X are identical or
different anions and k is 2 or 3.

The polydentate complexing ligand preferably occupies three
adjacent coordination positions on the octahedrally coordinated

30 metal atom. Nitrogen-containing polydentate complexing ligands
are preferred. Particular preference is given to cyclic polyamine
ligands, in particular ones having a 1,3,5-triazacyclchexane or a
1,4,7-triazacyclononane skeleton.

35 Suitable complexing ligands having a 1,3,5-triazacyclohexane
skeleton are described in WO 00/58319, whose disclosure is hereby
incorporated by reference. Among these, preference is given to
1,3,5-triazacyclohexanes whose nitrogen atoms are substituted
independently of one another by substituted or unsubstituted

40 C;-Ciz-alkyl, Cg-Cis-aryl or C;-Ci;s-arylalkyl, e.g. by methyl,
ethyl, N,N-dimethylaminoethyl, n~propyl, n-butyl, tert-butyl,
hexyl, octyl, dodecyl, 1l,1l-dimethyldodecyl or l-phenylethyl.

Preferred 1,3,5-triazacyclohexanes are 1,3,5-tri-tert-butyl-

45 1,3,5-triazacyclohexane, 1,3,5-triethyl-1,3,5-triazacyclohexane,
1,3,5-tris[(l1-phenylethyl)]-1,3,5-triazacyclohexane,
1,3,5-tris[(1l,1-dimethyl}dodecyl]-1,3,5-triazacycliohexane and
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2- phenyl prop- 2-yl cycl opent adi enyl . 25 Further alternative polydentate

conpl exi ng I ands are 3 § N et h i dazol -,Zéél)é compounds of the fornmula
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Cl- C18- car boky ate LhERe ad ACePRTES até RBEPAdieny ot e,

stearate or Qg%TcFﬁ/Iar’r@xa Bht ®%amp® 0050/ 53411 5 The transition netal

conpl exe20caAndbEC 06 ah biexl ¥phosehhoekt kilow lopentadiseaydkil led in the art or
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25 Further alternative polydentate complexing ligands are

bis(N-methylimidazol-2-yl) compounds of the formula

H.G R2 CH,
’ Ny
W

35
where R? is hydrogen, C;-Ce-alkyl or C;-Cs-alkoxy and Y is
N-methylimidazol=2=yl, RljP=X= or RljN=X-, where R! is C;=Cg=alkyl,
Cs5-Cg-cycloalkyl or Cs-Cig-alkyl and X is C;-Cg-alkylene.

40 Suitable anions X are, in particular, halides such as fluoride,
bromide, i1odide and in particular chloride; tosylate, triflate,
tetrafluoroborate, hexafluorophosphate, hexafluoroantimonate,
tetraphenyvlborate; C,-C g-carboxylate such as acetate, butyrate,
neopentancate, laurate, stearate or 2-ethylhexanocate.

45



EP- A-O 537 609Y/RitHer, T. et al., Organonetallics 2001, 20, pp. 1247-1250;
Dohring A et al., Oganonetallics 2001, 20, pp. 2234-2245 and Deckers P.
J. W et al., Angew. Chem 2001, 113, No. 13, pp. 2584-2587. 10 The
transition netal conplex and the al kyl 88 um noxane are used in such amounts
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after ol efi ®f OrgRyPRAtAHLIAGxANG Invrdanpar Chenisdnmyint Thiendh&exdnpl ex have
been brolglistuthyarcorits®ot. aailesbleordinpl onss e dewbi Ched|ing@yeno 2583 131,  of
the olefin gpcurs.sin d@neratnet her.t @kaky gy nBhe €81 £ 4o/ Ialpym pgxane and

a_partial agguni, pf_ 1110 CORRL e & © 0D Nalcdbnstlh [AIeAl,at eLy bef ore

usi ng the olfrgo zatlon reaction. _ T ol'i goneri zetl. can
|i kewi se be PPni 5?514'[?4(%&“& eCker® & ddd®d Torti' nudBdsy g’rhEimn p8%1i ons to
t he conbi nedléatBPyst3 PBnpdhdHt4P87as an alternative, it is possible for

t he al uml®oxane 25 and the olefin to be initially charged and the first
partial ameust +pindha dn’ aBsAL | @ngTRkahn8 O¥Y @1 ki2abenAddathe BYE figed ha

cour s of tgcAl LAY 2ALLOMne 1AM 28ERUSLY MRTLRE ALl (bhYnolat N8
catal yst system has .deteriorated. apprec|a or 5% e e after a tine
of at |east 956%hHFhutiad gro'leh%wf,mgpflﬁr%ﬂeia/d%ar Pra e’é"fy}ia)lg};tf%’f“ ﬁﬁeto
transiti on R8Pal AeRRSIEY Eanthr BrfSeatt 5NVETHE Pol FheteFthPasFsPentherhi s
pr ocedur é5Scamobet repaateadifsoninaral gompbsx nedd as addgd adntheudbos iy canount
of transitian peteloncanpliay, the &ligbfesuratifon, Nit bal dfraxhangetdnand added
partial 35 ARYDABumiH¥kahBCaREOY Har®hiall Kid i BENOXEConf1R3E Bav "od dIf
reaction Sy%‘é%ﬁgr{ et%”%%ﬂtééf?t 3, J AL Egﬂf’o Qf Lp8LYn,IUH Lhansl Ll on, et al
of greater an Y apreferred enbod ment, a gartla‘? amodnt - ot “1'hHé
transition °50t%t%?%ﬁggﬁr?s IMiseParfyr % §eGE oMY it h the
al kyl al urAdnéxirta hiinaxangored & fardisl ameurtngd thansinglex aseatombined
reduced to liessithaimneslihtoly tiwefdrel ubahg visleu®ldgomenizdte onolregotibsn zat i on
by additionrat gietBatlc BReof t4dializRar thR!111@0RYBt bof i 4iNG al1Ngnshid gy et al
conpl ex. Thenbpbt | fladilBhet Mb 1> ol 17! WU EANEld | AIRER! chalyst
advant ageousF rea% er than , Qr,ef er y_great ei) t han L LN,
par 1 cul ar. SPERPEFIGS1aAS38D. 1 FEENALITE " of b ARIPEBAOLE 1o LOfr BAPRHITHING ex
in porti@ﬁspnghéhqxpﬁyﬁ}g4}9 be initially charged and the first partial

amount of the transition metal complex to be added.

During the course of the oligomerization, advantageously when the
activity of the catalyst system has deteriorated appreciably, for

30 example after a time of at least 30 minutes or 1 hour, a further
partial amount of the transition metal complex can be added to
the polymerizing system. This procedure can be repeated as often
as desired, as long as the total amount of transition metal
complex, i.e. the sum of initially charged and added partial

35 amounts, and the amount of alkylaluminoxane present in the
reaction system correspond to a molar ratio of
aluminum:transition metal of greater than 10.

In a preferred embodiment, a partial amount of the transition

40 metal complex is initially charged together with the
alkylaluminoxane and the molar ratio of aluminum:transition metal
is reduced to less than half of the initial value during the
oligomerization by addition of at least one further partial
amount of the transition metal complex. The initial molar ratio

45 of aluminum:transition metal is advantageously greater than 100,
preferably greater than 200, in particular greater than 300. In
place of addition of the chromium complex in portions, the
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6 transition nEtal™ conpl ex can also be netered in continuously during the

ol igonerization, for exanple to obtain a high catalyst activity over a
relatively long period of time. 5 The nethod of carrying out the process
according to the present invention nekés it possible to obtain a

sian ficant |t)ti|(ill'sgﬁ;e.6n m@ﬁldcef{ppé;efdah gllbsgoygrmé%%t_ '&dufih”ngor?tigiu?éiﬁglgmunt dOf
al um noxane. r OC: . r n ntion . gener.a rie
out in the qul nlgdgh%acggl%l%ﬁleg ZngoerPft %gu%f(%{@/lge 6l \?le)% 1'Exgaar élggr é?l %{ysr'

sol vent s, e.aﬁ.tqglj"ﬁ%ﬁ%‘f?rc %% E?gi?%%hh}&naca?’b’o?% afyutAmSs butane, pent ane,

3- net hyl pent ane, hexane, heptane, 2-nethyl hexane, oct ane, cycl ohexane,
net hyl cycl®imeanethdd 2 carryehdydtethanproddsdeeabirdinhal®gtiRapedsent
hydr ocar bonsi nseebias ki Q&Ogbi&@iﬁe tar 8BB4 i hxdgasal Lons Swehnas

benzene, to'rw.%aaz o¥ Y flln o84HY Qxe%%'ﬁeuﬁirg%:%yd&ﬁzgg} ﬁﬁﬁta'cif” or the

ol i goneric action roducts I'ch are e feaction

condi ti ons, %&"§ "1 Mexene. These solvents can be used either individually
or as 20 mxtures. The process of the present invention is suitable for
the ol i gdhdhezptooess iaf ghet predart tingestliectisvgeherakly zairiraed ofit in

et hene. The tpeotegsid®@ipHade RhesesdlvemeentiObabie ab3oehtd tak @pkeeidd the
ol i gomeri zalgdqhent s, RA. %‘ﬂi.?fria{ﬂ? s%%k:?%é&%ﬁcfﬂo%%&bé%'%h a&f pAeQh&f 1 ns

havi ng at |east _three, omthree to twelve, a n.atons, e.dg.
1opr opene,  PeBiPBRe, -meityanet e, dRahdy Mpnhe. PobryReRieor of 0 i o
1-but ene, | PC48EPr etV GIPPRAFANR L URREDWACHR LPReXdnsoner & dstinethvdeentang or
exanpl e, ¥% deghfinatkaliagenggediyiyacarbhes t syrlersy dbfhidroethapeal unm noxane
to undergo alrpaabiyshwirdcaebphocash @b bbgz@iesenllueny £ty l@ne,S general ly
carried out gwhiibenisiedNinedh ¢ fX&idlsit@R ol 1 A Stk o1 PhSheri@NGRak8io®i VEN tO
carrying 1t -Qul HP%%M%OE%FiYﬁﬂ?ind@%°£1$&t£e‘é%t%8§e§or?’ ) ARG g?‘%‘. be used
are all gasgs WAT ¢h are chem ca i ne under e reaction.conditions,
o 0. nitrogaRPBReDs yainese, SPRESHET €a% RS UTTLMAMITES b TEAAddYesh 71 sel f
take on t3eMERBEEHN of protective gas if it has a sufficiently high vapor
pressure under the reaction conditions. 40 The oligonerization is
preferably aaerpescel oFt theoprdsdrd 1206ntidm iRashicabid foromnd5s to 110C.
It i's carrigq;gQuheizat iI¥nESTH Satticulle £RADMG 1@ 8DE filr iHaRI8H! Cof O 120
bar . ethene. The process of the present invention is also suitable for
25 the oligomerization, in particular the selective trimerization,
of a-olefins having at least three, e.g. from three to twelve,
carbon atoms, e.g. l-propene, l-butene, l-hexene, l-decene. A
particularly useful olefin is 1-butene, if desired in admixture
with its isomers as are present, for example, in raffinate II.
30
Owing to the tendency of the alkylaluminoxane to undergo
hydrolysis, the process of the present invention is generally
carried out with substantial exclusion of moisture. Preference is
given to carrying it out under protective gas. Protective gases
35 which can be used are all gases which are chemically inert under
the reaction conditione, e.g. nitrogen or argon. Furthermore, the
olefin to be reacted can itself take on the function of
protective gas if it has a sufficiently high vapor pressure under
the reaction conditions.
40
The oligomerization is preferably carried out at from 0 to 120°C,
in particular from 25 to 110°C. It 1s carried out at a pressure in
the range from ambient pressure to 120 bar.

45 After the reaction is complete, the catalyst system is generally
deactivated. Suitable deactivators are for example, water, which
may be acidified, and lower alcohols. The products of the



45 After the'resctith is conplete, the catalyst systemis generally

deactivated. Suitable deactivators are for exanple, water, which may be
acidified, and | ower alcohols. The products of the 0050/53411 7
oligonerization are advantageously puritied by distillation. Unreacted
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n of tol uerf@a\%@npl aced under an argon atmosphere in a one liter
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met al and Hahei nheéntide ist i406strafeel &gl the ofblwa:@isgt eutm;ﬂdzs\m t h but ene.
14. 74 mmol of et hyl al um noxane (MAO), corresponding to a nolar ratio of
15 al um numgghrapium of 350, were then added in the formof a 1.6 M
solution in toluene. 1-butene was passed through the 1ight-green/yellow

solution obtained after the addition of the MAO. After one hour, a further
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chrom um coreme¥phere irnddedeangedheoipl ascksd ifQak ngdaumhhoabmws

then 120. %fhte‘f—fnoﬁe{&t,a's 9% gr, asc:,nfghﬁe£§?ca1rlc9 a@’ai;n gd Dy 9 tion
of 15 nm of_ conc ntra 3s 42'5'[’3&';1 nol t he

C
reaction mgthurg V\%s S |wrarse %’6’? nc{)twﬁéﬁ fi%te'rﬂ Siu 5 of rret hanol
were then ad@&hyiAHRHOXFNEt &‘?‘%Ol/va§°§FF?P‘é%fiJf‘t9r te armplerrationPhiutes. The
product wes ajaphedntdrramipmnes G5 wexeethemmfidgdi éd thverfagodiofnasul§ t e.
The yiel d ofsodatesenin vad uedet el ButetiebyagasasdtidoBt 6ggiapdHec anal ysi s of

g gefsol u; i OillgﬁQL@i-él&ﬂ’ye'llbb'l{ §012%&orﬁobesﬁﬂlecpfaf%ér8tge ofasiadesene had been

orme eo %Xi e h lex re
1,3,5-tris ﬁl f gﬁ ac c ohexa et?ercﬁ ¢ %cgn:tum ﬁlg eh 250
Eﬂ of tol ueﬁ‘gdﬁg |ta’@etd ﬁqfe wewea Fomiym PSVPB%d%

cont act t%?e%ﬁét@er ursttherrr épur h%mﬁhﬁg ﬁr%t%uwmidoéaghxmaetm copplex WG, The
sol uti on wagddsdt amditidet wollhr briteine 0f1416Ri mmnlchobiret hwd saltiiennoxéne ( MAO) ,

correspondi agtke & $BYAr ofaki Rowfs Altuel AHAEECIHIOWal s PbppRd byVaaa: #lod RN
added in thgsf fai%pfccﬁm%n@rmé@'rﬂ}ar%@hgarwumemlsmf%% ndRfaREESHith

throth thet%O gééé%&on mﬁ%guggeaaéjgglrregeghr another 15 minutes. 250 ml

25 of methanol were then added and the mixture was stirred for a
further 15 minutes. The product was washed three times with water
and dried over sodium sulfate. The yield of dodecene was
determined by gas-chromatographic analysis of the solution

. obtained in this way. A total of 25.8 g of dodecene had been

30 formed.

Comparative example

40,9 mwmol of (1,3,5-tris-n-dodecyl-1,3,5~-triazacyclohexane)CrCly

35 together with 250 ml of toluene were placed in a one liter
four-necked flask provided with contact thermometer, stirrer,
heating metal and gas inlet tube at 40°C. The solution was
saturated with butene. 14.32 mmol of methylaluminoxane (MARO),
corresponding to a meolar ratic of aluminum:chromium of 350, were

40 then added in the form of a 1.6 M solution in toluene. l-butene
was passed through the solution. After one hour, dodecene
production decreased significantly. The work-up was carried out
as described in the above example. 10.2 g of dodecene were
obtained.

45



production AU & gnificantly. The work-up was carried out as
described in the above exanple. 10.2 g of dodecene were obtained. 45
0050/ 53411 8 W claim 1. A process for the oligonerization of olefins, in
which an 5 olefin is brought into contgct with a catalyst system
conprising a) at least one transition netal conplex with a pol ydentate
conpl exi ng ijeg?@g-lgpd 10 b) an al kyl al um noxane in such anmounts that the
molar ratio of alunminumtransition netal is greater than 10, wherein at

| east part of the anmpbunt of the transition nmetal 15 conplex is added
conti nuousl y -or A BTPERSS offy ddiei nyigomerighatgonmert ~deiféns . 2in ahgichcass as
claimed irb cl ai mléfinhis ésroughpaihtalcotaont wdfh 4 katblassi systennet al

conpl ex is initicambyi&heyged together 20 with the al kyl al um noxane and the
nmolar ratio of alumnumtransition nmetal is reduced to | ess than half of
the initial value b¥ gdditi on of at,]| east one further partial _ apount of
the transition AetaP coRPFe@ne5T3ns Kb AesE L oSO/ L hdd *in? Pt ¥festate
wherein the initial copPaexingtliigasfl ardini numtransition netal is greater

than 100.104. A process as clainmed in any of the preceding clains, wherein
the transition 1gtalan §1EPIOIEMiMox8Re Sin AuRhOERESNES thadi KRE mélfnYakfiot he

preceding cl al ms. Qg gh i AiR «CANRLEXMN el h920d diedtehobydinigie ,

nitrogen-containing conplexing I1gand. 35 6. A process as clalned in claim

5, wherein the conplexing  |igand conprises a 1,3,5-triazacycl ohexane_or

1, 4, 7-tri azacycMbR6RARA S ISPE oﬁ@rv.Orgtaﬁoe@%nfasofcltaﬁnﬁaawww Betehe

precedi ngl&l ai neomphex eis addigdt hentwinduslynmdnokarperitdonet @y igiqurihroxane. 45
oligomerization.

2. A process as claimed in claim 1, wherein a partial amount of
the transition metal complex is initially charged together
20 with the alkylaluminoxane and the molar ratio of
aluminum:transition metal is reduced to less than half of the
initial value by addition of at least one further partial
amount of the transition metal complex.

25 3. A process as claimed in claim 2, wherein the initial molar
ratio of aluminum:transition metal is greater than 100.

4. A process as claimed in any of the preceding claims, wherein
the transition metal is chromium.
30
5. A process as claimed in any of the preceding claims, wherein
the complexing ligand is a polydentate nitrogen-containing
complexing ligand.

35 6. A process as claimed in claim 5, wherein the complexing
ligand comprises a 1,3,5-triazacyclohexane or

1,4,7=-triazacyclononane skeleton.

7. A process as claimed in any of the preceding claims, wherein
40 the alkylaluminoxane is methylaluminoxane.

45



