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compound, preferably NiClL.6H,O, and a catalyst activator, preferably sodium
tetraphenylborate, catalyse the oligomerisation of ethylene to yield a mixture of linear
olefins containing 1-octene. The selectivity towards linear Cs a-olefins is claimed to be
19%. Similarly the Shell Higher Olefins Process (SHOP process, US patents 3,676,523
and 3,635,937) using a similar catalyst system is reported to typically yield 11 mass % 1-
octene in its product mixture (Chem Systems PERP reports 90-1, 93-6 and 94/95S512).

Ziegler-type technologies based on trialkylaluminium catalysts, independently developed
by Guif Oil Chemicals Company (Chevron, e.g. DE patent 1,443,927) and Ethyl
Corporation (BP/Amoco, e.g. US patent 3,906,053), are also commercially used to
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sel ecti vel y tetrarrerl se ethylene to 1-octene often in

T%lxscaep%?cacflon dlSC 0238 é’esceolmeb(frﬁatl\c/)htoq! high R/I sséle% \ge te]framerlsarllon cocatalysts
for the production of 1-octene and the concomitant polymerisation of the tetramerised
olefin with the ethylene feedstock. It has further been found that a chromium-based
catalyst containing mixed heteroatomic ligands can be used to selectively tetramerise
ethylene to 1-octene often in excess of 60 mass% selectivity. This high 1-octene
selectivity cannot be achieved via conventional one-step ethylene oligomerisation
technologies which at most yield 25 mass% 1-octene and the present invention confers
the suitability of a selective 1-octene yielding catalyst for in situ polymerisation.
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rare, the recent patent literature such as US patents 6,586,541, 6,555,631 and
6,586,550 specifically relate to the deliberate combination of oligomerisation catalysts,
previously reported for their ability to produce o-olefins, combined with soluble

polymerisation catalysts to produce branched polyolefins.

These patent examples centre on contacting both an oligomerisation catalyst and a
polymerisation catalyst with a single feedstock namely ethylene. Both oligomers and
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ke lcé(tgﬁ/rsf.s.s %-isiﬁpcaocéﬁlé% ¥r§eiaﬁs Igﬁgomerisation and polymerisation catalysis in the
same reaction medium. The tandem oligomerisation and polymerisation catalysis may
be in sifu concurrent and/or in situ consecutive catalysis. The individual components of
the oligomerisation and polymerisation catalysts may thus be added together
simultaneously or sequentially, in any order, and in the presence or absence of
monomer in a suitable solvent. Reaction mixture will be understood to include a reaction
medium, reaction products and catalyst components. The reaction medium normally
includes a solvent.
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In this specification, % will be understood to be a mass %.

The branched polyolefin may be a branched polyethylene.

The branched polyolefin may be linear low density polyethylene (LLDPE).

The cocatalyst may be an ethylene tetramerisation catalyst, which includes a transition
metal precursor and a heteroatomic ligand.

In this specification the term “tetramerisation” refers to a catalytic reaction of a single

olefinic monomer or a mixture of olefinic monomers giving products enriched in
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or substituted heterohydrocarbyl groups.

The heteroatomic ligand for the ethylene tetramerisation catalyst may be described by
the following general formula (R')(R?)A-B-C(R%/(R*) where A and C are independently
selected from a group which comprises phosphorus, arsenic, antimony, bismuth and
nitrogen and B is a linking group between A and C, and R', R?, R® and R* are
independently non-aromatic or aromatic, including heteroaromatic, groups.
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het eroaromatic, but not all of R, R2, R3 and R4 are
substituted by any substituent on an atom adjacent to

At MSﬁbWbPQBF@of R0 Ré\ F@*ar@ RPrrngf/ Bk aBbYitutBA Withey ;?olér}lﬁ‘ﬁstltuent on

two of have substituents
ajesmmd a@fjuab%rrﬂfomér%@e@ﬁwgwq@Aerﬁ or C. Polar is
defined by I UPAC as an entlty with a pernanent
el ectric djpole ;Pol ar, substituents include

AR¥PREK PUPH RIS, on Psqg%p Boarg R cayarefesahbongt, beppretigatom adjacent

i@ eRiadhpuadReneXE, trinmet hyl sil oxy, dinethyl am no,
nmet hyl sul fanyl, tosyl, nethoxynethy,

met hyl t hi omet hyl, 1, 3-oxazol yl, nethoxynet hoxy,

Ay QPoR¥ ¥lbstRBNABn ond Bpﬁﬁfé SR, RF RN F?%héé) B¥electron-donating.
sul phate, nitro and the like. 7 WO 2004/ 056480

PCT/ ZA2003/ 000188 Any of the groups in the ligand for

Aneubsiitieri®on 5aé boMofAdRYRE R3Bhd Rinay e i didRfomBYnating.
i ndependently be linked to one or nore of each other

or to the linking group Bto forma «cyclic structure

It egeh&resmbddiertt, 8duh rfon-Aectivdl dBnati n@stﬂﬁﬁltu@wt ey b&¥on-Fdlar.

and R4 in the tetranerisation |ligand may be
i ndependent|y selected froma

Each of R', R R® and R* may be aromatic, including heteroaromatic, but not all of R',
R? R® and R*are substituted by any substituent on an atom adjacent to the atom bound
toAorC.

Preferably, not more than two of R, R?, R® and R* may have substituents on the atom
adjacent to the atom bound to A or C.

Polar is defined by IUPAC as an entity with a permanent electric dipole moment. Polar
substituents include methoxy, ethoxy, isopropoxy, Cs-Cy alkoxy, phenoxy,
pentafluorophenoxy, trimethylsiloxy, dimethylamino, methylsulfanyl, tosyl,
methoxymethy, methylthiomethyl, 1,3-oxazolyl, methoxymethoxy, hydroxyl, amino,
phosphino, arsino, stibino, sulphate, nitro and the like.



group conprising a benzyl, phenyl, tolyl, xylyl,

nmesi tyl, biphenyl, naphthyl, anthracenyl, nethoxy,
webtbhooge4sphenoxy, tolyl oxy, dinethylam no, PCT/ZA2003/000188

di et hyl am no, nethyl et hyl am no, thiophenyl, pyridyl,

t hi oet hyl, thiophenoxy, trinmethylsilyl,

di net hyl hydrazyl, nethyl, ethyl, ethenyl, propyl,

butyl, propenyl, propynyl, cyclopentyl, cyclohexyl,

ferrocenyl and tetrahydrofuranyl group. Preferably,

n enII be sel ecte

Agy@fﬁépg@&nﬁm Ehen'ga agd &r{gﬂ fetraRsaton sasRsly 1. R e, R¥ 800 R may
wrt@pbh?ad(’;lyfbbhinﬁ@ch&ﬂ(yﬁe @ﬂ?or@tdnebclg behep or B tABYinkIRg group B to form a
e om, any. one onprising: organic

Heiar G GERLer VERRerdic A b B BamRisy 1 ubst 1t ut ed

hydr ocar byl , het erohydrocarbyl and a substitut ed

e A W o B S R ESID L o
grc&Iphgdr?emalmgda Wehiwlp]‘léhhy‘toﬁl,ma(ylyl,rﬂeﬁfyhaﬂfhenyl naphthyl, anthracenyl
KW TSACENN 070 5 e ———

thidigHeDyL pymnm ethigsthyl tHﬂclﬂfe(hgﬁﬁ trifethylid cameiyihgtrazyl, methyl ethyl
rocarb a su het eroat o

TR R e BB, PR boCYAGHEM. BHHOTIRSV Sefocenyl and

tdstmw@arrbwl gmsupa Prsrekm;w RIf RY RYdnd Ry ingepstienRpbe selected
eI ected fromthe

BBt BB HGBr o e Marn, 85k BRIEEY SantyPA t4pghehyr sttt roup.

substituted aryl, aryl oxy, subst ituted aryl oxy,
car bonyl oxy,

e HROBE; sslbspd o S PR R oraiE cRPPHR Y ordBiey iking. groups
cgmptigisg arhydesdaviaf, i substittifed r@dfacaﬁiw h@terbhyaimmw dhed substltuted

h%?%@@cgﬁw |noa{gin|%)}rékt?r§]%r§9y$€%:ﬁypﬁsrngg glng e a¥om ?mlim lonic Imks and
anmgtdup| cgmﬂ)m:dn@(quetbyleraa 2dimethylmeghyene, 1,0-cttvemicher,2- phenylene 1,2-
S 5
AR oDk "5 2 BB R, TS A eI i
wRéreorRRSs nisydroger, uaieh;amycamlyyé | brc sﬁbktﬁpjealt hmgc?b?um substituted
-1 =bu
h%té?%t@ﬁccfar g %%Ioﬁgrip%%geggtay o% @{yﬁ %yhﬁi )yanc} ¥a hy% ocapbyl or a
supsiltuipda hydrdcarhyll grodmdRémydy oy hydrolgnrremengy beipelectBd fm@yh fhe groups
LRSS 4600240 EL Ry DA SRR G ORI, A1 v,
haloges,ubino; taltamgicarbomyl,t harbonydoxyp Laikbxyi reedhdoariomyid @misbnylamino,
dg!(lek #&ﬁ@f‘@%ﬁg“%?d ggé%%%g&,%&cs%yb?u%%w’&giw& TR of these
sisfitusats. n Regferabiynt RS/ mhps phorns isupropys Ehot-cgclahexglietia] a 2-
n@fhﬁtﬂfohéﬁyl BFa Iﬂ-o%rtyl gpoup.

In another embodiment of the invention any of the groups in the ligand for the
tetramerisation catalyst, R', R?, R®, R* or R® may include any cyclic heteroatomic group
such as a cyclopentadienyl-dimethylsilyl-t-butyl group or a cyclic homoatomic group such
as a cyclopentadienyl, indenyl or fluorene group .

B may be selected to be a single atom spacer. A single atom linking spacer is defined
as a substituted or non-substituted atom that is bound directly fo A and C.



The tetranmerisation ligand may al so contain nmultiple

(RBA-B-C(Rmunits. Not limting exanples of such
woizgewdessb ncl ude dendrineric |igands as wel | a®Cirizgamdsooiss

where the individual units are coupled either via one

or nore of the R groups or via the Iinking group B

More specific, but not Iimting, exanples of such

i gands may include 1,2-di- (N(P(phenyl)?2)2)-benzene,

1, 4-di - (N(P(phenyl)2)2) benzene,

Alén%_%%%@é/[?% p%ﬂ%“rféé ‘djslgij&ﬁe) Mordnzene,

1, 2-di - (N( P( p- met hoxyphenyl ) 2) 2) - benzene,

ﬁ{ﬁ@_@@éﬂ%gﬁiepﬁgﬁqﬁiygﬂn l %ézr)zgf%%gﬁcgﬂse oxidised by S or Se or N or

a, 4-di - (P(p- met hoxyphenyl ) N( et hyl ) P( p- met hoxyphenyl ) 2
)- benzene. The heteroatomic |igands for
tetranerisati on can be prepared using procedures known

The teinametigdtibedigamd tizg wsd caﬁtdmnhamﬁlat{mm BiGIR), O8RS, INbt limiting

g%’ﬂ@'ﬁyﬁ%d | H@r@ﬁéﬁy §qe§ uﬂﬁe&%ﬂf@e"c Ilgandsg %2 \AS/eIIa;s ligands where the

ldmluhgﬁﬁ(qaemméd BithEhany bhé ,or more of the R groups or via the linking

P
LRy MRS et cUp e Begete, 2 on ity sy 1.2
(N(rﬂaplsérwhﬁf)wehﬁ’éwemW@wﬂ\l(P (phenyl),),)- benzene N(CH.CH;N(P(phenyl),),)s,
R PRSI G BT ey reRres) T P 2 RiPo-methoxyphenyi)e)-
beidepeeny| ) 2P) AMEHREH RN thd bhwy));’)%dméhwl ) P( et WICHZCH N(P(p-

BRI P B ot emany P methosphenyt:

béezemel ) (phenyl ) PN(i sopropyl ) P(phenyl) 2,

(phenyl ) 2P(=Se) N(i sopr opyl ) P(phenyl) 2,

(phenyl ) 2PCH2CH2P( phenyl ) 2,
Thahetdngdztpmmljga)w(ipIfmnyﬂrarﬁéﬁsasapbapyob)ﬁ?éwé@)abihé,prddédures known

tﬁﬁ%%b'ﬁ%%éﬁ%‘h? % cbc%gﬁse% clo@%& hn¥ lpBBIen li)li(ep a!?tﬁpey IE)x’amples of
ligasideny Ye2 PN 1- cy(phasty:BN(siethylPRIfehgy | XBhenyl).PN(penty)P(phenyl),

(éﬂéﬂg%ﬁ\g(@%%ﬁéﬁ@ﬁ%ﬁm@%@ﬂgﬁ%henynp (phenyl), (phenyl),PN(p-

buhéhenyRiRberyiet hyl cycl ohexy | (PPN EE,)s-N-morpholine)P(phenyl),

(@nﬁgﬁﬂﬁf’%gﬁk&ﬂ%ﬁﬂ& Wﬁ&gm%;ﬁlz N fethylPN(methyP(ethyl),

(Qih)ﬁ}zBNW()pZW)R@”WWzP( p- bi pheny(eirdl)(phpryhRi(imgthyl)P(ethyl)(phenyl),

(&ﬂﬁ%ﬂ#@rﬁﬁ%%@!@)ﬁ ﬁi) W h¥|h| ggﬁgﬁb azy&\,gl-j’( Se)N(isopropyl)P(phenyl),

(Rhenw PNgPehenyy, N( mst-éthyiphérybltirenil) N (isopropy)P(phenyl), (o

%gl? Yy IJ1:> L, en p!f‘)e%)’/l 2PN(benzyl)P(phenyl),
ﬁ%wenm%r\g RSB SeIRy Py t BhIR TRl P (aheny)

2P{ASEEOHP SN ey PAICE,CHCEOSHODBOBheny ),
(R FARRERI 8%%%@2%25&‘;29@%%2 dréétﬁ R Hexyl)P(phenyls.
(rhenWRRNHYhR(hemiznet hyl )(E‘(MPNBMW'FJb‘fﬁlwﬂ’&maphthyl)z (p-
bibRer Rk BRUNERABbbRRh IR @yrlr%tﬁg/lBhenyl)zPN (methyl)P(p-methylphenyl), (2-
thiophenyl),PN(methyl)P(2-thiophenyl),, (phenyl),PN(methyl)N(methyl)P(phenyl), (m-
methylphenyl),PN(methyl)P(m-methylphenyl),, (phenyl),PN(isopropyl)P(phenyl), and
(phenyl),P(=S)N(isopropyl)P(phenyl),.



met hoxyphenyl ) 2,

(m met hoxyphenyl ) 2PN(i sopropyl ) P(m et hoxyphenyl ) 2, ( p-
worthmsygshenyl ) 2PN(i sopr opyl ) P( p- met hoxyphenyl P2i/ZA2003/000188

( p- met hoxyphenyl ) 2PN( 2-

et hyl hexyl ) P( p- met hoxyphenyl ) 2,

(m et hoxyphenyl ) (phenyl ) PN( net hyl ) P( phenyl )2 and

(p- met hoxyphenyl ) (phenyl ) PN( et hyl ) P( phenyl )2, (m

met hoxyphenyl ) (phenyl ) PN( et hyl ) P(m et hoxyphenyl ) (phe

%%&éﬁ& Lggnds itk RAlar PybstRDtS) 21 R'mdondXyBre R inclode:  (m-

mmhdxyphéhyl)glﬁmdmelm)ﬂgp m%h%tﬁmghﬁ )R nﬁ&ﬁaiybﬂeWPN(methyl)P(p
- en ne

Wgr%t‘ne B y | )‘\épN( 1-@yRe éy&n é? N\('P@r(rapﬂﬁ%(m%ﬁwmnyl)z

m&h?])(yph@iﬂ?)lalﬁmbf P@é%gxypﬁgrqyl (p-methoxyphenyl),PN(2-

TR Aey B ﬂ%wpﬂw ﬁ%dé%m?%gwphﬁﬁv'ﬂewgwww P(phenyl: and

p.;mgmd)dypwm H% 2rTEt hoxyphenyl )2, (p- (m-

T
@hé)lyphémmreymw e uor%@{nen @ﬁW)Z (o- (m-
heHvRR ﬁ&fm%ﬁﬁﬁé%r& n(gtrﬂ?’[p )Fy(pBenyl PEN(methyl)P(phenyl)s, (o-

rﬂbtﬁ@tybyé@m)zmmﬂp&y@mﬁb)ﬂethyl)P(p methoxyﬁhenyl)g (p methoxyphenyl)zPN(Z-

ré%ﬂge?ﬁrﬁ%ﬁwn%ﬁté PN ﬁﬁpélz rrgt( ﬁoT;Lher@fn?eithgxyphenyl)gPN(decyI)P(p

mahémﬁmyh)exyphenqol-methoxyphenyl)ZPN(pentyI)P(p-methoxyphen )2,

% (p-
B BB RADHA T MAC < Bres oSO oy )P (-
rfrétgoxyphem)a,t om ¢ tE(bﬂlagnbtbhéawl)b%(metﬂﬁﬂﬂ-glaﬂobl%nyl (o-

e 0
L M A A RS S
dimethglamirarpteety, is  sol ub(lgem@tt_lw_ﬁﬁ)pﬁuﬂytl)%HN(&HHWWbaﬁéth%phenyl)g
roac

AT RE roediNle e B BehENanpl ex 11 om the LELERegIpPheny)-
plhﬂemtlMPN(IémowﬁW(mmﬂtmaﬂomﬁﬂmphW)g for otheand (p-
"inb%ﬁ%qﬁ%’gge%% 1 @"PP"°P¥B§<F’%‘}' ezaggrell tne; g:: maILarJvel n
these transition netal conplexes can also be
TR ob e 1S e 28,5 BReRPip s Sbrb e polvmer
cagin doothatthenmebdtingl betervgtanait edofrd}naﬁon Yuaplek rof diie @hnsition metal is
sObER et Bitrerailies coticugs Wbk 8 G- 185 eperoach would
enabledhe récaeiyool the moempiex ftdme tipy cemetion Migturienfol telgetdme has been
u§5§ Por%tch %S%Ws%é C?P?(ghfgq—? aeﬁ%l?rﬁ %ﬁat%ge‘g:Asng‘ téhem Soc., 1987,

i‘on ‘conp
1|GBe1:7[7r ﬁﬂ Iraatslnalaheelmtlmecbnansmd)m geted camgleaekitargalso be immobilised

0 i sat i y It nme ti.ne or
bgvé%ggﬁpgﬁ 8 fa?érﬁfc ﬁéaFﬁg & Iélgé. Ssﬂ%%/ qeﬂcp?}&%bﬁ{ée or alumina
betkhwnefasa fiati exgmpley rdemonstrated by C. Yuanyin et al., Chinese J. React. Pol.,
1992, 1(2), 152-159 for immobilising platinum complexes.

With regard to the tetramerisation process, the process may include the step of
generating a heteroatomic tetramerisation coordination complex from a transition metal
precursor and a heteroatomic ligand and adding a polymerisation catalyst either at the
same time or over a period of time. The process may include the step of adding a pre-

10



10 WO 2004/ 056480 PCT/ ZA2003/ 000188 forned
coordi nati on conpl ex, prepared using a heteroatomc
woOi2gewdeand a transition netal precursor, to RCT/ZA2003/000188

reaction mxture, or the step of adding separately to

the reactor, a heteroatomc ligand and a transition

metal precursor such that a heteroatom c coordination
conplex of a transition nmetal is generated in situ. In

all cases, the polynerisation catalyst nay be added

to the reactor at the sanme tinme as the o .
foreef perdinafionofPronieal Rrepared UsHe pdisjerertogya figand and a transition

nﬂé@él@ré/&ﬁsd?mﬁé Dreabsh mBAUENS At Istep dTtRIdiNdSsephRAAY & the reactor, a
ver a gerlod of time. By generating a heteroatom c

he@!sqeé?fﬁ t figAnde el éx traRsit rtuﬂetals Reigort Ragh tthat a heteroatomic

06&61?16% 'cénﬂmebfifaeﬁahé'hdnhﬁ\e@qé WBnkfatddiig it at fl ¥R Gises, the
t akes pl ace. e/ pi cal he het er oat om c coordination

PElymST lopsc@@\yé Ahayy bien agquqJ o Tiigi reclay, ak fee same time as the

tdtFanitpishtiNcATB S orﬁh@%iyﬁ%nsatﬁﬂ\dcdlﬁlﬁ/ﬁrnﬁég 881&d Isé&?éﬂﬂally into the
are conbined (both in situ and situ provid

FRRSIOLIOM Y 3 RAIIPT Glttimes By genessiigra beteroatanec peorﬂmameqnplex in situ
lsam@aﬁltr hemabdompléx %"@;er@?é}é& iPthe rheliBml: \ﬂ/hlcﬂ_f&Stalymsttakes place.

t et rarrerl sation cocataly as defined previously
Typiegllyades h?%?%?'i“lcoﬁo%f‘a‘i‘on FPrERlgX 4% 9ennw@ted in sitd. Typically, the

tr’éﬁélﬁdrpmefb’ﬂpﬁedwﬂﬁnﬁnd ﬁé@rd&@orﬁ@ﬂ@bﬁ@@r&’cbrﬂbh@@ both In s:tu and ex
8‘36 msrlsatlo catale/p he ratio 0.0

ffovmd“ﬁ‘ia fEnaRYS TaB APABART 100 tor 9 %’eﬂ fndwqfﬁrably, from

abe@d. d1t®10:he tetranerisation transition netal
precursor, the transition netal may be selected from
any one of a group conprising chrom um nol ybdenum

The N@&hMBrisatioht éstatdlst,t agtdfined pté\\ﬁé\ﬂ#lyl% aRéludd raC@Bh¢Bn metal
ref erably qr%romu Wth regard to th

PreSUFSRaRd @ %rﬁa@{ﬂ'%\ﬂ'%\d Cam etcpgﬁmeplvg]th thgtpolymerisation catalyst

ifPthe ¢aHcS@O1: 400 €110 0PMmN, arid prefagabiy, Front A ubeties 9ad:eNi C
ligand and an activator, catal yses ethyl ene

tetranerisation in accordance wWith the invention, nmay

With regaidrp e teﬂ@ﬁ@ﬁ%tianfanéﬂtléﬁﬁ'le@al%aédursoa thé Q@ﬁﬁtldrﬁﬂhb@nmay be
nonetal | ic mpl ex and sel ect ed

a
B PR R oG 8hh By CHPRRRG AT, dFpedenur ngsten,
titahiugn, ttaritalay dasddiuraang eirgdniim, dréferbanehrorhiuiz ar bony|
chromium chromium (111) octanoate, chrom um

hexacar bonyl, chromium (111) acetyl acetonate and

Wlhf eagbrdto( hel tetrdmetisytibh exansgtBe tféheltlom efiedéIrgrdcursor which, upon
i,0n ecu s ingcl hr om

t.r.ansi t al SO
o A Bk Blom R TBRHL 9L 50 PR oS b RS ramertsatin
uﬁmc@ﬂamwmwé I’m,leuﬂtm tdfnaysbeem @fm;ﬂérrhbngen@ bin odhic salt, a
a het eroat o% Hﬁ)l? ?r} on_net al ;
ofoeandh PFoERRane R o, 2Bl e SHRGRA oA e X tfe" 2 roup
comprising chromium trichloride tris-tetrahydrofuran complex, (benzene)-tricarbonyl
chromium, chromium (lil) octanoate, chromium hexacarbonyl, chromium (lII)
acetylacetonate and chromium (lll) 2-ethylhexanoate. The preferred transition metal

precursors include chromium (1) acetylacetonate and chromium (ll) 2-ethylhexanoate.

The process may include the step of combining in any order a heteroatomic ligand with a

transition metal precursor, a polymerisation catalyst and an activator.

11



11 WD 2004/ 056480 PCT/ ZA2003/000188 Exanpl es of

sui tabl e pol ynerisation catalysts for the
woabowossdssat i on of ethylene and the in situ PCT/ZA2003/000188

synt hesi sed 1-octene include but are not limted to

the follow ng: ZI EGLER- NATTA CATALYSTS Ti d 3- Et 2A1 O,

AIRS-Ti Cl 4i wherein R belongs to the group conprising

of al kyl, substituted alkyl, cyclic alkyl, aryl,

substituted aryl, al kene and substituted al kene, and

the |ike. UNBRI DGED METALLOCENES

Egpg*(pte)s(gf @ngﬁl%gplgmy[@atl@ﬁ ,cgtcﬁlyg;ﬁq for $he polymerisation of ethylene and the
”%,ﬁi S)elcaRea M atGidihdadd HGUR: HOR lﬁhL@rtb @ng BNsHihgle:

bi s(cycl opent adi enyl )-titani um di chl ori de,

bi s(cycl opent adi enyl ) -zi rconi um di chl ori de,
ZESERNAPEOCATARYSTS 21 rconi um di net hyl _

bi s(n-butyl cycl opent adi enyl ) -zi rconium di chl or.i de,

bi s(n-dodecyl cycl opent adi enyl ) - zi rconi um di chl ori de,

1’%@@%@'&%#@?%@%@%’@0 sfte%lé gﬂahe'cﬁmpgéihg%f alky] substituted

bi s(i so-buty | cycl opent adi e -zirconi um
Avb Y g ﬁeqbéwewa@ayleaiémeaﬂdrsé@ﬁmtw@mﬂwndd@e .

bi s(met hyl cycl opent adi enyl ) - zi rconi um di chl ori de,

bi s(n-octyl cycl opent adi enyl ) -zirconium dichloride,
LH\'%‘%'P%MEI# d‘jﬁﬁﬁﬁ Rdi enyl ) -zirconi um di chl ori de,
bi s(n- propyl cycl opentadi enyl ) -zirconi um di chl ori de,

bi s(trl nmet hyl si | yl cycl opent adi en¥d)_- zi rconium
Rig(eynl qpentagienyl)-chromidm(ll), bis(cyclopentadienyl)-zirconium chloride hydride,

bﬁ%i(@;(cibp@nt@tiﬁzh?lﬁ—ht@ﬁhhﬁléhlbbﬂé GIsEdyRRBEHBEIERN) bitcohiunt SBhIHRe,

chl
bbﬁ(%\(CP-%ré'lﬂfﬁgﬂe”ﬂ) RERORHEy c| Selivhdi e MiR(ybeivicyeiapeniadienyl)-zirconium

dibhednider i de, bls(n—dodecylcyclopentadlenyl) -zirconium dichloride,
bi S%Qent anet h cl opent adi enyl ) -zirconi um di chl ori de,

SR ZIreniAT USHATH) Dis(pe BRIV IapsrERdighy) Zirconium
didhfelride pr opy! - 3- HiﬁtisoWl@k iy Ea%ﬁ’ér@l)&krbonﬂurhcon' um  dichloride,

di ch] or i di et ndenyl’)-zirco
bR ha&vg%?erg?dé?whc?érﬁg%mymz ichigridey rh'?(ﬁ'ﬂ @ﬁww?la%entaﬁl@r(yb) Zirconium
dﬁiil"nmt‘lhéndeny|b)s(ﬁ-lpéﬁ19my¢labéﬂt§diélﬁll Lz(i’f@onlum dichloride, bis(n-
b|52msth%q!i| |yézwconlumdlchl
PESRYIC¥EIRRe T @N& FIGIRHN - zi VefieRdEm di gﬁ(tamiegylsﬂylwgppentadlenyl)
zﬁié‘fNﬁMﬂ CidicMicfidé, LCﬁﬁN@%l%&ﬁﬂﬁlﬁ@(ﬁbﬁhtﬁié@@&lrét!ﬁlum dichloride,
E\gﬁlnlfih Iéo t anet h cl oglﬂ_gtadl enyl titanium
8 Y yieyg H?%tﬁg'le nt adi enyl -titani um dichloride,
bis(pmm@myldﬁ;lodmtamdwlzrrwm@ml um dichloride,

I |
b%z tﬂé' el eg ”ﬂa:zggéﬂ'“% r coni ufim&thdn| or i de pis(1-propyl-3-

nﬁahw@m&ipbuﬂaaﬁaylww enydjlcmbrr@e)m UBist4, 7—@m&hynﬁlﬁenyl)aznrcomum
dldh?orlée bis mden%-zu c%no egwﬁl rlgen%ls(Z pd rtr(a:y?nqgjeunr{)l)tzrlrlc:gnlur%rdllch(laorlde

bis(2-methylindenyl)-zirconium dichloride, cyclopentadienylindenyl-zirconium dichloride
HALF SANDWICH METALLOCENES

Cyclopentadienyl-zirconium trichloride, pentamethylcyclopentadieny! titanium trichloride,
pentamethylcyclopentadienyl-titanium trimethoxide, trimethyl-titanium-
pentamethylcyclopentadienide,  pentamethylcyclopentadienyl-zirconium  trichloride,
tetramethylcyclopentadienyl-zirconium  trichloride, 1,2,4-trimethylcyclopentadienyl-
zirconium trichloride

12



12 WO 2004/ 056480 PCT/ ZA2003/ 000188 CARBON- BRI DGED

METALLCOCENES

wOiphimsydsoet hyl i dene( cycl opent adi enyl ) - (9- f | uoPemZIAR0BI000188
rconi um di chl ori de,

di phenyl et hyl i dene(cycl opent adi enyl ) - (i ndenyl ) -zi rcon
ium di chl oride, isopropylidene-

bi s(cycl opent adi enyl ) -zi rconi um di chl ori de,

i sopropyl i dene- (cycl opent adi enyl ) ( 9-

fluorenyl)-zirconiumdichloride,

isopropylidene (3- net hyl cycl opent adi enyl ) - (9-f | uor enyl
- Z|rcon|un1d|chlor|de

ethébene bi s(9-fluoren -zi rconi um di chl ori de,

NeBR§ M%’Q&LLQ E\?I ) - zi rconi um di chl ori de,

rac et hyl ene- bi s(l | ndenyl )-zirconiumdichloride, rac-

le ene-bi s(1-i zi rconi um di net hyl , _ _

'?'a mﬁlhﬂﬁénﬁm@% yD19-Fluprgamy-Eiyconiim coni um dichloride,

dﬂpr@ﬁblﬁ{éﬂwﬂdene(cycloientad|enylg mdenyl)-zwcomum dichloride, . lsopropylldene-
ene- et rahydro- 1-i ndenyl’) - zi rconi

rac
?%Padfe@é')-zgvcmﬂm BRI [S{ghioriesT AL Lisepegidene-(cyclopentadienyl)(9-

fﬂof&w}kﬂrédrlu)fh &blﬁléﬁd@' |§@@r6% él%l?é }n'eﬂiyk‘i/@lﬂbéﬂ’fédlenyl) (9-f|uoreny|)-
di chl orj de, . di rreth iﬁﬁy | uorenyl)- zirco

ey diceridegeth U'?ﬂ%‘? El,lﬂqrwy )brfl@emumﬁ@ﬂwq& mqse@myiﬁwe bis(1-

lﬁ@&ﬁl)erbcﬂﬁum dichloride, rac-ethylene -bis(1 mdenyl)-znrcomum dlchlorlde rac-
ﬁo di.net h |SI| |-bIS 2- msth)f i ndeny l? zirconiu

meneahisdan denih- P?h‘é%"ﬁyl gimginylpj s ( Fac-ethylene-bis(2- methyl-1-indenyl)-

zﬁ’eblﬁwmldtsﬂﬁﬂwb) ratletif@eHe s @ L Ytrah§ero-1-indenyl)-zirconium dichloride
rac-di met hyl silyl -bi s(t etrahydr0| ndenyl ) - zi Tconi um

di chl ori de,

SiLYEBRIDSEY/MErAs (OEENESt hyl cycl opent adi enyl ) - zi r coni

um di chl ori de,

di phenyl si |yl (cycl opent adi enyl) (9-fluorenyl)-zirconi um

Ilﬂhw@hiyl%llyldﬁ(cybldﬁéﬂfa‘ﬂieﬁyl)‘ﬂrcorﬁllrﬁ(|d‘t§ﬂﬁﬂhﬂb h@f nidtRilyl-bis(9-fluorenyl)-
use process may

4'rﬁ°'ﬂ9mrﬁé&&”€eb@cme%a]ﬁ®6Bﬁ& Wﬁﬁ?yl)g%??ép'éﬂf‘b@c'ﬁwdeact i ve

mescadinethylsiig iy 2-muthgiddawzircb@uet ercﬁﬂ@htem c réd—&ﬁféﬂwylsnlyl bis(2-
Xt ur

LB ERTE T L LA A —
dldfmdrldiéﬁ orcgmemlsuynw(wtrammmyadﬁent@d@@nmbmnm dichloride,

B SISt AR Sonenyeint

tds(imdemg)hafniim dfchivadebori c aci d etherate, silver
tetrafl uoroborate, sodi um hexafl uoroantinonate and
the |ike. Suitable organoal unm ni um conpounds i ncl ude

mrqnmmdlsfooﬁsé inethé pratesamay R3prinotpks e a@Aedmidund that generates an

3o RSB Y ol e U5 e artfon e
dréaursark dixtiresnpf estivaicisuthayt lbdrede yksad.uSuitdblén dofdddlinds include
olrganoaluminium compounds, organoboron compounds, organic salts, such as
methyllithium and methylmagnesium bromide, inorganic acids and salts, such as
tetrafluoroboric acid etherate, silver tetrafluoroborate, sodium hexafluoroantimonate and
the like.

Suitable organoaluminium compounds include compounds of the formula AIR;, where
each R is independently a C4-C,; alkyl, an oxygen containing moiety or a halide, and
compounds such as LiAlH, and the like. Examples include trimethylaluminium (TMA),
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WD 2004/ 056480 PCT/ ZA2003/ 000188 tri et hyl al um ni um
(TEA), tri-isobutylalumnium (TIBA),
wonroesvsesdyl al um ni um et hyl al um ni um di chl orPCE&ZA2003/000188
et hyl al um ni um di chl ori de, di net hyl al um ni um chl ori de,
di et hyl al um ni um chl ori de, al um ni um i sopropoxi de,
et hyl al um ni unsesqui chl ori de,
nmet hyl al um ni unsesqui chi ori de, and al um noxanes.
Al um noxanes are well known in the art as oligoneric

EhEtr'ﬁ)ounds whi ch_can be prefared by the_controll ed
triethyialyroRiugt  wWdTBR). t otridspbatalurainiim ni (B nm o divg;octyigluminium,

MK RInfubd "BEMYRR! Ué‘fh{/\blﬁmmlﬁHCchﬁ%ﬁHé’u'@ﬂﬁet I\?Qlunﬁ’rﬁum ]phlonde

Ilnear CyC|IC cages or m xtures thereof Xxtures o
digthyialyrainiumy | GWPrr*Qﬁ(ar‘?éﬁmﬁ'HV‘ alsgpropede s eathylajuminiumsesquichloride,

nﬁf@%ﬁﬁlnlu@%@%laﬁoﬁﬁe aHd b@ﬁiu%x%%%@ﬁfn@?ar%@@@%ﬁ'ﬁnown in the

are boroxines, NaBH4, triethyl bo
aft 2 iGRrAer FRBPRNE mc)fb‘zﬁna%prepafesmmhets:@nﬁqalt@daaﬁidltrpn of water
td élkgkylgf&?hlﬁﬁﬂh' db%pi?funér%r ékeﬁﬁ’pl@%’lrﬁéthﬁgﬁ‘hﬁﬁlﬁ‘maSE&W@&HMnds can

that acts as a red uci ng or oxi |S|ng age such
be #RgAinTUSHC. Gages Rpmafturgs iharerd. Mixies gf d'ﬁwgte@iuwmxem@ may also

bé UK&Y inThepRrEéyat or may be sel ected from
al kyl al um noxanes such as nethyl al um noxane (MAO and

et hyI al um noxane (EAO as well as nodified

bé'dﬂ@uﬁ@%é%@anﬁb@l‘bnaéomm&' £ pRbhndal NHBH}OWI‘?beorane
tré E%IPONde fied met hél al um noxane (a conmer ci al

foPBRIYARSENROKRYY! l?%ﬁ‘?aﬁ”%“?ﬂﬂiﬁ fier groups such
as isobutyl or n-octyl groups, in addition to nethyl
rou The transition netal precursor of the

THe aFtiatar; may plsA ke Prafaptain arikPmRasng |that asbana reaycingyar oxidising

ageTiuRR @sisBARAORind R8BI A BB AN, &8 0&% SFRInRl thé fikd. 0S
fromabout 1:1 to 10 000: 1, prefer y fromabout 1:1

to 1000: 1, and nore preferably from1:1 to 300:1. The

The erewfoMplayi be lseftetddnromt SRyIATIMA#BAG sGcH @@drﬁéhﬂfawﬁmoxane
ion and ol efin

em (i Iudln | ymeri sat
OVAS} 3B i dara SADL s Vel ba rRodid, ARHATInoxanes. such as
n@@iﬁ@@umdthyralurﬁﬁ@xmks (MMAe! Wl&i PlethRallPRHOxamd (BEEommercial
of al E%%ﬁ (_ma ane [t should be noted that
PRt iR gesleraNRIps BodiecgioHis AR 800t groups, in
addigan totrhé&RylQfrougshe correspondi ng trial kyl al um ni um
compounds used in their preparation. The presence of
these trial kyl al um ni um conpounds in al um noxanes can
The trahsitiorbnieel prarutdoiof thel teGaripliition ytyet ¥ad &é/\blhlhmoxane may

oSt BB SRS ITRESP S 10 o001

preferably from about 1:1 to 1000:1, and more preferably from 1.1 to 300:1.

The process may include the step of adding to the catalyst system (including both the
polymerisation and olefin tetramerisation catalysts) a trialkylaluminium compound in
amounts of between 0.01 to 1000 mol per mol of alkylaluminoxane.

It should be noted that aluminoxanes generally also contain considerable quantities of
the corresponding trialkylaluminium compounds used in their preparation. The presence
of these ftrialkylaluminium compounds in aluminoxanes can be attributed to their

incomplete hydrolysis with water. Any quantity of a trialkylaluminium compound quoted
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in this disclosure is additional to al kyl al um ni um
conpounds contained within the alum noxanes. The
wacbtimas4sn may al so be a bi nucl ear cocatal yst ®80T/IZA2603800188
bi sborane 1, 4- (C6F5)2B(C6F4)B-(C6F5)2. This binucl ear
cocatal yst may be conmbined with the tetranerisation

and polynerisation catalysts in such a way that a

bi nol ecul ar species may be forned that has netal

centres in close nolecular proximty. The catal yst

. SYy.st ern its individual onents, in accordance

! 'ytﬁ'ﬁ QEQO?LH%'ﬁt? t'”@f toj Q'%V?? INA LEAMRRSRES remtainedmuthin the
atlnsinoemes mobi | i sed by supporting it on a support

material, for exanple, silica, alumna, Md 2,

zirconia, artificial hectorite or snmectorite clays

THEC icBmidra PRy taqu\/lﬂaDéerlmd@alﬂr BScdtdpdtelich s A Klsborane 1,4-

(BTG SR B oI Pl RIEEE) ) rdvoTn vy abal pamolsed with the

tétfamér&éfmd ahd) psiykriérisatidnheatRys g egcPh \ké’iﬁthﬁt‘@p&r%lecular species
mstteré(e &ra the support can be pre- inpregnated or

MAYhE 1oH hiips RREH BRSOt C’Q%%G‘é’fﬂcplé‘r PERXiNYiYt h one or
more of the catal yst conmponents or the pol ynerisation
ort material can

THR S5t sy 8 s TR COPRGNGIEE. ) ACBHANGR Wit e invention, or
ita pipdioiaadi W‘db@heﬁ@%éﬁ@ldd batifinidbRised Qﬁp\é@ddbrlﬁf_?hﬁh& a support
n?:agtalyt fro reactjon mxture for ‘reuse

abpior gxamp ors' e alpIng, Moldse €eqnig.| rtiiciatdipstariia egismectorite
clalys hsugh Cdy Qﬁbbﬁnef%ﬂ@ Qirhﬁix&m@s &Hiér&@fr |o$36d ‘é%ol?ﬁbl?'f)bﬁtexample

p&.’%f@"T’y?‘?? E?'émeHe%n%OS‘YS&é{%%% or rpféy@mﬁmwer&;nﬂw §atay@% can be

farmed asitil s theC pregensN bi tl‘feoéu ot Taeriah edrethg Usilbport can be pre-
ortg contai.n al um oxan%\éf unctionalities or where

'Tﬂ%ggﬂﬁ o't pre@"ﬁegpasﬂp A oYSAHRBURNY miitaronen eRineqie of the
chialyst camsoremitsadt thé Polymexsdtdn d&félﬁ#ﬂ Ih %ofrférca's€§ttﬁé‘ Q@pplohﬁnatenal

oBfST A B St B U B, ThE Rrodsh e 350 acitate the
reqovenyt oothe t:ditelygt fremptheV fedelbra niham@e for okl g Med %@r‘ide@f‘ was, for
BBy R A RS ERSMIR! . e BlEoee: SBiean imersaton
caqaq/st by $i MongpicndnerSazsakii drwief Caha: ChémQres?,c109] eﬁ A79. In some

dit 462 1R sab e ARCRF 2h oSl FBRRISTE 0T Giample where such

summtsysbntalnwhlmhnmhel &mt:tndnamiesdes mdwtméow;spmc is capable of
recursor

atr ans
i POt gerRE inedPnd 5 Ae aRloifctpet whidk i e rstance the case
\Aﬁthd@tsM"'i (acometeatialgmodumh ifbrarGracdiDEvisor)l  het er oat omi ¢
ligand. The oligonerisation catalyst may be an
et hyl ene tetranerisation catal yst.
According to a further aspect of the invention, there is provided a tandem oligomerisation

and polymerisation process for the oligomerisation of ethylene to produce an olefinic
product stream and the in situ polymerisation of the oligomeric olefin with ethylene, the
process including the step of contacting the olefins with an oligomerisation catalyst,
which catalyst includes a heteroatomic ligand and a transition metal precursor, and a
polymerisation catalyst, which catalyst includes a transition metal and and/or a homo- or
heteroatomic ligand.

The oligomerisation catalyst may be an ethylene tetramerisation catalyst.
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15 WD 2004/ 056480 PCT/ ZA2003/000188 According to yet

anot her aspect of the invention the tetranerisation
wonossessh ncl udes the step of contacting an olPefrizaze3/000188

feedstreamwi th a catal yst system which includes a

transition nmetal and a heteroatom c |igand and wherein

the product of the tetranerisation process is an

olefin and the olefin is concomtantly copol ynerised

with the olefinic feedstreamby contacting the

ol efins produced in the first step and the olefinic

feedstreamwi th a catal yst conprising of a transition

A?fe@ralnga@ gléwnoaqemapect Of thehRicpri@ e efarhbiiien P%&ess includes the
irel

% f’:l is neLR?nt .a %%j‘%and t hat consists en x

PPl GMaE o 28 AT ResBBn WA CORYEI SUREM: HBIch includes 2

tr&hﬁ’u@ﬁ ®BtaPhnd Bﬁeidr@b’ié\ﬂlcﬂigﬁﬁu a8d Wherefy Bk PR&NICASH tﬁ@i@tramensatlon
d for ethyl ene to be tetraneri sed

PIEASD 5 PRie it TR ciRe Lo S BRRFOBTEA T GopalEnpRsBpyE the olefini

fezieeath Ny td@ntd&ﬁng NHENEIEM IpFodcE®@Thi HeOHISst OdteP N the olefinic

Gﬁqggmn Eh a,tﬁjg]catal sis _product streamw || be

f PP BN 13 GERYY d%oraprp%?%/r%ra fi#nsiion pwits) nand/pis a homo- or

hetepshionid ligasr ding to the invention in a continuous or

bat ch fashion. The process may include a process for
tetranerisation of ethylene to selectively yield 1-

Bydzoﬁftﬁtorﬂ' b&‘st m@.@%WhM®SQBMMy Bﬂflmllar atoms such as carbon
ra iop of e ene concomni t ant
i) SRBT e, SRelpop el oot S4Sb@Ros. aldepesiagiaryhdoand for

exaﬁﬁble et hyl ene may be contacted with the catal yst

system conprising of the tetramerisation catalyst and
the polynerisation catalyst at a pressure of 1 barg,

The eftieyiats tr? e wtaaﬁerfsb&mr?aopdmﬁ@‘lsemaﬂ Y RiftreB@dddyinto the process

ter an e tan n1cata si s process may
ireRhRee PRI ePler B it ORIt s of ¢ he
cat al yst systems (both the tetramerisation catal yst

ner i stlo cat al yst Y, rature

THB: aketb R o3t e A R Ludbreodio JdliffiRphimer, which
polymep rsqfreduoed actatipgrathg isvarsiog & deomipuadls 6F batdOR@sKion.
16 WD 2004/ 056480 PCT/ ZA2003/000188 The i ndi vi dual

conmponents of both catal yst systens described herein
Therdress ardyiimsatie a process for tetramerisation of ethylene to selectively yield 1-

octene.

The process may be a process for tetramerisation of ethylene and concomitant
polymerisation of the produced 1-octene with ethylene .

The ethylene may be contacted with the catalyst system comprising of the
tetramerisation catalyst and the polymerisation catalyst at a pressure of 1 barg,
preferably greater than 10 barg, more preferably greater than 30 barg.

The tandem catalysis process may include the step of mixing the components of the
catalyst systems (both the tetramerisation catalyst and the polymerisation catalyst) at
any temperature between -20°C and 250°C in the presence of an olefin. The preferred
temperature range being 20 °C - 100 °C.
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si mul taneously or sequentially in any order, and in

the presence or absence of a solvent, in order to
wgQive/aedsbve cat al ysts. The presence of an ol ePCW/zZA2003/000188

during the m xing of the catalyst conponents

generally provides a protective effect which may

result in inproved catalyst performance. The

preferred tenperature range nmay be between 20C and

100C. The reaction products derived fromthe tandem

catal ysis process as descri bed herein, may be

The épstiidugl penagnartieoihaliz icalalyat @@te;ms}/é@swygd éﬁﬁeuymay be combined
SHATBASTRYIS seORIEAIPHTIG ordd i Al frok et uBBAE, i solvent
inReice to give aaliva|optalystsy s il émnr%sanne a>f f&ﬂr@lﬁiimdtlr"w g my@g of the

{aﬂaIyE on%ﬁtgsé%ln‘émllp gP&ndae%&dérBfec d?mﬁ:ﬂ may result | in improved

| qU| | qui act phase reactr o
caialygh peforneace.r eE“geentef%rrﬁsi/ tﬂmqyf@iu@ctangel egy e l@@ween &29°C and
1bh&; dom nant nedi um and/or gas phase reaction, using
conventional equi pnent and contacting techni ques. The
tandem catal ysis process may al so be carried out in an

T‘h@%écﬂ%ﬁlp\‘@ducts /el I thesf%hgéﬂt atdidis R)%éséqg% dE?c?HBEd herein,

the activator can use ese | hert sol vent
m?a(ybe P"ﬁ@ﬁﬁ?@éJS'@her&%Cé%edlqaﬁﬁﬂmt isgsteimnia & hostaggneous hquld phase

rﬁdc’g&hﬁ'ﬁﬂh@ pr@é’e_?_l@to'r %bMEQﬁ ah Bk \‘i’enthQrL ?’eﬁﬁél% reaction where

ydr ocar bon ypi cal solvents |n
thq patelyet ystenbisnpemiom that displays i @0 salvkilie, and/or a two-phase

113@9/11&\5]@ redBRbRYArRYSH LHAK @Hgse I‘E%Et'iBH lﬁW&Pﬁé‘ét&}QSgent and/or product

ycl ohexane, ionic liquids and the I1ke. tandem
o@éﬂwsy@/ﬁsasmhsd&@nafﬁyn%umaamd/@rdg@mph%ae r@ﬁ@tygwé@gfqoamntlonal

eahnﬂﬁ’r%ﬁm{d&ﬁé%tuﬁ&%ch%ﬁ&s Et hyl ene pressures in the
range of 10-70 barg are preferred. Particularly

preferred pressures range from 30-50 barg. The tandem

T‘Pl@ttéhd@iﬁ %a@ly%%egl%cgé%\’ R 48 bb @Al ol int SIRRHBIINGE Any inert
from-2 Tefnper at ures |nthe range of

SQ'BQTSfbatd%ﬁse”‘ﬁirr@ﬁ@rW@U thepggtivatoricap|Be Beesk dihege) inert solvents may

ifcRIMRBET 8AtUF-RSd ram@tlér%msaﬁnété@cang il aa%m'ueatr@fhbb%bﬁbon and
process nay be carried out in a whi ch i ncl udes

Blegongipt THHOCAIRE: QHPICEXERNANES MoIUdg NI PEmApbiBIed 1o, benzene,

télu@%éid%(ylénét %L%éﬁét | heptdrRRd trﬁethpxeyaéhéxaﬁétOh%thﬁcsmopentane
batch reactors and contlnuous reactors. The p ant may

cyfiehexane: ionic fgHes ard th6lk®&) a reactor, b) at Ieast one

inlet line into this reactor for olefin react ant and

he c talyst . 17 WD 2004/ 056480 PCT/ ZA2003/ 000188
e tan em catalysis process may be carried out at pressures from atmospheric to 500

barg. Ethylene pressures in the range of 10-70 barg are preferred. Particularly preferred
pressures range from 30-50 barg.

The tandem catalysis process may be carried out at temperatures from -20 °C - 250 °C.
Temperatures in the range of 15-130 °C are preferred. Particularly preferred
temperatures range from 35-150°C.

The tandem catalysis process may be carried out in a plant which includes any type of
reactor. Examples of such reactors include, but are not limited to, batch reactors, semi-
batch reactors and continuous reactors. The plant may include, in combination a) a
reactor, b) at least one inlet line into this reactor for olefin reactant and the catalyst
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system c) effluent lines fromthis reactor for
pol yneri sation reaction products, and d) at |[|east one
weepawEas4sn to separate the desired pol yneri sat POWZA2003/000188
reacti on products, wherein the catal yst system nmay
include a heteroatomc ligand, a transition netal
precursor, a polynerisation catalyst and an
activator, as described herein. In another enbodi nent
of this invention, a conbination of reactors may be
referre wher e the first reactor ¥ be a
SEIR ﬁhﬁiﬂ%w liges frona dhip seacterdaicpQlymarisation geagtien pepducts, and d) at

|daeR6he® l’sepéfﬁtbrb@ s8pdrateCihe Ritbd @B%H%'r%atﬁin' reb8tfbnt é\ﬂﬁuc’ts wherein
reactor or. a plug -fI w react or | es of performng

tft%eatmﬁﬁewsr%m mﬁ¥e'“?H Athedsrogiomic I‘Qﬁndbé tepnsition pegialpreeursor, a

pbmerigdten datalyshand ah beatd, adeschibad hétgin, exanpl es. The
i ndi vi dual conponents of t he exanpl es may conceivably

be omtted or substituted and, although not

IMaf6hsREMbYdin@aabf tHid mveRicN i SMiGHOSTCRE VAR bha?ﬂde' breferred
Wggreetglerfor med and t hese corrponents are not to aken

g dFtiregctergnadnie fGPRINYGUYY stikied! tank jeastar sind thersqqead reactor

iy Bstch,htid @ub) \etifbd taPk PERAH RS IRI-fov Addctgrd out
under inert conditions, using pre-dried reagents.

Chem cal s were obt ai ned fromSi gnma- Al drich or Strem
Chemicals wunless stated otherw se. All

trialkylalum ni.umand al ym noxane conpounds and
%Bwebﬁ%ﬂ'}%'f?gmw thein¥erti?mi ned from Cronpton Gibh,

Akzo Nobel and Al bermrl e Corporation. In all the

a e m)l mass. o al um no
TR eRveSioan lo B Be. SR bR SUPRBCRORAN TR RIBMIRe nomimiting
ek&hBled T lridmdualobcﬁmi@%%ﬁts %ﬁthé&ix@ﬁip@sﬁné@@o?dﬁs}aﬁw be omitted or
used in e aration o
s{iitiiod e85 bt Posen e euionmay: Fcaiebly st be

peﬁmrgwmeandstaés@aomp@wntﬁ Srewt & B alkeh ed da¥erdat idIhaMbrking of the
| D. Polymer sanples were dried under vacuum for

F
'ni’ tIlf’é"urs prior to characterisation. Polyners were
characterised using differential scanning calorinmetry

B AT B Bl AL PRsrIPR BB 78 GH GriehbrigRPALOTs, using
ph&faenies nmgsnﬂsl ehédh&:arsalvmemm@néd Grohd SRiM=eAldtiéN 8L Strem Chemicals
uﬁlglg%/ ITTEH(% r\ens%n Aqlgiréaﬁ@?agurﬁ%lﬁ h@)}cle,%éﬁrﬁu%&a%% cgmlpounds and
sbletiarr&nﬂ‘relr&ﬁtwem oletainibd dmrm%mmp@rcmﬁﬁﬁ-l%ézo KNpbel and Albemarle
%UW " lotﬁ%%\%h‘% SL%%O@%EE ?a%/mPnoxane (MAO) was
taken to be 58.016 g/mol, corresponding to the (CHs-Al-O) unit, in order to calculate the
molar quantities of MAO used in the preparation of the catalysts described in the
examples below. Ethylene oligomerisation products were analysed by GC-MS and GC-
FID. Polymer samples were dried under vacuum for 12 hours prior to characterisation.
Polymers were characterised using differential scanning calorimetry (DSC) to determine
melting points and C NMR for the determination of the mol% incorporation of a-olefins.
Where possible the remaining liquid after tandem pélymerisation was analysed by GC-
FID for residual olefin composition.

Example 1: Ethylene tetramerisation reaction using CrCIl;(THF3), (p-
methoxyphenyl),PN(isopropyl)P(p-methoxyphenyl), and MAO
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A solution of 9.8 ng of

(p- met hoxyphenyl ) 2PN(i sopropyl ) P( p- met hoxyphenyl ) 2
wOQo@k86480mml ) in 10 m of tol uene was added t ®C®ZA2003/000188

solution of 5.6 ng A 3(THF)3 (0.015 mol) in 10 m

toluene in a Schlenk vessel. The m xture was stirred

for 5 mn at anbient tenperature and was then

transferred to a 300 m pressure reactor (autoclave)

containing a mxture of toluene (80m) and MAO

(et hyl al um noxane, 4.5 nmmol) at 40C. The pressure
A 89BN ofetsd AP A da-ngthexyeheRm)erkissprany RiF-mathokephenyl), (0.018

nﬁrﬁ&ﬂnof 0 nfl B RAIREWH é&ﬁﬁed 'T@'argoﬁltlﬁﬁ%f %tG ﬁ@%rc‘{\’t‘f Hi8, (61615 mmol)

yl ene pressure was ke at

"?n 52. fnbtq}s@ee'ﬁs@rS@alenhrV@égqioThe thm@(wlaig Sélﬂ’ééd@,r Bfmin1goambient

tERRPAratUHS | 41 Q/agaﬁweneﬁéﬁﬁéﬁéd“go S& 1 3008l Jﬂ%@sﬁr@a@abﬁﬁ (autoclave)
was term nated after 30 m nutes by discontinuin

capfginingha mkigetdd tolyene éé@ﬂ%rarﬁnw&@newawn%a@t 65 mmol) at
4b@C b%@%é@@re’“\?éa%foﬂﬁb@%a?&dt NGth eNyRME. Sft&ylvﬁﬁbﬁ the reactor

fromthe autocl ave, CI_H contained in
t%m?‘ifetua%waw'@fa@ﬁet%&5°%w Ieéh%&ﬁmenfemremwgy kepioat 45 barg.

ThEHUeR mlﬁh? wadEnduied tMY%U&Hout 'b‘? Wf&gg ‘g?ée&d&elq 095?’2F"1\}i’}s1 using a gas

i nt ernal andard for the ana iquid ase
epifaipingFtier. AT kgrigactian yasetepningled aftar gihminutes, by qmg;gntmumg the
eﬂ’(y'lefh@ f@é‘@l’co aehideRHang ‘égblhh@ e réatsr BNEISH G0 ANRHeY $88asing the

The remai nder of the organic |ayer was

eﬁ%/?ﬁSeﬁt@Gefteofr?@ draeoeiRee. dhs liqyidveontaiBeq ifethe @utqsleye wessiuenched

thheétﬁaﬁ@fbe\ﬁHdOﬂVGIb% Wﬁdr@c}%r‘uﬁgc@\fﬁr\ﬁétgmNddénér\Né%VSHded as an
at 100C and yi e

"B%mﬁ‘b%tﬁm’%ﬂém (PR enalzs S et s uid Ressded iR Avsreall sample of the

la whs ¥fied ev&%ﬂ?uﬂwg sdiuis dfafd é&cpﬂ%hsa €d by GC-FID.
o rised 72% 1-octene (99% purit nava y

TEﬁa%m%d%r "R RG| SRanE avet s dlieresh Qe GH sl vaxipolymeric

prdduiet Theseeblidap@tdets were dried overnight in an oven at 100°C and then
phenyl )2 and MAO A sol ution of

(R e N el

rﬁm}e) cd)rﬁaiﬁeé 49708 oliguneRe T™WaSol 3 tc@m@r@é& VQ%Oﬂo@lfene (99%
nmy Cr(acetyl acetonate)3 (0.022 nmol)

pl:’[l%ne in a Schl enk vessel. The nixture vvas stl rred
for 5 mn at anbient tenperature and was then
transferred to a 1000 mM pressure reactor (autoclave)
containing a mxture of cunene (180 m) and MAO

Exﬁmﬂl\e’QﬂEmVle’r@téfrEmeﬁsétlmTﬁdactlbﬁ Lﬁﬁl@bk{btapldcatonatek,
BFTE s SroPUIR EhRHT ANt A cact or  temper at ir e was
Aceolttion bedsat mgost, (pmmw)gbmmpmﬁwp@m@nmze(@wemmg in 6.4 ml of
BB MR g1 o B85 Th: o i & i
cumene imh caoﬁténk'ﬂb&sew I TeURixture SeasVaisred X6 5 i@ at dMBient temperature

a%la%%e Prg;'i)sferr eod toa ’I(?Od) mil pressure reactor (autoclave) containing a mixture
of cumene (180 ml) and MAO (methylaluminoxane, 4.4 mmol, 10 % solution in toluene)
at 40°C. The pressure reactor was charged with ethylene after which the reactor
temperature was controlled at 45°C, while the ethylene pressure was maintained at 45
barg. The reaction was terminated after 25 min, and the procedure of Example 2 above
was employed. The product mass was 118.78 g. The product comprised 69.5% 1-
octene (98.9% purity).
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octene (98.9% purity). 19 WO 2004/ 056480

PCT/ ZA2003/ 000188 Exanpl e 3: Tandem cat al ysi s
woeeamHises0 usi ng Cr (acetyl acet onat e) 3, PCT/ZA2003/000188

(phenyl ) 2PN(i sopropyl ) P(phenyl )2, MAO and

di met hyl silyl -bi s(2- nmethyl {4, 5} benzoi ndenyl)

zirconiumdichloride In this exanple, 0.011 mol

Chrom um acetyl acetonate (15.2 ng) was conbined with

0. 022 mmol (phenyl)2PN(i sopropyl)P(phenyl)2 (36 ng) in

a Schl enk tube under an argon atnosphere with 10 ni

anhydrous tol uene as solvent. The netal salt and the

ligand was stirred for 5 mnutes and then added under

inert conditions to a Parr autoclave (300 n

capacity). The autoclave was filled a priori with 70

m anhydrous tol uene as solvent. Separately, 2 m of

| ut
Eg‘ﬁﬁ’(oﬂlﬁuy: §|nI y| -Tghdem. m??FﬂW%‘ﬂ shesetoni nHeing| ) Cracetylacgtenate)s,
ﬁh&dﬂlﬁPNd@oﬁroﬂyQﬁ@%eﬁVWJ 0. ORAD NU) Vi adde@lh@th%llyl ~bis(2-

arate reservoir under

rous. toluene I n
mﬂB?‘@ gﬂ??d\‘?l'lﬂ%ﬂ%&ﬁﬁ%’é‘é‘%d'ﬁb oride i nl et of an HPLC
[P EHIP exarAPIR! 001 MBhAbYCHr3REUNE GcéRcslohatdBti B! AL WLE @3ABRed with

ad t he autocl ave under
R TmRERoe T RENkShrsamAR P Rau a8 i 1t 8 SPBIRCK tuhgznder an argon
aaﬁ@bmraﬁas\am e ﬁﬂl anhﬁir&fs foRieHe ¥k bblv@rﬁthWh@meetMaJnSahd the Ilgand was
sf‘ 5&6@8 f nceg @ 1dZO m At the sane tine
I BELIESANORER 2pded dhder deit pRMItiRAS tader aoslawe (300 mi
capdang). ane Altoelaawas filled et pri Wwiie 70Rar énlﬁmsofoldelﬂétas solvent.

PR S0 0ba seuited o hmeihuSlurhele sty P aenengenyd zirconium

didhioride (0¥.0052 r‘rﬂﬁ‘djll o@ 0052 3ih)idubededid €8 mmam{ydt&ue toluene in a
reacti on vessel rﬁoolg{jo down and quenched w

SEPHE o[esewpireynd% I sheonnggiedcicatine iek %F?éhb'ﬁ LC pump.
A@pcbxtmmewmnerdqsmqtd) eqdtiedalliminofadl IBAS) wil @da@@ tmmeCéutoclave

ﬁa?'y?rﬂ%“ orengie. Lo QuafavamoSnasies 16 A5 C. Beqloand pressurised

th B6 baEOwEH emyleas mdmtte:mmrfgedaworﬂ:a@mdcéte@oo MB@NeAtitie same time
nance ,.s %

. Tanden
PV e PR Zolhh SelHorives fuckit i tae ey lroudh af et on the
Repheayto) M@"ﬁmﬁﬁtﬁbd R tHecowtiel 2f tH%EIPEOCbump The polymerisation

SR BNk 50§ PRELF e M BE WS4 B o it o

reation |veasabfWa%Occrdled Ebngml)eln)i isclset Wrth) Ryhand(. phﬁf@y BD Zninutes, the
n r Qu ne. an of a
bt o Gieerf a0 Bt 3 Pl 67 659 o oS oyt g polymer

collected was found to be 23.16 g with a melting point of 126 °C and an amount of 1-

octene incorporation as determined by "*C nuclear magnetic resonance spectroscopy of
3.83 %.

Example 4: Tandem catalysis reaction using Cr(acetylacetonate)s,
(phenyl),PN(isopropyl)P(phenyl),, MAO and tetramethylcyclopentadienyl
dimethylsilyl t-butylamidato titanium dichloride

In this example, a solution of 20 ml (phenyl).PN(iso-propyl)P(phenyl), (0.044 mmol) in
anhydrous toluene and 20 ml of a solution of Cr(acetylacetonate)s (0.022 mmol) in 30 ml
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20 WO 2004/ 056480 PCT/ ZA2003/ 000188 anhydrous tol uene
was added to a Parr autoclave (300 m capacity). At
woheosaaemsot i e, 10 ml of a solution of PCT/ZA2003/000188

t et ramet hyl cycl opent adi enyl - di net hyl si |yl -t-butyl am da

to titanium dichloride (0.026 mvl, 0.01 ng ) was

added to an external reservoir along with 10 m

anhydrous toluene. The external reservoir (under argon

at nrosphere) was connected to the inlet of an HPLC

punp. g&r oximately 1200 eq on 08 nmet hyl al um noxane
aphysleyus tiigne e #dded tha F’am dame (FRa e cnammhy) At the same time,

1@Qﬁ]d<bfté QBRitior] € té’cFHn%%h f g%ﬁtaﬁﬁﬁﬁlfﬁmgﬁgé% @buty?a‘?rﬂb&g titanium

pressurised t
d@hlpflﬁie? %%@a@’"@%n@r@h e@j) wes adder tor @mfextAtnat rﬁ@eg@rr@lqngrmlth 10 ml

aﬁrﬁy@r&gl IBAE.S Thé @Rtehl ?ésﬁéﬁﬁous(%&’ér' é?@or‘/‘@tﬁ}]cégﬁ&g {18s Ebfhected to

aut ocl ave through a separate inlet”on

theela'@¥ efran HBLC\/%@% oﬁmew@at%ﬁwee% Uen &) wethylsiunippene (MAO)
wBé' %dedﬂ&h@%h)ﬂ&%\rvé SAUECReE e&.@altvows REede %gas%éa?éoeto 45 °C,

66 /mn over a period of 30 m nutes a
S@m%ﬁnq H@Sw&@ﬂ.t@ A3\hasg with giyleps arhist Eising wearicenmaaersdat 1200

rpth.t At ﬂfeh?dh‘i’é tlme-ﬂi@ p@th@ﬁéa’%ﬁ c‘é(?a‘i’ys@ ESIU?«% fnd faH{f{deto the autoclave

contents coll ected for anal ysis. alysis o
thsHaprretergrate inighar the Pap r@%f‘é@rdhaﬂrws ainpcted tethecutiet of the HPLC

pﬁrﬂis!eﬁh@%o@rﬁ@ﬂsbildigcé!élé/é’ttwé%faoQi%d @tandte & B rﬁ’l/mln over I\/F\’DenOd of

i'ncorporation of 1-ociene as determ ned using

STAUNURD AR WHCHBe yasation ¥Bssebwee goglad down 5a¢ qumvr@ed with ethanol.

TH@%ﬁtdc)év@fwésh@F@rﬁHd/Hﬁd tm:,aéoﬁleﬁt@réaleaéd ti6r Qﬁal&éus‘ﬁ%alysm of the
Tandem cat aC}F/)SI S reaction usin

3 :
%ﬁgﬁﬂwBﬂ%Werég&%@ﬂ YPrayenied iroxgiRe eIy 5 49 °C and
280 (CparbiorsRIhIatRiehe ddterfibdlisiR) NEINNIRY I'I'he amount of polymer
b‘e(s:tlgladenyl zirconiumdichloride In this exa m

Wasrees % ol Nt qensiteefriba palymgr was deterrpined n% e 8392 g.cm®
acetyl acet onate was conbi ned with 0.06 mol
(p- met hoxyphenyl ) 2PN(i sopropyl ) P(p- met hoxyphenyl) 2[ 30
mg] in a Schl enk tube under an argon atnosphere. The
Ex@hple sal 5: and therdno@arnd wegatAysisr ed f-éya:tuénm NUHEIR . (p~

I 300
TRy PRAR S ISP SRYIE (P-THRIhatMRhera e JEBasqtyBRgoRatels, MAO

aidl diméthyisiipl Bi@mﬂen?niwammm diéilbri@ge as sol vent.
Separately, 5 nl of a solution of dinethylsilyl

bi si ndenyl zirconium dichloride (0.015 nmmol, 0.0067
InTdhis wesnpldded o 615 dﬂtola@ﬁé’cﬁoﬂuiﬁnt @br’vtﬁlﬁﬁ—’tgl 0.08 mmol chromium

oSS 7L Kb o, et oo B soprommr
rr@tﬁoxmﬁémyl)ﬁ.‘kmmgp msehlém@)oe\waeaéﬁ afbohcatﬁqb@prwﬁé OTh@Yeetal salt
al’(\fp ﬂ%ee rt?%g%?%é@o%s@wpqsoarﬁ %CelnaaYdede\cllvatg ahsgrtreautoclave (300 ml
capacity) under inert conditions. The autoclave was filled a priori with 60 ml anhydrous
toluene as solvent. Separately, 5 ml of a solution of dimethylsilyl bisindenyl zirconium
dichloride (0.015 mmol, 0.0067 mg), was added to 15 ml anhydrous toluene in a
separate reservoir under argon that was connected to the inlet of an HPLC pump.
Approximately 600 eq (on Cr) methylaluminoxane (MAO) was added to the autoclave
under inert conditions. The autoclave was heated to 45 °C, sealed and pressurised to a
pressure of 41 barg with ethylene whilst stirring was commenced at 1200 rpm. At the
same time the polymerisation catalyst solution was added to the autoclave through a
separate inlet connected to the outlet of the HPLC pump. The polymerisation catalyst
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pressure of 41 barg with ethylene whilst stirring was

comenced at 1200 rpm At the sane tine the
woabowosedssat i on cat al yst sol uti on was added t oPClZA2003/000188

aut ocl ave through a separate inlet connected to the

outl et of the HPLC punp. The polynerisation catal yst

21 WD 2004/ 056480 PCT/ ZA2003/ 000188 was added at a

rate of 0.33 m/mn over a period of 60 mnutes after

whi ch the reaction vessel was cool ed down and

en d th et hano he autocl a was opened and
W 0GR ot Arrete B oLl ier isPioe ot B0 FRBuG R Glish wiph the reaction
vg%&ejc’: 11213 db@leldedziv&daﬁwquénméﬂ “ﬁ‘f"?ﬁa'}d“sf he\é%ﬁéUIHVeQN@J‘o@éned and
t'}ﬁemﬂt‘ﬂﬂ ﬁaffeﬁp o 3 ToPBRUR A R TST cSleSiadcis frst aried i a
vEOWLMh PosrabEsd &G falertoet msm@ diyarh3Gntrvi GH e1ag M’fﬁ@ﬂﬁélhﬁ% point of 106

{; q}ﬂ%nce @‘Prgé]% Jroet ‘ﬁg%mpsrpg@? %a%lq;ggr@d%rasgt Hag QH’HP@ magnetic

r@sonam&emmt@dpysaﬁ 5Re:t TIed deRditfybf (the PBIYMRX WRAB *RYWrindred to be
Oé”%lsq?rgpyl) P( p- met hoxyphenyl ) 2,
2 Wl-acet onate)3, MAO and cycl opent adi enyl
dimethyl silyl titaniumdichloride In this exanple,
0,025 g of
(p- met hoxyphenyl ) 2- PN(i sopr opyl ) P( p- net hoxyphenyl ) 2
Exanipe nm)l ] maaddecbawydue Mrediltion t alsiigne (pcrhethbﬁ henyl)z-

| t 0.03 Schl
u E@P‘ ac %@pé and m&%ﬁﬁc?B“?ﬁ 3r 1? 2

clybmbatadmtyl Idlrﬁellhlylsﬂydlliaammdlthldkiidé he sane time, 10
m of a cycl opentadi enyl dinethylsilyl titanium
di chloride (0.03 nmol, 0.009 ng) solution in toluene

Irw&sis exhimdet@O%g@H(;&nmﬂioxS/ﬁ%WQPN €0 peBYEY) P 3-methblygHenyl) [0 06
dr ou u The exter ir

RGeS B0l LN BB SRl B Bt 03 mt

SchkenBQﬁbe‘mncﬂ%erran atg‘oodtmwephm anbatligedd W tstir i Svhinutes untll fully
nhydroys, t ol uene as th 1,0U Sstirred .
d%S((')&% t 5? @ges? r[[n%ej glﬁ)(réYe % IQQﬁgﬁWy}f gl_mesihylsﬁ/} {ltanlum dichloride
@NBMHn@r0999hEQmONMbmmMymb&mmb$%dhe@aﬂﬂ1sﬂbmbiQBeN@d@bngth
600 e
Rt SR R, TR AT G e ofihe Gt of an HPLC
pumxberAftemélms the (3ﬂd|nt|l|Ranrsautd'¢im/eawas‘.)clhaIged witls 60onirembyédus toluene
0 C 1let a ea t eal

atgndwéﬁegg%r |t§§d P%U'ghg}(esgﬁ?eg oﬁ%? @%atoﬁ?t@%’ﬁ ?jﬁ%wgheny')z'
ANtisopriopyliR(patétboxyphenyie ligarebsdlutom (re@r imenudomditiondi Approximately

Ly t rom At the sange e .
PR 9 SRS GAPERRE o RR0D e hadle S ool Tpger ner
canditigrisavidhet dutanlayle wasecodReeg tonthe HPLIGpyop patist badheatad to 45 °C,
sggiiéaléﬁﬁ }Q%Jr@g&j%j a%re?su?@'b? 59 fbapg %ﬁh etl4yrlre'nr<]a Y He Quration of the
reactlon (60 minutes) whilst stirring was commenced at 1200 rpm. At the same time the
polymerisation catalyst solution was added to the autoclave through the HPLC pump.
The polymerisation catalyst was added at a rate of 0.33 ml/min over a period of 60
minutes after which the reaction vessel was cooled down and quenched with ethanol.
The autoclave was opened and the contents collected for analysis. The polymer
collected was washed in acetone and dried in a vacuum oven for 12h at 60 °C. The
dried polymer amounted to 3.35 g. Analyses of the polymer revealed a melting point of
128 °C and 1.02 % incorporation of 1-octene as determined by '*C NMR.
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m nutes after which the reaction vessel was cool ed
down and qguenched with ethanol. The autoclave was
wopenadeadnd t he contents coll ected for anal ysi 8CT/Fac003/000188
pol ymer collected was washed in acetone and dried in
a vacuum oven for 12h at 60 C. The dried polyner
anounted to 3.35 g. Anal yses of the polyner reveal ed a
nelting point of 128 C and 1.02 % i ncor poration of
1-octene as determ ned by 13C NVR 22 WD 2004/ 056480
PCT/ ZA2003/ 000188 C ains 1. A process for
pol ynerising olefins to branched polyolefins in the
Qlaimsence of a polynerisation catalyst and a
cocatal yst, wherein the cocatal yst produces 1- octene
in a selectivity greater than 30% 2. A process as

1cl ai medrdcasﬁcﬁlmyheﬁbmgﬁilé’fmtsh@ H@é@h@h%ly@@ﬁﬁ@hrﬁﬁerbrb%nce of a
a br anglhed ﬁgt R\Xiin @ g{ ss . as cl ai ned

d ai #° '3 .%C???éa' taMORED S yewéa'vﬁ prgduces 1-
| i neaictdnewn d%@&bﬁﬁty@ﬁéa@{thé{h g0%. 4. A process as

clainmed in any one of the preceding clains wherein the

cocatalyst is an ethylene tetranerisation catal yst.

%. AMppocessasislabheti MECiainh 1 @hakdlh dhevBRhehdd pdifolefin is a branched
et hyl e e tFt ramerisation catal yst includes a

t rand°¥ BW &t al and a heteroatonic ligand. 6. A

process as clainmed in Caim5 wherein the heteroatonic

d d bed, b | f
3'( 'R? Y %}05(%? eﬁ»?&hgﬁ%d' Glalin & air gﬁﬂhagﬁﬁ@yﬁﬂeﬁw prasenedt palyolefin is

f r omlineardow dpnsityi poliyettofgnei ses phosphorus, arsenic,

anti nony, oxygen, bisnmuth, sul phur, sel eni um and
nitrogen, and Bis a linking group between A and C,

dand A pec&sgjaodpsnaria mhe)nsadfrme)predécﬂiﬁ§blamﬁs AR6reRAtBB dBcatalyst

IS ind e ntI sel ec gm any hono or

het erd 8&%@5?@@"@%’53@ a??ﬁal ffand mfor each Ris
independently determ ned by the respective val ence and

xi dat an ocess as .cl ai med
Pn PapiteSt B &elined u? Bk & whereth R B0 S TtEerierion catalyst
is dehoeskzdnsitioa n@aieanala Heteroatomic ligand.

(R1)(R2)A-B-C(R3) (R4) where A and C are independently
selected froma group which conprises phosphorus,
Bar semi process as claimed in Claim 5 wherein the heteroatomic ligand is described by

a general formula (R),A-B-C(R)mn where A and C are independently selected from
a group which comprises phosphorus, arsenic, antimony, oxygen, bismuth,
sulphur, selenium, and nitrogen, and B is a linking group between A and C, and
the R groups are the same or different and each R is independently selected
from any homo or heterohydrocarbyl group and n and m for each R is

independently determined by the respective valence and oxidation state of A and
C.

7. A process as claimed in Claim 5 or Claim 6 wherein the heteroatomic ligand is
described by a general formula (R)(R?)A-B-C(R®}(R*) where A and C are
independently selected from a group which comprises phosphorus, arsenic,
antimony, bismuth and nitrogen and B is a linking group between A and C, and

R, R’ R® and R' are independently selected from hydrocarbyl or
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antinony, bisnmuth and nitrogen and B is a |inking

group between A and C, and R, R2, R3 and R4 are
wonoepsagent | y sel ected from hydrocarbyl or 2BCY2A2003/000188

2004/ 056480 PCT/ ZA2003/ 000188 het er ohydr ocar byl or

substituted hydrocarbyl or substituted

het er ohydr ocarbyl groups. 8. A process as clained in

any one of claims 5 to 7, wherein the heteroatom c

ligand is described by the follomﬁng general formula

(5 BB S ol R oo

ar segjreypsant i nony, bisnmuth, and nitrogen and B is a
l'i nking group between A and C, and Rl, R2, R3 and R4
are independently non-aronatic or aromatic, including

awet emopramas a8, clgmed s .ang. or® OF BI8RRS5a86 ﬁl\ﬂiéﬂf@iﬁ th8 heteroatomic

ar orrgn%’?%d 'Slq%réFiRﬁd% tﬁgﬁgl‘oy CoRher fa?‘ﬁ’@lpgR §%d>nden B?/) R’) where

the g enps dfe mo%endfé’ntl?%@lec@@ fhoay @ o@plh/ﬁfchtc@ﬁibhsé%ﬂphosphorus
the atom agjefacent to aé{atom bound to A or C.

pr oc &MYy P%&*Sﬁf’w hilkise &5 %'&ﬂk"}&ﬂrew H%ltween Aand

two @@, drd, R'RR?, RBasd&* Bfe indapendeniiy hbi-deittic ot dré\ﬁatlc including
atom agé acent .to the atom bound to A or C 11.

pr oc SSETOUOTRLE. RS G aim 9 or O aim 10 wher e| n at
| east one or nore of R, R2 R3 and R4 are

substltuted W t olar. s ituent on a sec or
ot KePrEEs S it R Cart i et Ry 76 & Derendependently
\% oc esamatic, tricaidingchéteroarmatio &revipsCarii meg Sg th%gﬂobps Rl_l), R? R® and
er eisn _an stituen ) n
are ?btha% X?ﬁ%@f%‘ﬁ?%ﬁ] a%tg'ﬁ‘ta %’e{’ﬂ@ﬁ%‘% B'i?frb%?j‘r’i‘g%o %d’ri)
or C. 13. A process as clalrred |n Caim1ll or daim1l2
er oI ar it one or f
180" ProRte g ueB R Elah & Bhatih df Mo hal ol B e R R’ and R
cl ai tnede subsBhusnts ¢h the aldraadjadéht tovheratom baakd to A or C.
substituents on one or nore of R, R2, R3 and R4 are

not el ectron-donating. 15. A process as clained in
10 ai A Arbcedseasetiaimeadin Qham-%breClmono ddweadin BPleast one or more of R,

SUbStFiZF ﬁegﬁd h%%%ﬂbgﬁl 4 W|t121 a polar substituent on a second or further atom
from the atom bound to A or C.

12. A process as claimed in any one of claims 9 to 11, wherein any polar
substituents on R', R% R® and R*are not on the atom adjacent to the atom bound

toAorC.

13. A process as claimed in Claim 11 or Claim 12 wherein any polar substituent on
one or more of R', R?, R® and R*are electron-donating.

14. A process as claimed in Claim 9 or Claim 10, wherein any substituents on one or
more of R', R?% R® and R*are not electron-donating.

15. A process as claimed in Claim 14 wherein each non-electron donating
substituent is non-polar.
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WD 2004/ 056480 PCT/ ZA2003/000188 16. A process as
clainmed in any one of clainms 10 to 15 wherein each of
wWe2004RR6483 and R4 is aromatic, including PCT/ZA2003/000188

het eroaromatic, but not all of R, R2, R3 and R4 are
substituted by any substituent on an atom adjacent to
the atom bound to A or C. 17. A process as clained in
any one of clainms 6 to 16, wherein B is selected from

any one of a group conprising: organic |inking groups

onpry sing a_hydrocarbyl , substituted drocar byl ,
ot /bR Eba B e Avansad Seed hio: B ShYMEBmIIR. R, R
i nor gadiR? i$ brdniémg, BEaUiPg he@rParomiang it nﬁi 4 8t RMR% RK&nd R* are
lonic links and a gro. conpr| sing met ene,

o mecHyr LR and sFhstiRot AR alor Safke i biom bound to Aor ¢
propane, 1,2-catechol, 1, 2-dinethyl hydrazine, -B(R5)-,

=Si (R5)2-, -P - and - N(R5)- whe R5 is hydrogen,
Ly A BESPES P SR asth B Aot AP Bt byh, Wheral 5 & Selected from
ﬁubstalny ;mheqbf bejreum adropfisiray: bf}jahﬁﬁhmkin@ gtw@dsl éomprising algydrocarbyl,

etero roup . or a cyclic noat oni c..gr oup. .
A pr SHax8ded nipiochsl nitersyeioarny ARY & oBitHisddisterbisttocarbyl
to gmcggm]iggjhlein@tgﬁx_linpsicﬁmmrsing]@nglé OAORKS; 'r@ﬁié:Cllninbr&h@ a group
In arm. or I m r IS selectedq o be -

N RS OPYRER e e, ‘SinaltyGsihgene ol itand.r dii-bayiene, 1.2
gr oupsopalmgshﬂ-batgchmﬁ,l alzmh%thylﬁil]d/rbzinar mk(Rﬁ)y,, -S@°RYeP(R%- and -
nitr xycagbany, car bon X al kox _

anin égﬁbo‘ﬁ re &caﬁ HYASSR ﬁo?(‘ygﬁ%?w: &hi %’g?‘t't&ed hydrocarbyl, a
der i wabstitated t etereafom, aa Halatehstal tydlie dhetbobtoaily dbup or a cyclic

t hes i nts, and any cyclic heteroatom c group
i ncl ﬁaﬁﬁg%&}éﬁgoﬁ@ht adi enyl

di methyl silyl-t-butylam dato or a cyclic honpatom c

roup iocludi .cycl.opent adj enyl .. indenyl a ,
1Bl CoreREResh =S Ryt o St ERkisin Ehiecileqsilto pe a single atom
cl ai spagrt o 19, wherein A and/or Cis independently
oxidised by S, Se, N or 0, where the valence of A
and/or C allows for such oxidation. 21. A process as
18] ai eprocesChaictairded in&iai 17 ér Stathot8, GHesein B is selected to be -

By L AT RN TR T e

or Se‘or
of clanil,raryldxy, dagen, it rafkaxyéirporiyR,, caRibnglosly, Fdkaxly caminocarbonyl,

i nde S i r FOUR,.conprising .
benz@?{ﬂ)@@ﬂé@qo’, 9 a@%q%ﬂnéyﬁﬁe?‘ivgtﬁlgs%ereo , ary sustﬂuted with any of
these substituents, and any cyclic heteroatomic group including cyclopentadienyl
dimethylsilyl-t-butylamidato or a cyclic homoatomic group including

cyclopentadienyl, indenyl and fluorene.
20. A process as claimed in any one of claims 6 to 19, wherein A and/or C is
independently oxidised by S, Se, N or O, where the valence of A and/or C allows

for such oxidation.

21. A process as claimed in Claim 20, wherein A and/or C is independently
phosphorus or phosphorus oxidised by S or Se or N or O.

22. A process as claimed in any one of claims 7 to 21 , wherein R', R?, R® and R*are

independently selected from a group comprising a benzyl, phenyl, tolyl, xylyl,
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WO 2004/ 056480 PCT/ ZA2003/ 000188 nesityl, biphenyl,

napht hyl , ant hracenyl, nethoxy, ethoxy, phenoxy,
woaboslossagp di net hyl anmi no, di et hyl am no, PCT/ZA2003/000188

met hyl et hyl am no, thiophenyl, pyridyl, thioethyl,

t hi ophenoxy, trinmethylsilyl, dinmethylhydrazyl, nethyl,

ethyl, ethenyl, propyl, butyl, propenyl, propynyl,

cycl opentyl, cycl ohexyl, ferrocenyl and

tetrahydrofuranyl group. 23. A process as clained in

any ope.o

| 1
ors Wil Aell reehfu aiEban mginsns ebRpe ishgxy toiox,
phﬁn?dlmetlhyllamlno bdipthelagnino, mathblelhwlamlgdﬂl tdpRexy, Ewddyl thioethyl,
TN Y T e
het empoaytenyi, Cprbpgiyndcycﬁopsatyﬁcbﬁﬂbrfelxwmfém&cémle afd t%trahydrofuranyl
group corrprl sing (phenyl)2PN( et hyl ) P( phenyl) 2,
( phe?Y2PN( pent yI ) P(phenyl ) 2,
(phenyl ) 2PN( phenyl ) P( phenyl ) 2,
h 2PN t h h | h h [),2
Dt g BIRER! S BHBN B O REHBMOPIA CLIbSRINR e R &R R are

norphmﬂepnadé?(tkyheeiyd:tazd from a group comprising a phenyl, tolyl, biphenyl,

E??S% bﬂNg)\?ﬂ%%Eg)a[é)e&Ph lﬂgllz) 2PN( et hyl ) P(et hyl) 2,

(et hyl ) 2PN(i sopropyl ) P(phenyl) 2,

2%12: Ez %%e%eny %%m{sﬁi@ﬁ%{y %ﬁ?gﬁ%wé(‘éap ”}é'lehm 14 and Claim 15 wherein
(pﬂerlllyé)lﬁaéro%)m(lhgam osyéze)lée(tmefmﬁh )a21y one of a group comprising
gg- :R%@%@ﬁ%ﬁ%ﬂ?gﬂ“&%%. sopr opy! ) P( pREFMEEN(Pegty)P(phenyl),,
rreL hy(ppemyhRN(RRN(BMeap ) P( 0- (prenbiyPNih-ergticpbiesmyl)P(phenyl),,
E Bhgzéﬂjg@%hﬁscycw% XQFQ’%%YI%ZP( phenyl) 2, (phenyl)PN((CHz)s-N-

( phemydrpREMNEIEMRIGHBOER S ( OVE3) | P( pheny (ghgnyl).PN(Si(CHs)s)P(phenyl),,

h | P( ph )2,
éﬁeﬁ%k%ﬁb&%’i‘?ﬁmc? oggxslngle phenyl ) 2, €ty)PN(methyP(sthyl),,
( phergthy2PN(iabpropy IR(pireeyl), ) 2,  ((@thyéarieniiyPN(EfyNP(ethyl)(phenyl),

t hyl . _ .
?p %I(%ﬁgﬁ@ﬁ?@@m%w{gw)&phegw%engplhfgyl ZP% Se)N(isopropyl)P(phenyl),
efmsnyl) s sGtRighp )2 - (vestinfishrenly))@henyl)PN(isopropyl)P(phenyl),, (o-

(ghfe b &W@W@%ﬁz hpfrﬁ?gw h&@k?g&ﬁybm v (Phenyl)zPN(benzyl)-

phen Paret hyl ) P( m Me- phenyl Yghenyl),PN(1-cyclohexylethyl)P(phenyl),.
( BEZK%}# @W@?ﬁ?&ﬂ%éﬁ%ﬂ@%w% Aphenyil2PN(cyclohexyP(phenyl,
( pheWEMPE’N@fNetwwdoww P(phshyipheniphgmy).P8(ally)P(phenyl);,  (o-
%gfzﬁﬁhtﬁgﬁﬁﬁngﬁ@gﬁ’@n@#th@& EH bIBh&*ﬁBPI\?(rﬁe?hyb%(p -biphenyl),, (p-

Me-phenyl),PN(methyl)P(p-Me-phenyl),. (o-thiophenyl),PN(methyl)P(o-
thiophenyl),, (phenyl),PN(methyl)N(methyl)P(phenyl), (m-Me-
phenyl),PN(methyl)P(m-Me-phenyl), , (phenyl),PN(isopropyl)P(phenyl),,
(phenyl).P(=S)N(isopropyl)P(phenyl),, and

(phenyl),P(=S)N(isopropyl)P(=S)(pheny),,
25. A process as claimed in any one of claims 5 to 13, wherein the heteroatomic
ligand is selected from any one of a group comprising ((m-

methoxyphenyl),PN(methyl)P(m-methoxyphenyl),, (p-
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ligand is selected fromany one of a group conprising

((m et hoxyphenyl ) 2PN( net hyl ) P( m net hoxyphenyl ) 2, (p-
wa@00A0s524304/ 056480 PCT/ ZA2003/ 000188 PCT/ZA2003/000188

met hoxyphenyl ) 2PN( net hyl ) P( p- met hoxyphenyl )2, (m

met hoxyphenyl ) 2PN(i sopr opyl ) P( m net hoxyphenyl ) 2, ( p-

nmet hoxyphenyl ) 2PN(i sopr opyl ) P( p- met hoxyphenyl ) 2i

( p- met hoxyphenyl ) 2PN( 2-

et hyl hexyl ) P(p- met hoxyphenyl )2i (m

h h PN( et hyl ) P(phenyl )2 and (p-
ot h B BT BR B PioBny | ) 22 (m (m-
rret hwn@@auéawmeo%b}o%%n@ﬁ%tad’xgmé@bp@syphenyl ) (phe
rret h&&%’ﬁ%ﬁ?ﬁ”}y DePRRPPII) R@rmetnpBEReR¥izh o x (Rmepxyrhemi!).PN(2-

nyl) etr(yrhexw Wﬁ&%ﬁéﬁy@’)ﬁ’N( met hyl ) P(phenyl)2 and (p- (m-

En;t %%ﬁ?r}&gﬁ *’%Mﬁf‘){(methw P(phen%/I)z and (p-
cyc' @tfawy@henl ﬁ@aﬁwm@w@m nyB2 (m-
rrgt Hi %MBE%&@) F;hpmd Prhi.(mwmﬁwty%phenw) phenyl), (p-
(p mﬁﬁéimphgzw) (e ?nt \ﬂt& met hoxyp eny%%%) (p- m-
met h@%ﬂéﬁ@?@%#@@&gﬁl t hoxyphenyl| @d (p-

et hongthh§phiényd M@iwiw: thoxyphenyl g;,.ne%xypheny,)ﬂ“_
henyl )

EL“?[cﬁ%eS&M%mﬁ@%e&% “?{Sﬁrﬁzﬁengn gthoxyphenyl),PN(2-

(p- dlmhwwcmm)mﬂmyﬁdxaﬁwmg hyl') P(pntbthasd/bud Rl PNdBeyl)P(o-

henrr@%%%WBﬂ%Wg) zpﬁ&(memﬂxmeﬂm@é’ﬂéB@J}I){J}Péﬁwe)tboxyphenyl)z (p-
( phemydthcXybhersDEFpyhayBEQ-meeiogptapbigny | ) 2, (o-

e s
met héuypbeenil ) RNResty)PENtisepiargyl, ) P( Qb—ﬂﬂ&érjglblgeny%??N(ﬁ\ethyl)P(o-
hher SharopRepdPyfierPudseasur ey TG apdiiamgmpheny).
a gr gumettioxgptienlyl)FNal)PEd- ﬁrtetrrwymfen?»egl e(pheh%ﬁﬂ isopropyl)P(o-
ot aTARE s gl - or (BT AP B PN (isopropy)P(e-(e-
et hyImdd)thgleahytmihahylgcenes and silyl - bsaglged (p-
et alrr%e?ﬁo%&%ﬁényl)(phenyl)PN(isopropyl)P(phenyl)g.

26. A process as claimed in any one of the preceding claims wherein the
polymerisation catalyst is selected from a group of catalysts consisting of Ziegler-
Natta catalysts, unbridged metallocenes, half sandwich metallocenes, methyl-
bridgged  metallocenes, ethyl-bridged metallocenes and silyl-bridged
metallocenes.

27. A process as claimed in Claim 26, wherein the Ziegler-Natta catalyst is selected
from TiCls-Et;AICI, AIRs-TiCl,.

28. A process as claimed in Claim 26 wherein the unbridged metallocene is selected
from:

bis(cyclopentadienyl)chromium(ll),
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27. A process as clainmed in Caim26, wherein the

Ziegler-Natta catalyst is selected from .
woiGLAs&ESBAI Cl, AIRS-Ti Cl4. 28. A process as clair/mdod3nooiss

Claim26 wherein the unbridged netall ocene is sel ected

from bis(cyclopentadienyl)chromun(l 1), 27 WO

2004/ 056480 PCT/ ZA2003/ 000188

bi s(cycl opent adi enyl ) - zi rconi um Chl ori de hydri de,

bi s(cycl opent adi enyl )-titani umdi chl ori de,

bi (| t adi. 1) - zi. ium di chl ori de,
ARRE R T e e Ve
bi s( rbit(uyqrdmeyml dﬁmgl r)ttiaaﬁngnmlchlroﬁbé,_c:oni um di g_hl glrl d'ea
bi -.dod t adi en -zi rconi umdi chl ori de,
b: §§ eq?'%g}’cic&“%M’ﬁ%ﬂ%ﬁ%"}“-d@a%@ﬁi um di chl ori de,
bi s( itﬁs(cynlmgdnltamérypenb@rﬁhhrgwhéthf!) rconi um di chl ori de,
bi s(i . t ienyl)-zi rcon i um
ai onl IR EEEEIRGE SisonBEN EHPER 1y 21 r Sont um
di chIbjs(hdmdecygﬁw(opemeﬁbhyld)tﬂhlmﬁm ?idlgl_@ﬁdé,l) ) zi rconi um
i chl,or,l ' - t cl open i en -zirconi um
g: ghlbgé(:e%gfcyclgéeiﬁ%_%ﬁ@ﬁpg EW&E@]’R@& eny);l ) - zi rconi um
di chllgs(isdenutylcyclopentadienyl)-zirconium dichloride, _
3: igltbgé([égépow%%lé/ﬂe%l’ac SO A M i s cont um
bi s( lbiéirrieitriy(dyclbpmm@lé?I)l-zlrgbﬁmmhdlﬁﬂmcmqi en%/l zj _zi rconi um
di chl gyi ' - et - 3- met hy c| opent a
ey BB dp dr dalom e |
bi s ( pes{tpentyloytiopaitagiemt adiceniyi) dictisrizeni um di chl ori de,

AR e S

di chlhis(tridesthyl$ilylsyelopentadietythdircodenydiohictidec oni um

ot S0 BT BT B,

bi s ( Distl-ethyyBimetiyigiclopehtadieni/ljHairetinium dichideide,and
bis(pentamethylcyclopentadienyl)-zirconium dichloride,
bis(pentamethylcyclopentadienyl)-zirconium dimethyl,
bis(1-propyl-3-methylcyclopentadienyl)-zirconium dichloride,
bis(4,7-dimethylindenyl)-zirconium dichloride,
bis(indenyl)-zirconium dichloride,
bis(2-methylindenyl)-zirconium dichloride,
bis(2-methylindenyl)-zirconium dichloride, and
cyclopentadienylindenyl-zirconium dichloride.

29, A process as claimed in Claim 26, wherein the half sandwich metallocene is
selected from:

Cyclopentadienyl-zirconium trichloride,
pentamethylcyclopentadienyl titanium trichloride,
pentamethylcyclopentadienyl-titaniumTrimethoxide,
pentamethylcyclopentadienyl-titanium Trimethyl,
pentamethylcyclopentadienyl-zirconium trichloride,
tetramethylcyclopentadienyl-zirconium trichloride, and
1,2,4-trimethylcyclopentadienyl-zirconium trichloride.
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cycl opent adi enyl i ndenyl - zi rconi um di chl ori de. 29. A
process as clained in Caim26, wherein the half
weanwvwiscdso et al | ocene is selected from PCT/ZA2003/000188
Cycl opent adi enyl - zi rconium trichl ori de,
pent anet hyl cycl opent adi enyl titaniumtrichloride,
pent anmet hyl cycl opent adi enyl -ti t ani umflri net hoxi de,
pent anet hyl cycl opent adi enyl -titani um Tri net hyl ,
pent anet hyl cycl opent adi enyl -zirconiumtrichl oride,
t et ramet hyl cycl opent adi enyl -zirconiumtrichloride, and
1,2,4-trinmethyl cycl opentadi enyl -zirconiumtrichloride.
328 WA 5100eds055 4RIndACH CThRN A, AeishS the3 BarbbnFi@gets eddllocene is
cl ai meld ti ﬁ Cl ai m 26, wherein the carbon-bridged
met aPPSEERTOMS  sel ected from |
Di phﬂpﬂegﬂtﬂﬁyﬂﬂiw i y@bé)@bﬁﬂée@Fﬁgﬁl'(gaﬂl)drényﬂ)innfcbhiaﬁmiaﬂldﬁo@,
rconiu I,.chloride I phen , o : ,
ot nyIPTREHE PGB ue SRERG Y neany Py coniure dishigrce
di chisorgrdsylidenebis(cyclopentadienyl)-zirconium dichloride,

Idls 2h ﬁ%c?—B%g)!gi,yﬁjdeerlllg&iyglggé/n%é)lgﬁyrlst(&%ggX}lll?—iirzgoﬂiapnnciiilcjhrporide, and
i so(—jpmﬁpudpylgﬁne(%rgélh?lmmtb;%ﬁtéiﬁbﬁy))((g-*flhbﬂéﬂyl?-ﬂifécirﬁ@h HRARKide.
an o . .
iu;no- Lﬁﬁ‘élﬁ%%&i%ﬂ%%@ﬁﬂkﬂgwew Si6RERi enyl ) - (9-f1 uorenyl
) - ﬁ i ImzacsnJ}etl:l'_i}plIedie(-:thf(du’l|i1dila$nyll)-zircc_>nium d_ichlorige, ol ori d
t - -fluorenyl)-zirconium di chl ori de,
?resgf%%?%’ﬁ‘@'ﬁ&é’@%’?yﬂya?é%@?')‘[nzqqaﬂ%fﬁeum di chl ori de,
r ac- eadigthglere-bis6itihdemdlesinebhiumi digethylim di chl ori de,

rac-eth ne- phi s 1-j.nden -zi.rconi um di net hyl ,
- BT aRGe B bl Fdebuf RS ot i, R
di chrarett@eneahid(4,5,6,7-tetrahydro-1-indenyl)-zirconium dichloride
rac-et hyl ene-bi s(4,5, 6, 7-tetrahydro- 1-i ndenyl ) -zirconi
um di chloride 32. A process as clained in Caim 26,
3@her &i prachss 85| grimedi idgekine26al wiagein ethe Ssilyblerideet esletallocene is

from_ D) |silyl-bis(cyclopentadi enyl)-zirconium
di chlsglg{stggfﬂgx'di nmet hyl si |yl - bi s(9-fl uorenyl)-zirconi um
di chDimeétbgsilyl-bis(cyclopentadienyl)-zirconium dichloride,

" ac- diREhty b8l AR ArBST N dlcifrdagont um di chlor i de,
rac-dimethylsilyl-bis(1-indenyl)-zirconium dichloride,
meso-dimethylsilyl-bis(2-methylindenyl)-zirconium dichloride,
rac-dimethylsilyl-bis(2-methylindenyl)-zirconium dichloride,
rac-dimethylsilyl-bis(tetrahydroindenyl)-zirconium dichloride,
dimethylsilyl-bis(tetramethylcyclopentadienyl)-zirconium dichloride,
diphenylsilyl(cyclopentadienyl)(9-fluorenyl)-zirconium dichloride, and
diphenylsilyl-bis(indenyl)hafnium dichloride.

33. A process as claimed in any one of the preceding claims, wherein branched
polymers are formed by means of a tandem tetramerisation and polymerisation
process.

34. A process as claimed in Claim 33, the tandem tetramerisation and polymerisation
process being an in situ catalysis process wherein ethylene tetramerisation and

polymerisation takes place in the same reaction medium.
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meso- di nmet hyl si | yl - bi s(2-net hyl i ndenyl)-zirconi um
di chl ori de,
woacoe4chsemsd hyl si | yl - bi s(2- et hyl i ndenyl ) - zi r conPUWIZA2003/000188
di chl ori de,
rac-di met hyl silyl - bi s(tetrahydroi ndenyl)-zirconi um
di chl ori de,
di met hyl si |l yl - bi s(tetranet hyl cycl opent adi enyl )-zircon
um di chl ori de,
di phenyl sil yl (cycl opent adi enyl ) (9-fl uorenyl)-zirconi um
di chl oride, and di phenylsilyl-bis(indenyl)hafnium
38i chllopriodess &3claifeario Gaim 3% wheedinmtth hrsitacptalysts procédidis an in-
precedi ng_cl ai wherei n branched polyners are
fornéguﬁgmﬁggﬂgé%ﬁwﬁﬁP§W8§%1tetranerisation and
pol yneri sation process. 34. A process as clained in
ai t he ndem t et.r ageri sat. and , . .
BoryRepioeass on ARt B RE PR aRen iR P Glsaialyys pocess is an in
pr oc &fg cotmecetive catdiydiepreceésst r aneri sati on and
pol yneri sati on takes place in the sane reaction
medi um 29 WO 2004/ 056480 PCT/ ZA2003/000188 35. A
3@r oc s progss< bsiictairded m Clamn3B dyhenbiartee prodess iimclgddsuthe steps of

or ool rierBiERhS Fhd % (e Rroa ey 38" it 1-octene
t he iselesiitaly catiatymilsneisogeds ditg te fmctediet with ethylene using a

Y ' .37, A, .
COn= BBt e Atk BEGR oy BB B5BRE Bgucroctore

st epsnayé thansdQ%asdlectvitpg et hyl ene using a

tetramerisation catalyst to produce 1-octene

sel ectively and copolynerising in situ the 1-octene

3&i t h Aepceen @sudaingdain Ol N3, | wiedreionthe apratesst includegian step of
t he Ter I C Ly, -Qctene 1N .
ror ¢ PR S caehe Bl o BhaRE ARG Zar 8 olE. pp o1 opntacting
d ai etigenewtrer thent-ohienerdetigeds frionctatrdesrisatéoe withfa polymerisation
cont [ et e .\ ate Teri i.on .

cat a?;%{saltly,ggah'vg# %‘ s%]%%?of ")c{:%% z??ctel¥ n{é&%ﬁa hyﬁﬁ%t(aeeaﬁadt HV(Q erein  the
1- octiefremerisafiorechtélysiindustas sanfeanisitiat miedal anid tahhederoatomic ligand.

pol ynerisation catalyst, which catalyst includes a

transition netal , and wherein the tetranerisation
30at alfyprocesr: hadkaimed i angioneari afedmnal5 gnd@8,awhich includes a step of

het ergabMiisL tld Hai X i [
o SPRLPTI 4 SRR piae, RGPS B5ndid) MRy Hodior and n
conbiaghvegortin theruesansatod tiecpdliineiisatian eatalgstt r ansi ti on
nmetal precursor and an
40. A process as claimed in Claim 39, wherein the transition metal for the transition
metal precursor is selected from a group consisting of chromium, molybdenum,

tungsten, titanium, tantalum and nickel.

41. A process as claimed in Claim 39 or Claim 40, wherein the transition metal for
the transition metal precursor is chromium.

42. A process as claimed in any one of claims 39 to 41, wherein the transition metal

precursor is selected from a group comprising of an inorganic salt, organic salt, a

coordination complex and organometallic complex.
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activator in the presence of the polynerisation

catal yst. 40. A process as clained in Caim 39,
wohessgiseusbhe transition netal for the transiti eor/zaeomslooo18s

precursor is selected froma group consisting of

chrom um nol ybdenum tungsten, titanium tantalum

and nickel. 41. A process as clained in Claim39 or

Claim40, wherein the transition nmetal for the

transition nmetal precursor is chromum 42. A process

[ al i A ' 39 .1 4 i fh .
48 A4 3 X3 ) el o el ol oo
conpieected fGbmarmanynongacli @ gadup, compésing slbmjur trichloride  tris-

coor i ' nd,or gan talli ompl ex. 30 WD
2004 IEMBEES BaBH3) oBhaT TRyl I Hromim
cl ai wenpateCl eiromiln \Higr acetylbbetonatenscHromiuneheakacarbonyl and
prec . | any one of a group
conp:éﬁéomléhzwsgﬁ‘ﬁﬁ;‘nlfﬁq(raﬁéﬁgori de tris- tetrahydrofuran
conpl ex, (benzene)-tricarbonyl chrom um chrom um

111) te.: r.om 1) acetyl acet.onate .

Uir o BRERE A8 FuRUIRTHM e ol ] RRRROT et precurcor e
2- et lsglehiedarfomt e chrbfmiuk pllidc esetydacetdraiterednd n cBramhiom  (1l)  2-
43, \é{(@r [ transition netal precursor is
sel ect é‘%#(%c}r%?eghr om um (111) acetyl acetonate and
chromum (I11) 2- ethyl hexanoate. 45. A process as

| ai ' | aj ) , rei.n,the ..

61 andyfrobthsRfifeg B ofy BABr diel a4 PRI i fasiton meta
and free thetteansitiom metal Ipreransbr and tioo htercadbrhio ligamdsied@mbined to
met al (.} [ ’ 10 000: 1.

1o, - RiaRGaliehralds T 00tk o pB oty e
transition netal precursor and the heteroatomc

i ga [ . i tal bl ratios
15} SBES SRTRIRSY 1t Gt 98, SR 3 bGP bysopan e
any oaterestonicdipard 3% combidzd tarpeoddemistadligadataiies from about 0.1:1
syst gfng.yncl udes an activator selected fromany one of

a group consisting of organoal um ni um conpounds,
or ganoboron conpounds, organic salts, inorganic acids

42nd iANG6EARILS Rankd in 4fy oft Bf QSRRSPS 48 FhaRsh | |
47 vvhcrabr}ei n taﬁe o_rgarllrll c'%égl iS are sgﬁ@czftéég)hgfeg}r#hg cgtaefysmsystem
includes an activator selected from any one of a group consisting of
organoaluminium compounds, organoboron compounds, organic salts, inorganic

acids and inorganic salts.

48. A process as claimed in Claim 47 wherein the organic salts are selected from a
group consisting of methyllithium bromide and methylmagnesium bromide.

49.  Aprocess as claimed in Claim 48 wherein inorganic acids and inorganic salts are
selected from a group consisting of as tetrafluoroboric acid etherate, silver

tetrafluoroborate and sodium hexafluoroantimonate.

50. A process as claimed in any one of claims 39 to 49, wherein the activator is
selected from alkylaluminoxanes.

31



group consisting of nethyllithium brom de and

nmet hyl magnesi um brom de. 49. A process as clained in
w@hen4mséddo wher ei n i norgani ¢ aci ds and i nor gani eC3aAR&3/000188
are selected froma group consisting of as

tetrafl uoroboric acid etherate, silver

tetrafl uoroborate and sodi um hexafl uoroanti nonate. 50.

A process as clained in any one of clains 39 to 49,
wherein the activator is selected from

| kyl.al um noxan 4/ 056480 003/ 000188
5517 R HOGRBAS Aenied i bipim B e BGhe A THINpkRNe, O mixiures
al kylthsdrekm mwmemoﬁl@@ﬁtéﬁﬁﬁi\?hidhﬂfoﬁ@%tsl GHrRethRbRATIRHane (MAO),
rom nsi sts.o al um n xane
(nop YR PR IRAGS 2R Frogies ARHip e eq (MRIAO)
al kyl al um noxanes (MVAQ). 52. A process as cI a| med in
im51, .wh h I
51 Ut GRIERE® i SR HBCCRIM b BREEBh4 JaBP G0 duetal and the

Al/ rremhncn@he ee combinal anl tpropbrtions Go Hio i) AllmeR8 ratids from about
proc %Og)allmsdln Claimb52, wherein the transition
atf'?d Q-

net al™ al um noxane are conbi ned in proportions
to provide Al/metal ratios fromabout 1:1 to 1000: 1.

A process as, claine , erelnth
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56. A process as claimed in any one of claims 39 to 55, wherein the heteroatomic
ligand and the transition metal precursor are combined at any temperature
between -20°C and 250°C in the presence of an olefin.

57. A process as claimed in any one of claims 39 to 56 , wherein the activator is a
binuclear activator such as bisborane 1,4-(C¢F5),B(CsF4)B-(CsFs)..

58. A process as claimed in any one of claims 4 to 57, which process includes a step
of combining the polymerisation catalyst and the tetramerisation catalyst in a
ratio of 0.1:1 to 1:1000 respectively.

59. A process as claimed in any one of the preceding claims 1 to 58, which process

is carried out in an inert solvent.
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ratio of 0.1:1 to 1:1000 respectively. 59. A process
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wohbelspsocess s carried out in an inert sol vemzA283/000188
WD 2004/ 056480 PCT/ ZA2003/ 000188 60. A process as
claimed in Caimb59 wherein ethylene is contacted wth
the tetranerisation catal yst systemat a pressure of
nore than 1 barg. 61. A process as claimed in any one
of the preceding 1 to 60, which process includes the
tep of mxi nag t he polynerjsation catal yst and the _
bcatIRIRGESS 38 AMed i a9 WBETRRL FHYRTe ngonisdet with the
i n t hetram&wranse cathlysisysledf athh predsuréoPMBFEBan dDard.ai Med
in Caim6l, wherein the tenperature range i s between
20C and 100C. 63. A process as clainmed in any one of
g1he X pe&eds G Glhidd®B inVBRY ©nd SR PraEE@Rg Pho '6B2GWHRIS process
is prefe reg where the first reactor rr% e a
cont iPIES 8¢ SiepeRi mixiAR the Ral¥erisatian calalyst apdihe cocatalyst at any

I eac ttohpsraiurd BetvebA L 20T C ARINIH0PU Hihe Prédeh8é of &Klefin.
reactor or a plug flow reactor. 64. A process as

claimed in any one of clainms 4 to 63, wherein the

exocatmbpsbssad cidraby W OISt 60wt NS terhSerBRIOTARE &between

the ratjo 0.01:100 to 10 000:1. 65. A process as
cl ai r@dbiaﬁgaﬁé ne of claims 4 to 63, wherein the

cocatal yst and polynerisation catalyst is conbined in
é\%e rati o of 1:11_ to 100:1. 66. A H%rocess as claimed in
y ShBogPsaFiRENefl ip @ryepne g dhe: pipceering sims WhA% apembination

sel eaff eshctorshs plefdrrdd@héreGRé afsy Sdackir HHBIEBS alcPBRENR diifred tank
a sel ecti Vi rocess. as

ty,greater than 40% 67. A p .
o1 o nEtronAridld SEngetddima he o2k, CUBHRSlried tank reactor o
condid plonBovareactssel ect ed such that the cocatal yst
produces l1l-octene in a selectivity greater than 50%
68. A process as clained in any one of clains 1 to 65,

odher & prochss a@gldiMiécDTSanSyr 6he Sﬁélﬁﬁiseﬂltdie&hmﬁé}éﬁq thB®ocatalyst and
cocatal yst. produces 1-octene in a selectivity greater
* han PO is RSP AR SeepaP e rsde Pabotbeo 1o BB

65. A process as claimed in any one of claims 4 to 63, wherein the cocatalyst and
polymerisation catalyst is combined in the ratio of 1:1 to 100:1.

66. A process as claimed in any one of claims 1 to 65, wherein the conditions are
selected such that the cocatalyst produces 1-octene in a selectivity greater than
40%.

67. A process as claimed in any one of claims 1 to 65, wherein the conditions are

selected such that the cocatalyst produces 1-octene in a selectivity greater than
50%.

68. A process as claimed in any one of claims 1 to 65, wherein the conditions are
selected such that the cocatalyst produces 1-octene in a selectivity greater than
60%.



69. A process as clainmed in any one of clains 1 to 65,
wherein the conditions are sel ected such that the
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69. A process as claimed in any one of claims 1 to 65, wherein the conditions are

selected such that the cocatalyst produces 1-octene in a selectivity greater than
70%. '

70. A process substantially as described herein.



