WD 2004/ 66480 PCT/ ZA2003/ 000188 TANDEM
TETRAMERI SATI ON- POLYMERI SATI ON OF OLEFINS Field of the
invention This invention relates to a tandem
WO 20&0Sa480r | sati on and pol yneri sati on cat al ystPGlYEABNB/000188
and a process for the production of branched
pol yol efi ns wherein the polynerisation catalyst can
be honbgeneous or supported on a support medi um
Backgr QURBeh et Ve | LS i lates to
cat al yst s‘y@t err%éhd;%/ a%??%{%@séﬁ§ggloggﬂh§e
production of 1- octene in conbination wwth a suitable
pol ynmeri sation catal yst: so that the in situ
pol ynerisation of the fornmed 1-octene with the
. avai] abl e ethyl ene feedstock takes place. Preferably,
F'elgtcﬁﬁ%ﬂb‘“’f‘g?? aneri sation and pol ynerisation take pl ace
at the sane time under the sanme reaction conditions.
Wth regard to the oligonerisation catalysts used in
Thig Wﬁ"%ﬁﬂg%% oo tNdem Ktiemegsaion gind pRlymesisstion: calslysbsystem
andla @régeRe fort ihe RbEUEHOS Of W&nd\@@%ly@leﬁmféf@i@w& polymerisation

Catai‘kjslicesﬁf Hl Brocess for the, tetranerisation o
GRLHB PPRO9ReaLR & suPpettethen 8 sHRRArE iediym. Convent i onal
- ethylene oligonerisation technol ogi es produce a range
f a-olefins follow ng either a Schul z-Flory or

Bac&@f%%te"pﬁhﬁd'ﬂl‘@(m‘&f‘st ribution. By definition, these

mat hemati cal distributions limt the mass % of the

letraner at can be fornmed and nmake a distribution of
Thic, PTG ellcs (e Picpiage et faciiaio e FPiBFvSr porudion of 1
octe{ddSirp;ﬁ:b_&ihtnaﬁcrl&ﬁt&rldraf_éuifalbll%z_t palygieﬁgeﬁi'o? C@étﬁi}yﬂsgo Jhat the in situ
. Conpri.si C ating ligand, preferably 2-di pheny
po'%ﬁ%&ﬁﬁ%%@%ﬁ@?& 15@‘%!1%( A pvaigble %'Rsé?ne_ testigiociniakes place. -
Prefaralfter ethylgnd\tebihepbiion andl palyrekisdtinh 1ake blatat & the same time -

_ und%fﬁmf erabl%a‘%odi um,..tetraphenyl borate, catalyse the

("SSAEIS '8aetog foudiinishy | ene to yield a nixture of

linear olefins containing 1-octene. The selectivity
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progiudtion o6 J-ot:;ﬁne,ethte att?dotas Qdteadta c@?ﬁie&f&ﬁl??u&%&ﬂiéﬂoﬂ&sﬁg the
. c s stemis, reported to i ca i e

o3, i VB0 . e, Bt S

~ olig&yetigation RedRRobgies prariu8e akandd3of @-ﬁ@ﬁhs%ﬂo‘%ﬁf# dither a Schulz-Flory

or FUSSn oA s BB A0 neruishe Pope athayratiodt dbutons it the

mash¥nofché tet@Garaaingt chRiBe\VoRibd shdimakea RISURIod of Ardddéd) In this
and. Ethyl Corpaqratjon, (BP/ Anbco, e.g. US patent . .

red ,"3563,  fragp Bricy;act (U Ptertc. 384.428) a8t axraokel pialyst comprising

- a cRORMMETGAR) prérs/aBA2 DRIHARA 1SHspRhb HRABSIE sa%ioetmbsm; d Rickel

rodyce xtures, of olefins that reportedly contai
co Q?u?g, e rabe laIC?z.GI-gO, and a catalystp activator{/ preferably sodium
tefraphenylborate, catalyse the oligomerisation of ethylene to yield a mixture of finear

- olefins containing 1-octene. The selectivity towards linear Cy a-olefins is claimed fo be

- 419%. 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 94/95512).

Ziegler-type technologies based on trialkylaluminium catalysts, independently developed
by Gulf Oit Chemicals Company (Chevion, e.g. DE patent 1,443,927) and Ethyi

Corporation {BP/Amaco, e.g. US patent 3,906,053), are also commercially used to
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% 1-octene (Chem Systens PERP reports 90-1, 93-6, and
94/ 95512). The prior art also teaches that-
chrom um based catal ysts containing heteroatom c
WO 2004/0/Emgbs Wi t h bot h phosphorus and nitrogen HEIEZAWBYOE 188
selectively catalyse the trinerisation of ethylene to
1- hexene. Exanples of such heteroatom c |igands for
et hyl ene trimerisation include
bi s(2-di et hyl phosphi no-ethyl) am ne (WD 03/053891) as
wel | as
. (o- et hoxyphenyl ) 2PN( net hyl ) P(o- met hoxyphenyl )2 (WD
oligoperies elinjene Ho tiiodusegnixiuses ofl glefinssijigt wpsrtediyl cpnisine 388 mass
% 1-86Bnd Retterd BEGEHS PEF®S rdidRs BEATYS 1o o Shjodspsxene and
only yield 1-octene as an 1npurrty (typically Iess
than 3 mass % of the product m-xture as disclosed by
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oy PTG BRER Lo BB ok W it micre o
disclop¢rhrine WOl €2(041119)y t Thvar aerdidathngx phesphorusathieteroatoms in {o-
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metiEABEEINGRRERe iRy G RIBTYTD), i SHoged apart by
one miftogat iatom.f dris belidved imattiox yitggen giom doecnotaworgisaie,cattieast in
the SRS U bORRRGth ¥ AR Rl OG5 B B Gectron
dongtingeatpine onahe figarshibat it isea pidentatet systenof Farthermere itiisi argued that
the Fél'afmc{r' éééﬁo?nnd&faﬁﬂé %h?@%ﬁ’ﬁ%ﬁ ﬁ'g ﬁ%oglﬂﬁ-ﬁ?%tﬂng é%th\%)@f?ﬁ?i‘ | groups

t'hi's I nst ance,
helpsfory ladridentate systieas whichds genarsily brlicwerbto. entianes eelectivity towards

1-hé3éh1¥ Ff&n%ftiog%lgﬁéﬁerafetd% & 0V@I0qb ifl c‘?fé'n?%ﬁﬂm?:[}ﬁ., Pz, §58-869:
app [ bell y of a 0

i
) i can eves that they consi st mxtaure ™
“Thisjhas ded alsdonmatitesise dbatethe spoteritiak fanmothbgeethoxy greups to act as

pentgértﬁcdoﬂﬁﬁssaﬁch frchedZBI RA in%{ivé‘%%tpl’azﬁﬁé ec%%?é ENBmium gentre is an

_ rarnerisation-cocatal ysts roduct’i on :
imporiant faoter." a0 924 IS Examplant) fesichesihequodustion of octenes using a

SR B s A At A, 1 B G315k s o
rimedsed with teorethylene moldcules thegive 8a%ondtends. diavavet dhe nature of
theblo et o5 5otk 3R RGNS SBIGPES SR i B e
of linewrandriwancheectdnest y cannot be achi eved via

conventional one-step ethyl ene oligonerisation

‘technol ogi es which at nost yield 25:' mass% 1-oct ene
Thisapplichtiorpdissiesds theweembimation ohliighly seleblivestetrhmbrisatiop cotatalysts

for %bﬁ's §|lr?§§%t§soif?%}f8&t§ﬁg ean)ﬂii tsé %n&mci%tn? lp&%efﬁgéﬁoinnofs t&ﬁ&%&tﬁamerised
olefin with the ethylene feedstock. It has further been found that a chromium-based
catalyst confaining mixed heteroatomic ligands can be used to selectively tetramerise
ethylene to 1-octene ofien in excess of 60 mass% selectivity. This high 1-octene
selectivity cannot be achieved via conventional one-step ethylene oligbmerisation

" 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 sitis polymerisation.



WO 2001/ 056480 PCT/ ZA2003/ 000188 Exanpl es of
het er ogeneous pol yneri sation processes that nention

wog@gf(ﬁgjgb{neri sation of in situ forned a-ol e;ﬂ.tqng,gzgosfmmlss

ranched by-products of the polyneris

process are known in the art. However, few exanples

are avail abl e descri bing the conbination of a

het er ogeneous pol yneri sation catalyst on a support and

a honogeneous ol igonerisation catalyst, or the

conmbi nati on of two honbgeneous catal yst systens where

one system produces an a-olefin and the other catalyst
Ex%ﬁlﬁyﬁrises the olefin formed in situ as a conononer

PPies AT HiRlerpeeneaps ppiymerisatisnpracesses thakmention hedeglymerisation
of 91 ki ) . j LSl i v

e b e L Ly e e
areskneydn in2e aftdHowever, dew gxarmiles are\sivaiihleadasetibing tekgdmbiration of

a MéetédhBnedt8Nbailmknsaton WBQééis]}ét g ) 2 rr%?@rﬁlwa lugﬂdS aht homogeneous

_supported on an I norgani c suppor )
oliginenaalipr catalyst.i or e gombinatiant etl twe dloatogeneausy cathlgstasystems

| e 7 t si.s..invol vi

WhEle? A0 S B Bl P o ok L 68 et et Rl sl g oot
formegloinveiiut are acosmsinnaner evith afthyleree pSpedific okdrgple® rélstat ito tandem

: L t iLt.h a rted . polynerisatio -
O GEbn a4 petlshion” pHESS b b 8 SlioReh Sehypersation
caiglystiinslude &/Sppatent 15,38 1,70 an ERQALDAT itk vttty et alkiylpa pyrrole-

r ' f.a- fins through . .

cof@irtkEAmpduiS an 4 Bhvoffl? aif s 84oB}8 B N B Agie, support matertal
polymeeises an fresitt/generatain-olbfipt yeita brarched polyethylene.

t hernodynami cally and kinetically nore favoured. After

an a-olefin is produced it has a high probability to

Tapdemneatalysis dneliing heteaideaeolgr potymerisatibiy ratalgstainistipgioes not
g, 5o B S S B

polygerightinmeptalyst as ipvapoged vihsrapplivationf Dae ¢d éfd meturaraad geometry
i . shani fcant, control ver fhe, extent .

of B SRSl SR e ine Rempliy o rtetaitypunt Brhyarice

eliminaltion eist possiblé\ tohawgle extenn| Roweler NDBOGSNRALS Gfapdgmers is
t s 0 nval,ving the caonbinati of . .

‘“%’ﬁ‘f’ggﬁwgé'%%"@H"fbeg'ga"yye?@%?\w% A AN rolefin isppduced it has a

higmﬂ)nmbthhilitp:ld) lbtﬁﬁilfdotﬂﬂ:tmttﬁﬂ irt@otey gmirﬁsﬁolylfléf \tghai%s ésg‘sgle 5p£?LceSS of
C at en iterature such as pat ent s 586,

BRFBMEE OBt ot ie Sieos gL Berenon gl & 1% whe Poymers

cortairing relativelyOBW! AmAdUre) oP b-dMfing AFe ok RRICL WithBLediifi&nt control

reviously reported for their ability to produce .
°"§E %’F@N% of %effﬁm Kearparatinn §bthgsesultapiaiojyreer aschifeoiure.
catal ysts .to produce branched pol yol efins. These

ﬁatent exanpl es centre on contacting both an
Algough Axamples| Frheraeganeeys fandem cafolysissinvalving dhe combination of

gl o, S8 8RB BB IS S o
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 cenire on contacting both an ofigomerisation éatalyst and a
polymerisation catalyst with a single feedstock namely ethylene. Both oligomers and



pol ymers are produced in the sane systemw th
concurrent production of a-olefins and the
risation of the resultant a-ol efins
. . . ZA 003/000188
WOZ“@?’H% Most of the oligonerisation cat\z:\j)y{;’ts2 hat
convey novel ty to these patents are oligonerisation
catal ysts that produce a distribution of a-olefins.
These distributions are favoured towards a nmi xture of
1- butene, 1-hexene, 1-octene and 1-decene.
Consequently, the structure of the polymers described
lytnBrd BeSSofik8 %he%é‘r'n@' BRALWERE Ban@ireh§rBARK IRl df Aolefins and
poyg‘ccordl%r?}'g to 13C NWR aﬁ}% l'ysis that refﬁggt t he
the polgneiiatioh oh thef resutienifa-plefing with ethwene. Kestrofthe pligomerisation
Liter N o
od
cotaBERLIHBL S BIG IRl B HERFHSRCAISTR produce
a diewibutenef aatsfinent Thése diskibulibns arepfavpuned dowaidsha mixture of 1-

deS| rabl e i cal erties such e h,
bute ares Ao erdLareaey, Conpeeny. bErmelis Pl potymers
des@ibegeint ese dress sledwitr aman@wfnﬁwmu@ndcmm td F*C NMR

articul ar t he product of l'inear | ow density
~ana $§@tﬁ9ﬂ9€h@e@ﬁw ng% H‘é pol yneri sation of

i ndi vi dual hlgh purity a-olefins, such as 1-butene,
1- hexene and 1-octene, and ethylene to produce

L DPE.
It is yyelldpowns Br thPl PReN divralre dhat centel, gfoleartng, 0851‘{'*{5%%‘1 GHeh as

preédife, emBeriifte, €88 das ﬁﬁk@bﬁ) NEdridrictheradonynt btcﬁ&esult in polymers
rot ati onal rmldln mat er i I n none, of th

Witk deeiAbieL P e DIPTSR toafPBBRl. UheRl g o elpRicty and

mafEb@eF bNfsid 9%@&!&%&&5@@%@!&@ polylﬁeﬁéﬁdiusers In particular,
i'ncarporation into, polyet lél ene.

onbi n
the nfeduygtigh 1of l@%arele‘evrcé@sgv phvetiwians: (L 59&0 3899 e & @8 VHT%?W of
mdﬁ?ﬂﬁéﬁ'ﬁbl‘?ﬁuﬁ@ Q-olOfiresS %ﬁ&h di 3%&&5& 9 -ﬁ’éxbhe ané l'-ﬂ-dcﬁ@r'lé? and ethylene

nerlsatlon cata st can therefore result |n
to nraﬂmupﬁl?ﬁ: gyitablen far fins @nd sbepts) Plownppiding. gﬂ&%@" fnd pire and
eaﬂfé KB ety a8 F\ﬁél'l fdsCR%AtOASE mMdiftP Hiaté® NARCRokd of the above

arate facility or process to manufacture the
exa![nn!e% erteerptdlwoeed BePraseaselatingta ﬂaatseleahwducﬂﬂn -of 1-octene for

in SbiiYESrh SR hiBbolyhiéde/ Mer i sati on catal ysis includes

In situ catalysis. In-situ catal ysis neans .
ol i gonerisation and pol yneri safioncatalysis in the

Thé %Hﬁ.brrfaesﬁ bf)fherﬁ?&h;y Beldafvd aﬁ%ﬁé Qéwﬁ&wah&abamsaevstem of the
ysi s may in situ concurren

nmeri sati on cat al
preaﬁﬂty gisclogurei with c?oﬁgé%leleuwrwtsat% Catalysh cannrElatEaFesult in @
.tarfaeﬁp rb%aésstreft ch diRe8! fRMRdrenbi-a8s ith Rgh MRRLlISeRdpeBifications

cata ysts ma us be added together sinultaneously

withputdbe need Ofeﬁ saparat faglity o progess o reanufadure e hradenifee
or absence of nononer in a sui tabl e solvent. Reaction
m xture will be understood to include a reaction

1t wittbie wndensiond thas tanstese ligomesisationand palymedsaien satalysisipgludes in
sd@%ém%ys&no ?&h %%ﬁé oligBRbHESRN 2nd Polhfrisation catalysis in the
same reachen meditim. Ll'he tandem oligomerisation and polymerisation eatalysus may
be in- situ concurrent and/or in situ consecutive. catalysis. The individual-eginponents of
the - oligemerisation. and polymerisation catalysts may thus:. be. added tfogether
simultaneously or sequentially, in any erder, and in the presence or-absence of
monomer in a suitable solvent. Reaction mlxture will be understood to include a reactu:m

medium, reaction: products and catalyst components. The reaction medium normally
includes a solvent.. ' '




Di sclosed is the need for selectively producing
1-octene from et hyl ene and concom tant pol ynerisation
of this nmononer with ethyl ene can be satisfied by
using a separate distinct transition netal-based

et hyl ene tetramerisation catalyst system containing a
heteroatom c ligand in tandemw th a separate distinct
pol ynmeri sation catal yst conprising a transition netal
and hetero or honbatom c |igands. By honpatomic is

' Swamaneof thgdnderitioat consi sts entirely of simlar atons

such as carbon that constitute the skeleton of the

| %and such as the ‘c&l opent adi enyl |igand for
RelRpedis theungeddos selestively pradyging éswtéme from

E,T‘Lgﬁ’?d%/rrerl sin l efin oduce branched pol yol efins
NgNg Q8 Ea%POQWBF%ﬂ f &g mgromenwilh pltylesngtag be satisfied
byousitg layséparabedigtingt (rBRsifAT Mctdibabed RANGRS te%a?rférﬁ%n catalyst
reater than 30% and’t he 1-octen

L0 a selacl:t Vity %

S¥r R ERENNG, 8| bgEpajprpie; ligand '%ctﬁ"semat\@@ At soRanate distinct
pplymedbatfonitatdiast Bompisir®) @ trafsiR it methmfd%étéroﬁfr@l\bh%%gmﬁc ligands.
process for polynerising olefins to branched

pol yol efi ns by contacting at |east one olefin with a

B@ymmma&tmmr’s okatiod ﬁ’éah‘l&ttﬁat d’dﬁﬁ'ﬁfsle’iﬁlfe@ &dimflar atoms such as carbon

|on S | east one
5 ARl lne’ RRbR 7 o Roaw sl b fbo: exciamestadiemyh Bgpnd for
egahpleyst to produce 1-octene from et hyl ene which
co-catal yst includes the conbination of - a
transition netal conpound;. and - a heteroatom c |igand
Thiss distlbgetl by grbessgdoreral fornmula (R n-A-B-C(Rm
endently selected fromthe

PRBE B AENER FroBics tRSBH6oBIoTdy Bahe eresenes Abagabmersaton

| cmwgtfeand lai soatdlysts Whevditl theS biIpaD paa@hdélst 1-28&Me |ﬁ> a %electmty

L%rlglnng ,%Foucg befween A and C, the groups are

ofbglis tgn g antine T-asiene Relred b atrlaeﬁeqm ngoorporated into the
poledlefit etdhif.r om any hono or hetero hydrocarbyl group;

and n and mfor each R is independently determ ned by

the respective
In one aspect, there is provided a process for polymerising olefins to branched

polyolefins by contacting at least one olefin with a combination of catalysts

comprising

(a) a polymerisatioh catalyst; and

(b)  atleast one co-catalyst in the form of an ethylene tetramerisation
catalyst to produce 1-octene from ethylene which co-catalyst includes
the combination of
- atransifion metal compound; and
- a heteroatomic ligand described by the general formuta

(R)s A-B-C(R)m
wherein
Aand C are independeht!y selected from the group consisting of
phosphotus, arsenic, antimony, oxygen, bismuth, sulphur, selenium

th




val ence and oxidation state of A and C, and provi ded
that where the heteroatomc ligand is described by the
following general formula (R)(R2)A-B-C(R3)(R4)
wherein A and C are independently selected fromthe
group consisting of phosphorus, arsenic, antinony,

bi smuth and nitrogen; B is a |linking group between A
and C, émgh. floger2, R3 and R4 are independently

sel ect e 0 the consi sting of a hydrocar byl
gr oup, l"g' BgﬁF‘Yﬁﬁ RARBAG: a substituted

hydr ocathbyﬂi gg:rupurhram@le aa:‘ﬁdbﬁtdﬂé#éﬁd and' 8L&T ANK MRPBRGtY
group; R Rds<3ei n characterised therein
t hat e.%eﬁ"eﬁlep%ﬁf?méwr}?ﬂl&?f QRIRtYdmcatbargEPAde of R
52 R3 miaddR4 far eacoR ;elrﬂebémrﬂ?mtérl?&edaﬁw tHJTﬂ-;rsﬁectwe
: : e t aromati c,
i ncl udlﬁaé%%hcggg'rdcl)%ar @I’rﬁ?s q Bﬁ‘g H"Jh@f‘dal | the groups
R proviged thRg @Meﬁkeﬁaateroatcmuibstglahme@tdesdmtiehebﬁmouowing

he atom bound to Aor C or (ii) at
{cej%st%o?]oehglé , R, R3 and A4 is substituted with a

pol ar substituent on a second or further atomfrom

the atom bound to A or t hat any pol ar
‘substituents on R, (ﬁgﬁﬁﬂg%ﬁ:\(ﬁﬁ&& not on the atom

adj acerwhareint he at om bound to Aor C | n anot her
aspect, ther V at ion
conpri sing a;-'a Php #lgﬁgerﬂleﬁ?{r %%%?tg garﬂﬁo f?ﬂs@'{'g

least one c® GﬁDQPWﬂsslaﬁsem ammny),fblsrmtbiahylrﬁr@en
et hyl ene. whi 2y ik GRUBIbEMed iABRBERERa L ot o on
of a transi tReR*mE’ eﬁﬂdcfa pouindepentiéntly keleeteddtamitiee group
| i gand descrddugiaRy of RSN SrIFTY fbteloR) 64 mﬁ(gr%up,
a substituted hydrocarbyl group and a substituted
heterchydrocarbyl  group; R', R?, R® and R‘ being

characterised therein that either

(i} any substituents on one or more of R', R?, R® and R* are not
electron-donating; and where R', R?, R® and R* are independently
aromatic, inciuding heteroaromatic groups, not all the groups R',

R?, R? and R* have a substituent on the atom adjacent to the atom
bound to A or C; or ' | '

(ii) at least one of R', R?, R® and R* is substituted with a polar
substituent on a second or further atom from the atom bound to A
or C and provided that any polar substituents on R', R?, R® and R*
are not on the atorn adjacent to the atom bound to A or C.

In another aspect, there is provided a catalyst combination 6omprising
@) a polymerisation catalyst; and

(b) at least one co-catalyst in the form of an ethylene tetramerisation

5a



A and C are independently selected fromthe group
consi sting of phosphorus, arsenic, antinony, oxygen,
bi smut h, sul phur, selenium and nitrogen; Bis a

cattlyokto PR PSSR oL Ghich B5. 1P HRRGRE frl N
ependent 'y

0sgm&*.or different, and each Ris in
corgnaianef ¢ r om any hono or hetero hydrocarbyl group;

and n and fadsitionaastal Brodnddgprgndent |y determ ned by
the respecti,ve .va and oxidation state of A and

| ence .
C, and p raok'/?fafé’&t‘%"ﬂaﬁgm‘ﬁ%%nhed R¥the grresslifermulaand i s

described by the followng general fornmula

(R)(R2) A-B-C(R3) (R4) el.n.A and C are

i ndependent |y sel ect ed%&'ﬁ“#ﬂ@mgroup consi sting of
pho¥Eneginus, arsenic, antinony, bisnuth and nitrogen; B
is a linkj n and, C; and R, R2, R3 and
R are PARPeHe oSk Bt e gpubgonssting o
consi st iRtgseiforas,lysknic ankiglony) @ygen,Didraita] Sl OSas i
group, Fadsiesddnt ut ed hydrocarbyl group and a

substituted Hetérohydrocarbyl group; R, R2, R3 and

R4 bei n@ ischlikingtgsoup betwegprieand Chat ei ther (i) any
substi t yeO'ESqek ' £ R2. . R3 and R4 are
not el ectron: dgﬁgtﬁa? ?1%; %‘go\?\ﬁggée% ?“"hﬁécf\;é I3 ffflepgndently
ar e i nd&glestestirany any hematdr etdro byduicadyyhpbes;emdomat i ¢
groups, pakd #h forl bs and R4 have a
substituent on ct’he_ ggggi]ggg?%eggte%d (5’"5‘?8%3’ E‘Su?‘?&p?‘bt“’e
“Aor C vgienge and grideticnsstateref A&ndkC; a2, R3 and R' is
subdvidedt gkt Wirlehe 3 Bs AP 480 Ao56c0pd or
fulrgféher atom from tfe g‘%%ﬁéﬁhgéﬁ%Adg%qn%@%d&e f%howsng
pr §¢P8biormEid any pol ar substituents on R, R2, R3 and
R4 are not on the atom adjacent to the atom bound to

A or C .5b tr 3 The disclosed process can allow the
cocatal yst and/or proces&R¥EA-B-OIS)NRY be selected to

wherein
A and C are independently selected from the group consisting
of phasphorus, arsenic, antimony, bismuth and nitrogen;
B is a linking group between A and C: and
‘R', R R’ and R* are independently selected from the group
consisting of a hydrocarbyl group, a heterohydrocarbyl group,

a substituted hydrocarbyl group and a substituted
heterohydrocarbyl group; R', R?, R® and R being
characterised therein that either
() any substituents on one or more of R', R%, R® and R* are not
electron-donating; and where R, R? R®and R* are independently
aromatic, including heteroaromatic groups, not all the groups R!,
R% R®and R* have a substituent on the atom adjacent to the atom
bound to A or C;or
(ii) at least one of R', R?, R® and R* is substituted with a polar
substituent on a second o further atom from the atom bound to A
or C and provided that any polar substituents on R', R%, R® and R*
aré not on the atom adjacent to the atom bound to A or C. '

.5b



produce nore than 40% 50% 60%or,, 70% 1-octene and
the said 1-octene is at least partially incorporated
into the polyolefin chain. In this specification, %
wi Il be understood to be a mass % The branched
pol yol efin may be a branched pol yet hyl ene. The
branched pol yolefin may be |inear |ow density
pol yet hyl ene (LLDPE). The cocatal yst may be an
-ethylene tetranerisation catal yst, which includes a
transition netal precursor and a heteroatom c |igand.
eC| .
T?eef"é{;lgsetd dP r‘?glkol‘a\g tiﬁé;g%f{a%%@t a?n@ﬁorr e's§ Q:Bh? ﬂ?ns fo be selected to
prod UOE Mone th@ f-ﬁl%t 60%, G0% bef D% &-on@nermdsthguaaldwg-octene ts at least

Eé#%%ﬁ@%ﬁ@@%E%QQQth?@??@ﬁéfééggf{8234??on1those

ol efi nic nonomers. The tetramerisation product stream
IFPinisCcRemed Al ol Wil 88 linGkrsRioRG BEY A&l
heteroatom ¢ tetranerisation Tirgand is neant a l'i gand
that contains at |east two heteroatons, which can be
The bARePboiil sk atons may be
selected g% %ﬁ@g %?Ss, 5?@%?@@?§%E%gnony, sul phur,
oxygen, blsnuth seleniumor nitrogen. The
. RS BEARHEHTHS #8
cataﬁﬁgf‘siywié eg%égLm%nﬁmﬁB&ﬁ@§5§W%§&Fﬁ§?@éﬁa¢¥
formula (R" A-B-C(R),,, where A and C are
rhL dent | I f a_.gr.oup h npr i ses e
Eﬂ%sw%p of%gés}rl%)p é%ﬁﬁctﬂ%rﬂe {?ﬁ'ﬁg\?ﬂ%@ﬂ? e‘ﬁ‘%ﬁi tncludees a transition
gei3h pracursos shdaheteroaimdicighndigen, and Bis a i nki ng
group between A and C, and Ris independently
sel ected from any hono or heterohydrocarbyl group and

m mdspewmuomteaenm ned-amenhmnr ¢SBRC e\(%até%ki@%gcﬁﬁdof a single

Kt i on state of C. A .and/ or C may
86 ‘%Jﬁt'F‘QT""B‘F &t r%ﬁ“‘?ﬂ'b'F‘F’orOff glett f'&%o‘?‘eﬂ%@fﬁoaﬂf\m ﬁquets enriched in
transition netal. An electron donor is defined as

that entity that donates el ectrons used in chem cal,

i ncludi ng. dative covalent, bond formation. The
heteroatom c ligand for the ethylene tetranerisation.
catal yst may be described by the follow ng genera
formula (R )(RZ) A-B-C(R3XR) where A and C are

i ndependently selected froma group which conprises
phosphorus, arsenic, antinony, bisnmuth and nitrogen
and B is a linking group between A and C, and R, R2,
R3 and R4 are independentty selected from hydrocar byl
or heterohydrocarbyl or substituted hydrocarbyl or
substituted heterohydrocarbyl groups.

:5¢



The heteroatom c ligand for the ethylene
tetramerisation catalyst may be " described by the

WO szﬁial;%w ng general formula (R XRZ)A B-C(R3) @@nﬂ)ﬁ%ﬁmﬁlss

are i ndependently selected froma group wh
conpri ses phosphorus, arsenic, antinony, bisnmuth and
nitrogen and Bis a linking group between A and C, and
R, R2, R3 and R are independently non-aromatic or
aromatic, including heteroaromatic, groups. 6 WO
2004/ 056180 PCT/ ZA2003/000188 R1l, R2, R3 and R4 may

tetrarhars?dieﬁmltii feom itl‘i@éeluldieﬁﬁic hdrRIn@srs OTRd itétranﬁri@ﬂ@ amﬂiuc§ stream
refer not groups R, R2, R3 and R4, |
maygqrgﬁgp?@quﬁgggag% #iMSuent on the atom adjacent to

the atom bound to Aor C. Rl, R2, R3 and R may have

bsti t t th t d t tot { b {
oy R Rt B hBSeT oA M

heterfd8tonss, DGR Wal doaMithd) samidObA Hifferdiit Whéh%nheoﬁeteﬁ)a&ﬁ*ﬁQ Nflay be
or further ?Pomfromthe at om bound to A or

An .
selegled Hos BPRAIANCLHSY BESSS¥E. Rntimeay. ﬂﬂpwﬁdOW$eﬁa9ISﬁv@?=e¥%w'w or
nifrofs. be on the atom adjacent to the atom bound to A or

C. Any polar substituent on one or nore of R, R2, R3
and R4 may be el ectron-donating. Any substituents on

The A8RrctoriR! Ryafl f&F the RihyléRd @EEmRBAsdaRY RtiP@imay be described by
el ectron-donat i gt( I n_anot her enbodi nent, each

the fplloning geperghfogma HRg-B iR v WhrigA ﬁ'ﬁﬂ/cb"ée H&?Psm‘%nﬂy selected
from%ﬁu@ﬁvhf&h, co%ns@{;ﬁé%h%s ”ﬁ%eﬁl@ éiftlﬁféﬁ? &Reé/gétﬁl Qilé,lﬂ.ltﬂgsulphur,

het er oaronati c not al are

seleiwRs (3N, FLEPOSY). 2AY Bulssi l"!i‘é?ﬂ %wpaﬁeme@m édﬁa‘éeﬁt and R is

mdepérﬁjeaﬂpréeté@mdfrorhcar& Romé-or PictdretiyaiRddarbyh @FoufPaRd nhamd m are

ﬁﬁ?g §‘1 R3 and R4 may have sub tltéecpts on the
deteﬁf"& ¥ ea'@'éﬂ?cti"e V?H@“%?%P’B%FW s3je g 2@ C-pol ar i s

defi ned by | UPAC as an entity with a pernmnent
, el ectric dipole npnent. Polar substituen
A 2t Ko DRSO SBBTIBNYY TessoeaRAiEH it S agion meal.
pent af | uor ophenoxy, trinethyl siloxy, di met hyl am no, e
t hyl suf f anyl syl nmet . ho t hy, . .
An e Bfesni dgfned Besthat S Tt SRtk slReraysed in chemical,
~ includitdy qativk codibRObonddidRfEitnn0, ar si no, sti bino, '

sul phate, nitro and the like. 7 WO 2004/ 056480
PCT/ ZA2003/ 000188 Any of the groups in the ligand for

Thettieterb&lohficrBgaiiior #ie eflyRhy Strarferisalién caldtysnthalRbendiyscribed by
the following general formula (R')(RHA-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 befween A and C, and R', R%, R® and R* are
independently selected from hydrocarbyl or heterohydrocarbyl or substituted hydrocarbyl
or substituted heterohydrocarbyi groups. #

The heteroatomic ligand for the ethylene tetramerisation catalyst may be déscribed by
the following general formula (R')Y(RHA-B-C(R®YR*) where A and C are independently
seiectéd from a group which comprises phosphorus, arsenic, antimony;-bismuth and
ﬁitrogen and Bis a linking group between A and C, and R', R%, R* and R are
independently non-aromatic or aromatic, including heteroaromatic, groups.



i ndependently be linked to one or nore of each other
or to the linking group Bto forma cyclic structure
WO 20048f6¢88er with A and C, A and B or B and C. peyzA380300Rss

and R4 in the tetranerisation |ligand may be

i ndependently selected froma group conprising a

benzyl, phenyl, tolyl, xylyl, nesityl, biphenyl,

napht hyl , anthracenyl, nethoxy, ethoxy, phenoxy,

tol yl oxy, di nmethyl am no, diethylam no,
hyl et hyl am no, thiophenyl, pyridyl, thioethyl, _
'i5 %’TFEEOWY her arpwetisy finaludjg hetemtdmﬂwdfoaay land ﬂﬂ-,lfémbly not

all the R'eRA d H |
o cg%‘odggem 5 Q@é%/rz: ighg% ma étrt%llg% %(,IB&EH%’& on'the at(my adjacent to

S UGnyl group. Preferably, R, R2, R3 and R4
may |ndependently be selected froma group conprising
R, g gpen tolyl, biphenyl, naphthyl, thiophenyl and
Ret RyRndRoupay Bavegutisiusnisaut the dtom mdpRgnOBane hiok sudhuﬁo A
or C.conprising: organic |inking groups conprising a
hydr ocar byl , substituted hydrocarbyl,
heterohydrocarbyl and a substituted

Al SHTGRORS  BT SOg P

- asochpd i e atamm;nemmwomtomzoet hane,

1, 2- phenyl ene, 1,2- propane, 1, 2-catechol, 1;

2-di net hyl hydr azi ne -B(R -Si(R5)r, -P( R5} and _
Any polgriRgbstitients eni®, RS mﬂd@“)emy preferatsip aat iy bn e atom adjacent
to thesatb@mttcubg &slaly @y ocarbyl , a substituted heteroatom or

a hal ogen. Preferably, B may be -N(R5)- and R5 is a

hydrocar byl or a substltuted hydrocarbyl group. R5
Any poRy sbestioe 68 She OF Jfomtnﬁ

consi sting of aeky substltut %gii S F pt?on-clij&atmg

substituted aryl, aryI oxy, substituted aryl oxy,

am nocar bonyl , carbonyl arfi n
-groups or derl vatives t her eof and aryl subst i tut ed
In anméﬁerﬁlﬁbderﬁéntt B&&Enonsdi fer RS e
' an i sopropyl, a ocyc%& ex {"?%/f"ﬁ; 3¥be Ron-p tar
nethylcyclohexyl or a 2- octyl group. In anot her

Each @t’r’Ré),dR"f;rﬂqtanﬂfR‘t Rfay bR \REhLR0 Imdlrg%?etpﬁg?g O%P Sbl:g@ott E@Of R,

2 bl g for the tetranerlsétlon
RYR 9%@ 251 %‘Q§ﬂfpt¢é|h1@@y§ﬁpst$w1tm dnstemcatjanentiogh®s®m bound
toAw@h as a cycl opentadi enyl -di nethylsilyi-t-butyl group
or a cyclic honopatom e group such as a
cycl opent adi enyl, indenyl or fluorene group . B may be

| Prefeﬁblye abefofeOthBf 1o of RY! /&, BB ARy %E"aﬁ]%g gaive Q%:tt&n?s onthe atom

‘adi Rkl ng sr?‘acer is definéd "as a su
ajacﬁ?} hertpmhousd tafert hat is bound directly to A and:
C. 8 WD 2004/ 056480 PCT/ ZA2003/ 000188 A and/or C may
dependently oxidised by S, Se, Nor O A and C

Polar ﬁ%9efn @Cd@:ﬁﬁﬂ eniity o¥ithha pesnanenp blespid @lipste mﬁhtéh'é Flar

Any subbidvgstls oRbhé or nﬁté‘&)ﬂ/'cﬁﬁ Wg%ld %‘t@ey&gﬂn clPho trog-ldg%(t%g

~ substityents. Oincﬁ@eorm@th%&y ethoxy, isopropoxy, Cy-Cy alkoxy, phenoxy,

pentafluorophenoxy, frimethyisiloxy, dimethyfamino, methyisulfanyl, tosyl,
methoxymethy, methyithiomethyl, 1 3-0xazolyl, methoxymethoxy, hydroxyl, amino,
phosphino, arsino, stibino, sulphate, nitro and the like.



0. The tetramerisation |igand may al so contain
multiple (R),ABCR,,, units. Not limting

wom@mgmkes of such i gands i ncl ude dendri nmer i1 05600188
as well as |igands where the individual units are

coupl ed either via one or nore of the R groups or via
the linking group B . Mre specific, but not
limting, exanples of such |ligands may include 1, 2-di-
(N(P(phenyl) 2) 2) - benzene,
1, 4-di - (N(P(phenyl ) 2) 2) - benzene, :

Any M(twmmuﬁ(m@emn@ )y Meetramerisation catalyst R', R%, R? and R* may

lndeqﬁpé?ltqy_?é\lﬁlgfgw ) N )l}'ﬁ%%hfj%)%e %l |) Zr} tﬂglg 1ng group B fo form a

cyclidstrictlire (O dgr-witi A any ghamwmd BB abe azene,
N( CH2CH2N( P( p- net hoxyphenyl ) 2) 2) 3 and
1, 4-di - (P( p- met hoxyphenyl ) N( et hyl ) P( p- met hoxyphenyl ) 2
R, F)z RBaindeRt in Hecichaimensibanigand h@ﬂb@ independently selected from a

group GOtRBSIot 14 Ptk PTEm. B SRl The b ARG ra Bl cafiadeny.
methonip| ethbgy, bhémn@! tolgoxyDxdnpingantfo, HicGghetnar @ethylethylamino

miopggaﬁm%ég%lggﬁww&%gw l)tri%éthylﬁm rﬁjl"nethyihydrazyl methyl, ethyl’

eme&ﬁ’N(plﬁtbmm,th propynyl, cyclopentyl, cyclohexyl, ferrocenyl and

tetraéﬁ:{}?{&é&ﬁ él%( ﬁ%{% bff’ tﬂgn& )I% gltl](? W‘l rznay mgjgp e%n%ly lI-E;e(s,l[<)=,\lec:ted

from(epgreny bpRBNEInEEDNn i 16131, Pipdkehyieaditie tiiobaenyl and ethyl group.
(phenyl ) 2PN( S (CH3h) P(phenyl ) z
(((phenyl) 2P) 2NCH2CH2) N, (et hyl ) 2PN( et hyl ) P( et hyl ) 2,

B nlagt by GURbibs Grom patyPopd e yd hgroup comprising: organic linking groups

com%gﬁupa//:a I'E)EE cﬁi/ﬁpygl ﬁ\t{qsngt %(ﬂyg et %Q{@?rﬁ%r&amw and a substituted

hete&ﬂmmb}t%ggﬁgghm@“ﬁﬁﬁ@ QWI‘P% iRompesing ksthgle atom links; ionic links and
a g@?&%?’%ﬂ%ﬁ%ﬂ%ﬁ% 3&]@%’?3@85%159?) psHbaTe:) 1-2henylene, 1.2-

prombhmab@mhdlmtﬂ(mmyﬂwh)zﬁ(eo Bﬁk‘hylﬁn i, )-PRYNENY, -NR)- .

whef;{) ;\g“g g?)'gggrﬂééxy%%lﬁ r?a%]( ﬁﬁ e‘f‘HﬁS} ted hydrocarbyl, a substituted

hetdr&’tamyéﬁ amaaaacm&a SMia3y b -pl(Rﬁ)y iahd RY Bhehydrocarbyl or a
sub%;élll é Nt Oh&@ gog% Plﬁgwéyg I?Ihgi%4?'l or n“ay be selected from the groups
conéiww éiRﬂN(sabétmlltétﬂ’@Nve i) SublsButerp biyh) ydr)i3B(substityted aryloxy,

v lbie e TeTRIVERy SGry pORBRR Piknyimine

dlalkﬁarﬁinbeQWI JRbtsndit dativaiRies- th&leap Wﬂydlr)rﬁsubstltuted with any of these

sub%&{} ﬁ&@@é I(I%..L}I( u hlge ) ﬁ'{‘ngﬁ%%ﬁ %y 3—§yclohexylethy{ a 2-

methgl e%(?P&Ka SQRHY hb F’( phenyl )2 and (Phenyl
P(=S) N(i sopr opyI (phenyl ) 2.
In another embodiment of the invention -any of the groups in the ligijéihd“ for the
tetramerisation catalyst, R', R?, R®, R* or R® may includé any cyclic heteroatomic group
- such as a cyclopentadienyl-dimethylsilyl-t-butyl group or a eyclic homoatomic greup such
as a cyclopentadienyl, indenyl-or fluorene group .

B may be selected to be a single atom spacer. A single atom {inking spacer is defined
~ as a substituted or nen-substituted atom that is bound directly to A and C.



9 WO 2004/ 056480 PCT/ ZA2003/ 000188 Exanpl es of
i gands with polar substituents on R, R2, R3 and R

wo 2\ Adg (m

( p- met hoxyphenyl ) 2PN( net hyl ) P(P- met hoxyphenyl) 2,
(m met hoxyphenyl ) 2PN(i sopropyl ) P(m et hoxyphenyl ) 2, ( P-
nmet hoxyphenyl ) 2PN(i sopr opyl ) P( p- met hoxyphenyl ) 2,
( p- met hoxyphenyl ) 2PN( 2-
A ed;igyl hexyl ) P( p- met hoxyphenyl) 2,
ardiem® taytyingepanibmiyanidisddy et 'l\; henyl )2 and
( p- met hoxyphenyl ) ( phenyll) PN(ﬁ’t yl @E(g'henyl )2, (m
met hoxyphenyl ) (phenyl ) PN( et hyl ) P(m et hoxyphenyl ) (phe
A am/ C) may be independently phosph ‘ i
o. et hoxypheny!') ( pher%;?l ;JS N(Orrruesf &?H%PBQ'H%PWQWBI%@W) PHIEN or
“nyl), (m nethoxyphenyl)2PN(net hyl) P(phenyl)2 and
( p- met hoxyphenyi ) 2PN( net hyi ) P(phenyl ) 2, (p-
hoxyphenyl ) 2PN( 1
Th . .
eggﬁ?%'ﬁé%ﬁc’at‘ﬂm PT3Y-#eq KeRipisheible2(R)(APB-C(R),, units. Not limiting

examples oofy pivendahd S L )
e el b Shey 1 . SRS g 5 wel as ligands where the
( p- 6%%‘1’8}@%%&‘@ ORe@p-meret dfdiy Fhemybs dr via the linking

grou meiidre Bif i s ph )2, -
e T A B IR o 0
] ng(lbhﬂm X | § 2 émrmyt)ﬁz)ﬁmzmYNWQZQGP(phenyI)g)Z)3,
- 14di MR -fluar 0-

bendahdor opgen){l # F;I N; net 2@2})?%( %)‘%elpuor ogh‘gﬁwméth‘(’mhenmz)ﬂ'
g g hyl'd "rﬂii -Prﬂ;gﬁﬁmwmhwe@e@e, N(CH,CHN(P(p-

thatixge namahe
bengﬁnﬁyret ho)g?/y%h_eng | )QPN(‘gT(F TS oyPhemNmethyiEieymethoxyphenyl),)-
- phenyl ) 2PN(i sopr opyl ) P( o- net hoxyphenyl ) 2, :
(p- (p- met hoxyphenyl ) -

: PN(i S opyl ) P( p- (p- met hoxyphenyl ) - phenyl ) 2
;“ﬁ%ﬁ%%%t %Eﬂiéiwj"ﬁfﬁﬁéw GPINDP eE0Ry LSIRY proesdtisd known
8 er &traRd [ ih | e
. tiganfRYi Egd to b? at? @f@f c‘)ﬁ%i dgg?;rhgrgaﬁgﬁ%iﬁ%,%et frxamples of
e "Eult1ng PREPEAERInEGhenythat (ahengiPbimontlP(bhunyl),
phen phienyl)P@hehyl)
’buty@HIa Pwﬁg%z(?nso‘lmlﬁg?%&g{wé%ﬂm(?é&g%&ﬁ@%%'%{@égﬁﬁgpN@‘
(h r;)a;EhK& Pecovery of the (el BN({CHbs-Nmeorplesias jFophenyt),
pnemyl i(CHda)s)P n f
et oSG i e
h mPvEbPRenhe7 - 109, 1ethyl(Pbeny)RNEmethyiR(ethyl@hanyl)
ethybinhesyl P fistiptopy)Ppab: I
(oheryFIBEL &ﬁﬁp. P Do, ﬁé?@@p%%%ﬂﬁg%ﬁ&%m?@hemh
mﬁ Ca? st P'&%{x@m, i) hesyBipbeay!)PM(sopmpyt)Ftpiedrigine  (o-
-metr eny).PHfisapdmd)PeiRe ' [ t
oher 'Bﬁﬁe:i; Re %g ot Wﬂh%ggpﬁélhgg) (XQ%B-X);‘%%@?B&)P(W&"V‘)Z
(ph W)&IPE | |‘W§‘38? yh r(Hh?'B’!)mpLP@ﬁéﬁ‘)z' mﬂh%@ﬂﬁﬁ(ﬁfgempﬁ)heny])z
pnery (oyclohabi)P(phen@ness, t _ i, ncl ude
(pﬁer@&efg e "e')r (btl?ﬁgﬁa het er %%W%%%VF‘IQE?WQE(&%WZ
J@r”ﬁ%@%ﬁe@ﬁpl ex f k&hnaehthylRN(roetby)R{Bnaphthyl), (-
bi?heﬂyl')zPN(methyl)P(p-biphenyl)z (p—meﬂwylphenyl.)gPN(methyl)P(p-memylphenmz_ (-
thiophenyl),PN(methyl)P(2-thiophenyl),, - (phenyl).PN(methy)N(methyl)P(phenyl), (-
: met;qylphenyi)zPN(meﬂxyl)l?(n:—methylphenyl)z, (phenyl),PN(isopropyl)P(phenyl), and
(phenyl),P(=S)N(isopropyl)P(phenyl),. '




precursor and a. heteroatom c |igand and addi ng a
pol yneri sation catalyst either at the sane tine or
e period of tine. The process may i nchof@abiiBroooiss
wo 20033 £4s¢gf adding a pre- 10 WD 20041056380
PCTIZA2003/000188 formed coordi nation conpl ex,
prepared using a heteroatomc |igand and a transition
netal precursor, to a reaction mxture, or the step of
addi ng separately to the reactor, a heteroatomc
ligand and a transition netal precursor such that a

Exan‘leebﬂfﬁgQrﬁﬂstrtﬁ%ééﬁ gajstiveneoam| R R R andrRi iawde:  (m-
ener ate NS

meth PP REY RERITh I mP Ot oRienB. R b OOPRE Y YENERtyDP(-
membmhéﬁm time asa{n'ilﬁm RSN IFNIIsORpAIR(E-rBtaX DA, (o-

ol ynmeri sation c ma fed sequ
methpRe craEtrrmal o ey me. By dBHRSERIRECRR:PNC:
ethyiRSLAPOARR o&yﬂ%wgig —hféﬁwdi?ﬁﬁlin??}(ph@nﬁ)wmeﬁ@l)mﬁfﬁnyl)z and
t hat the conp eneratedlnthe medi um i n which
(oo R mPer NP MmO (Pl |y (m-

the heteroatom c

meth%?ﬁiﬂéhﬂﬁbh&'iyl Pﬂxmbﬁm PEn-ARORKANRFyHMhemIY . Typically, (p-
tranS|t|on msta %&r_ecursor and het er oat om ¢

memommwvmpbewﬁbﬁ(m@@v'o meheeheny¥phendll  situ) to {m-
mettﬁ&gﬁﬂe‘i‘@l ma.b(ﬁgmw@wm%ww% Pf» heﬂ%ﬁ(ﬂw&@i)z (p-
b 01
mewwmmapwaﬁgﬂom@ﬁwyéﬁmeﬁgxﬁﬁﬁnm P RERNEPN(-
memmbiuﬁwpw-%ﬁo&w{énw al  precur wme&mymenyl)zpu(decyiw(p

heferoatomc |igand, Ccan be conbined with t
methxyphasvs at i on (Eﬂ%h%t)he'?ynﬂ?h@e?m F@*me'@fwg@%z 10 @

metfiXpHenyl)PNRbEAATPR-MetHokiReAiAR %p-héﬂ%xfkﬁﬁer@l)zwmdhenww(p

regard’to the tetrameri sation tr

ansi ti 8
methpyeigybr. t he tr(ﬁﬂﬁ‘i’fPP'@ﬁf‘mﬁ‘\gmer@) U%’@P'%%’}VQQ from ©
ﬂuor%Bb{erWi)SPl@(fméhWé‘ﬂué‘rﬁ?ﬁ&dyﬁ ng(ptdmw@ lﬂiﬁmé@hérliiﬁi)%ﬂhl(memyl)l’(p-

tungsten, titani um

nt a um v :ﬂnlsip |rc rn _
dlm@wa@mmfgen&% om um W t{(§- 1&g %’FYB 'ﬁ'gza YOP(-methoxyphenyil,
(phérﬁtﬁm%bﬁmlplg’(grﬁ%&#ﬁénwkhe ”anS' tion nmgggh-methoxyphenyl)- -

r ecur sor upon [ h the hetero%tom c
phehy L ENGSaRTEP AR el TORPTA A 3bE et hyl ene e
methSlypRERY(SRIyIPNGddpraypP(ieRgE, W th the invention, may

be "a si rrpl e inorganic or organic salt, a coordination

or organonetal lic conplex and may be sel ected from any

TheORGefatomie tetHmerRaisH Ilééd?ﬂcan B& nfidifisd foru»e: lattacltisdeto a polymer
tris-tetrahydrofuran co Iex benzene

chapmsaphal the aseitng @me(qaj fog co artlba%g}{:on metal is
soldlﬂ‘é( acaebasy |tem|5é"réﬁlfﬁsu EU( l'.}édo)nesaﬁétﬂl.}ﬂl@ ﬁﬁtml‘ml@ﬁpbroach would
hrom um (11 et hyi hexanoate. The rred

enablesihei FFae ﬁ]e cqpRien fray be raagtiondn % rfiglipq fpg has been
usefacf&t %&éﬁ%@pﬁ%@ d%a&ts‘ehrm EﬂBéﬂgiailéne? ofahyl AR THeat. Soc., 1987,

rocess i ncludée the step o conbi ni.n
10%,A0EA78. e Smiatusin ess laphon melakeom IRl B GiecBe Aiobilised
by it SRS - héeRaMIE flg3Rds B S| Miida 38K FElysHBkanER (T alumina
backbone as, for example, demonstrated by €. Yuanyin et al.,, Chinése J. React. Pol., '
1992, 1(2), 152-159 for immobilising piatinum complexes. ‘

‘With regard to the tetramerisation process, the process may include the step of
generating a heteroatomic tetramerisation coordination complex ‘froby & 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- '
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11 WO 2004/ 056480 PCT/ ZA2003/.000188 Exanpl es of
sui tabl e pol ynerisation catalysts for the
sation of ethylene and the in situ

wog‘%%é%@sed 1-octene include but are not |i nP¢EEALRH3/000188

the follow ng: ZI EGLER NATTA CATALYSTS Ti Cl 3- Et 2Al CI

AlR3-Ti Cl 4, wherein R belongs to the group conpri sing

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

substituted aryl, al kene and substituted al kene, and

the Iike. UNBRI DGED NETALLOCENES

e t |
:eﬁlzgggﬁgﬂt%pﬁyl&- Zi rconi @1 %.tl’e SAliciggnd qand a fransition

bpe r&act@nynm ¢.toaffteustepliot hdding €eparately to the reactor; a
hetbroa{of)ié€ | Rj2AR %ﬂﬂ €Ry %nsﬂoﬁcmgbr%cﬁ%l{)ﬁ;ﬁu%ﬁ that a hetercatomic

bls(cyclopenta I eny zirconiu
°°°6‘i”§? f‘b&‘?'}lP'@yccPfo@érﬂﬂatﬁDEnyet)aL 5| gemematem indisieh| O 4B cases, the

I dj chl de
SOOI LTS MY LR v o o

tetrgmegisatign yséymtf@g)gu!ymdnmtyh )oatalyst erziyUrs fodi ﬁd&hﬁéﬁ? into the
reabtbﬁé\ke? %@B}ﬂlcﬁﬁﬁeo %Ea a%eﬁe&%ﬁﬁﬁcﬂq@g@u&q o%é:log%ex in situ

bi s( et hyl cycl opent eny Zi'r
is §hat dheg icegwlexge rgeadlaBaWh)the innezitum GmwhibinCedtanysisl @akes place.

di.chl
T e s AE ol 57 et s St Joplly, tre
-trar@ftlg(ntmqetﬁbpmp@pr,)ar@ymt@pemmd ligamgdl gre ot Wth in situ and ex

s B LT PIERLR BRG  pepeom

bi s(1-et hyI 3- et hyl cycl opent adi enyl ) - zi rconi um
Th dichl orjde, bi s(|pent anmet hyl cycl opent adi enyzi r coni um
Giiamsrisation cocatalyst, as defined previously to include a transmon metal

preQirSdriiaf @ﬁﬁfehdétSME:ll Qﬁ@t%qvpenéérﬂabﬁéc[ ﬁl%] '}l-lujerme mngﬂgﬁflon catalyst

bi s en
in the f@ﬁ‘P 8&1@6 tB|1§ 071 gnmta@nbfmwagemmmmom
di chl ori de, bDi s(| ndenyl )-zirconiumdichl ori de, _
i s(2- hyl i ndenyl ) - zi rconi um di chl ori de,
Wtﬁ f@%ﬂd Kﬁ‘ﬁi‘?ﬁﬂﬂ%‘ﬁ?mﬂ transitioni retaldiretureor the transition meta[ may be
eyl fpan ldgn
:te Bg\?%—l IT%?_BI(_C‘%E%%MJ&/C: ogeﬁ?gg}@r’]@w %ﬁﬁ’dﬁﬂ’fm’ tungsten,
a'f"l"e Bidiure vapadivaandisjrceniumoprsferatily elmymm:nt ani um

fichloride, pentanethylcydopentadienyl-titanium

tr| rreénlgo ide, trimpetfryl-titani um
ﬁgﬁf n@g@ﬂ%g@ﬂyﬁetbe transition metal precursor which, upon

mndngrwlwmé hﬁété?&éi@ @ﬁg ey nzelc'f:&él&‘ Bﬁafﬁ?g ﬁ‘y!?ﬁe&%tramensauon

tetr rdamst hyl cycl ope ienyl-Zzrrconrum
in_ gecgrdg %wnw\@ﬁn.amaynye a zéimpleninonganic ol oyagie salt, a

cooﬂc%éﬂ& %@%Mh@ Cohhsiee Oy NP A8 8 etected from any one of a group

comprising: chromium trichioride tris-tetrahydrofuran complex, . (benzene}-tricarbonyl
-chromium, chromium (IIl) octancate, chromium hexacarbonyl, chromium (HI)
acetylacetonate and chromium (1l 2-ethylhexanoate.- The preferred transition metal .
precursars include chromium (Ii) acelylacetonate and chromium (Jfl) 2-gthylhexanoate.

The progess. may include the step of combining in any order a heteroatomic ligand with a
transition metal precursor, a polymerisation catalyst and an activator.
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CARBON- BRI DGED METALLOCENES

Di phenyl nmet hyl i dene(cycl opent adi enyl )-(9-fl uorenyl)-z
rconi um di chl ori de,
WO 2004{03648% | et hyl i dene( cycl opent adi enyl ) - (i nd&ayi-2 1 CoR®
ium di chl oride, isopropylidene-
bi s(cycl opent adi enyl ) -zirconi um di chl ori de,
i sopropyl i dene- (cycl opent adi enyl ) ( 9-
fluorenyl }zirconi um di chl ori de,
i sopropyl i dene-(3-nethyl cycl opentadi enyl)-(9-fl uorenyl

r
Exarr@ %ﬁfesgjg%é' iﬁ%&rﬂ?ﬂagﬁdgn&}tsdy ts for the polymerisation.of ethylene. and the

in sitm&smﬂamseﬂl ‘eoaieé nciude botianyio} hmﬂetb@ﬂh@fﬂilmgt or i de,
rac- et hyl ene-bi s(1-i ndenyl)-zirconiumdichloride, rac-
et hyl ene- bi s(1-i ndenyl)-zi rconi um di net hyl ,
ZIEGLER-NARYAGQATALYSTS net hyl - 1-i ndenyl )  zirconi um
di chl ori de,

rac- et hyl ene- bi s(4, 5, 6, 7-t et rahydr o- 1-i ndenyl ) - zi r coni
TiCl;:HBAICE WIR)J-Tld:ﬁ whkiell RBIDGED Ve TyhbupO@ENEBIng of alkyl, substituted

o B G 3O B9 S SO T s

Zi rconi um
di chl oride, rac-dinethylsilyl-bis(1-indenyl)-zirconium
: r
UNB&@@E&%?%%.?HF%ESDI s(2-net hyl i ndenyl ) -zirconi um
di chl ori de, rac- dinethylsilyl bi s( 2-

‘ Bis(t}r}glt h¥$th§‘%ﬁﬁ¥gﬁrp§iiﬂrﬁ %‘?ﬁﬁ%@&%&.ﬁ% -zur nium chioride tr}ydnde

-zl reconiu
bis{aycloperatadidey!)-titanium d|ch|onde bls(cyclopentadlenyl)-eroomum dichieride,

'bls(qyﬁl‘oa?rgﬁ%h%ﬁl%grc%n? et rg.n%iiht}yl cy% s?n‘i) 8{}%9&8;5‘&/&&&;5&3}])9&%:1lum
dlchbn@é}enyl si | yI b(s,(n—ldo@mytcadom;tdad@@ﬁﬁ:mmenyl ) - zi r comlichinride,

bls(eg%n@ ” d !'lfll‘lsflg::%%hl? EQ&BM{% g&gﬁéﬁ{%len)ﬁ)azwcomum
dlchlond@,rl nC| pI e Uns(mprapglu:p@upamtadmmmmlwms an actdld‘éorlde
i 4 3be G 5 e U8B0 o
dichlotitieuat er Sqls(nﬂmy\tyMysbperhiedlaméﬂzarcomm abl e dichiprisiends  bis(n-.

A

zZircordary Id!oi'drg'ides nbis(M, :bba@nhe&ylsﬂui)cgemmta{iidm&zimuiusal dighjloride,
fl id etherate, silver : :

bls(??msﬁﬁ%tbﬁ Oﬁeé%r@‘%&b'zﬁ?igx‘gfl uor oant i nonat e and dichloride,

bls(pdm!adneﬂ*glcyﬁupembﬂtenylbnganmm urni n um conpounds i ncl didhloride,

oG R SpotBap RSBl * ooy inelE oy o bstt-propyis

ont ai ni nNg

meﬂ’lﬂbﬁﬁmtadredy@l-mmemumd chnbiqnﬂands lxs(éff-@memyhmdmmmtcomum

i pGiBorsn ol bospaog 18e MRl S i B,

nrum
bis(@éthyliridehyl)-siedoriunh dichioride, wyeloferBddienylindenyl-zirconium dichioride

tri-n-octylalum nium methylalum niumdichloride,

et hyl al um ni um di chl ori de, di nethyl al uni ni um chl ori de,
HAUF SANDWICHMETMLIDCENESe, al uni ni um i sopr opoxi de,

et hyl al um ni unsesqui chl ori de,

Cyclopentadienyl-zirconium frichloride, pentamethylcyclopentadienyl titanium trichloride,
| pentamethylcyclopentadienyl-titanium frimethoxide, ttimett?}fjﬂ'-ﬁtahium—
pentamethylcyclopentadienide, pentamethylcyc!opentadie'r‘riyl-'zirconium trichloride,
.tetramethylcyclopentadienyl—zirconium trichloride, 1,2,4-trimethylcyclopentadienyl-
zirconium trichloride

12



met hyl al um ni unsesqui chl ori de, and al um noxanes.
AI um noxanes are well known in the art as oli gomeri c
onpounds whi ch can be prepared by the controlled
wo Z“Qﬂf’flﬁ“f"on of water to an al kyl al um ni um conffdfefo0 188
exanpl e trinmethyl al um nium Such conmpounds can be
linear, cyclic, cages or mxtures thereof. M xtures of
di fferent al um noxanes nmay al so be used in the

process. Exanples of suitable organoboron conpounds
are boroxines, NaBH4, triethyl borane,

tris(pentafl uorophenyl)borane, tributyl borate and the
i ke. The activator nay al so be or contain a conpound
that acts as a reducing or oxidising agent, such as

i ' the like, or oxygen and the
CA%%E?C@%J&&'?JC y be selected from

al kyl al um noxanes such as met hyl al um noxane (MAO and

D'phﬁhgﬁeg]w%neg gcﬂo@eggé&%y@zg n%ﬁpﬁ?@gc‘%%;?al umi nox&if8laride,
diph@hﬁlﬁ%ﬂld@@(éycmmﬂbnwmlmmnml(na alichiaride] alsopropylidene-

i A PSP R BB RSB

fluomgnyispisconiline dictdoridd, i |euspromﬂudén&(&meﬁwtnyclobedtﬁtﬂenyl)-(Q—ﬂuorenyl)-

sl B B b B B A S GH Bgy Rwsc.

indenylpzircdndun ﬁmbidnde,lOra@%;ﬂene-ms(eﬁrMeﬂiyl}mrtmrmm alataioridle, 1 rac-

et et kier P PRAC SRR 2 fehyerb Sl Rl e
zircanyiwrh dichloride| radietinyidret tbls(t4t&;6._T-Fbeﬂ'qhyelm-ﬁ-mdeuyl)-amd:nmineﬂmhﬂonde
tetramari sation catalysts) a trial kylal um nium

onmpound in anmounts of between 0.01 to 1000 nol per
SlL\fb-IBRiDGEDAMEa'Mth It should be noted that

al um noxanes generally al so contain considerabl e
~quantities of the corresponding trialkylal unm nium
'Dlﬂwmm&!dMCMntadi&Wﬁrctpﬁwpar@hmide Tidengthylsityhbis(9-faforenyi)-

2GR ol Yo b R Bl PR e R HRBRAETS "

mescadl@emyhﬂyl-ma(aﬂnethyhrdﬁnﬂ)-nrqoahhy| allanrmlieu mreemmmdsliw-b;s(z-
ot 004 0BT SRl groonum

Iumco

dichleridea neoﬂlmethﬁlsﬂ%m&et@mﬂﬁm&pestad‘éhﬁ)-Mnm or ndighloride,

h asg; oran
ORGSR Sl s
bis{ingenyihaiimmidichipriget h t he tetranerisation and

pol ynmeri sation catalysts in such a way that a

bi nol ecul ar species may be forned that has netal

Theagiivatesfor wse livthe prodess mayrin prinsipleibeyany compound that generates an
active catalyst when combined with the heteroatomic ligand and the transition metal
precursop: Mixtures of acfivators..may also: be used. Suitable. compeunds: include
organealuminium:  compounds, -organoboren:. compounds;. erganic salts;: sueh as
meihiyllithium and methyimagnesium bromide, inorganic acids and salts; such as
tetrafluoroboric acid etherate, silver tetrafluoroborate, sodium hexafluoroanimonate and
the like.-

Suitable-organealuminium compounds include compounds. of the formula AlR;, where
each. R is independently a €+-C4; alkyl, an oxygen containing moiety or a halide, and
compounds such as LiAlH4 and. the like. Examples include trimethylaluminium (TMA),
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The catal yst systens or its individual conponents, in
accordance with the invention, or its individua
wo BRRARETLE al 50 be i mwbi | i sed by SUPPOELIAd0dshonss

a support material, for exanple, silica, "alumn

NgCIZ zirconi a, artificial hectorite or snectorite

cl ays such as LaponiteTm RD or m xtures thereof, or on

a polymer, for exanple polyethylene, polypropyl ene,

pol ystyrene, or poly(am nostyrene). The catal yst can

be fornmed in situ in the presence of the support

triethjRl@hih@in Or(TEﬁl S URRSutAa BmbRurR’ ©- (T?E?@r egr{ﬁk}%ﬁﬂé[ummlum

prem xed, sinul taneously or sequenti‘a
mettylalumigiun (dichlerdes| gibyiakibtipume ﬁh@icmdet Kiimeiblyialusrinivay. icbleride,

t t
R
ﬂy&a@ma@maﬁ@qwqhian% ané@lumm@ce@eswtxmmm groo¥elltimewn in the
o et LA RGFLY00e BRIt e 485 Fiepr et
to anvﬁ{kwagmuwumwme@r @mp@rtmﬂwyiwmsum Guch catmpbysis can
be llh%%' cyc%%g@%? rrﬁ:gtgn?gmbof ﬂmxhwég of gﬁferé%g afdiiidxansd §1aly also

cases he 'suppoft can al'sc ac
beuagdatbapmopgs conmponent, for exanple where such

supports contai n al um noxane functionalities or where
the support is capable of performng simlar chem cal
Examples tofosvitahle engandhordm crepelindshacsh boroxines, NaBHantdethyherane,

e T

[ nventl on, there is provided a tandem oligonerisation
r 0 -

eSS M AL O R P S Bl P34 g
ageﬁthwtha%sqdprpor gine metalend thediket bieoxygeryand fhiedikel ef i n

with ethylene, the process including the step of

contacting the olefins with an oligonerisation
Thecagtivatps tmay kiei s¢ledted dtops ralkyiaiininexanes achr as trasthyaluminoxane
MAU&%H&%@! Gidnihb 2! qE*A &) SRl asoﬁﬁﬁfﬁreéfélkyuﬁpcﬂ idxanes such as

'%yrrerl atl on cat whi ch ca I'c
mo sathialuminoxane r(tﬂﬂh&ﬁq@) oModifiad nmeﬁwlalumommat(@ néammercial

Pmdel-{cﬁsﬁfg r%&tgg}léﬂa %ﬂ&'ﬁrtsstﬁﬁdlrﬁé} ggt?\fjﬁl Ah fg?s}étﬁ’xg/l gpn-oc 1 groups, in

r|sa|on cat I Ng
addifien tamethybgroyppect of the invention the .
tetramerisation process includes the step of
contacting an olefinic feedstreamw th a catal yst
Thestyes'tsmn\me’@hpxrenwrsgd@f the ttetranaerisation catelysll arththe aluminoxane may
be B&hﬁh@&%ﬂ%@&ﬂu&ﬁ@% RSV Aiflefln o B b 11478 10 000,

traneri sat rocess 1s o I'n and P i
preferablicfoor about 1.1 mp@ﬂ@handsmre \nr&fhrabiye‘romrldftn 1$00:1.
- feedstream by contacting the' olefins produced in the
first step and the olefinic feeddstreamw th a
Tha: progésssmay dactpde therslepdf adding tes thel catalysttsybstean (indudiag both the

R S S A R e e o

ammmtﬂimﬁ*between 0.01 to- 1600 mol per mo! of alkylaluminoxsrie.

gt should be noted that aluminoxanes generally also contain considerable quarititiés of
‘the comresponding trialkylaluminium compounds used in their preparation. The presence
of these thaliylaluminium compounds it aluminoxanes cai be attributed: 16 their
inco}nplete hydrolysis with water. Any quantity of a trialkylalarminium compound5:t1'uotéd

14



that constitute the skeleton of the lignd such as the
cycl opent adi enyl |igand for exanple The ethylene to
woO oeyssgigpaneosed and pol yneri sed can be intio t
the process according to the invention in g%%zo&m%mss
conti nuous or batch fashiori The tandem catal ysis
product streamw || be understood to include polyner
whi ch polyner is produced according tp the invention
in a continuo6bnt ?r4ous. or batch fastion The process
i nclude a process for tetranerisation of ethylene
in 15 gisloeureyisl aigiiarial (a- alioghlemniiur NSRS ScdRYGE wilthin the
aluBingggns. for tetramerisation of ethylene an
concomtant polynerisation of the produced t-octane
Wi th et hyI ene. The et hyl ene may be contacted with the
of the tetranensation

t
The® &l yst 'ﬁ*ﬁqﬁﬁq ;}?si‘é‘?‘il'%ét posRtalystt éH%taQata bisborane 1,4-

as)qﬁ%ba%@ B4). 1omiisPab ukldaa Iy,
tetrérﬁégg Q@Q% g%&l L " r?gﬁaglgt:ﬁ gr eat er '}%Eaﬁwm the
RPBLEY i) BYFh 3j wapthat eshimoegular species

may br-fored thakhss mptabéenﬁe&umaoéélﬁlofe‘éﬂﬁp PRI, of the
catal yst systerns (both the fetramanrl satron catal yst

and the pol ynentsation catalyst) at any tenperature
ThetRs{alest syS12m. or d thidal compbiorid, 48 %EE&'dgrE)ce Rl Pehidtition, or

fe er tu e .range bein
s FUERELERRERn, TR riiions momamoring it oos suppor
matgial hfog sxample; smyastawramdﬁmgolzb ORlcdMes, Sl d?%%e%f‘orﬁé) gp Elrlll%gtonte
rder

| t L0 ent aII in any o
zﬁﬁﬁbrﬁgﬁ‘g@l‘ %’r zﬁ@e%’& i‘lﬂf%@‘monqn ér pelymen foguexemple
evie. pelypropgese, pﬁmetyr@tee&erb‘dm%me rfez hd Lé%laﬂ%t can be
e f st conponent's ner al

e L A o e
lmpr,‘egb@tgqeq pr@mlmdys;imtmmnéalsgﬁ?e%e Eglg:éiﬂ egfﬂ Tcﬁ% or m ore of the

et ween an react
““p"?'gﬁ‘ﬁ’%?‘s‘*éﬁgﬁ‘?@@% S?‘V’%ﬁ{'ﬁ 9" ol I gpEe capes, ﬁh@ emﬂ‘ mterial
%"&@lﬁgczfl‘tt%dad chepenent .of the amvatm Dlﬁl@ %‘bﬂﬂacH% I Jac:lrtate the

st geneous I UI '

rec észg Sigﬁr%r ea%@t' %3”;1 f?l% giﬂélsglﬁi{: e gggs-@q C’la-nq)pompt was, for
examnlsf tsugesisiafly deammstvate&sywm ¥y rcyirdneiaﬁ:tbé%@d V\@@.P% mensatlon

s S fo hat I ays T11tle
ca lr?gi g{)’fu@?lﬁ?‘ ?aty@“} é al’u,t t\ll\gw?{héggé& (?I?%l $7. 3994 17&4%9. |Em$ome
casegna?q).suap%mn pﬂmsactrmataatﬁlysﬂ‘cdmp&hnﬂqaﬁ e&&uﬁngﬁ%here such

0 as t dom nant

SUPM Sontéth QMEE%%%S‘IF efg@fh 8‘?1%3& g dhei siaport is capab!e of

perf orrmng sumgiar chemical functions as an aluminoxane, which is for instance.the case
with IOLA™ (a commercial product from Grace Davison).

According to a further aspect of the invention, there is provided a tandem oligemerisation
and polymerisation process for the oligomerisation of ethylene to produce an olefinic
pmduct stream and the in situ polymerisation of the oligomeric olefin with ethylene, the
process including the step of contactmg the olefins with an oligomerisation catalyst,
whtch catalyst includes a heteroatomic ligand and a transition metal" precursor, and a

,polymeﬂsahon catalyst, which catalyst includes a transition metal and and/or a homo- or
heteroatomic ligand.

The oligomerisation catalyst may be an ethylene tetramerisation catalyst,



equi pnent and contacting techniques Tire taniten3;
Caf al ysis processrfiayal sp be carried out in an inert
solvents. Any inert solvent that does not reach.
Wth. the activator can. be used These Inert sol vent
may include saturated aliphatic, unsaturated
:al i phatic, ar-onatic hydrocar ben- armd.hal ogenal éd. T
Acq@;dﬂm@amb amﬁ\mymaﬂ ofdhe vwmtmntm tahdmenkmbn@'r@:eﬁﬂincmdes the i
-bl”éetn @{Qﬂﬁ E&%l -
St hegrF ag%qﬁ et hycy lelszlfeghexane“‘?”th yF, cy&é%ﬁwégmmwes _’gransm
otal 2 1m Betamalonig gand wm@ﬂ@ prpm bitke tsﬁhmnsaﬁwdwbes
: anaaﬁﬂta%altﬁe Breﬁﬁ%&cﬁdmﬁtah Eé}:’ui" B e R Eisain
conéarcg E‘F(ﬁﬁﬁﬁenc t-0 Eb‘go%%\ -(-8Q0 : barg)_isg;_;r__; "ty e
£ Stepi908 R gleniroiwam i = s
cun&usgg ofatransrtﬁ:maﬁahr ﬁdﬂor@a'rdrndlldl‘ﬁétbﬂbaﬁﬁﬁé ﬁah&d :
# .pressires range from 3000- 5000k Pa’ (’30 50.p:; The tandtl o'
-""-' catatysns process— may be. carri ed” out ar. tenperat,mes :
=By horpeaigmicds mezs0e dgand tHal consiutsitiotiely’ of mnﬂheatonfsam@& a@f‘cama,

- ma&’“?‘&%‘i‘?ﬁ?uﬁ“@‘ﬂ%éﬁé e N e G e

‘prgcess ‘may.be ‘carried out in a: pL.ant whl 6B nel: udes
3 Tneaatynyfayepm b6 {etrin80ded) and EaﬂhaﬂﬂeaScs@;f b& %%dué&iaﬁidlﬁr% rocaas

e DN

‘conhi ﬁati bn a) d reactor, b) at-l gast::‘onie;foi Stit:

: 0 T etat -and. the
,T“i*‘;‘?i?‘i‘z?%ﬂ%ﬁmaﬁfsﬁ%‘ﬁéﬁﬁ 9 G lesB g Ao A bt i
z;fei?'smr Biser goeridigg t%?‘?t"@ﬁp“@)lﬂ@ffﬁ)h@ﬁ@ﬂsbrm@ﬂaamqm i
‘_f: reactor for pol ymsr1 sation reacti:on :pkoducts;: and:
| east o arator. to se araté it he: deswed -
The%?‘ifﬁéﬁ?d{‘ 43S RIS ﬁ°’p*ﬂ'5%m€'15§“°we Fhylene Joppaloctiv _jv yleid
Octﬁmat alyst system may.include a het et;oat: o ¢ 1~1 gandzsai
s ‘tiransition .netal* .precursor, a pol ymsrl sa“uon cat: alySI :
T -and an- acti yat.or,  .as descri bed hergi.n.. in- anef hert. IRl
,-_-.f*?e ; # ‘BnPESERY PR iteiramerisetin;iof aetisdenes farid- B0oic
:Pﬂlylmsatimns)fﬂmwrbﬂmﬁﬂﬂf-md’lﬁd'ﬂmm%ﬂ@mt he-f.irsts reactor.= !
wi.rbe a-continugusly stirred tank reagtior and-1he seco:nd
< reactdr . may.be.a batch, continugugliyisti, rred t- 4Nk ¢
ié-Thsre@m@mwbmc@t%@ecn Wit eezisiyst sydfort wpinprdinif offine: i@maﬁQau

.mtaw&ﬁan@wbbi?ﬁemmh%ﬂw el a%ﬂe{;?m@\gl; Bes q@,gc ;:"
gmﬁt?féﬁ ﬂ‘f@l '&Eémlsﬁ@;ﬂ:go@m%wéw v n& < agp'F‘?% ; 2

- " be omtted ‘or- *substituted and, alihough -r1®t~ oy e Ll
@e%ﬁféﬁ %aiahg SF&%cags g :'nc?lyq%%g%%p”%%’ m‘éﬁ.’,?gc ! @é’rksfo;%};%at_' e

n‘w“

r"-'r."":'

‘."'L'c.‘:

b temperature rangs bamg 20 “C 100 °C.
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performed and these conponents are not to be taken as
essential to the working of the invention. In the
exanpl es that follow all procedures were carried out
under inert conditions, using pre-dried 'reagents.
Cherical s were obtai ned from Si gma- Aldrrch or Strem
,-=Chemi-€¢al s  unless stated ot herw se.-All". Do 2

e PFSEON SARATERLS o RAE alyst Sistame. deneribed HemiEndy b5 cembme it

sm&mnébtvﬂrlar 5@@%&‘“{)%‘&% &Géra'aﬂgﬂw i‘h&%s@r@@%‘
._m 02% 0 No.bel and enar rpor at.i pn. ;

e sk Fr%‘ﬁ‘%ﬁ? T8 B‘FSWPWJ 3 Glﬁ‘ﬁ&k'aﬂriz-trrmng of -ﬁ
@m mﬁ@bﬁmﬁ QEﬁl&alE'f?pr%sga PRitective! bmw i‘ﬂHy Hﬁutﬁﬁ? rn:lprov'

r_to calcul-ate -fFe - B
< oot heorilocd? e BN e Rere e i, i ¥ egon 20°6
‘”390§t al yst's descrr bed in_ the exanples: belou: &t hyl. e‘ne i
oJ | gomeri sat-i on- product S were anal- ysed by G;”I\/B a[fd
‘FLD. Pol:ymner- sanpl es were dried: uhdér vdguum fﬁr
T_helﬁ"‘aﬁ’dﬂﬂ BIopHEtE) rdeﬂtﬁdcharl dbe dandem camlysis Rodopse: is descibed : hemu‘r

o AP b8 pRalared ol b Bcilsdd E4Epl @Jsteﬁ?gggi CETaN !f%? iﬁg

. det erfn t N
g ea%@rqi Fﬁerﬁ’éﬁ%&ﬁg Bt Efl’ﬁﬁ%‘:ﬂr&fr%'i? %ﬁ SVentysliny vrefanishers the

miaﬂagrayspﬂs& bl & tokie. thandispliaps) Lt osh ﬁo?d‘g&l’rtﬂ SRR T twc basaw.
uquﬂﬂré}iiﬁﬁ’é%%%' gﬁ%;)a% ﬁ@hﬁ%ﬁ? eafﬁo%%vﬁglh@fegtrréggg’mgﬁWw pmdu'_
dlefing (5eayro RS @2& F‘%‘ﬁ'“ﬁ@'a@mm @sioy gas” (ﬁhﬁéﬁl’ H’é%)qn fusing” Qt\nvanqoha

squmardmewm&ﬁrfaduhga&ma@ﬁ opyl ) P(p rrethoxypheﬁw J2. and:
8 /"1 tt t-on ."9.8 ng. of Y

(p- rre}hoxypherryr Y zPN(I sopi vpyI )P (p rret hozypl $| Lyr) s
Ths tanc(e(m Qedigsis Qms)mamli@bé Bérne@ﬁutﬁ@hh@ﬁﬁs%&n

H Sotveit,

I, f, t A A
maiado%t% c#%lonea 4”.& @ia roc%/né g% Ju@u.ﬂ(qb s%l%rgng may mcluda
;v Satuatpd)- E@er@ﬂ%ﬁwrﬁ@dawam@ Hemalio dydfogaent” ams.r Hal&j&ra’ﬁacf:-
hydlﬁcamﬁ;S‘S iRl steaHRe mrchdaumd@r&er)uL%%u ird, 'He{&&a; :on?aﬁa '
u'ﬁ’?%"?&‘ﬁ‘g“ '“GE“?B%EFVF'SPBM%‘?G cnﬁ@amter‘mc hqwds amd" ;

sur.e reactor was’ charged vvrth ecthyl epeg:is %

~n

QJ

afer : whi dh: thg reactor .teir': tuke: uvss:—
ai ned -at "45C, - whi le : the- ethyl eng. pr,essure,‘;
T“E‘\rf%‘& “%S%'}ﬁ's Brecessmpnbe ggvhed putmt pwarstgps rrommmanc 4075000
iKPantag Ethy%étﬁr@éﬁ&dy muﬁb%ﬁg&)éf 'Tbéﬁ-?éhu KPR g 670 barg),

;:—P"‘fg'? ?e“e ?’S@&w‘?ﬁggf%% =) %aﬂg@rfmnhar@usm@ (3B60! barg) p

.m nutes by: corti‘n pingyhs;:< et hyl efie: feed to e,

therea to- DekowF 41t v
: Tﬁeﬁn ~6r: aé%%?gg&% {“a’gbs carried ° LGQ !‘f??% -20 "C 259 '
: +TomppEAMIps &1 the Faiige|ch 6139 Ao afe. prafed“ed,d?mﬂww pmfﬁrred bemparam
‘ rangbhﬁ,ﬂaggﬁg@pbave i"uastgoeitcliad " DR
T wi-$ivef t aariol. f.ol | owed: by 10%hydr ochi’ orr a add
“i-iri<water., Nonar was: 8difetl.a filkétn 1, Standar’d

':f.:'.ﬁefmdeﬁheatamh psd‘&é‘sbiﬂaba:d é&lﬂ&djolﬂhﬁ%%piaﬁb’wﬁ%ﬁ_ At [ff_‘ﬁi:r@d’é iy i

mac?ﬁﬁkwlcamﬁ]’gsp cF suc§1 reactorsqncr]uda I%ut Aare, n_o‘t_ [rrc,uted to batch reaoturs, se
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| ayer was -dried over-:-anhydrous sodi um sul fate and

wo 200400868 anal yse .i; by. <G x19 : he .;i :rep@ypdfk3Rfo1ss
the .organic Iayer was filtered to isolate the solid
vvaV\poI ymenpr oduct s: . ?These solid: products. were

dried overnight in an. oven at.f Q0O an .then.w

etgGed: 3py eta 1:0831 g: of: polyethylerte.:Tlie GC

anal yses indicated ti at the reaction noRt xe

pont ai nocr - 42.729-gers. The=oligoers conprid72%-0
systdmog)effient lidesGrdr &i® B%ackdrjfér) potymeéridation reactuon*products and d) at

ample 2;: ethylene tefrangerl salaon yeaction usi .
loas{ SR BaAo" (F SARAEIE e KIOETT BRYMET oD JSaCton PrRplets. attierein
the Galialyttl SRt mallan@udleng heﬂé(rc(v)a&z?ﬁﬁ‘lﬁgahh a transzh%n metalfpntacursor,

o ro C rXr in its
pOIVB‘fa 2 ‘0?‘ ca?%ﬁt@écf ﬂﬁé) éﬂ’o@cﬂ%""“'&e{gﬁ%‘ﬁ on of 7.7 ny
Cr(acet gt adet onate) 3_ (0x022: mmvl)4n :8' -r | ==%c

%ﬁ_‘nen N Schj enkvessel . Tfia m xture was stirred
In ap odigient,pt fhig frepptione i srapbingtionof ygactors may be preferred

where ﬂheaiﬁsttréﬁdﬂortrﬁm gch@fhuolisly sﬂl@@nm'ed%f&%ﬁﬂ fife SQBAH P8actor
é ave@wontal ni n%%ﬁ@lllxtuf of
mavaﬁ stigery BNk ARG CLQr RS AR Qaikw EcRe, 4,4
rrinot 10 / sol uiloi srvtolUensf at;=;: ?2QG 1| hc;
pressure. reactor was charged.
wi t h-st hyl erfeaftarwhieh i 6e7eactordeiripetat(rt was

Exafifplés 6f patoriing e il0bhtiod he et hyl ene
pressurewas: m ai Wai ned: : at, 450cl, ; ~kpa' . (4 .: berg).

The reacti on wastertni nat ed after 25 mn; and the

The PSRN YilfinolwX BT HéubAbed ARV Fefefince V@S ﬂﬁ%ll@% "He&-limiting

etuct mass was 118.78 g. The product :conprised:
exafég'faoiﬂie ingividuak compaienisypiciiie | XEMPlesANEXDRTSeAblyTbe pgitted or

subSBiaED | hd; a@ioughm(h@hé“s%hﬁlwééa‘i {hRaAYEABN WedyEbnceivably still be
cetyl i asefonat el

porETALARA JIeRREPSBaS, BrProb g faken apreasanlisl o the working of the

invefitisret hyl silyl -bis(2 nethyt{!;5)benzol ndenyl)

zirconiumdichloride=in this ex riple 0011:-tnnol
Chrom um ace acetonate- i52 r-1 ",. ( 0;022- nmot

In tHe( e)féﬂib{éé thBMollé\O I%ﬁ 9&:\6&@6@ b\%?é’bﬁﬁqeﬂ %ﬁt Gﬂidla\' ||riért &onditions, using

Schielik;tdtie uf Sdet an arg . t nosphere: wi th
pre-gded qugq{q Jdreniicaly yp@eﬂ!gtaqggd g‘r@m, ma—AIdnch or Strem Chemicals

unlesh | StafRf abtﬁeﬂvts@(’d#lt "Ehé%%}lalht&ﬁilﬂn WaRd - alun%fn'ekzﬁrﬁaﬂI éd?r'ipo'imds and

-m nutes and-then ad under inert conditions to

solufigns, thergok Wi @{eaggt@u@gofrom(ﬁfg@'lpton »Gmbh,_Alzo Nobel) anq-hlgbemarle
. Corﬁékhﬁé‘d Caliie Etdmiiék, the RhdIAY !'na‘é% I rﬁ&hﬁb!umlnoxane (lr\r/llAO) was

anhydr ous- 3ol uer (e; as sol vent <. par at el

takqgftoabe 28018 o/awl, dxon@q;mﬂm| tg |tl1|g,(CH3-Al O) unlt in order to calculate the
mol&i ﬁéﬁ’ﬂtfé@t &nyA@)JQ fid Yatioh! th

h [oride O. &{]%Plt 9% z%fxoﬁ & gl%r?%t?&%tﬁ c)l/ rch%d n the
exa{r@lqgﬁeb@owrﬁthﬂeee ollgomensatlon products were analysed by GC-MS and GC-
FID. Polymer samples were dried under vacuum for 12 hours prior {o-characterisation.
Polymers were characterised using differential scanning calorimetry (DSC) to determine
melting points and *C NMR for the determination of the mol% incorperation of a-olefins.
Where possible the remaining liquid after tandem polymerisation was analysed by GC-

FID for residual olefin composition.

Example 1: Ethylene tetramerisation reaction using CrCL(THFJ), (p-
methoxyphenyl),PN(isopropyl)P(p-methoxyphenyl), and MAO
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separate reaervoif:un'der'inert conditions
connected:-.16 :thg;inlett of arf-'HPEC punp, ;
Approxi mately 1200' eq; (ori.9r) methyl al um noxane: ( MAO)

was: add : 'tqg-tie:%tdcfave under arggri: atsphere,;

The aut ocl ave. vvas heated t6.-45---.1C , seal ed,

; ant pt e-asunsei:i’; -"' 3500 kPa05 barg):, vi r)Ih et hy}e“rie -----
A BRiHI O (5§ mmg:f mmmmpmsomﬁﬂwwm&méhw 10! 613

mdf NI Jf toianst ST :
~m # t?on “Was- |“§‘g%d%:€{a%e{t%g§?§?ngl TREHS g@ﬂ“%ﬁymﬂ‘
ma‘ﬂ YRoe By STURNK: ¥esse héﬁemmgmm ot Beshiny at am:xang

tsmhﬁ'ﬁfdlé ki Wd&&héﬂ:ﬁﬁéwﬂo 400 mi ﬁ?@ééﬂ m&{a%ciave}‘ éc}tifénnlng
' ‘af yst- was aj e -of - 066"
o B o o8 TE 2R a0 iRl npre e el ot AR T
prameelaamsmmcdha@ed dmtmemﬂedé aﬂuﬁ%’f&ﬁ%ﬁ Trisacts 'mmperatura was
. LR NUtes ) S s '
Y 30 o P SHUTRg HRRPU deaso R 4508 KB 1 Bers
m@@ﬂgbmﬂgswas WFQdTﬁmughuut’by mixmgcﬂpyaﬁ ofculabemtma”wmg agy

. gntf'a@MH@' sﬁﬁerQihggtE& un"‘%H‘ t@n{mﬁéd n & ab #nlﬂutg%tbgr%{%eﬁtinumg“ﬁ;;' :

Pai-pt: af anount- o

eﬂ*v'ﬁe%xf?ﬁs‘r Rithe ﬁ"%ﬁ"fo‘iﬁde?qﬁfma w%spacmamnubualmmwamaang thi':
i excre.esemﬁe from- $iB RAdeRys ORY | uauia )e%nﬁm%hf?rﬁhfé ajmdcla' : e

v LYo B ot o Nomars s i st
f:__ﬁtﬂmfﬂif@'dﬂeapﬁh?lﬂqbﬂwewﬁ@ fhass HYWECHIDOR siiall; sampta of"" 5 9y
::;__laﬁte{g&,t%; m det 0. tdl i: aﬁ S?n&%ﬂy%fﬁ{e g}-.&”{ﬁ&.-\hg Apged;
T rd 9a°@8!“ﬁt'?¥ﬁﬁ wes' fillgragi to isolata- tha “galid waﬂpmlymm produﬁts ,
W@Wbb@wwdmmmm:@ﬁwaﬁw &ﬂmé@an&q, ]Btﬁs?éaed el

¢ i - 0 't' . E 4y .'e'",-"-.
:..-.;;,.-ﬁ‘ QC%WV&BQF%% TRESE SntieaTnditd ok e eaen %nﬁ&éu%%tamrzf
=‘;§;={¥2 emEIEIP oligomes camnyshdm wm(asmpufaﬁded ;to‘
C oAl Parr a4t odaveSOO m et gt:ihe svwre of ,,lEi_of w7

*: el ution' of' - :
s t-eGanet hyl € C| operrt adl endeI rttet h_yl 31 I yf,_,‘.,;.-" "
_E?camplem-&m fecterrtiifetisation regction usingloF obﬂﬁ?aeef “{“Q'

s e if?:i;' i
s Jaligig F\Rﬁl 16.8 upgj et (MPN(Imp@mmmwer A ﬁ : :
c@éﬂee&a@faﬂ&bd o' Elsguﬁmf ﬁ?%%&%@}g&éﬁg&a @sca,gz(m

- i al.ueitn’ ; P
. num'en}em ats‘érﬂgnk vsssal. T’he mrxture was shrrecl,for 5 mlrrat ambsaht tempeiﬂture
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34 as added+to the autoclave: under inert conditions.
-: The :autoad4a 6_'dvas heated is _a ses-ed arid;
pressurised to 4300 W (43 berg):-.whit
"ethylene:,whits}= sf'irriFl :wag-e com®nCed: at
1200 ..rpm At the "sane tinme. the.polyrjlerisatiori: i
"+ atalyst solutii-u) vial; : added tof he* autgclave,;.:
~.throhi-a separate inlet' on the . ai.r; reactor R S
.7 -1 .That was ...coiinected to 'the. outlet o? Ihe rPLG
ii;—punp ‘The poiywbrlsatlon cat al yst ;5 was: édded>at~3ai
7 rate ot;'0-6~-1lnmin over a peri.od; -of - 30 n}nutes aﬁter

h the t ves wa5 chol'ed & t wvin'rened .
s %%dhéd Wi ?ﬁge‘fﬁ%nof sThé“‘ﬁlﬁ"ﬁcl% wagv(aamwmm
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008 Gl et PRRehon BB orh). 88 5Hn B S BILOLAAE or r
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shrrbdifdih Siminutés: dhd-then dddett %ﬁéﬂnéﬂ %nalﬁeris to a Pam autoc{:a" 9
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gat!tepwﬂlfzﬁ L Sc?%& 5;%3?@% %eg%s adda quencnedswufmmud Rt ot
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paste inlet connected to the outlet of the HPLC. Pu rn
Teab-1<P P:..hsa6on-catalyst:' 'C iJ AMENDED
SHEET ' 21 wes aaaed' at a rateof _U. 33 m/mn over a
pari od. of -60 minutes afterrwhich- a (reacti on vessel
was cool ed down. and quenched vvith et hanol .
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a. et ylalurninoxane': (MAO ryas added di to the
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i Schlgﬁl@w&ecﬁ{&ék %h' ilgoﬁfatm&fﬁﬂég‘é’ﬁd@ﬂuﬁﬁsﬁ% vrmﬂﬁtrhﬂfﬁ& :

e bi-s i sel eni'umyf : ands Nt ‘l s'
= drss@vsﬁg n’& tHa Frah é:ﬁ aﬁyglﬂaa@dsg%dlmeﬂ}yﬁ] l@tﬂy@}onde
b '(U p:SmuBJl cﬂ 08 fnbbmnﬁqn andlumhaﬁadm ﬁ&ﬁﬁ&ﬁﬂﬁlﬁb&éwmr ajong \m;h

..-,_ T~,.

='~_ amuunted ta 3 35 g. Analysets of 1ha polymer revealeda mei’ﬁng polnt;oi 12
% mcorparaﬁon of 1-oc!ene Bs: ‘determined by °C NMR
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n and mfor each R is independently determ ned by the
respective valence and oxidation state of A and C

Claismd provi ded that where the heteroatomic ligand is

1.

vpolyeth% ene.
L]

de cribed t followi ng general formula

RIRESR- ’}éy EPF@)G(‘QPQ %{Hé}sel%br,&ngmjd polyelefins by contacting at
|nwapeawmewléﬁrywmhe§m£ﬂaaﬁéﬁﬂf éahsn GOAgi sting  of
phosphorus, arsenic, antinony, |srrut and nitrogen; B
is a linking group between A and C and R; A2, R3 and
R (@re apdppefssiin catapdiesied fromthe gr oup
consi sting of a hydrocarbyl group, a heterohydrocarbyl
group, a substituted hydrocarbyl group and a
suftdt i t atlesbt ohatcolaid ff and
R4 bei n%%t char act eri 3%3 tﬁg%‘:"}lg{%gt@mg%'% E%auon
subst i t FRIAWE 19 prosluee Jrogtenastrem Qﬂlyiemﬂhlﬂscanalam iaclades
not el hetcombird®Babl ng; and whére R, R2, R3 and R4
are i ndeper}dentJ aromatic, including heteroaromatic
gr oups, raéﬂsf“"%ﬁ%eta'mﬂwum and3 AMENDED SHEET R2,
R3 and R h&\&er@aﬁ:ﬂh@ﬁ dridedts t t to
the atom bound to Agor G C%c?l tr@déﬁg%?{o?@ﬁfé of R,
R2, R3.and Ris substituted W|th a polar substituent
on a second or further)gh@cimQm the atom bound to A
or d provided that any polar substituents on At,
R2, and R are not on the atom adjacent to the

at om boAiadd Caaréd lmepﬁnd%tly&lécwcﬂ?&ﬁ therobh @bﬁ%nb A%

.clalméb\gh rein the. olefin is ethylene and t
s

br anch ITBP TG antimgpy, esn. ﬂlﬁ"?'@hh%'m. sefenithhe

pr ocessangtitedgeingred in claim 1 or claim2 wherein the

br anchegl efin . is |linea Iow density
PRl ogrsendCShe

Cel aimed in any one of

t he prdbed agups ararthe sstme et diffehent, fed Gé&ﬁRQMrﬂebé&@ﬁg

f th b h I f
Th AR T A S

n and m for each R is independently determined by the respective
valence and oxidation state of A and C; and -

provided that where the heteroatomic Ilgand is described by the following
general formula

(RY)(R)A-B-C(R})(RY)
- wherein
A and C are independently selected from the group ponéisting :
of phosphorus, arsenic, antimony, bismuth and nitrogen;
B is a linking group betwéen A and C and
Fl‘ R, R® and R* are independently selected from the group
censnsttng of a hydrocarbyl group; a heterohydrocarbyl group,
a substituted hydrocarbyl group and a substituted
- heterohydrocarbyl group; R', R2. R® and R’ being
_ characterised therein that either |
 {) any substituents on one or more of R', B2 R® and B¢ are not
electron-donating; and where R', B2, R® and R? are independ'ehﬂy‘
aromatic, including heteroaromatic groups, not all the groups R',
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C are independently selected fromthe group

consi sting of phosphorus, arsenic, antinony, bisnuth,
and nitrogen; B is a linking group between A and C
and R to |ngependently selected fromthe

4
group consist F?Jneb" haveaosulistifuent omthelstom adiacent to the atom

heterohydrbsa’fd%IA&r@lw and a substituted
het er ohy roc to R4 being characteri sed

t herein )néi i/ﬁé C(f§ afﬂy Yisati Bbmisebsﬂmt@(mav:wa polar
nore of R suﬁ%tue%@ﬂ@e&ﬂﬁéﬁuﬂ%r cfglige ﬂ}q %8%%0.1,,% to A

and where R are in

aromatic, PhERodiPmyidesttbatanypman aubgwtuems on IR} Fi%i |H3 drient
groups R, arefwdt B3 i o LRt t% %uuer%tt ¢

at om adj acent to the ato oun Or((?l) at
| east one of R, R2, R3 and R4 is substltuted wth a

pon'ae prob&st ad U@ﬁ‘:‘i 0 U” h from
cgm bound. to A i éia%? qurowr!fealeﬁh g\%"ﬁ&"ﬁ? the
su @rohgd pplyoltin wabrmchemamme are not on the atom
adj acent to the atombound to A or C. 5. The process
as ﬁlalrred in claim4 wherein R, R2, R3 and R4 are
nd8B PIFESS RS claimestinslnim on claie 3 mbepsic thresiratdhed pefyofefin

nom—lmamwwngn%emm an aromatic group, including
a heteroaromatic group. 24 AMENDED SNE 6. The process

as clainmed in claim5 wherein each of R, R2, R3 and

RAThes Procreﬂ;emndﬁlﬁ{e'd}’maéhc}ﬁbﬁé'%f' ¢ rggéug'%ogﬁggnquhep@n the

aronatj c not aI
R SRR g of s 67 caraivet am deberibedcim i gevend fofnuia

t r@‘xmm-smahm WO bnd © aFdRBEENEy Wieled
6 b A B3, o the
Bl S Pl Zverin cinimony dulsmatinend aitbben; B

atiom fnkinglgroop BetweeR A dnd ENand &S a?esmﬁéfgér{agﬁlyeﬁle%%d

0 fy to7 erein any pol ar
nrf?o;ﬂ hg ?du %r%?dbﬁﬂf?@’ @l heterphyerotaniad ignoup,

9.anthe pwtamsw aetenihadmedrb N gedLp, ot
V"‘”tﬁér@nr{‘th%?g,q,gpon- el ectron donat ?g?egﬁt?sﬁ t ﬁpélrai:?ensed

non- pol ar The process as clainmed in any one of
claims 1 to 9 wherein B |s selected from the group

| ﬁ;gf'oi ;('Pgs—lnf’f ue.'ﬁ\btﬂatrngsiagb odleh% Ifrggg %Llj‘p H%orlagraln%ll lg a?e not

het er ohy dPl§et@Hgenating; andswherei RYFEIR® and R* are independently
aromatic, including hetercaromatic groups, not ali the groups R’,
A?, R and R* have a substituent on the atom adjacent to the atom
bound to A or C; or

(i) at least one of R', R? R® and R* is substituted with a potar

substituent on a second or further atom from the atom ‘bound to A
or C and provided that any polar substituents on R', R? R® and R*
are not-on the atom adjacent to the atom bound to AorC.

The process as claimed in claim 4 wherein R, R’ R® and R* are
independently selected from the group consisting of a non-aromatic group,

and an aromatic group, including a heteroaromatic group.
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10.

1.

12.

13.

het er ohydrocar byl ; an inorganic |inking group
conprising a single atomlinking spacer; and a group
conpri si ng nethylene dinethylnethylene 1, 2- et hane,

1, ;rh hen | ene, ropane, 2- cat echol
B Yo Ry kel an cpiE pihersin SRSy, REESIN R i
anﬁhdeﬁéﬁ@mly\/d?ﬁé@nﬁ%cl tﬁdﬁ&ﬂnﬁq Refd, 959{15 %r 9u d,nat & the

consi st i hydr pgen, yd rocarb

hy &F %’ér‘%yﬁ B %"l‘i’o@t*ﬂ%vﬁtaewhséwénb@n timatom djHoege, the atom
cy®biusd fted eF gatomi ¢ group or a cyclic honpatom c

group. 11. The process as clainmed in claim 10 wherein
Bis a single atomlinking spacer. 12. The process as

cl Hhmiﬁoddés@ o B2

ﬁq& ensormg]élgelgt from% ena%oﬁg %‘ﬁ\gu'gt‘? rfg %é R?
aI ﬁW ?‘?ﬂ substituegisyon thﬁ@msgemacmmome atbcbounad A G,
car bonyl oxy, al koxy, am nocarbonyl, carbonyl am no,

di e?.hk yl am no, or derivatives thereof aryl substituted
© Hpcesst ag ciaimed ip ANyt orsiof claims any Eymﬂeréin any pofar

hebﬂﬁsti&te@ﬂbﬁ 86 Bk motd * IPRY ' en
di met hyl si | ylo-t butoyl gﬂmﬁ? or ahcjpi%?b 'gﬁé%ltfrlﬂ’n c

group including cyclopentadienyl, |ndenyl and
flmﬁ:@ esdZas thonéd Gf &% Ny HNRE
?’P@G to 132 wher ei n z ﬂ @l'a@? d%ﬂ%rﬁlﬂ’eﬁ?‘l"}/ non-

%BFEWWUSQ supstitygrd js non- Wﬂ@'re t he vaI ence of A
and/or C allows for such oxidation. 25 AMENDED SHE

ThThe groce s as .claimed in any one of clains 1 to
12, "SREF claimeddn any pge of ‘Hﬁ@pﬁeh@e&%ymthwhﬁewed from

15the T Sistin h

L ‘%nggret%mrceﬁ § Igﬁéf ﬁe%ﬁ@ﬁ. gjﬁlgﬁg% g'r ?r\‘\@ﬁglrgé ) Iﬁ%ocarbyi,

ﬁg&fl elHtety ofivdro B@E ?'ﬁ dmctaéth}l argly | yEl substituted

terphyd Insth

et%;%? y focggigﬁ tr}d(ﬂ)@mfﬁ f(l‘)kﬁng dg’rargt E%$H¥ h%a@&dlé’é%m linking
'i amn grﬁ"é’tﬁ %'%/ éﬁr}%?"et ﬁy@%ﬂ?ﬂﬂwhy'w iTcBrthane,

g hi a@hHWenet. hi, amnqmttey 1, Mat?ﬁicflyh;%zt-dg];bﬂeﬂ?ylhydrazme l-B(HS}- -

i | pyig%2az en
o T4 M Hhore B Qslglad i s oremegiing o
f éwdmnya had@carbyt MMBmdredfhyﬂﬂim\'bm @élﬂ)stltlﬁed ﬂ_élérogtom

R agor3 o Rtoblbnfie Bl 4456l Formoippitaroue.
conS|st|ng of a phenyl, tolyl, biphenyl, naphthyl,

' ahl@%g&l%%ﬂg c‘?’iin%?'i@!l!am? ‘Eﬁ Vnggire}qiﬁés;r g IesHPg{e?étgﬁzslin?dsr’lg spacer.

heteroatonic ligand is selected fromthe group

Corkel Siok&ss 85 claimed in claim 10, wherein B is -N(R’)-, wherein R® is
hydrogen or selected from the group consisting of alkyl, aryl, aryloxy,

halogen, nitro, alkoxycarbonyl, carbonyloxy, alkoxy, _ aminocarbonyl,
carbonylamino, dialkylamino, or derivatives thereof, aryl substituted with any

~of these subsfituents, and any cyclic heteroatomic group including

. cyclopentadienyl dimethyisilyl-t-butylamidato or a cyclic homoatomic group
including cyclopentadienyl, indenyl and fiuorene.

~ The process as claimed in any one of claims 1 to 12, wherein A and/or C is

_ independe.ntly oxidised by S, Se, N or O, where the valence of A and/or C
allows for such oxidation.
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14.

15.

(phenyl ) 2PN( met hy9P( phenyl ) 2,

(phenyQ@PN( pent yQP(phenyl)

(phenyl ) 2PN( phenyl ) P( phenyl ) 2.

(phenyl ) 2PN( p- met hoxyphenyl ) P( phenyl ) 2,

(phenyl ) 2PN( p- but yl phenyl ) P(phenyl ) 2.

( pPhienyroraddNd Ehtddctt IN‘ari(Tpc?]engﬁ <§i§lﬁsp { EDYURein A and/or C is

(p nyl ) 2PN(S|(CH3)3)
(' g‘ﬁéﬁ’? RRMIEs) 3N, (et hyl ) 2PN(net hyl ) P(et hyl ) 2,
hyl )2PN(| sopr opyl ) P(phenyl )z

E: | ) (phenyl ) PN(net hyl ) P(ethyl)( phenyl ),
( et My IPJYFRENSE JARIedojiy siim) A peeren) B, A%, R® and R are
gﬁh@ébé'nli&ﬁ( ~s9adMb %ﬁﬂ?] Qf;b&P ( 8&%@65’\&2& a benzyl, phenyl, tolyl,

phenyl ) 2P CGI\'-|2
cth pﬁ'@ﬁw ) biph Irmwomd:e@n phethyky) zetioxy, phenoxy,
haimstnyialihd S&Qg@%ﬁg (@SWeMam%] Vit o&)ﬁenﬁ ypy)rridyl

| phe%wg 2PN( benzyl

16.

17.

hﬁneybltaﬁ@mlselvihyrrr;@whmﬂy) dnethyl, ethyl, ethenyl,

(ph @N%Wy ;‘?] {%L g’w)ffgﬁ‘(tﬁnyl and a

YEREEPYRP( pheny Qz
(phenyl )2PN( al lyl') P(phenyl )2, (0-
ht hyl ) 2PN( et hyl ) P ht h
naﬁ'ﬁ ﬁ:&ﬁ (me 5 )yl(";)mégglbl%%éwyeu)zw R? R® and R* are
I NARS
gg“f@eﬁa@gﬁ SE%B ZPN(%?hyggjﬂvgorﬁﬁﬁﬂ%hPe %ghen;sl tolyl, bipheny,
SWI) ?'Mﬁj' et BIAUPP( phenyl ) 2. (m Me’
phenyl ) 2PN( et hyl ) P(m Me- phenyt) 2

e ropyl )P(phenyl)z 26 ~4ME iFil tui n
gg'ﬂ’& P}%ﬁﬁ(éssﬂ%ﬁr-g@y 235 p@ﬂ%ﬁéﬂ;‘n)-@ whgigin the heteroatomic
(rﬁb&mt!/l ) 28( =S)ds{ectapr 0p¥rbinP( =She( Phepilp Z 1&,,]?&13[%9 of

ctaﬁ)gﬁ;ﬂ@ln claiml or 4 V\,herelnt .
N AAMEIDERIEYe. cel ect od f IPBAMMKENGEOHP(Bheny),
cdmwnanwpnénwemmvn@xypnmwwmmm@ﬁéﬁynpwhenym

(PR R dpeshP ReRyDs b p. et hoxy GRIERYDPN((@Ha)N-

mENAphafipRlEphergRIN( i sopr opy: g Eg ; @@M )é)g(‘mny,)z
opr o met hox
- mi{ﬂ oxg ﬁ?zﬁw )%E%’yseltohy%exyl ) g( p- p% ﬂeth)")a

6%%@*@%% ) (ehiyiigiHenki) mﬂﬁamﬁwp)(&hmﬁhém
%E@Kgﬁﬂ&ﬁﬁm %ﬁ%ﬁp hzlyl) ;DI(D(pPrS?rgt hoxyphenyl ) (phe

~ ny#heny: 45’(=Se)N(|sopropy!)P(pheny1)2, {phenyl),PCH,CH,P(phenyl

AR ERRARIR L o7 o e
methyip enyl}aPN( sopropyl)P(o—meti‘lylphenyt)(phenyl) {phenyi),PN(benzyl)-
P{phenyl),, (p_henyl)gPN(1 -cyclohexylethyl)P(phenyl),,
(phenyl);PN[CH,CH,CH,Si(OMeg)JP(phenyl),

(phenyl);PN{cyciohexyl)P(phenyl),, (phenyl)PN(2-
methylcyciohexyl)P(phenyl), (phenyl),PN(allyl)P(phenyl), (o-
- naphthyl),PN(methyl) P(o-naphthyi), (p-biphenyl),PN{methy!) P(p-biphenyl),.
(oMe-phenyl)zPN(methyl)P(p—Me~phenyl)2_ (o-thiophenenyl),PN{methy)P(o-
thiophenenyl), (phenyl),PN(methyl)N(methyl)P(phenyl),, (m-Me-~

- phenyl):PN(methyl)P(m-Me-phenyl), {phenyt);PN(isopropyl)P(phenyl),,
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18.

19.

20.

- 21,

met hoxyphenyl ) 2PN( net hyl ) P( phenyl ) 2,

(p- met hoxyphenyl ) 2PN( 1-

cycl ohexyl et hyl ) P( p- net hoxyphenyl ) 2,

(pret hoxypheny02PN( 2-

mtmnﬁkEKMybﬁrﬁﬁsﬂ}ﬂmhm))gyphenyl ) 2i and

th henyf 2,

(P N o oBN T enlhsrB0e et noxyphonyl )2, (p-

mat hoxyphenyi ) 2PN( benzy! ) P( p- met hoxypheny: )g (p-
?FE@? @y%@gﬁgf)fiﬂ\lz‘%@t'ﬂ%}%%gf Hﬁ%}ﬂgx hen%g)eroatomlc ligand is
( osdléated diwine riyd )girﬁlhsl( Behditng P60 (( nﬂlnéﬂfoﬂgkr@hfv,g)@émethynp(m
phe%t eln?r 2. n?ppn %nyzylge I\)Irgjgl?ﬁPmet?myl)(Fp(p-mn};thoxyphenyl)z (m-
( pﬂvetﬂw@mﬂﬂwmﬂh)(%sbl(owwdrbm{dm@ayb enyl )2, (p-(p-

e A RS RS (5 et Hexyhen
( pmmhwmﬁim(i(m%mméﬂwﬂn}/ﬁepgfgz|ezjl2ng19 (m-
Ilh'gfﬁrr'é "é’ﬁ%@?@%&%%%%ﬁqyﬁh catal ys@nds
s@hé&bﬂﬂ)ﬁemh@phbﬂylmuﬂtmpﬁ ng of ﬁalzsgls,:L del\lg}1 tagm

oc
eSS A R BinellBhR pat e rhomaiensnd. a
Tnsbepteptmngrcmeone i Fiivalen e el
SQP é{gt% g’ZBr%%xf#ﬁ%@%B}VQEEﬁ?Bﬁ& sting of Tidtd3 £t 2A a, &
Al rethoikgitenyRPN(Tethy)P(rtessgl).as cl ai rred(p;ﬁeﬁioﬁigiﬁeﬂlﬁ)szﬁ-
ORI MERGFET. oo 1= B o
bi @e%y'@wj@mﬁamemmmmw I I:;Ime%ml@ér@i){miﬂécw}?(p-
0
ﬁ;@ﬁ"ﬁw 2& I opeh’%&%l e%'!}ﬁ‘ﬁ??'} '%F'WB?"Y&G (p-
bi BeboEyRea W»Pmmemmhamyb@ |t gr: de, (p-
blrﬁéﬁﬁ%ty l‘}a@ﬂ! tngﬁtﬁ%m&% cgﬁeum d| chl ori de, (o

o RIS ﬁwaem-m@mnwz' (@ Suiraphaiy0iN(mietie)P(o-

b'%ﬂiﬁh‘égut ;: ggg?@ﬁieg%'ﬁm ] hgﬁﬂkgﬁl}tﬂ%ﬁgbﬁ%@e@&amm&
Fenioro ( (Eehenepends Neauyw(pzmemmmnyna. (oo
d i méthakyﬁﬂ\ényl)~9hé{yl§§lbNU&@Y@&%?’?&W&M%&H%Cpglghwn and

di (j?ﬁu'xeotFnoxyp}u--;nyl)(phenyi)F*N(sscapuropyl)P(phenyi)2

The process as claimed in any one of the preceding claims wherein the
- polymerisation catalyst is selected from the group consisting of a Ziegler-
Natta catalyst, an unbridged metaliocene, a half sandwich metallocene, a
carbon-bridged metallocene and a silyl-bridged metallocene.

The process as claimed in claim 19, wherein the Ziegler-Natta catalyst is
selected from the group consisting of TiCl,-ELAIC), AlR;-TiCl,.

The process as claimed in claim 19, wherein the unbridged metallocene is
selected from the group consisting of:

bis(cyclopentadienyl)chromium(lf),
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bi s(n-octyl cycl opent adi enyl ) -zi rconi um di chl ori de,
bi s(n-pentyl cycl opent adi enyl) - zirconi um di chl ori de,
bi s(n- propyi cycl opent adi enyl) - zi rconi um di chl ori de,
bi s(trinmethylsilylcycl opentadienyl)-zirconi um

dl ﬁﬁ(qrcldﬂﬁmadxenyl)-zlrcomum Chioride hydride,

bIS t hyl si |yl )cycl opent’adi enyl zirconi um
Z)Sﬁ](%\{p' daeny -titdnium d%h?on%i/e P ¥i)-

b| Mﬂeﬁt@ﬁhm&gﬁ?g&y&&y@h@%@@gl enyl )-zirconium

hl
% &H%ﬁﬁ@ﬁﬂﬂ"&?’él'%@ﬂ&’dﬂ@hﬂl ) - zi rconi um di chl ori de,
bl ﬁﬂ@ﬁﬂﬂ@llﬁ&lbyérﬁﬁ&bﬁﬁﬂﬁﬂk%ﬁiuﬁﬂ&k Joﬁa‘jé coni um di met hyl,

enyl)-zirconi um

cycl openta
i’?ﬁj(’zfaf’%ﬁ'%‘%‘ﬁacﬁewlh@qu1Uhhdleh*9h€}|e,z i rconi um
dldbh;léth lopehil i m di chl ori de,
bi : y!t |pl n%@m%}ﬁ%gﬁl um gldéhl ori de,
bi %% ﬁi@w ﬁe%mﬂlynw-ﬂ@@mw:ahlonu@n de, and
cybisﬁaqf}bpﬁcmgehmi =AbofieR diRidligehl oride. 22. The
ss.a ﬁlalme in cIa|m19 ereln the half
ﬁ!ﬁfﬁ"eﬁ'{‘ ﬁ%‘f opaniadieny ) drcosismedietderide; om t he group
CObE(@bct’myﬂéperﬁaﬂié REAFCaRA b IGhdL oni um trichl ori de,
nme | c oentadlenl tltanlumtrlchlorlde
p-eﬁ{sgﬁ@ 'ﬂé] %‘%ﬁ %‘gﬂﬁ%r@’ﬁwum@mrmn met hoxi de,
pemsm-tobyibwaﬁmaé LAgshiui diédlbitg, Tri met hyl,
ent adi enyl - zi rconi um trichl ori de,
E'rsg M% @‘Sﬁ‘i’f n¥iArconivmstichierides i chl ori de, and
1. g, olsqetiagIh SRR ALURAN AR idfchbe 11 07 | de-

23b nclaiml erein

car EF&E?{% @%@%k@t@g‘%@” 'F'Ec%‘@l"é é'tcélﬂ’ﬂﬂ?--om t he gr oup

co hts(l;@lntalgptbﬁlcyd@eﬁta@ﬁdbﬁyl) Srivednilivdich Iondeg _
DR AR R0 Al et > O ey ) -2

di piséhnptonpt hpieifyinyelopynthdipayi)-sietichiuth tiichloRd&ny! ) - zi rcon
[
| gg?s?rggw ‘%‘ﬁgﬁgﬁ“’é{%@"@ %Bb%‘?@a?%%y| )-zirconium

igrigryl-zirconium dichloride,
[ SBE@-ﬁemlyhrgféﬂ?g%%lﬁﬂﬁ'Eﬁc?xﬂ:rﬁnyl ) (9-ftuorenyl)-zirconi
| S 'serrasghyllmozwmmmdwmwpmm enyl ) - (9-fl uorenyl
EjclpRntddn ng[)}fl%mlusn dichlorid

et hyl ene-bi s AR n| um di chl ori de,

- - The process as claimed in claim 19, wherein the half sandwich metallocene is
selected from the group consisting of:

‘cyclopentadienyt-zirconium trichloride,
pentamethylicyclopentadienyl titanium trichloride,
pentamethylcyclopentadienyl-titaniumTrimethoxide,
pentamethylcyclopentadienyl-titanium Trimethy!,
pentamethylcyclopentadienyl-zirconium trichloride,
tetf'ameﬂlylcyclopentadien)d-zirconium trichloride, and
1.2,4-trimethylcyclopentadienyl-zirconium trichloride.

~ The process as claimed in claim 19, wherein the carbon-bridged metallocene
is selected from the group consisting of:

7R ABACRINTTY DM



24,

25.
o
pdf

26.

27. .

meso- et hyl ene- bi s(1-i ndenyl ) -zirconi um dichl ori de,

r ao- et hyl ene-bi s(1-i ndenyl)-zirconium di chl ori de,
rao- et hyl ene-bi s(I-i ndenyl)-zirconi um di net hyl ,

rao- et hyl ene- bi s(2-nmet hyl -1 -i ndenyl )-zirconi um

di diphesylmiethylgiede({cyclopentadienyl)-(9-fluorenyl)-zirconium dichloride,

TR S gt BUE T 2 Flbigfie 1.

whige-prapylidemebisloytlopentd diedylpreiradniue aitBioride, sel ect ed

ot SBieroRaBp TR Phimrengrsiconivedptpide, and

di &otwopylidene(Bimethylgyciodentadiri() 9 flureaplyzircdtiiv Abhiode.

di ghl.ori . . , .
rg@ﬂ?‘ﬁ%ﬁ%gﬂ@ﬁrﬁ/l‘mﬁ'"S?E‘.“Fh?f@ﬂ?f'cj%zi rconi um di chl ori de,
meslesaethpliehgbis(1 -ifdeyis fitcomirh vichiegigay| ) - zi r coni um

dichlaride, . . . s . .

ra%?. 8?’%%%9?‘%%‘T'&}ﬁ"?“éﬂ’?{”z“?'?f’é?’rﬁﬁ'}'%ny| ) - zirconium

di xabJeﬂmI&i'e,—bis(j -indenyl)-zirconium dimethyi, _ _

PR RS X SR PRI e e, Fnt O™ U

di seetethylenietbis(415,6, T tettatyoad- nidengl-gipeonivad diRRickide i 1 coni

um di chl ori de,

di phenyl si |l yl (cycl opent adi enyl ) (9-fl uorenyl )-zi rconi um

gi e provess, asidldimeti ip robaiyl meHer@rslﬁé aifjwﬁuﬁgétﬂufne'taum:?ne is
[ ' T . ss.as clained in any one o

t h%ﬁg?%dc%ﬁﬁégﬁogpﬁg%'%gré1 n branched polyners in

t hdimethwisilylfbigicyclapeatadienylrzircéiameiichinridepans of a

t rbzl-)%‘g. ' 00 . co-catal yst and a
pﬁ@%e@fsgﬁat 1 n&lgé%hggg"%ﬁ%&t%g%gepol ymeri sation
c alagidimethyisityl-bisteindemd)egircoaiunt tighlodde,i n cl ai m 25, the

! SRESRIRAR AT S@L Oy Rty P ORI 3RhloAle P 0CCSS 1S

an in situ catalysis pfocess whereln tetrarerisation
and@epBnsthsivihis(omethyliedenyl)zireoninmtdichiarides r eact i on

egolifthetBylisilyl DR (tBk ARRRSIn@shyBLACERAm! dicHidrle™ 26,

the in situ catalysis process 1S 'an in-situ

wh .the
c'o‘%gwl?ﬂl{"béséte&ﬁwwcyﬁ'@ee%@dieew-ﬂm_im)d'shlepida.s_. The
prmﬁm[sag(@bl@pémaqieﬁylﬁbahme%ﬁ?-zw&?ﬁ&h Richldfidk,Narpd LY

cat.al ys rocess is an in situ consecutive catal ysis
pr‘%@%%'é’kﬁﬂg’.'s('ﬂﬁénﬁhém dichisidgi ned in cl ai m 26
wherein the olefin in the formof ethylene is
raneri sed usg] éhe co-catal yst to produce 1-octene
n%g i

t
and'® RECES A%k BoB@Y yiner 0} dbe i preseding \glaims, wherein

ettirghehre peiymarst CthROforEHS §%@)l&ﬁn§ al%é:\'rdiﬁh{ed BY medife of a

ocess as clained in claim erein the ~
i@éﬁm?ﬂ‘?’a&%ﬂ 5}19 19 the co-catalyst and a polymerisation process

due to the polymerisation catalyst.
The process as claimed in .claim 25, the tandem ietramerisation and
polymerisation process is an in situ catalysis process wherein tetramerisation

and polymerisation takes place in the same reaction medium.

The process as claimed in claim 26, wherein the in situ catalysis process is
an in-situ concurrent catalysis process.
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28.

29.

30.

31.

- 32,

33.

35.

36.

includes a transition netal. 31. The process as
clainmed in any one of clainms 1 to 30, which includes
the step of conbining the heteroatomc ligand with

th r i o . C oynd and an activator in the
pr gg gn%gé% %gﬁ%y'ﬁeﬁ?' a#élo"ﬁh‘?fﬁ'ﬂéh?ﬁ sitwoatalypis process is

pr G8dR §ilia sonslequitivectatatysis pigeds,, wherein the transition
netal of the transition netal conpound is sel ected
fromthe group consisting of chrom um nolybdenum

t ulgstrEpcessiasataime it aaia 28 Wheydina BIBLRAHE 'férﬁ-P{i‘f'h%{H}lene

33; , | in claim 32,
U S e B CRE S By v R BlveLhtofiss hoviato barfmuiactese is

chEeRRlymenizd. in Bite with @tieseneassing iR dis Ak f
claims 1 to 33, wherein the t@ansﬁﬁ’on Srret éﬁ%%%‘pound

of flftghe co-catalyst is selected fromthe group

combe spropessoés ataimiedoihgaRing 292 Wherdid) hferi :

Co%ﬁjdﬁétait%ﬂ g@ggpnlﬁt%leand organongg al Iﬂ%%@%f’%@n g%t_alyst
I

The process d in claim 34, wherein the
transition netal conpound is selected fromthe group

cofsh St mumtric r.ide

e T phiceth 05 e BPE I S s o s ctpe phichiincivdssrine step
c helotanebining me)hétema(tdrm)ligaﬁa &ﬁtﬁaﬁ@k;transf?ﬁnqg&ﬁﬁa&h hd and
ac rom.um hexacar bonyl and chrom um
(Iﬁ?étg{é%?rﬂﬁeﬁj& %gtoé%wﬁymﬁ'@aﬁ%ﬁﬂéh@as clainmed in
claim 35, wherein the transition nmetal conpound is

S congjsting of chromum (I1I1
ot PRecspS R SRindd W R S vhod hecimgaenenetatt . the
3?fmt‘amracamd ié"lselgpl:emmtmsw@h@éd@gﬁﬁ%wo ?mﬁn
0 mherein the transition nmetal o ’
t hrgsi raﬁ%n%'it%[ggsr?re 'é‘%ﬁ%’ﬁb’gﬁﬁg’"&ﬁ@@%g‘“ﬁépéwim c
ligand are conbined to provide a transition

et bld iQ.fr about 0.01:100 to 10
000: 1?, 3‘%@%2& %%%ig’g C%s‘,';‘c% "Hﬁ%’el"ngﬁnﬁfa‘?ﬁ'ﬁ@%fﬂe@' Hinthe
1 apstion Mgl compaund igehromium.yst i ncl udes an-

activator selected fromthe group consisting of an

or.ganoal um ni um conpound, an or ganoboron conpound, an
orﬁ'&rﬁ?fé’c%%ﬁ 3s clajned Koamuane ohclamnsihdo 48, whereathedransition
s ahétal Sinpdling PR 65 8adfysfis &l ' i m 38, wherein
the activator is an —al %}?ﬁal E%E%gygbr?@h% group CO"S'S%"Q of an
‘Forganic sall, an organic salt, a coordination complex and organometallic

complex.

The process as claimed in claim 34, wherein the transition metal compound is
~ selected from the group consisting of chromium trichloride tris-tetrahydrofuran
complex, (benzene)-tricarbonyl chromium, chromium () octanoate,

chromium (11} acetylacetonate, chromium hexacarbonyl and chromium (1) 2-
ethylhexanoate,

) The process as claimed, in claim 35, wherein the transition metal compound is

selected from the group consisting of chromium (lll} acetylacetonate and
chromium (H) 2-ethylhexanoate.
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37.

38.

39.

40.

41.

42.

45.

40. The process as clainmed in claim39, wherein the
transition netal of the transition netal conpound of
the co-catal yst and the al um noxane are conbined in a
proportion to provide an Al/transition netal nol ar

r alhpiocess aa@&meq inLany ot® o oRirds 144 36T kbeRdi® ERSFarfsition

cl [ I 1,to 4 erelnthe
nefer el i Qs et ArBouta, A1 Pisn PRgt ot adkare
of canpfinechtocRipwikiy st transionapethbiliyadd atol@nyitic AEREARIY 0D 1:100
befWeedho:20C and 250C in the presence of the ol efin.
42. The process as clained in any one of clains 1 to

41, wherein the co-catalyst and poI ymeri sation

o 1lBBE GAPE 4ol s B 4p i whArei pecirecaglys

t Hecludesc ea n@ctwatorrs setebtedh frain catie | gebupo L%oris&hﬁ@ of an
one o

rocess of an
pr eéénﬁu a| ﬁé'%\%ﬂ‘]—&gl RGN ?P'%%O‘Elthé’Fﬂ?mq/\ﬁﬁlbtﬂﬂ
|sln@'aﬁ'f"a@t3@cﬁﬂm arhinbiganicogdlti nati on of catal ysts at a
pressure of nore than 100 kPa (1 barg). 45. The
process as clainmed in any one of the preceding clains,
mmeeimwm gsolojaimed s it | daimc a3&)| wheredn diHehexctivator is an

- Coggdidth ﬁe m xed at any tenperature between -20C

and 2500 I'n e presence of the olefin. 31 AMGUNGn
curer 46. The process as clained in any one of the

d
ITCBRoats stuugndl B Sial 9, BUHiGR; tnp cuRioro@efd) of the
c oFRNSHOR Usetal | garappundnif rematoesatalyst & taecmnﬂlrroﬁaeé Odre
b | t f
Q"’?%"’g‘;‘e% e ?ﬁ?é%'ﬁ%‘us& P4 AR oion. B il 2

bEA8Q 3P 00Q:4. A catal yst conbination conprising

(a) a pol ymerl sation catal yst; and (b) at |east one
-catalg in the formof an ethylene tetramerisation
| PEACeES 5 FiRiTed1ing @ nend rancleimsy | ferte m wherein the

C memabm&i ligeitel ai'ﬂﬁﬁettﬁﬁsm&? ﬂ?t&l %l'rﬁeuﬁ’é of co-ceitalﬁ%tnad'e

tra@ttlo met al rrEoun HeT Oal
ined FHRM *ﬁ@"Pg” lieaq)et’pvsqamlﬁ’c and 250°C in the presence of

the olefin.

The process as claimed in any one of claims 1 to 41, wherein the co-catalyst

and polymerisation catalyst are combined in the molar ratio of 0.01:100 to
10000:1.

The process as claimed in any one of the preceding claims, which is carried
out in an inert solvent.

The process of any one of the preceding claims wherein the olefin is ethylene
which is contacted with the combination of catalysts at a pressure of more
than 100 kPa (1 barg).

The process as claimed in any one of the preceding claims, wherein the .
polymerisation catalyst and the co-catalyst are mixed at any temperature

- between -20°C and 250°C in the presence of the olefin.
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(R, A-B-C(Rmwherein A and C are independently

sel ected fromthe group consisting of phosphorus,
arseni c, antinony, oxygen, bismuth, sul phur, selenium
and nitrogen; B is a |linking group between A and C
the R groups are the sanme or different, and each Ris

46.1 ndrpRepRRBEd ¥s &4 tad a hono or  hetero
hydr ocgr b%lppg,rsoup%n%gn %ﬂ%%erﬁyf%er PIgeRding jdaims where the

i nPEPERE & CRYie U i rrednbigatidmeofr EBPRES, itV firsY #RMibeing 2
anGofdmubaki t - .and provi ded that

where the hégﬁ g?_ gﬁﬁff%tﬁi %{&ng]% %g?%'gcﬁe?ggﬁgﬁﬂg tSglected from
f ol AAG cogeistingef a brtehireadtst, o RRMiAuBSCEIRBHURAR reactor and
wher g fidw pdidtdr, ar e i ndependently selected fromthe
group consisting of phosphorus, arsenic, antinony,

bi smuth and nitrogen; B is a linking group between A

47.anG\ ﬁtal?ﬁQOHbinahﬁgn Cgﬁaﬁém R4 are independently

sel ected fromthe group 2onsi st | ng of a hydrocar byl
group, a heterohydrocarbyl group, 32 AVMENDED SHEET a

su tit@t@,ﬂ%ﬁﬁ&%gg royp and a substituted
he:p?rohy rocar by groullﬁfﬂ‘g’gﬂgé,j| R2, A3 and A4 being
characterised therein that either (i) any substituents
onne af lelB dheo-& &B%n e R4 qne. nat et
?!lﬁg tr on- donat i ng; a \Ahgr%gfoﬁp',dﬁﬂ,e%"gﬁﬁﬁme’ﬁa@m
calg g%%'ﬁ Wt 1-petene frm etbylene ethiahi crgcdtalystrinaaasathi C
comdir@tios of Nnot all the groups R, R2, R3 and R4 have a

substituent on the atom adjacent to the atom bound to
A or C; ~8frapsifign metal eompounds apkd R, R2, R3 and R4 is

subst i t us @etatbdtbmi iRahd es&g;téa‘ on, a second or
further atom from t%g atlaom ounda;tﬂggkne@%@@ﬂd

provi ded that any polar substituents on R, R2, R3 and
R4 are not on the atmﬂgc&_@iﬁm to the atom bound to

A Rherin

A and C are independently selected from the group consisting of

phosphorus, arsenic, antimony, oxygen, bismuth, sulphur, selenium
and nitrogen; '

B is a linking group between A and C;
the R groups are the same or different, and each R is independently
selected from any homo or hetero hydrocarbyl group; and

n and m for each R is independently determined by the respective -
valence and oxidation state of A and C; and

lprovided that where the heteroatomic ligand is described by the following
general formula

(R)(R4A-B-CR)(R)
wherein
A and C are independently se?ected from the group consisting
of phoesphorus, arsenic, antimony, bismuth and nitrogen; i
Bis a linking group between A and C: and '
R, R% R® and R* are independently selected from the group |
consisting of a hydrocarbyl group, a heterchydrocarbyl group,
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(i)

(if)

a substituted hydrocarbyl group and a substituted
heterohydrocarbyl group; R', R?, R® and R* being
characterised therein that either
any substituents on one or more of R', R% R® and R* are not
electron-donating; and where R', R, R® and R* are independently
aromatic, inciuding heteroaromatic groups, not all the groups R',
R? R’ and R* have a substituent on the atom adjacent fo the atom
boundto A or C; or
at least one of R', R% R® and R* is substituted with a polar
substituent on a second or further atom from the atom bound to A
or C and provided that any polar substituents on R', R, R® and R*
are not on the atom adjacent to the atom bound to A or C.
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