WD 02/ 04119 PCT/ GB01/ 03006 OLEFIN TRI MERI SATI ON USI NG A CATALYST
COWPRI SI NG A SOURCE OF CHROM UM MOLYBDENUM OR TUNGSTEN AND A LI GAND
CONTAI NI N® AX041EAST ONE PHOSPHOROUS, ARSENI C OR ANTI MONYPET/GBOBAOND TO AT
LEAST ONE ( HETERO) HYDROCARBYL GROUP This invention relates to the
trimerisation of olefins, such as the preparation of 1- hexene by the
trimerisation of ethylene. US 5198563 and rel ated patents by Phillips
descri be chrom um containing catalysts containing nonodentate am de

| i gands useful for trinerising olefins. 5 US 5968866 di scl oses an et hyl ene
ol igonerisation/trinmerisation process which uses a catalyst conprising a
chrom um conpl ex which contains a coordinating asymetric tridentate
phosphane, arsane or stibane ligand (referred to therein as phosphine,
arsine or stibine, and representing a phosphorus, arsenic or antinony atom
attached to three hydrocarbyl groups) and an al um noxane to produce

al pha-ol efins 10 which are enriched in 1-hexene. There is no suggestion
that it is possible to replace any of the phosphane, arsane or stibane
groups: indeed, it is inpossible to predict what the effect of such a
repl acenent would be. W have now di scovered further |igands which when

used i B ORI HNG ek OO bE rsdne SOURES.RE @oEk P8Rc3a t DukBE tdraBgduiran, Metal are
si gni fi gAREbYNHDHE RabsME a8p t kLABNDS 8dN@Rn kD A6 almkyY Siv& blidPubiase

current | pgeRosdr Afctuals Qe auetb "Ry aadwaBE ageouseTRRONSIDRbESEYT heroupvent i on
al so enconpasses within its scope novel catalysts conprising such |igands

in conjunction Wwth a source of chrom um nolybdenum or tungsten.
Accor di ngl y iTAussinyention relatse tq the trimenyasion of olefin® fastoss the piepawmsion of kt al yst

for the L1 IBL] ion.of olefins., conprising 20 (a) a source of chrom um
nol ybdentﬂltreﬁ(%r}%e%yt}?\lgé}rg%rfsg{‘%Ofgetﬁlﬁa%?nd contai ning at | east one phosphorus,

arseni c or anttiSreH8588 ahd RMieHpdténtaby PhiistdeSd e thebRia - Ettaifin
het er ohydr ocar byl group having a polar substituent, but 1 WO 0%/ 04119

PCT/ GBOLF813bE® coatestingiinagodentaicamsleigands useful fudtimpasing okfibst i t uents are
Phi s Spoi 11 &5t T oweph bR PR LsP e Rl iR b s ebiet o of A
single 9@ £Edtdlys CORMPASEBE a ChrotilintokipRexOlhich 8bhthinG 2 BBOAMREIAgt O gi ve
products enriched in those
asymmetric tridentate phosphane, arsane or stibane ligand (referred to therein as
phosphine, arsine or stibine, and representing a phosphorus, arsenic or antimony atom
attached to three hydrocarbyl groups) and an aluminoxane to produce alpha-olefins
10 which are enriched in 1-hexene. There is no suggestion that it is possible to replace any
of the phosphane, arsane or stibane groups: indeed, it is impossible to predict what the
effect of such a replacement would be.
We have now discovered further ligands which when used in conjunction with a
source of a Group 3 to 10 transition metal are significantly more active as trimerisation
15  catalysts than those currently known, and also show other advantageous properties. The
invention also encompasses within its scope novel catalysts comprising such ligands in
conjunction with a source of chromium, molybdenum or tungsten.
Accordingly in a first aspect, the present invention provides a eatalyst for the
trimerisation of olefins, comprising |
20 (a) asource of chromium, molybdenum or tungsten;

(b) aligand containing at least one phosphorus, arsenic or antimony atom bound to at

least one hydrocarbyl or heterohydrocarbyl group having a polar substituent, but



constituents derived fromthe reaction(s) of three olefinic nononmers, as
distinct from polynerisation or oligonerisation, which typically give

ol efi ni c woozlaat9 di stri butions governed by either a geonPCT/GBIFENES
equation or following a Poisson pattern of distribution. "Trinmerisation”
i ncludes the case where all the nononmer units in the 10 trinerisation
product axeludogrthé cask wheteealbsuchpolar sutstifueatsiacnphmsplitues arsaeroadgbaneom t wo
different ol efi r(lis%‘g .e. two equival ents of one nononer react with one
equi val erffO%F: 34 QUOBAY nonomer), and al so where three different monomer
units regef b ¥ielgk. the product. A reaction involving nore than one
nmononer i's often referred to as cotrinerisation. 15 It wll be appreciated
t hat t he abovdndlas apacsficatmay theiteinettrinerifaifoms dngans catalyiic eaetionof asingle

kv dNe R BRBREE & e ol IS CPramPRRETS o EF RIS SRl
aspect, tdafstRUROESARARRY HGSacRoRs (e fidi O ohbimBR! AsSBLidP B, O efins,

conprising contacting a nononeric ore§| neor m xture of ol e%| ns under
t ri nmeri satolyomeriz6ticoodeligooresisaticnhwhichay@talbt giwholefinic pagptucs éistribajioms sour ce of

a Goup 3to 10 transition netal,; (b) .a ligand. contajning at |east one
phosphor lﬁ@,"e@PgB}ﬁ F@E‘Hra SERPICHIS T IC WB%%fgoﬁBWH’cg a ﬁ)@’f%(tn BWEMSMdr ocar byl or

het er Ny i QRRIRHL "IERUPIARH kI ficR HMas o RSIAEDmon Bl it Gh il N9 L1e case

where all such pol ar stituents are phosphane, arsane or stibane 25
groupm®; drichedgtionrpabduct afedfenivalawhéreahotrimeizatiaygrodhds fnadeftoinhtaio t he
catal ysts, ysed in_the above process have certain novel features. For

exanpl e, dHiemntleBns/desRRIHIVAISRIS G vapmopemer Bragt Wit epfesquivlent 0f 2 y
conpar ed 35\3%1*& xh&f‘on’?#}}{'ta}\éé'aﬁﬂkvh‘éf?tﬁ%(qiff& tci%?dre{e%nh??éactktﬂg%ﬁd gatal ysts. A

further aspect o e Invention thérefore 1s a support catal yst having
a productprvducy. pacadtiohénvadfing atoad thah oo mehomens oftel Yeferpededoarsabl y at | east
70% of its productivity when unsupported, which catalyst preferably

conpr i se<oNIPgNEYPYHA4119 PCT/ GBO1/ 03006 (a) a source of a Group 3 to 10

ransit on Tl bkl FIE 63,0401 8l Sl AIGALERAN e e e ©
group haw thghetisgiidnareaionsdi it maNbe fditted ieXitd bighdding the iedisidusivenponddts such
pol ar SubtﬁérieéfutgrtIﬁSregcr:tieonprgg(%?rg.ane’ arsane or stibane
In a further aspect, the invention provides a process for the trimerisation of olefins,
comprising contacting a monomeric olefin or mixture of olefins under trimerisation
20  conditions with a catalyst which comprises
(8) asource of a Group 3 to 10 transition metal;
(b) aligand containing at least one phosphorus, arsenic or antimony atom bound to at
least one hydrocarbyl or heterohydrocarbyl group having a polar substituent, but
excluding the case where all such polar substituents are phosphane, arsane or stibane
25 groups; and optionally
(c) an activator.
We have also found that the catalysts used in the above process have certain novel
features. For example, such catalysts when supported lose less of their activity
compared with the equivalent unsupported catalyst than known catalysts. A further
30  aspect of the invention therefore is a supported catalyst having a productivity per mole

of catalyst of at least 50%, preferably at least 70% of its productivity when unsupported,

which catalyst preferably comprises



5 groups; and optionally (c) an activator. Additionally, we have found
that such catal ysts have unusually high productivity, and naintain that
producti woyzpandicularly well. Accordingly one further aBEERGBOD3DOE

i nvention conprises a catalyst for the trinmerisation of olefins, which has
a productivity 10 of at |east 30000g product per mmol catalyst per hour at
a tenper dbur e whrckbf€ Goup 26510 aackitton metal;l ene partial pressure of 21 bar

or less. Another aspect.of the invention is a. catalyst for _the

trimeri sa@ o &ﬁﬂngFg‘PtP‘Hg’,g %Rﬁf@ﬁteqrw P?‘H%Pb@E{SaP“?%‘PC BF JHimRevAte) bauedipatar a

rate of 0 i rigess of the
1LR55nd R0 %{91B?Bet&%ﬁ{rdroéd?by?goﬁii%@girggﬁ;ﬂ@eﬁar%bbétﬂﬁexﬁ, Rk

i nvention, the catalyst utilised in t invention additionally
conpr i sesxaluflingtthe case athateyadl such poknstiatitvenfsare phvsphane) arsaeios atibame,

ol i gonerisation or ot h@1 chem cal transformations of olefins. In processes
wher ePn EUPSaPRAAIIPROhal catalyst is present, the trimerisation products
are inc%)ooragta%gvét 0 a higher polymer or other chem cal product. The
catalysts ‘used 1n the trinerisation process of the invention show 20
excepti onal | YAddigdmaplypeleihivevotuyd thadsusk lcetalystgihbye tmisialhyebigh produttivity, t he
product fraction containing 6 carbon atonms. The hi gh producti vj %y of the
cat al yst Snf@aintain thef pypdugtixity pytigrlady weils Aegogtasly ong fyther asset ¢5Hp¢ i nsi ¢

evel s ofinfahiBhShpriSlstEvs KA AGIGRN Hlk, wBlonea pRIALFLS ToSUl LS

in a greater ease pro puri tion (resulting eit costly
product it feagt@0000g prodpdtper mptod datalys) per hbwse aachiparhtagest MOUL dr lees expect ed
to 25 apply both to processes wherein catalysts according to the invention
conpri se 3fansHvdenepartial preseure ehdlobasor leskgABpther asgest of igrBY@HOB AR esses,

for exa [ 10 b | ef i . t han one
transi 11 GACHSE e e e Fhorctt s LABRRTH: BALE. LT ic HEES PR 075 To
10 transidfiles thwet W% pa)hout.hi s can include sinple inorganic and organic
salts, for exanple, halides, acetyl acetonates, carboxyl ates, oxides, 30

nitrates, sullpgnesmhpdimentod thgprocess afdhq inyention. e grialist Wilisahin the
or gangmet %ighﬁn‘%@ Ha8ttio Llﬁ{/‘f(’gﬁ?{g% Eﬁnﬁl&ﬁ?&é‘aﬁ%&‘&h&é&@ﬁ%r gt et r ahydr of ur an

conpl éx, enzene)tricarbo mum ¢ exacar bonyl, nol ybdenum
hexacar bqmerdalén, ©licOdAtiBL HBOALHRZAEH transTombfiidnt bRelefily. eher abl y

conponent (a) is a source of chrom um nolybdenum or  tungsten,;
parti cul d¥psesgrserhersin qushancaddiionglraatalyst is nrgseat thertrigsrpyinamrodusys Feef er abl y
has the fig&ﬂwn%ted into a higher polymer or other chemical product.
The catalysts used in the trimerisation process of the invention show
20  exceptionally high productivity and selectivity to 1-hexene within the product fraction
containing 6 carbon atoms. The high productivity of the catalysts results in greater
process efficiency and/or lower intrinsic levels of catalyst residues. The high selectivity
of the catalysts results in a greater ease of product purification (resulting either in less
costly product purification or purer products). These advantages would be expected to
25  apply both to processes wherein catalysts according to the invention comprise the sole
catalytic component and also to integrated processes, for example in the production of
branched polyolefins, where more than one transition metal catalyst is employed.
As regards the source of Group 3 to 10 transition metal (a), this can include simple
inorganic and organic salts, for example, halides, acetylacetonates, carboxylates, oxides,
30  nitrates, sulfates and the like, as well as co-ordination and organometallic complexes,

for example, chromium trichloride tetrahydrofuran complex,

(benzene)tricarbonylchromium, chromium hexacarbonyl, molybdenum hexacarbonyl



(R(RX - Y- X(R3)(R4), wherein 5 X is phosphorus, arsenic or antinony; Y
is alinking group; and Rl, R2, R3 and R4 are each i ndependently

hydr ocar w0 p2/6u1lpst i t ut ed hydrocarbyl, heterohydrocarbyl pPeT/SBbF0IOWLLE ed

het er ohydrocar byl groups, at Ieast one of which has a polar substituent
which is not a phosphane, arsane or stibane group. 10 An alternative
preferr edansltthfuhkﬂ,l rRyefeoably mnpqngatr(d) sfa sovree o eromitn, imelykA&)unRpX R3)  wher ei n

X and R ; and R3 ar.e ae? q%t d above, with at |least one of R, R2 and
R3 havi ntfjn%S eﬂ’oP%‘f‘”@ﬂﬂ’éPY T °BHUMs not a phosphane, arsane or stibane

group. X is pmflﬁgaa@byc&mﬂ%yﬁrefémgﬁme%ﬁulaR2 R3 and R4, exanples
of SU|tabIe hydrocarb groups’ are ne ethyl, ethylenyl, propyl

butyl, cy@® XR&EAY - B@( ),(R ), Wergheny| toI yl, xylyl, nmesityl, bi phenyl
napht hyI ant hr ace Q’ and the | ike. Exarrpl es of sui tabl e het er ohydr ocar byl
groups ar SB&F“ éfsﬁ?)’)?)f’ra’b A%y (i.e. -006H5), tolyloxy (i.e

- OCoHA4( G‘@}gallfﬂﬁhg?ﬂyﬁ mesi tyl oxy, di rret hyl am no, di ethyl am no,
met hyl et hyl am no hi orret hyl , thi ophenyl, trinethylsilyl, dinethylhydrazyl

and the |and®R’, R, & omdR yare mahendrpemlbntlphmwmbym@bpwmdksfdhsralbtyhents are
substitute 20 with at. | east ol ar substituyent. Suitable
subst ] ¢ ut B o BEsyR RN et E R ) oo B MK Rapht hy|
and_SUbSt gt & @RERTARENY hotl vRSharSHbSHo L AchBleRY) [ preferred. Pol ar

substituents include nethoxy, Xy, 1sopropoxy, C3-C20 al koxy, phenoxy,
pent afol uor oph@malxe;rnattvremnﬁengd stidcory fordhﬂhgdnﬂlcﬁnnmponamtﬁ)yk iR PERDHR) t osyl ,

nmet hoxyrret Ql 0 azol t hox h dr oxyl,

am no, Q%F‘BM ¥et‘h°‘éilelﬁln&£)i’ ‘rth E{}E?%BP%N% 3{& ti tuents

i ncl ude Hﬁ%ﬁ%‘?ﬁtﬂ i 5968866 (but
subj ect to the ab%ﬁvsgb%g%??gﬁé QQS%%P?dgﬁﬁ%atarg%éﬁ%g??ﬁgﬁo@s Rl to R4 has a
pol ar substi tu?fnﬂpm{uamy%]sosigmmntaaoégatdgdfe? R:mtllitﬁ1 makn;ﬂf eﬁbolftsenh%enyl
groups are nos referre e or substituen refera y al koxy,
more pr ef BrdEena Yﬁéwaweémet Myﬁtgylﬁ%x!ypronﬂeb% L Z¥hy 30

addi t{sonalyey f‘olﬁ%ﬁ }n‘éél én? q?ﬁt laélﬂhﬁa %dt‘ﬁ%'ﬁ% E&L@&thP' tions
by groups su%lﬁ as %droc éte ﬂ%’/ﬂroca , stitute rocar byl ,
hal i de anghitable hbtekﬁ;ydltmhrbyl grbﬁps goe efedioxgOethdrat plﬁdmexy aree—an}gHb)stdlylui}ed in

t hese other positions. 4 WO 02/04119 PCT/ GB01/03006  Preferably any of Rl
to R4 whi@f ddc Mcﬁg)wy P MeSiBAPXY, dunethylamao, AisdlydaBAL 1y  optional |y

substit UtI%ch%ﬂi}l/a!ml%ﬂﬂmlet}ﬁh{*%ﬁ{bbhéi%ﬁ]trﬁm%1sﬁﬁ, YRR Y1 and the like.

Preferably those of R’ to R* having polar substituents are substituted aryl groups

20  with at least one polar substituent. Suitable substituted aryl groups include substituted
phenyl, substituted naphthyl and substituted anthracenyl groups. Substituted phenyl is
preferred. Polar substituents include methoxy, ethoxy, isopropoxy, Cs-Cyg alkoxy,
phenoxy, pentafluorophenoxy, trimethylsiloxy, dimethylamino, methylsulphanyl, tosyl,
methoxymethyl, methylthiomethyl, 1,3-oxazolyl, methoxymethoxy, hydroxyl, amino,

25  sulphate, nitro and the like. Other suitable polar substituents include phosphanes,
arsanes and stibanes as described in US 5968866 (but subject to the above-mentioned
proviso that at least one of R'toR* has a polar substituent which is not one of these).
Ortho-substituted phenyl groups are most preferred; the ortho substituent is preferably
alkoxy, more preferably methoxy or methoxymethoxy. The phenyl groups may

30  additionally be substituted in the meta and para or other ortho positions by groups such
as hydrocarbyl, heterohydrocarbyl, substituted hydrocarbyl, halide and the like; but it is

preferred that they are unsubstituted in these other positions.



het er ohydr ocar byl , substituted hydrocarbyl, substituted heterohydrocarbyl,
halide and the |like. However it is nost preferred that all of RL to R4
have pol avosuba19 t uents as 5 defined above, which are notP@hveBpheses ar sane
or stibane groups. It is also nost preferred that Rl to R4 are the same. Y

may be any brid grou for exanpl e hydrocarbyl, substituted

hydr ocar byl , Pﬂ‘g ?y %cé Bywvhlcﬁ@mqtbmeemmw@ grugnsy aredndepesently ut ed
het er ohydr ) i nor api i.ng groups including
single a?o %ﬁglﬁélbg%%g 36%{ r%bé% 7 Splf“ &3%5(]5:30 lal n an additional

pot ent i alhetRotRfdréthits, sEmnmb@ﬁ &Bca‘fb lnﬁlbbtﬁﬁtem%fwdlﬁrﬁﬁ)car 1, 2raRdd\aide,
1, 2- phenyl ene, 1, 3fb§ropane 1, }2, cat eychol 1, 2- ,di methyl h%ram ne, -N(R5)-

where RS th@hhgxéiqs@@ﬁr it kpyrEe% Peetbiyed that alkefi'ttp R theve mfla:r Pbatilognts aand t he
referabl is h Cl- CG al kyl or

Cheryts " risFePatve hith sl bhosoRiG BRaR o TPt SE B Rs Moopanaent v

be |Inkeq3r§1@n-@(ﬂ]§hap]{1 R eareftheeagh. 15 other or to the bridging group Y, to
forma cyclic structure together with X or X and Y. The |igands can be

prepar ed usi ngmey be edvibudgike gvoupt T exanpdk hydrechrbyl, substitaitad hydebcadybcl osed i n

publ | shed o elalne AL £, 2R Sl 2L e COTRIYOARA Syt brdging

(2- met hoxyrpiRny ihefghk V%h@i%? nddtd le atom links such as —O-. Y
(5 ot hodoanY, gk R Rl Srchiling singl stom Jipks such -0~ ¥ may

( 2- metchoxoppioaaipi JoR AN mgd@ﬁ@n@pbﬁ@m}qj ldemyrisjt2. Examples of Y include methylene,

(2 sopr bRy E3HERE ot S Bpcbl b e, NG

2- hyd
E . n?/t : gg\yhlgri:ﬁlll?hzs)laﬁ(a%%yg)(f ﬁ?cltar Opgfgﬁgcfk;ﬁﬂﬁfé& Kydéctarbyl, and the like. Preferably

(2, 3- di neY foX(Bhenptefaatly R )lSPKI)Zir&am GBChabkybd)tqmphylZmore preferably methyl.

3 6 g: g: Egi%;’gw ?{%{1% @%ﬁég\g g%gmg 1 %Bﬁggﬁﬁ%dgtg one or more of each

6-
2 4, &t N
P [%%ﬁgb&%ﬁgg%t%ﬁw ph%atﬁ flglingﬁl( ‘E"S%&tﬁﬁ*ﬁg &%@X%Qxan”
2-(

.

di met hy| afhiedgppdseray(be DRbiahds) Bfre- p(rdweﬂmteb Yhewm m)()r[dmydd] ifl the art and

ST T
(2-methoxyphenyl)(phenyl)PN(Me)P(phenyl)z
(2-methoxyphenyl),PN(Me)P(phenyl),

20 (2-methoxyphenyl)(phenyl)PN(Me)P(2-methoxyphenyl)(phenyl)
(2-methoxyphenyl),PN(Me)P(2-methoxyphenyl),
(2-ethoxyphenyl),PN(Me)P(2-ethoxyphenyl),

-UAI—AAA/'\

(2-isopropoxyphenyl),PN(Me)P(2-isopropoxyphenyl),
(2-hydroxyphenyl),PN(Me)P(2-hydroxyphenyl),

25 (2-nitrophenyl),PN(Me)P(2-nitrophenyl),
(2,3-dimethoxyphenyl),PN(Me)P(2,3-dimethoxyphenyl),
(2,4-dimethoxyphenyl),PN(Me)P(2,4-dimethoxyphenyl),
(2,6-dimethoxyphenyl);PN(Me)P(2,6-dimethoxyphenyl),
(2,4,6-trimethoxyphenyl),PN(Me)P(2,4,6-trimethoxyphenyl),

30 (2-dimethoxyphenyl)(2-methylphenyl)PN(Me)P(2-methylphenyl),
[2-(dimethylamino)phenyl[,PN(Me)P[2-(dimethylamino)phenyl],
(2-methoxymethoxyphenyl),PN(Me)P(2-methoxymethoxyphenyl),



(2- met hoxyphenyl ) 2PN( Phenyl ) P( 2- met hoxyphenyl ) 2

(2- met hoxyphenyl ) 2PN( Me) N( Me) P( 2- met hoxyphenyl ) 2

(2- met how@hrmily 2PCH2P( 2- met hoxyphenyl )2 5 PCT/GB01/03006
(2- met hoxyphenyl ) 2PCH2CH2P( 2- met hoxyphenyl ) 2

tri(2-met hoxynet hoxyg)hen I%phosphane i.e. P OCHzZOCH, 3

tri (2- met(Rossiphxankeny oS Sphd)R(2-rashgronbeyd)z (a) and (b) may be present in

ti f bl 000; 1 0 d 1:10000; f d i
"o o bet g b R P P tactidueliuiFy “oreferred 1s & ratio of 101
to 1:10, (Q@;ﬁéth&dybﬁéﬂylf)zﬁlﬂé\dém(}.dﬁl? 2C§gagéﬂphyn}qjge anounts of (a) and (b) are

approximately equal, 1e a ratio o etween 1.5:1 and 1:1.5. The activator
conpound (ZedetmyphenybeP GHeRRenghoyywhenyy). conpound t hat generates an active
catal yst w th conpon b M xt ures of activators may al so be
used. > 1é%&?%%"&‘t@%@ﬁ?@éﬂgﬂ%wmﬁwma| umi ni um conpounds, or ganobor on
conpoundsm(mtﬂda‘?ﬁﬂﬁ{yx?pp&;ygﬁh@ Barzdlet s, such as tetrafluoroboric acid
etherate, silver fetrafluoroborate, sodi um hexafl uoroantinonate and the

| i ke. Suitable orga m ni ym conpounds include conpounds of the fornula
AlR3, where each R/ dependently Cl - Cl12 al kyl, oxygen or halide, and
conpounds such as Li ALEY he |ike. Exanples 20 include

trimethyl al um ni um\( TMA) (,)CHto(r:Hi et hyl al um nium (TEA), tri-isobutylal um nium
(TIBA), tri-n-octylalum niuny, methyl al um ni um di chl oride, ethylaluni nium
di chloride, dinethylal um niumchloride, diethylalumniumchloride,

et hyl al urffit}-wedesyplicen) phosphane. met hyl al uni ni unsesqui chl ori de, and

omounds. whi GRS G tPLERe MRt il bl pr b PaRl B ETE ' £

an al joy!| andm 10007 merRReReted 1sof ratly Boilcen 100:Mahd Y1180 4aAdEspéBialiuch conmpounds
can be linear, cyclic, cages or mxtures thereof. Commercially avail abl e

al unoxaneaxefgired yarratialf J0:bde il dPepartienliydy Fiil ke dBe Saverallyteeemenids effe) i c
conmpounds. e cycli.c al.unoxanes can he, repr.esented by the fornul a
TreRa0 & i FP e S e P A A R R R A Y g Oy < wher o s i s
a nunber fronmRRetvater dddaffind #)dna30n \pHGERIbIBR anfRéomphichdRh degpiRs ent

hydrocar byl groups, preferably Cl to C6 al kyl groups, 6 WO 02/04119
PCT/ GB01/20300% catalyst with components a) and b). Mixtures of activators may also be used.

15  Suitable compounds include organoaluminium compounds, organoboron compounds
and inorganic acids and salts, such as tetrafluoroboric acid etherate, silver ‘
tetrafluoroborate, sodium hexafluoroantimonate and the like. Suitable organoaluminium
compounds include compounds of the formula AIRj, where each R is independently C;-
C12 alkyl, oxygen or halide, and compounds such as LiAlH, and the like. Examples

20  include trimethylaluminium (TMA), triethylaluminium (TEA), tri-isobutylaluminium
(TIBA), tri-n-octylaluminium, methylaluminium dichloride, ethylaluminium dichloride,
dimethylaluminium chloride, diethylaluminium chloride, ethylaluminiumsesquichloride,
methylaluminiumsesquichloride, and alumoxanes. Alumoxanes are well known in the
art as typically oligomeric compounds which can be prepared by the controlled addition

25  of water to an alkylaluminium compound, for example trimethylaluminium. Such
compounds can be linear, cyclic, cages or mixtures thereof. Commercially available
alumoxanes are generally believed to be mixtures of linear and cyclic compounds. The
cyclic alumoxanes can be represented by the formula [R®AIO]; and the linear
alumoxanes by the formula R’(R®AlO), wherein s is a number from about 2 to 50, and

30  wherein R% R7, and R® represent hydrocarbyl groups, preferably C; to Cg alkyl groups,
6



for exanple nmethyl, ethyl or butyl groups. Al kylal unoxanes such as

nmet hyl al unoxane (MAO) are preferred. M xtures of al kyl al unoxanes and
trial kyl av@ot/eiam conpounds are particularly preferred, BOTGBas0IPRO with
TVMA or TIBA. In this context it should be noted that the 5 term

"al kyl al unoxane" as used in this specification includes al kyl al unoxanes
avai | abl docowmpleinathyy, okl ohbuslgrogpst ailkylalupreapoestsucinas tgthiykaingxaadout |
Ot % but onal I to 50m % of the corresponding trial kylal um ni um
for instd Md)gé %YSN’FF#’E?‘QI MAO usual |y contains approximately | Oum %

tri met hyl al unjyiRuel &fi—mlalu%xbﬁs ah @ HFE A blﬁ{mn :rllgﬁphé’é aﬂg 85}%&1@% and

TIBA. Quantities of alkylal unoxane quot ed herein nclu suc
trial kyl girefaired, sneh apMAQ it TMAcbrédeAr du Hgs yorquamtshbukelsbeofoted that the

trial kylal umj, co ds d herein are cpons red to conprise

corrpo&%dg L q]'fﬂgl]“ U’Q?SRP E'a SPYCOHEHOR &PCQ'H% %?Fﬁ&&srfﬂ’nﬁ?m& por at ed
thint b

wi thin Q%mn%r&mgfl{wam&ecag@ﬂaﬁaf@%tﬁgﬁnﬁgg@pgggmqbw%%g ﬂ?/)}pgoﬁl{l oboron

COI’T'pOUI’]dS are boroxi nes on, triet or on,

di met hyl phé0wtianefche Umtlrfﬁspomhpgmajdtﬂdjmnaﬁmn, fotr iristankct,eormfgéienylAdor at e,
triphenyl bor di, met hy | anmoni um t et ra( pent af | uor gphenyl ) bor at e,
od] um | AP Sopan s GO marery (BTG RO RPN WSt comereta

(i 81 2) ADLO ool HONORL ) ORMALEDOF A atumexane quotcdhercin | 0 0

trityltetr uorop orate tris(pent

Act i viat onncdudmsmhm:ﬂkylahmynmhsmﬁmaues andat@rdinglycoamiiesdft hat acts as a
reduci ng Qr di.sj ng agent, such_as sodiumor zinc netal and the |ike, or
oxygen arfd lkY]ﬁ Dl C‘PIHP?‘W@S gretpdhereingye eansidseedtgcampssescomnoupdsedf i n t he

present LAY RALh B I AR bty iR, AR NS ARRUA debe el oyed i

easily det erm ne si nple tes I ng, preparation of
smal |t esikyddopbemewnieanipresent.be used to trinerise small quantities of the
nmonomer (s) and thus to determne the activity of the produced catalyst. It

i s general |y fiogawplesipdsutizhle gigapborep %W@%W@?O&Wiq%ﬁq&ﬂ%t o provide 0.1
20,00 b t
to 015 erm@{}ﬁ?lfﬁ)rorp rtﬁétﬁi{}ilggxlso%, élg{reﬁlafg&[ggyl%ar | n@%{%@}] s oa?é’ oron per atom

of chrom um séne Icu ’conponent a)

and b), arityietra(phérytioe, cophpnyibdron) d1myhquﬂienialemh&qmiamed Conponent s
(a)-(c) of the catal ystw%@_tem utilised in the present invention may be

added t odefaRstafiuproRhen pig %’Fll%‘éfﬁréhlﬁE(B#ST%5*WWO&WC@VB@F%Y@?RJW11 t he
presence }?r(OIY:',tg)z[(bls%,5-tnﬂuoromethyl)phenyl]borate, trityltetra(pentafluorophenyl)borate

and tris(pentafluorophenyl) boron.

20 Activator compound (c) may also be or contain a compound that acts as a
reducing or oxidising agent, such as sodium or zinc metal and the like, or oxygen and
the like.

In the preparation of the catalysts utilised in the present invention, the quantity of
activating compound to be employed is easily determined by simple testing, for

25 example, by the preparation of small test samples which can be used to trimerise small
quantities of the monomer(s) and thus to determine the activity of the produced catalyst.

Ttis generally found that the quantity employed is sufficient to provide 0.1 to 20,000
atoms, preferably 1 to 2000 atoms of aluminium or boron per atom of chromium. In
some cases, for particular combinations of component a) and b), an activating

30  compound c) may not be required.

Components (a)-(c) of the catalyst system utilised in the present invention may be

added together simultaneously or sequentially, in any order, and in the presence or



WO 02/ 04119 PCT/ GB01/ 03006 absence of nononer in any suitable solvent, so
as to give an active catalyst. For exanple, conponents (a), (b) and (c)
and nonomeo omemibe contacted together sinmultaneously, orPCDGBONEwIG (a),
(b) and (c) may be added together sinultaneously or sequentially in any
order and then contacted with nononer, or conmponents a) and b) 5 may be
added t ogbksenes of mohamen inrany switahle wlvent, ab af taqgivel aw actpleertalntl Konen added to

e added EHRIE: SETRSTE SE (e GO PAD BBy PR RGeCaHeehnd then )
cont act ediitaRcolthy %laeesmp&wnmm, @Q)Sdalh:@gh@bﬁ@&dde@ R gglel BgiitifecgRpNeNt s of

the catal yst or catalyst® systemi'nc ut are not limted to,
hydr ocar lsequesiliyemntany ooddn and thee pomnaeed wthueem®mer lorkOnipexarntealend b) he | i ke,
uch as. dieth er. .tetrahydrof etonitrile,

o ol or o Rargac T nesbr B inim B o lbRRSa DG bt BT Bt he
like. Theo&abadnt s} afPEBReREAt Wit Abnothh) o@éﬁnﬂd}l)enﬂét(%ﬂbgbé%?d @tnn Present

i nvention can be " unsupported or supported on a s erial, for

exanpl e, adddd togethed torformaan spBbR metal-ligand icompieixand dhencrontactedIwither , f or
exanpl e pol yet hyl en pol ypropyl ene, pol ystyrene, .or poJy(am nostyrene). It
AR L E R AL R S R R o gt
(mass of : : y i é[mﬁ ajalyst is
support eé%?ﬁ%@%gg@%ﬁ@gﬁg‘%@& @dég(%g%dglo%‘ég\zeﬁtesd&m}ﬁg%s? u :a ’nttot ggiog esence
of the suppmetandnist kke, ahd palar soivensigopioad dietitybetherd, tetmhydvefupare- | npr egnat ed or
prem xed, sinultaneously or 2%1sequenti ally, with one_or nore of the

cat al yst 2€SApEHefshlorpethans ghlqrotosm, chlorobEnzengnethangl, asgignegaditiean vary
widely, figr exanple from 100,000 to 1 grans per gramof netal present in
the transition netal conpound. In some cases, the support may material can
al so act as dheastalysteomymments (Of (b) bed &) utilisddan tieopiogamnthveéntjon daxdep! es

i ncl ude supports containjng al unoxane, nojeties and/or hydrocarbhyl boryl

moi et i es UREEWOrtedPr suppatiethoil & SUnRPEmaferiat; fer exsente, stisp, albmpars, Mg§d; on347.)
On ' font | ' h t
Cy (i e, oL G R xR by RRE AR OB Tede) Bl el O 0 ot 1 n

pol yrer i paly(@ninosigteak)y Sit istin adadmagesif tse/seesmt (ihenticn thai veey liske ol ef i ns and
subsequentIK i.ncorporate a portion of the tringerisation product(s) into a

hi gher p&rSEHYit3Enass ehBACHE! ReEmohal cadysh Rer kpurhsdest e His @@tabet Pner i sati on
oot vt CaliopolySoe SRR SRRSOt SRk R o0
monocycl epeaiadiralky support tnedd cai hepregeprephated or premixed, simultaneously or
20 sequentially, with one or more of the catalyst components. The quantity of support
material employed can vary widely, for example from 100,000 to 1 grams per gram of
metal present in the transition metal compound. In some cases, the support may material
can also act as or as a component of the activator compound (c). Examples include
supports containing alumoxane moieties and/or hydrocarbyl boryl moieties (see, fof
25  example, Hlatky, G.G. Chem. Rev. 2000, 100, 1347.)
One embodiment of the present invention encompasses the use of components
(a) (b) and optionally (c) in conjunction with one or more types of olefin polymerisation
catalyst or catalyst system (d) to trimerise olefins and subsequently incorporate a portion
of the trimerisation product(s) into a higher polymer.
30 Component (d) may be one or more suitable polymerisation catalyst(s) or catalyst

system(s), examples of which include, but are not limited to, conventional Ziegler-Natta

catalysts, metallocene catalysts, monocyclopentadienyl or “constrained geometry”



8 WD 02/04119 PCT/ GB01/ 03006 catalysts, heat activated supported chrom um
oxi de catalysts (eg. "Phillips"-type catalysts), late transition netal

pol yrer i a0 bomiecat al ysts (eg. diimne, di phosphine and sBCT/GBOEROIINGM ne

ni ckel / pal | adi um cat al ysts, iron and cobalt pyridyldiimne catal ysts and
the like) and other so-called "single site catalysts" (SSCs). 5

Zi egl er - Natalyatse head bytstased suppgtadehadmivoonsils catafsts (ag. (RiiiHipsGigpenent s. One
conmponent | | kyl .ar hydride of. a. Goup |to f netal, nost. co nly

A (B 5 gtasafii Tk g Ron et pogmetisttion il GamsilBrR ietoahiar 8 eagent s,
n-but yl | ishiyiinghe nRk@phdilMCabAIROHOE Snd ISISHERTIARIPORAN:s by @ sal t
of a Goup I'Vto VIIl transition ™netal, nost cormonly halides of titanium
or vanaditbelike)cind atheTsCtd]edThiBER, siteCad]yssi (IPCWC 3. The cat al yst

conponent s vvhf\i]ﬁéiréﬁd, usual ly. in a Pydr ocar.bon solvent, may forma
honogéneous orZAEFENaE fEBIYSS o aheRl Catfiyh of FYQmpt OMRpeRfs @ifr egnat ed on
a  Suppordympbohef&Sid Ayl JhyBBRNSE hRee sk hathd apt and so
used in (f%lypo ethe maj or g@gcessa@&\gﬁg&(zn? or c’o-@r E#lﬁato?lg}’n'&ggpéf)ysi s of
pol yol ef i Al§iBsisodr AHEES6] but asy erxbinpassingg@dgad rqphase . n-butylhiddoti on to the two
maj or conpaopents descriped above, 15 amounts of other conpounds (fypically
el ect ron%ﬁx}?@f Cﬂ@powga cons! gamRranent 1B Rl §f 2 BRI (el anstisn

behavi our, Ak & hhE : PSR @l ¥eh.sydih general ,
consi st or?a%lf anstlésqnitl%%ﬂ?ret gﬁfes%g%pg‘}ﬂ}e{ﬁ%gf%n%gitu %%m%%m“’balg%dvgr%’ goup |V

met al1®, |V@@EheThewdtdlystyomppmmitawhanmixe@pysubiipm ghyaiiparbonssolwede niaange of
structures of this type of catalysts is knlgyn, i ncl udi ng those with 20
subst i t utfedn 2 hoRegencoutpetaEEroYT AT MUEn SRR SEIN RsUFPreadted Bips f used

to ot her i . i ébéd&:: j i vat : bor anes
or al umfgh%(%}g’é{rs%e%hgifoggﬂ %ggegg%‘lr]\%h)t &ca %‘“1"@@?5? ﬁrr%ﬂ%% I{S%E%f)no% ,tﬁ?f

desi r ed. mdjoogpctsegdaiond fonyd-odination ksthlysisé golyelefint such asgblatiyst s, in
general, consist of a transition netal conplexes, nost conmonly based on
Goup |V shEtyapRd 2aspise dn additign torthe Hko BT SPRREBHICIRPFIRSH APOYRe” gr oup,

Cype o1 eoapy Qi thiindRpleal QUroror R4 ARERIR oS MR ool or

het er oat ghe pelgingiizitiog bepadoarud activdly @itheipsaliistsed to other ring systens and
a range of linked_and non-1linked additional donor groups such as am des,
am nes and al Rdstalecene sfalysts.gngencek ponsish pEtransiptinn sueta) spapiexes megt unoxane,

neat act1 A Ralc s Bt Rl el pIR SLRRAAFO ot eBts. " TP o

A wide range of structures of this type of catalysts is known, including those with

20  substituted, linked and/or heteroatom-containing Cp groups, Cp groups fused to other
ring systems and the like. Additional activators, such as boranes or alumoxane, are
often used and the catalysts may be supported, if desired.

Monocyclopentadienyl or “constrained geometry” catalysts, in general, consist
of a transition metal complexes, most commonly based on Group IV metals, ligated

25  with one cyclopentadienyl(Cp)-type group, often linked to additional donor group. A
wide range of structures of this type of catalyst is known, including those with
substituted, linked and/or heteroatom-containing Cp groups, Cp groups fused to other
ring systems and a range of linked and non-linked additional donor groups such as
amides, amines and alkoxides. Additional activators, such as boranes or alumoxane, are

30  often used and the catalysts may be supported, if desired.

A typical heat activated chromium oxide (Phillips) type catalyst employs a

combination of a support material to which has first been added a chromium-containing



conbi nati on of a support material to which has first been added a

chrom umcontaining 9 WO 02/04119 PCT/ GB01/ 03006 nmaterial wherein at

| east pamoet/o4ie chromiumis in the hexaval ent state by hewGBagoions the
presence of nolecul ar oxygen. The support is generally conposed of about 80
to 100 wt.%silica, the remainder, if any, being selected fromthe group
consi st i mgatgmal W@W@@tb@%ﬁpmpﬁthemmm lsmtheélsxmalﬁm sfaterhy lsetingin magnesi a,
t hori a, brcon a

f
ref r act or'§)° RETAI® 8£< g§ug§ﬂ’§fﬁ9ﬁ mcs)é‘tﬁg isog%g F%@p%nﬁ%aer‘ﬁf% OUtgﬁﬁ?n ni um

phosphat q,oobﬁtr%@lmbqwr@qﬁﬁn@?qfaiwoerng%elte&ea%fnt\me L\?%Hs@ﬁ f or with
silica. The chrom um corrpound is typically added to the support as a

chr omi umrefraatery neeiatpaided, gl ks @lgnnmemab@u%am@gucsm(tmm, aiceton ditania smdor der to
avoi d _the t is then calcined in

oo o D plsRieras o m RE e Rt ShhoS ot Blso SrmpRG & T ow

seconds taQufRYedlahidi@H lgﬁosp-ﬁﬁiesbcﬁgﬁ‘ﬁﬁéépﬁat%tanh @aRturesRRErbofOkith BRAGMLM UM t O
t he hexaval ent state. duction of the Cr (VI) to its active form normally

occurs i rorwith q@ma/ rbe tlramiwn compoundis typicailyaddedte thosippatt aslaehemdunf t he

| t t about 350C. Addit | d h
SHEC oy p e
catal yst chesmRdi fv).| The A% daﬁil)‘{‘st i B8 bd1kiRed fﬁecﬁ@eh a%&qpéﬂaﬁlgé Bet¥eb£25pt al yst's

cover a wi de range of catalys structures based on netals across the
transiot i @nd§@9®°§sf0¢ s@eriod offrexnarthespcthds toseyeta] hou@s. JTHs ednvatts atdeggew. Chem

| nt. 99,.3 ttel .D. et._al m, Rey. _ 2000, 100,
1169. mrﬂaﬁ%éﬁfe %&WWWO ihe BGWR]%N %@eo%eé‘s a?owftae Eél(%}éi’ 118 AW HOrR al yst s
or 20 cafoghydf O&M%tlﬁ e ﬁ&ﬁﬁ&%‘hoiﬂ“réakﬁtl&? SuPlan B d%n@qggﬁte'eﬂﬁ Ak the

ol i gonerisation catal ysts or catalyst sSystems. Suit e oligonerisation

cat al yst scalchmkioo eyclbwutheﬁ@ ataitout 3 5G°Ced diniondlrvospotihds, swhhrms rfhwené,f or
exanpl e, or trimerjse olefins or

|cke ine dinerisation _catal
ot her wi sé1 &6&5?#9%&%?% THaY bopa ‘ieérto 35?5??& 11}133 ehtalystitomaddy tof  1- ol ef i ns

goverjged by 3 ge@iRiidn r J‘G g‘@m cobal t
pyridyldiimne ao |%H§r$erﬁg§ﬁdg§%l cat a qg‘” gﬁ%n% %aﬁ#&t
i ndependeshuitiyres dasadpponeteld aoxrosmmsm;apmtlmesbne\t\l(lmgfor examaadBtitoviek) and (b)

d opt t d b t ed tiall
any. or dertbP o phihedh daser ok el S L Aa e D8 bk e By at & |

support. 2'696 nbi natlons the conponents (a) - (c) may be part or all
of 30 conponent nfd@p For exarrpl e, if conponent (d) is a heat activated

chrom um oxi de&Component (d) may also comprise one or more polymerisation catalysts or
20 catalyst systems together with one or more additional oligomerisation catalysts or
catalyst systems. Suitable oligomerisation catalysts include, but are not limited to, those
that dimerise (for example, nickel phosphine dimerisation catalysts) or trimerise olefins
or otherwise oligomerise olefins to, for example, a distribution of 1-olefins governed by
a geometric series equation (for example, iron and cobalt pyridyldiimine oligomerisation
25  catalysts).

Component (d) may independently be supported or unsupported. Where
components (a) and (b) and optionally (c) are supported, (d) may be co-supported
sequentially in any order or simultaneously on the same support or may be on a separate
support. For some combinations, the components (a) - (¢) may be part or all of

30 component (d). For example, if component (d) is a heat activated chromium oxide
catalyst then this may be (a), a chromium source and if component (d) contains an

alumoxane activator then this may also be the optional activator (c).

10



catal yst then this maybe (a), a chrom um source and if conponent (d)
contains an al unpbxane activator then this nay al so be the optional

activat ow@ 004119 WO 02/ 04119 PCT/ GB01/ 03006 The conponeR€CEGBA)/H300d), (cC)
and (d) may be in any nolar ratio. In the context of an integrated process
the ratio of (a) to éd) is seen as particularly inportant. The ratio of (a)
to (d) i sThsresmpoasity(@sGm(Q0odydlmay b imayogolandtiop irethsrceheradilan f r om 100: 1
to 1:100., precisg ratio uited depends on.the relative reactivity of
the conpo Hteeg{asedé)rrn | @8 f %loo?lf ({aﬁﬂ) @i?’l *%Esp?%%ﬁ?r}yelglpc?ftamﬁ_e B, Bt&fbﬁf(tab)r

catal yst t5Y8)i8fFFefer ?Fﬁ%‘ﬁ{ e0avoef 10 CoTMRNARGe pRerfY BRI HR DS 1.066 eof for
use in the trinmerisation process of the present invention are hydrocarbon

ol ef i ns, Therpresisavptie reqairhy Hepeads @2 tiRGelativateadtivity, of ithet @mm@zinents efd also

vinyl i dene ol efing, cyclic_.al efins and di enes, propylene, 1- butene,
ent’ Ont%‘?ﬁ%%%rgaé’fo%g}?étoﬁ&e&gﬂ?‘écﬁQE‘i,tgis-tﬁﬁsﬁ?lﬁge, Io)1/-octene, 1-nonene, 1 10

1- pentene,
decene, 1-undegigiaBle olefRIRGROGers ot dohMRRRAs thlrdo® iAW HEME riheERbAIECENE,

1- hexadecene, 1-heptadecene, 1-octadecene, 1-nonadecene, 1-elcosene,

styrene, [Reodmss eftbe preRergtitmentibn hexdedencarbpa lotefimy cfoeexanapleetindere, Chistoadi ene
and 1, 5- hexadi ene. QA efins Wll-g% h @é}pol ar_functionality, such as nethyl
( met h) acrS¢Hsentern3\plefins syigylideng olefing, fyelicelsinsang dienss, prorRdensndy al so be

secd TOGREE! PRERCLIDINTE, Lpah LRG| MidHGES Sl 095, Tonorer ey

al so be used, r exanple a e uni ene uni’'ts may be
co- tii nmetecargltundéenenlcdetafel herideene 1 exaRecm@ntlpeatagdceng 1co-tri neri sed
to CO qlefins, or 1-dodecene and ethylene co-trinerised to Cl6 ol efins.
Conbi nat i 5wadesens Adsntadecsne, l-agadesans, dropadesenco hSiopasnen lyfraes Lbweaee,

si mul t anep R ci € r e oduced
in-situ %%&N%hﬁ?@%@ ’ué@%%%@hy f@ﬁ%eﬁguﬁg eger\%{dc%s%fg&ggﬂ%s@giﬁésowg%r m

m xt ur es apMrethndtivgality caoRad atiyy (HekRioasate, 06k e A& ate 266 - HRREARS add
Techni ques for varying the distribution of products fromthese reactions
i ncl ude th@hk%mqmi@ berused s She prgireed amenogusr & etldense Aixuresof thessact i on

of T g pribasrll 5P e B RE BRI M e i PRSI S by Bl o O

NDNOMEr S (AL triAiNed 8 foRMTS HIRFiRYTor ARx & eHAd SylcAB cE-thihetif& todD 0P esence of
conponent (d). O efinic nmononmers or m xtures of ol efinic nmononers for

trineri sal¢fng, eralydertecens Apdretintdng] doyiripigrisecoio Giyolefinst dfamihasiang ofthese
U S O RSF R P PR SSERBeal EE hOSBBE 57
pr ocessesmére oftRahorfn@eesre Produded HasTR (R/208 Bfifture of ethylene and butene can
20 be used to form mixtures containing predominantly hexenes, octenes, and decenes.)
Techniques for varying the distribution of products from these reactions include
controlling process conditions (e.g. concentration, reaction temperature, pressure,
residence time) and properly selecting the design of the process and are well known to
those skilled in the art. These monomers or combinations thereof are also suitable in the
25  presence of component (d).

Olefinic monomers or mixtures of olefinic monomers for trimerisation may be
substantially pure or may contain olefinic impurities. One embodiment of the process of
the invention comprises the trimerisation of olefin-containing waste streams from other
chemical processes or other stages of the same process.

30 When operating under solution or slurry phase conditions, any diluent or solvent
that is an olefin, a mixture of olefins, or is substantially inert under trimerisation

conditions may be employed. Mixtures of inert diluents, with or without one or more

11



30 When operating under solution or slurry phase conditions, any diluent or
solvent that is an olefin, a mxture of olefins, or is substantially inert
under triwepnedatd on conditions may be enpl oyed. M xt ur esPOT/GBnE03006
di luents, with or without one or nore 11 WD 02/04119 PCT/ GB01/ 03006

ol efins, also could be enployed. The preferred diluents or solvents are
al i phat i olefimd, alsy anwid be etplyed afinoprsfeand diiedntgensal edtsrye pligratibemd such as,

for exanpl e, .isohutane, t.ane, tol yene, xylene t hyl benzepne, cunene,
resi £yl oo s e b R et Rt b SRR R IR ST aRE ct ane,
chl or obe ‘ﬁﬁﬁe,_t&ﬁh@ﬁh‘, Qg&ﬁ&%%m%nzéﬁégcﬁrﬂ&e! fn%ﬁty éle,aﬂébtéﬂexé}kﬂi&l%xﬁ&% h as

i sopar. The trimerisation conditions can be, gor exanpl €, sol ution phase,
sl urry phagbylcydeexpiead crenend) litdetepbadinroinzéne, dichlrehenres, amiithe hie,f r om
-100C to a;ﬁoo,c r ef er abl fromOC to +300C and nore preferably from 35C
to 2006C, dmétur%rsggléﬁf"r’é Bf atmospheric and above, preferably from

at mospheri ¢ t orRQ0,RAELI AR ERbEs &a&lgyfe;efo@@kafnﬁ@, ohBnbHady, SubQ pheQ, barg. 1f

desired, the process can be operated at tenperatures above 0C, and
opt i onal | gas ahsse oabulrphasd) meéth thaperatus rivepingg frdine 100Ghtoi+B00P@) prefatablyand | ow
rate of deactivation of this catalyst system enabl es | ower pressures to be

enpl oyed ¥emR°Cimtd Y Rand mere prefeebly fioanp i 18T b1 adit prespresht ar t

cat al yst stens. lrrespectiv W]l 110 i oyed,
ri mer s satairRe pYbIEER el o Eub BPRE Rl @h HRERBI SN

subst ant i @dth ) HRXCOUDO bay/ IE desiidd] BE probsd cah Be bperiRtiat tedlperdriied atavt as
catal yst poisons. Also, trinerisation can be carried out in the presence

of addi t i 1268Ct andaptivnally aesl @présvireybelew38iarg. akbitei high initigl date eudiloev xabkee anount
of polyner forned ip trinerisation ocesses. Sui | e addifives include,
but re” rdhdeadiivivon.of s cafin St Srblesiir s eessaes o0 Gamosed iy 4

Exenpl ary. [ j (':iﬁ)‘??' Ut fe2Bh 18581 hit bR &Riefdsuori de, chlori de,
brom de, gﬁﬂ?gfg&%ég?gg Tlgr}eyg%?bst a mer ofr-%)gtptyig‘[(;ansS for the
trimerisati ordmesgectivy ofithe trirdéernsgtibatechniquesamploydia traherisation esampicallyous

operation. The triperisation and co-trinmerisation reactions, of the present
ilr[:ven’csi oncaEaG P updsrogp an%ﬁaiésrubgax?tgﬁilégxgpai)?)@f(ggg,sw%t%ap@p@ﬁrs t hat gr e

readily i ididond. Aol IshtiorPSan AFRIERL ke ! | qui d phase
reacti ona@ﬁ@ééggﬁggﬁ%ggiﬁlggk%{léoggseglhg’egg?&asnI(i) nernt hydr ocar bonedi | uent such

as t ol uengesnchefrddnss taagonirol ;;am:tiphy,smhaﬂcq labuﬂs/i‘_cy' apgiirdduoe_ah& amoyntag a slurry
e o T T T AT EN
product OfRlldR, ARYEn ol Hikal QtkBAREn HPELEM BAAGARIRRAREL AL BapSS 1N
20  are not limited to fluoride, chloride, bromide, and/or iodide.
There exist a number of options for the trimerisation reactor including batch,
semi- batch, and continuous operation. The trimerisation and co-trimerisation reactions
of the present invention can be performed under a range of process conditions that are
readily apbarent to those skilled in the art: as a homogeneous liquid phase reaction in
25  the presence or absence of an inert hydrocarbon diluent such as toluene or heptanes; as a
two-phase liquid/liquid reaction; as a slurry process where the catalyst is in a form that
displays little or no solubility; as a bulk process in which essentially neat reactant and/or
product olefins serve as the dominant medium; as a gas-phase process in which at least
a portion of the reactant or product olefin(s) are transported to or from a supported form
30  of the catalyst via the gaseous state. Evaporative cooling from one or more monomers
or inert volatile liquids is but one method that can be employed to effect the removal of

heat from the reaction. The trimerisation reactions may be performed in the known types
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invention that a trinetisation proédu h ve as react ant
(e.g. 1-lexsatien ophodue éﬂouglﬁbdshelt tsroftmrebm&tmoaﬂl}oédvahﬂagécmseo redygvnde

converted to defctine products via a subsequent co-trinerization reaction
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ol efi ns are wel huwkbawf process@gons kid besshvisagddwehe dising the Batalysts of tl@ exarrpl es
of the chem cal reactions that m ght be effected by use of a conponent (d)

i ncl Ude PBESGRIGRYERION a an ffegrated pragassithal dnglegdes a@pbﬁaﬁ@ﬂ.cbgmcah

transformation, i.e. with component (d) present. These options include “in series”

processes in which the trimerisation and subsequent reaction are performed in separate,
linked reactors, optionally with recycling of products/reagents between the reactors, and
“in situ” processes in which a both reaction steps are carried out in the same reactor.

25 Chemical transformations involving olefins are well known to those skilled in the art:
non-limiting examples of the chemical reactions that might be effected by use of a
component (d) include polymerisation and co-polymerisation, oligomerisation,
hydrogenation, hydroformylation, oxidation, hydration, sulfonation, epoxidation,
isomerisation, amination, cyclisation, and alkylation. A typical reactor residence time in

30  the polymerisation reactor is less than 4 hours, preferably less than 3 hours.

In the case of an “in series” process various purification, analysis and control

steps for the oligomeric product could potentially be incorporated between the
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i ncl udi ngctivd ¢atglitic spRaiet deri@ddERs s@apordhs (a); (hsnd@padnAap) dfateatt 0 this
approach. One adaption is the incorporation of a trimerisation catalyst
bed i nt o SAMEPEYH PECSPRHGP ageackorgeth gomeppaeidly neri sati on process, this 20
coul d.be as asi (012 «StEea .t Rl i fluidisation recycle
Ioopdlgnd or v? ({tﬁ:ﬁ}? tlﬂé&%cf}\ééggs]?lﬁgﬁr g@%%:%ggéﬁg% rdéaét}{g?% Olsf f/“g'{f%nﬁq

Pol yer i g@tynestisataticthicgyoe thepasaees@ifes (bludisg eores@ight @nNAlenajbior
exanpl e, _solution phase, slurry phase, gas phase or bul k phase, with
t enper at (e PeEsiiRe R HHRLion pOCssses, Wehume mHHIDE repstesAaswssesaTe at mospher i ¢

oD 2DOVSonBBELY G A, ARM AR, AR RSB0 SRR U one, 1)
mel t i ndedmenbatiof)catlyst b&l el yreeycl®Rop @f ARdepleade pblymiesisdtiongrycebd) dis t he
20  could be as a side or recycle stream within the main fluidisation recycle loop and or
within the degassing recovery and recycle system.

Polymerisation conditions when component (d) is present can be, for example,
solution phase, slurry phase, gas phase or bulk phase, with temperatures ranging from -
100°C to +300°C, and at pressures of atmospheric and above, particularly from 1.40 to

25 41 bar. Reaction conditions, will typically have a significant impact upon the properties
(e.g. density, melt index, yield) of the polymer being made and it is likely that the
polymer requirements will dictate many of the reaction variables. Reaction temperature,
particularly in processes where it is important to operate below the sintering temperature
of the polymer, will typically, and preferably, be primarily selected to optimise the

30  polymerisation reaction conditions. The high productivity, and kinetic profile

characteristics, of this new trimerisation catalyst makes the ‘in-situ’ production of the

comonomer, preferably hexene-1, during polymer, preferably polyethylene, production
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pol ymer requirenments will dictate many of the reaction variables. Reaction
tenperature, particularly in processes where it is inportant to operate
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pr esdfce pbisedtidiized bed @rcstm@dioecbcorpmmlsgr pqiyipomgatten or paplodcudrmatiowi ght s.
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process %olé&i@arﬁﬁ&@ﬂ@tmeﬂz‘éeBPhﬁﬁ‘o%e%%a%yﬁ féa n&@ih}ig%é afv%l;a'gen condi tions
or gas phase polynerisation conditions are particular useful for the

product i amoleduldri vgmghctrof ey ddienei argopelscesappliiep géneetlyytb ﬁmepolyraﬂdzatlon
pol ypropyl en cesses the polynerisation conditions can be

5 e bired affen
batch, &6MEFHYoUE PEFC DHYNt i nuous. Furthernore, one or nore reactors
may Q@ used, &igkry p ﬁefs@?bfyl’i@n%ﬁlofn'c‘éﬁdﬂh@ﬁé:&%a% hﬁbesp%wn‘?e?rsat%ﬁ {RaRMns  €action

conditions, such as différent 20 tenperatures or hydrogen concentrations
may be e ralpi arachlany tlshaﬁllct‘orf the perducti@actlogls or low depsiscarddesafpobethytenche

trimerisation cata ¥1 n}taa% be added to ané/ or all .of the 430' nmeri sation
react or s 2B RELPHDYlenp+InRFe pracesse ke risation ondifiens gaf b hrough to

subseque %m?f%% OF Semil itihldud® Fhﬁﬁérhfb?e ﬂ& ?r A [;le &80 m d&@& 0. P€

suppl ement e subsequent reactors w't tri marl | on ‘or
pol yner i et two toafivd sesdtorsiin sariey. Dfe?dnt deation vcaidetcbns,rsushl bs ddifeesmtt r eactors
thr O%g h %gnqg)éridt?lpes%]; hy&rogéris clzotr)llcgnu%rtlolnsr ﬁ%’ (rzgrln?)loye n tio Ighffere:nt reactors. In
cascade operation the trimerisation catalyst may be added to any or all of the
polymerisation reactors concerned. If added to the first reactor and carried through to
subsequent reactors, the trimerisation catalyst may ,or may not, be supplemented in
subsequent reactors with fresh trimerisation or polymerisation catalyst, it may be
25 deactivated in subsequent reactors through addition of reversible or irreversible poisons
that partially or fully kill the trimerisation catalyst or though addition of additional
polymerisation catalysts or modifiers that deactivate the trimerisation catalyst.
In the slurry phase process and the gas phase process, the catalyst is generally
supported and metered and transfered into the polymerization zone in the form of a
30  particulate solid either as a dry powder (e.g. with an inert gas, ethylene or an olefin) or

as a slurry. In addition, an optional activator can be fed to the polymerisation zone, for

example as a solution, separately from or together with the solid catalyst. Components
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20  polymerisation reaction (or degassing) systems. This may for example be optimised by

controlling compressor knock-out or interstage conditions in recycle or degassing vent
recovery compressors or by using dedicated condensing exchangers or distillation
apparatus.
The rate of addition of each component may be independently controlled to

25  allow variations in the ratio of components and the density of the polymer produced.
Pressure, temperature, hydrogen addition, halogenated hydrocarbon addition, electron
donor addition, activator/retarder addition and other suitable variables may also be
varied to control the activity of each component and also allow control of the polymer
produced.

30 Once the polymer product is discharged from the reactor, any associated and
absorbed hydrocarbons are substantially removed, or degassed, from the polymer by, for

example, pressure let-down or gas purging using fresh or recycled steam, nitrogen or
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25 allow variations in the ratio of conponents and the density of the
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and other suitable variables may also be varied to control the activity of
each conponent and al so allow control of the polyner roduced. 30 Once the
pol yner pightibrdro¢asbetisdsivhrag sthylenon Rmvmégmpus @H;qmgﬁtp@arwsarw

absor bed hrgrOf%rtbons ? e, substt ant 't gl or degassed, fromthe
pol ymer b £51° 8)%5’%1 8310&8&5%05 %JB %% purgi ng using fresh or

recycl ed steanm thd §1fi@@HHase o%emtﬂglﬁééeé&fg&%é@&%@enk jsght

hydr ocar bons (such as” et hylene). Recovered gas€ous or |iquid hydrocarbons
may be reoypelibld with the pu}ynfer(cs)aandmtaslyssst end oray bhen piagererchsatiexanezone. | n

the slurr has.e | ynerisation r cess the po sation diluent is
Conpac bl EPREHSR Ao EPCws o5 RHTOGR P e SRR T PO RAES such as
hexane, %ah%etﬁ%xampw%taﬁaﬁlav%r SinfTlat ksbhorlesl 16PE BoRARBuL igaTAl | | ns-
The pol yneri zation zone can be, for exanple, an autoclave or simlar

react i on loessatior,@rg. af thertypamweirbndwa i the ﬁrlnlnhfactuwpf pcémﬂnxicne wythe of the

type well int manuf act ur e of ene b . Philli
P bcess. KL Leeisol GHET T 20 PP R Guu et of He DIFvEgeRentinpen EaBse

carried QubndQRqR: oHHﬂ't%n&%?gimaﬁ&ﬂs BRUYABE| ARt bfa %“@Eﬁ"fﬂ@ Under

carried out at a ténperature e 0C, "nost preferably
sl urry corbdive DURsndshprefarhlyiaboeati®Gn Urtdenﬁenﬁbm@tms the pcblgmbi;@norfal nt ai ned

bel ow the te erature at. whic commences .t ten or sinter
in the prig®8 EH%’fSHf?féf blﬂ%@%ﬁ% @}wéeﬂ%mramrerattvﬁgchﬁs g’l“%ft‘ure is
al | oned t&ngﬁe&@p%%ohgﬁo} ahiefin the é&%merg 25% L g6 dlgmtrﬁ%ﬁ 4 or can
occur. Adjustnent of e polyneri |on W t ese defined tenperature
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or fluidisin
molecular weight of the produced polymer.

20 In bulk polymerisation processes, liquid monomer such as propylene is used as
the polymerisation medium.
Methods for operating gas phase polymerisation processes are well known in the
art. Such methods generally involve agitating (e.g. by stirring, vibrating or fluidising) a
bed of catalyst, or a bed of the target polymer (i.e. polymer having the same or similar
25 physical properties to that which it is desired to make in the polymerisation process)
containing a catalyst, and feeding thereto a stream of monomer (under conditions such
that at least part of the monomer polymerises in contact with the catalyst in the bed.
The bed is generally cooled by the addition of cool gas (e.g. recycled gaseous monomer)
and/or volatile liquid (e.g. a volatile inert hydrocarbon, or gaseous monomer which has
30  been condensed to form a liquid). The polymer produced in, and isolated from, gas
phase processes forms directly a solid in the polymerisation zone and is free from, or

substantially free from liquid. As is well known to those skilled in the art, if any liquid
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that nonomer is continuously recycled to an agitated pol ynerisation zone
cont aitni mynpalgpsiyrar defeimpittenttawihgrawingakéucad palymsnEonbidie pglypreovatihed t o

repl ace pol ri sed non ,.and 10.contin sly, or intermitentl

i e st R B et nF Pl o e R e oy s, B byt g
conpar abl g1de@td the psBhRriSdtionUoiB td RPlaet tHekGtaBRL WitRdrawh A tieat al yst bei ng

added to the pol ymerisation zone to replace the catal yst withdrawn fromthe
pol ymer i spolymerisatiorezatietwith the ppodsted polymet.yner. Met hods for operating gas

h f1 ui di f i | yet h _et hyl
P opotyrer s and1BPHEE Ao BHE g Pha U EORed HOMRCSPT MUK o ocess can be
oper afsed, paﬁhﬁaﬁg&hﬂmé Podl sk hﬁ@bol?@&bbﬂﬁﬁé fralwel 1980 W in GEHUPPRE W th a

T
perforated distribution plate to support the bed and to distribute the
i ncomi ng Hrbegissican begpperpded, $om exampldy ipagdrticdl sylatticallifvectbt edquapreid mgthoms

el oul 201 Dggb e P e R SeLNGR: 0 ped SRS LR Dol OELLSR! L on
the Tl ui dig8isRehndBRoRBNAE BLA YTROMRU]sRRSzak BfcuR dugh thd W¥dRIeY td 0get her
with some inert gas (e.g. nitrogen or 1nert hydrocarbons such as nethane,
et hane, premoanthe hoaitaiivelymerisatorefrom theleal ) tasebpdpmioonmiet forwi t h hydr ogen as
20  polymerization in the bed. Thus the fluidising gas generally comprises the monomer(s)
normally together with some inert gas (e.g. nitrogen or inert hydrocarbons such as
methane, ethane, propane, butane, pentane or hexane) and optionally with hydrogen as
molecular weight modifier. The hot fluidising gas emerging from the top of the bed is
led optionally through a velocity reduction zone (this can be a cylindrical portion of the
25  reactor having a wider diameter) and, if desired, a cyclone and or filters to disentrain
fine solid particles from the gas stream. The hot gas is then led to a heat exchanger to
remove at least part of the heat of polymerisation. Catalysts are preferably fed
continuously or at regular intervals to the bed. At start up of the process, the bed
comprises fluidisable polymer which is preferably similar to the target polymer.
30  Polymer is produced continuously within the bed by the polymerization of the
monomer(s). Preferably means are provided to discharge polymer from the bed

continuously or at regular intervals to maintain the fluidized bed at the desired height.
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nmol ecul ar wei ght nodifier. The hot fluidising gas energing fromthe top of
the bed is led optionally through a velocity reduction zone (this can be a
cylindri oad oponitd on of the 25 reactor having a w der di anRPCEGBORIHG i f
desired, a cyclone and or filters to disentrain fine solid particles from
the gas stream The hot_gas is then |ed to a heat exchanger to _renove at
| east parth ed?mffqﬁ%lsrﬂ@a@raliy opepiprel Tl Plydow CaSaITg s os e&a@lsraéfleftcamy fed
conti nuo al.s, 1o t t St

Ulfaﬁsy ﬁ& g%m r%HJr@sr for E}Famp €, begyeen ar{ziefj.’:S The ? ntﬁ%erré}l ogé y similar

process, rrses ’sa ol yner i ch

to the tabedes maRkIA®RT belSR tiRYiNeRAg temp@faﬁda@emeqﬁﬂalzwwwf 1iaf/idn t he bed
by the polynerization of the nononer(s). Preferably nmeans are provided to
di schargeprpblbmfaggi@mltahenbed continuously or at regular intervals to

t the f uyjdi t
b vt 03006n Bk ERaRctuRleed BEHERRiT 3% s SPisady of el DAY o
pressure, exfoWed%?Ql’f@é}&the?ﬁnclﬁbIMGMtlo@?eraémor?q@ GoAthallyI¥RRIVEE BOMShé Or exanpl e,

between 50 and 135C. The tenperature of the bed i's nmintained bel ow the
si nt er i ngpalpnprésationizencdi.et the fifdiged beddbypoeapsef thedluidising gapstobinesss of

I t fluid f ti
of Tor o1 rissEiisanbafe- DT ErRE) B emtberermie Bop) fErReat et on 1o
normal |y §RRvefe héRRkENR ged WHEREL th%%béfér&oéléﬂe"[ﬁb cBoled Raciot Bhdicpetheped) by
means of the fluidising gas streamas described above. The hot reactor gas

emer githg Vit anyt tneke-op gas, 1% then treprcledstol tb@ibaShmét@rbedohdh@ gasphase fhadised

exchanger re| n the gas is,co0 cQol ctor oget her

o h oy TRACEDRPHRoN pBe o Ml Thob o GRETH PR e ne gas
phase fl uw&lﬁgefth@%@ld PAMIBEbP AoV iR 958 $inR vt S EBMss) HMBEIASN 1T 1S
desirabl e to provide additional ~ cooling of the bed (and thereby inprove

t he spacea vélatge gaqeilddo dlie bddalqdrzmmésbonbwmemnth@hqladwmmatesanlthaqbﬂdd to the

bed und dit t | i in t b
absor b ngUEART H1SHANE RUGHOT L o) HRbREEigh PO THALRG PHE g bEaar ot
heat of 1R, ﬁéﬁ%”&{ ’Béffe‘ef‘ \Wlfeﬁ ﬁ&thot Yé@?&le %553&&9%6 B&Y&Gt&s heht Qhddper, bed

enters the heat exchanger, the volatil quid can condense out. 'In one
enbodi nenthe (vblatlhélquldawmondme oti. dn onhembwhhmht ofethe prpsend m\sensexpﬁleat ed from

t he recycl d reint uced separ at el i.nto.the bed. faqr

o o) taele Badlns Sppri orR ai e gs aaf SR Eocas spiely 6 tiehedbed. 1 n
th d | ed

P00t he polRgloRERImOl, hOFoRKRARMA L RN ARl g Ynfdih® the B dn! B Tecyele

condens edarfotlenemhedifdent of the prpsga snvestioretmvehatitgiioqgd is woydddetonledstdor and can

be recycled to the bed wth rec Qr
2(}/ wgh the recycle gas. % the vo atlke hq% 3 can be congensed from the fluidising gas

stream emerging from the reactor and can be recycled to the bed with recycle gas, or can
be separated from the recycle gas and then returned to the bed.

The method of condensing liquid in the recycle gas stream and returning the
mixture of gas and entrained liquid to the bed is described in EP-A-0089691 and EP-A-

25 0241947. It is preferred to reintroduce the condensed liquid into the bed separate from
the recycle gas using the process described in our US 5541270.

A number of process options can be envisaged when using the catalysts of the
present invention in an integrated process to prepare higher polymers i.e when
component (d) is present. These options include “in series” processes in which the

30  trimerisation and subsequent polymerisation are carried in separate but linked reactors
and “in situ” processes in which a both reaction steps are carried out in the same reactor.

In the case of a gas phase “in situ” polymerisation process, component (d) can,
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be separated fromthe recycle gas and then returned to the bed. The net hod
of condensing liquid in the recycle gas streamand returning the mxture
of gas amdoemo4iad ned liquid to the bed is described i n EPPE&F/GB8REDI6 and

EP- A- 25 0241947. It is preferred to reintroduce the condensed liquid into

the bed separate from the recycle gas using the process described in our
US 55412 16F examplpybe interdugediatosiae pplymsrsationgeastion gonesindtsridifosm, fo&i ng t he

alvet H . S -
b aner ponpiee e SERGh o Gk i R4 BGRE AL ERRIRERR GBS Thel tae
"in seriaad (Proeapbs asicpendshilg hddeli€o SO, part sfehé pelyinerisaAiod redehsrequent

pol ynerisation are carried in se&ar ate but_|inked reactors and "in situ"
pr ocessedsimmytagpoushy of wanentiabntageber enseparaighie Under thege eitgumstancefet Same

reactqr. > f - " ity meri sati.o [ OCessS,
e o 00 Qe Re Rl B sRl MR D 2

i nt r oduc @dlyinfbriRatidiezdael e dicpidt et A€ priefitatlp Rethidthk iréiged tbqoop for
exanple, as a solution in a substantially inert [iquid diluent. Conponents

(a), (b) microps. BReA-0F930RRdissdoseheipipeerddort infrodurirgio pelymasisatignicatglyst he

pol yneri ion.r t si_nul t apeou of.. seqyent.i,af | ether or

epar at el At BF AR b PR o AR BT B 24 DE P B B

cont ai ni REitAMIR eHPIGHED BNhE PdlyhferiSitionYesteaSof the BredérRRhvhfion MHdesitdie

pol ynerisation zone. The droplet diameter is preferably within the range |

to 1000 mi cr ddthougpnat waalkoRguigids spasenmpletrmelawiymeisation eoduci ng a

| ymeri sat i lyst . i .gas_ph | yner.i zati on. The met.hod
G st osedopiiveeia BadSouench R Gei FRETE BB uither Pone BRIRET sat i on
process @k at R8st RmSRAlily! dw&gta{eq}ae tdtalgQ Dk ERHystl@nfohBRWE i D flvemsoiatiey

requi red, upon conpletion of polynerisation’or copolynerisation, or when
it is deshiabgt can heenontagtedevigowsten ricebals,auretone, oo ptiley sugtableadatadyst or at | east

tenporarily deactivate the catal yst aqr,.catalyst conponent of this

i nventi oﬁ?xﬁtwggr%%%W?®8gﬂ%bBe%(fmtogélfl@dn%"%‘#'wat er, alcohols, acetone, or

ot heryssui t abl Q‘h‘éQﬁr_%ﬁ&{tioﬁ%_ﬁﬁly‘st’i@?ﬁh{f@ra‘?lymﬁﬂ%ﬁoﬁzﬂ dda resreas of skill in
alys

the art. 15 The trinerisation ca i's preferably (but optionally) added
bef or e t tpelympwizgtienr ¢atalystonclcthatthy desisd prinmtanamotdrsettosomedopei(santjo IFonomer

BT OMETRE EROT R RN GE e R
however Rempelticy 8ickthrnp woHy HoRev @b Gbhievedhrduph HtrSREBAPHEfesheed or through
judicious initiation of thé trinerisation reacCction before or 20 during
pol ymer i zamicopmetfiead psthroughrjedicions imitiation of the trimerisation reaction before or
20  during polymerization catalyst introduction.
In the presence of component (d) the polymerisation process of the present
invention provides polymers and copolymers, especially ethylene polymers, at high
productivity (based on the amount of polymer or copolymer produced per unit weight of
complex employed in the catalyst system). This means that relatively very small
25  quantities of transition metal complexes are consumed in commercial processes using
the process of the present invention. It also means that when the polymerisation process
of the present invention can be operated under polymer recovery conditions that do not
employ a catalyst separation step, thus leaving the catalyst, or residues thereof, in the
polymer (e.g. as occurs in most commercial slurry and gas phase polymerization
30  processes), the amount of transition metal complex in the produced polymer can be very

small.

By varying the ratio of components (a) (b), optionally (c) and (d) and /or by
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In the presence of conmponent (d) the polynerisation process of the present
i nvention provides polyners and copol yners, especially ethylene polyners,

at high woodagtdvity (based on the anmount of pol ynmer or BOpeGBymesopr oduced
per unit weight of conplex enployed in the catal yst systen). This neans
that relatively very small 25 quantities of transition netal conplexes are
consumned addlng@ddﬁmalaaonmnomss eatalysss ngthememrmmmsn ofn pmlqcraemdnt

i nvention, en .t at1 on ss . of the

pr esent Vﬁ‘% tq%J&ﬁan@gEfB‘iy@B %H’gdﬂ(kﬁ%?sp %’%‘gﬁ’éf’t @B’ﬁ‘&?]ti ons that do
not errpllg(y fi&at al yst separation step, thus IeaV| ng the catal yst, or

resi dues thereof in the polynmer (e.g. as occurs in nost commercial slurry
and gas phase ﬁo‘aygmﬁmd&aﬂmlm@@obmme&s@sylsidﬁhéaWMG irpludizglnight i on net al

conborent et bk mbial Gty Paiainy i dn Fanoupbeltidie endnto ©
PCT/ GBO1/ cﬁﬁggﬁpol%ﬂj/l@& AL GRBkC ﬁl%fé?i'a Waﬁwuﬁa?iéﬁ%%éﬁﬁxt%fe %\??? o ent

invention car provide a wide variety of branc l'ymers ng in
density dnuslingra denbigy in thpomgant 0.phys0.03) genpratipesteirabto 1Atheearga lofear low

pol yet hyl ne ol rs ar i dered accessi bl e includin 5 density
pol yet hylcg }é/‘?”EY}?’heenﬁcg g’?ﬂ OBHWWWH%’??‘SH%WB%I ene, ultra
| ow den%gﬁﬁfm@é@f@&l@%]g@gOie}:g%ﬁﬁrer| c materials. Particularly inportant
are the polyners having a density in the range of 0.91 to 0.93, generally
referied to i rPd@ lmxenea,spdly(ﬂlmtenbMd tHehke dry afrolcpasitiyrtd accessthle faspeod yner s
and copolrf%/rrers are. used extensj in_ the ang acture qQf flexible blown or

cast fil FoPQYMSH] @18 Haea ARy an @eo&th@ﬁ@)e d-e9ieneiang derpplymarsf

consi der X ymers of e.g. 1-hexene and propyl ene,
1- hexeneeed%% -ocigngxeéﬁén?gr o?"%?rdg(l?s of e.g. ethylene, 1-hexene and vinyl
acetate. Di endslenmﬂouil(hzils@bémwmmtqdonaﬂhelpolnytrmm peodootk yoremable qrossduct s to

enabl e cross- |inking for e.g.. elastomer and wire and cabl e applications 15

Dependi nd! Of A& ﬂéﬁ%‘?f %ﬂﬁ‘é"%‘l‘w SAPBYEAHODS i nor anounts of additi ves
are i call id
ccaveiors. | REGRRIRGH B 0Pk pERR KRR M BB TR0 BE L,

addi t i vesypicaly mcmapmtaitmtd) tht¢ polymeefosmafatiab eudh a3acidsc2@p@eppm typi cal |y

from about 50 to about and nore typically 400 to 1000 based
on the pomiigidants, stablilhzers and B2 11 like. Generally, thest addittves are incorporated at Ppm

levels of about 25 to 2000 ppm, typically from about 50 to about 1000 ppm, and more
typically 400 to 1000 ppm, based on the polymer.

20 In use, polymers or copolymers made according to the invention in the form of a
powder are conventionally compounded into pellets. Examples of uses for polymer
compositions made according to the invention include use to form fibres, extruded
films, tapes, spunbonded webs, moulded or thermoformed products, and the like. The
polymers may be blown or cast into films, or may be used for making a variety of

25 moulded or extruded articles such as pipes, and containers such as bottles or drums.
Specific additive packages for each application may be selected as known in the art.
Examples of supplemental additives include slip agents, anti-blocks, anti-stats, mould
release agents, primary and secondary anti-oxidants, clarifiers, nucleants, uv stabilizers,
and the like. Classes of additives are well known in the art and include phosphite

30  antioxidants, hydroxylamine (such as N,N-dialkyl hydroxylamine) and amine oxide
(such as dialkyl methyl amine oxide) antioxidants, hindered amine light (uv) stabilizers,

phenolic stabilizers, benzofuranone stabilizers, and the like. Various olefin polymer
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20 In use, polynmers or copol yners made according to the invention in the
formof a powder are conventionally conpounded into pellets. Exanples of
uses for wobyear9 conpositions nmade according to the invenCT/oBoi/fBobaide use
to formfibres, extruded filns, tapes, spunbonded webs, noul ded or

t her nof or med products, and the like. The polynmers may be bl own or cast
into fil radditiyes amgydepwribed énlUrS patentsidal 8&845ad 388,36 014,399,33du# 668,781, ext r uded

a1 vo DU ERTR SR Sl Paabel i HE Sobos s dS R i n Uhe art.

Exanpl es of sunnéRBed & sigddbhisviserd, ML URAG 18d KR, ARGSHe agBlth -daliocks,
anti-stats, nould release agents, prinmary and secondary anti - oxi dants,

cl ari fi eroolownargs alae sy bewddaddbithe paymer campbsitivns ks kmwithaths@s. of addi ti ves

Il k in the art and i de. ite 30 antioxidants,
nyar oyl am ne. TiEFeRsTRERE RGP B TP R Pxafflim ne-oxi de (such as

di al kyl negRyipigry ne oxi de) anti oxi dants, hindered am ne |ight (uv)
stabilizers, phenolic stabilizers, benzofuranone stabilizers, and the
| i ke. Vari ous &l efanfputasiopsrmerederidGned (i0det 28acredi¢ GBRIHK@BOG6Iveattdintdi ves ar e

described in U S., pate &s 4, 8%)8 843, 4. 325, 863 4,.%30, 231, , 668, 721,
4 876 30(RASS Werg dsibd and demnsed by standid prossdines, Chelicalyives fivsgiagehfrod
5, 625, 09 i bk (N i i

Qhe Rildri@r Sheshed] c,%llp%h& WhRss &%n@a %tnfemﬁé.SMg%hgg Qlunﬁ&ﬁneé @gfx%lgd

nucl eati ng agents, and colourants also may be add to t
conpa9i t imodifiad mettyhalubboxtime(MiVIA O bwdtk @umhesdrfton: Miemotasd% w/wl | ustrated in

the foll owm ng Exanpl es. . EXAMPLES A | ni pyl ati ons erfornmed under
anaer obi &° 1%8? {4 gpene SBP?P&'HF§reéﬁ?“@ﬁ’&“ﬁﬁ’%%?@@%&%%@assed by
st andar d PLACRHIERR), ﬁg@tﬁ@i&dwwg%lﬁ%&gﬁ%%&ﬂuém% eﬁa%?plé‘llﬁibeh Chem cal

Conmpany unl ess 'state erw se. unoxane (MAO™ and 10 nodified
met hyl al' Wi@SZa78 65 IMNRQ)-tolg) €L IHIOh svae dyrthasivelby diteratarelfiboediwe (Bady,dt i ons in
tol uene or heptanes res&ecti vely. ?/é 2- met hoxypheny| ) 2PN( Me) P( 2-

met hoxy pHendaesion Rak-AsyHe b Poeds 5907, i788) Beastionprotuistiur s apadyeddyanpl e 12 of

W97/ 377 - D- | . . t i i . d
e L R T e
wer e analtgm@érafiite o B0UCNRIA$ inilg, @Q{p" ite0: RHin, Gina(Rmpbtatur&BEOIandd0. 4m

colums, an initial tenperature of -30C, hold 1 min, ranp rate 7 C/ mn,
final terfnsl holdrad 528006 Maler qrantisles pbtagalptt aB: basedupavshemolpramentity e of
cat al yst 8re l%asedréj l%gdtnht% rgol ar %uanti ty of chrom um source used in
their prep TRMIHY 1 thett preparation.

EXAMPLE 1
20 A Schlenk tube was charged with CrCl;(THF); (8 mg, 0.02 mmol) and (2-
methoxyphenyl),PN(Me)P(2-methoxyphenyl); (10 mg, 0.02 mmol), 10ml THF was

added and the solution stirred for 2 hours. After this time, solvent was removed under
reduced pressure and the resultant solid suspended in 50 ml toluene. MAO (4.2 ml,
6.0mmol, 300 equivalents) was added and an immediately a green solution was
25 observed. The solution placed under an ethylene atmosphere (1 bar). An immediate
exotherm was observed. The reaction was run for 60 minutes during which time the
vessel was left open to a supply of ethylene at 1 bar. The catalyst was then destroyed by
addition of 50ml dilute aqueous HCI, the organic layer separated and dried over
MgSO,. The product mass, recorded by weighing the mass gain of the Schlenk reaction

30  vessel, was 10.3g.
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EXAMPLE 1 20 A Schl enk tube was charged with CrCL3(THF)3 (8 ng, 0.02 mol)
and (2- net hoxyphenyl) 2PN( Me) P(2- net hoxyphenyl )2 (10 ng, 0.02 mol), 10m
THE was weddzadiiand the solution stirred for 2 hours. AftePCT/iB81/030ne,

sol vent was renoved under reduced pressure and the resultant solid
suspended in 50 ml toluene. MAO (4.2 nl, 6.0Omwpl, 300 equival ents) was
added and an iGRM8ianalgsiy ofithgreastion praduris gavaihe 26laypsg prasiet disteibeiadnit i on

pl aced under an et hyl ene atnosphere (1 bar). An inmediate exotherm was
observed. The reaction was run for 60 m nutes during which tinme the vessel
was | eft open to a suppl ywok TRthPr&HLGt at | bar. The catal yst was then
destroyed by addition of 50nml diTute aqueous HCl, the organic |ayer

separ at ed and Bnt¢nesl over MySAA04The product mass, recorded by wei ghing the
mass gai n of thﬁ Schl enk react%#)pz 30 vessel, was 10.3g. 22 WO 02/04119
PCT/ GBOL/ 03008 0B anal ysis U fhe reaction products gave the fol | owing
product di strisbyticpr: W % Tot@hg Product Butenes 0.04 1-Hexene 82.17

2- Hexene 0.44 3-Hexene 0.15 1-Cctene 1.37 Decenes 14.39 Cl12 olefins
0.20 Cl14 ol ef3tHexe@e78 C 16 ob.éfins 0.00 Cl18 olefins 0.00 EXAMPLE 2 5
The pr ocedurelo(;mgxarrpl el was, g;})l | owed, with the exception that 300

equi val ents of"" % (4.2 M, 69" mml) was used in place of MAO. The
product nass Washd3- 80. EXAMPLE4 39 The procedure of Exanple 1 was fol |l owed,
with the exception that 100 10 equival ents of (iBu2AlO2 (2.OMsolution in
tol uene, 1.0 @12 @efthsrmol ) was0.28ed in

C14 olefins 0.78
C16 olefins 0.00
C18 olefins 0.00
EXAMPLE 2
5 The procedure of Example 1 was followed, with the exception that 300

equivalents of MMAO (4.2 ml, 6.0 mmol) was used in place of MAO. The product
mass was 8.8g.
EXAMPLE 3
The procedure of Example 1 was followed, with the exception that 100
10  equivalents of (iBu;AlO); (2.0M solution in toluene, 1.0 ml, 2.0 mmol) was used in
place of MAO. The product mass was 1.3 g.
EXAMPLE 4 ,
The procedure as Example 1 was followed with the exception that CrCl; (3 mg,
0.02 mmol) was used in place of CrCl3(THF)s. The product mass was 5.6g.
15 EXAMPLE S
A Schlenk vessel was charged with Cr(p-tolyl)Cl,(THF)3 (9 mg, 0.02 mmol) and
(2-methoxyphenyl),PN(Me)P(2-methoxyphenyl), (10 mg, 0.02 mmol), 50 ml toluene
was added, and the solution stirred for 5 minutes. MMAO (4.2 ml, 6.0 mmol) 300
equivalents) was added and the solution placed under an ethylene atmosphere (1 bar).
20  The reaction was run for 60 minutes during which time the vessel was left open to a

supply of ethylene at 1 bar. The reaction was worked-up as described in example 1. The
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pl ace of MAO. The product mass was 1.3 g. EXAMPLE 4 The procedure as
Exanple 1 was followed wth the exception that & Cl2 (3 ng, 0.02 nmol) was
used i n py@aoroqio Cr CL3( THF) 3. The product nass was 5. 6g. RET/ERAVRAES 5 A
Schl enk vessel was charged with Cr(p-tolyl)C12(THF)3 (9 ng, 0.02 mml) and
(2- met hoxyphenyl ) 2PN( Me) P( 2- met hoxyphenyl )2 (10 ng, 0.02 mmol), 50 mni

tol uene Hipdichagisgya &he solution stirred for 5 minutes. MVAO (4.2 ni,
6.0 mmol )p-300p i val ents) was added and the solution placed under an

et hyl ene e (1 bar). 20 The reaction was run for 60 m nutes during
whi ch time thdhegpssetuieas Bxafmpleopens fallowed wiltﬂmhg'emfep’&'bﬂnﬁiaeﬁ.eél aimdl bar. The
reacti on was worked-up as described in exanpl EIE’J% he 23 WD 02/04119

PCT/ GBO1/(@3 83 of Qr’@ﬁﬂjl@%%%l)ml\@@@gwmw Wasaisse srberdha B2 Exanpl e

1 was f ol nthat 0.04 mmol (20 ng) of

(2- et hoxd;}% %@Eﬁ%%ggg oxyphenyl )2 was used rather than 0.02 5
mmol . TheERANIIEE7 mass was 9. 5g EXAVPLE 7 The procedure as Exanple 2 was
followed with the exception that 0.01 mmol

(2 rret hoxypheﬁghe)PZ‘F‘N(iW@)aP HPlhd Wf)f?élﬁwwﬂ%r&e es@aﬁ%fh%P Od pryRold5 02

w2 RN s SARR A a BNl B Pl BRattg, o7

QClS(THE)lﬁo(,Sﬁwmod&t&ambMagd 30mL di chl oronet hane added. A bri ght
bl ue solution formed al nost i nmediately which was stirred for 2 hours.
Af t erl0 hi BXAMBLESS)| vent was renoved under reduced pressure to yield 15 a

further Soil ek > HaRs e B8 bR R s R PlorP DR MR and 50
t ol uene adetgex NBA@? , (41608, 0/Hmmel afdCkC1 OISO, eRtfiholyaad 3daed and the
unae

sol ution (EI ace r an ethyl ene atnosphere él bar). The reaction was run
for 60 midichleromgthanegddedi @bﬂghf@mwlui@ﬁeme ostammasinsely ek Wasppl y of

.?_Lgylpfggui‘%‘reég%raf I%\%JIsh ;\Aé %gsl tifle g\qven\f\%als( remo%d%ﬁdgr%ggﬁcieg %(Ijesguore It({' yigl)éianpl RS

15  ablue solid; this was washed with diethyl ether and dried in vacuo. A further Schlenk

tube was charged with mg of this compound and 50 ml toluene added. MMAO (16.8
ml, 24 mmol, 300 equivalents) was added and the solution placed under an ethylene
atmosphere (1 bar). The reaction was run for 60 minutes during which time the vessel
was left open to a supply of ethylene at 1 bar. The reaction was worked-up as described
20  in example 1. The product mass was 2.5g.
EXAMPLE 9
Preparation of MAO on silica

Toluene (200 ml) was added to a vessel containing silica (prepared according to
procedures described in WO 99/12981 example 37.1. Silica was supplied by Crosfield
25  as grade ES70X), calcined at 200°C overnight, 20.5g after calcination) under an inert
atmosphere. The slurry was mechanically stirred and MAO (1.5 M, 62.1 mmol, 41.4
ml) was added via syringe. The mixture was stirred for 1 hour at 80°C before removing
excess toluene and drying under vacuum to obtain 15% w/w MAO on silica in
quantitative yield.
30 Trimerisation using a supported catalyst composition
A Schlenk vessel was charged with CrCl3(THF); (8 mg, 0.02 mmol) and (2-
methoxypheny!),PN(Me)P(2-methoxyphenyl), (10mg, 0.02 mmol), 10ml THF was -
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EXAMPLE 9 Preparation of MAO on silica Toluene (200 m) was added to a
vessel containing silica (prepared according to procedures described in WO
99/ 12981 veaanpiieo 37. 1. Silica was supplied by Crosfield PET/&aBIyIZiC

ES70X), cal cined at 200C overnight, 20.5g after calcination) under an inert
at nosphere. The slurry was nechanically stirred and MAO (1.5 M 62.1 mol,
41.4 o )addatalabrhedolutlan styr¢dhipe 2 hohws. difier thistimgssodvant wesirénagved uhdarr  at 80C

bef t ol d 15% w/
VRO on <1 FIIEEA eSSt g federigans o0 avordetibit Al et Mt A oport ed
cat al yst 231%{910%0 EQIvAemS &NUIAYE 88PN WBReGiAtaly 36 e JolutfdnGlat(obbyéd.(8 nm,

0.02 mmol) and (2- net hoxyphenyl) 2PN( Me) P( 2- mét hoxyphenyl )2 (10ng, 0. 02
mrol ), 1CGHis SohEiomasas than Wangt Qv SarRGIR tGBLh B3R Gbe cdtiéning adiutiyefsol ut i on

or cosir o e SADian Y (LGP S AEERGLEE) SOOHERt BARAJACTREF . 4 i

2mmol , 10§ rﬁ%!déﬁé)er’l‘l@gr%ﬁccﬁéiﬂ%@t&%lﬁ@nW?qicﬁhﬁﬂr%s?erﬁﬁ%%{b ! ution was
observed This solution was then transferred via cannula to a Schl enk tube

cont ai ni nalic/MAGr and éolsurlGsysupemaidhOrepmrindd. Thix s(mwaer stredsindpkced bed

above) in toluen 30 M tol.u . Th reen col our

ORI Pl R v 2 g R A U g o) A L

col our | esgpish Rkl @&Eelrv@z{méf%ﬂen YU ply 8 E%yl@!ﬁé afl bifur %e@%ﬁ@x‘l %@d under
BB

an et hyl ene atnosphere (1 bar). The r tion run for 60 mnutes during
whi chidt i mokbcbupesdmlonbmsuﬂcerbmptqobﬁhbprmiusm@dswasfS%hyI ene at 1 bar. The
reacti on was 10 wor ked-up as described in exanple 1. The product nmass was
8.99. W% Total Product 1-Hexene 62 Cctenes 0.28 Decenes 30.3 EXAMPLE
10 A Schirenk vessel was charged W T rrg, 0.02 mol ) and (2-
15 nethoxyphenyl)2PNLNE)P(2-nethoxy§ﬁ%2y%§?h€ﬁ%é 0.02 mol), 10 M THE
was added and-Hbgergol ution stirredgfor 2 hours. After this tinme, solvent

was renoved under reduced pressure, the resultant slolid Suspended in 10 m
t ol uene jand MABtERES2 m, 6.0 0.28
Decenes 30.3
EXAMPLE 10

A Schlenk vessel was charged with CrCl3(THF); (8 mg, 0.02 mmol) and (2-

15 methoxyphenyl),PN(Me)P(2-methoxyphenyl); (10 mg,0.02 mmol), 10 ml THF was
added and the solution stirred for 2 hours. After this time, solvent was removed under
reduced pressure, the resultant solid suspended in 10 ml toluene and MAO (4.2 ml, 6.0
mmol, 300 equivalents) added. This solution was then injected into an autoclave at 8
bar ethylene pressure and 50°C. The diluent was isobutane. The reaction was run for 1

20 hour at 8 bar ethylene pressure and 50°C after which time ethylene and isobutane gases
were vented. The reaction products were then worked up as described in Example 1.
The mass of product recovered was 40.0g and the productivity over one hour was 2000

g/mmol.h. GCMS analysis gave the following product distribution:

25
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mol , 300 equival ents) added. This solution was then injected into an
autocl ave at 8 bar ethylene pressure and 50C. The dil uent was isobutane.
The reactwon2/oas9 run for 1 20 hour at 8 bar ethyl ene presBOT/€BaneobOC aft er
which tinme ethyl ene and i sobutane gases were vented. The reaction products
were then worked up as described in Exanple 1. The nmass of product
recovered was 40.Qy and t he produet® Tiotay Pondect one hour was 2000 g/ mmol . h.
GCMS anal ysi s _gave the foll ow ng (5) duct distribution: 25 25 WD 02/ 04119
PCT/ GB01/ 03006586 Tot al Pr oduct 'é@tenes 0.00 1-Hexene 88.37 2-Hexene
0.12 3-Hexengq_ Qe Octenes 3.95g Pecenes 6.61 Cl2 olefins 0.33 Cl4
olefins 0.20 Cl6 olefins 0.00 C 18 olefins 0.00 EXAMPLE 11 The procedure
of Exanpl e 102wEsxeieol | oned with thé2fol | owi ng exceptions: 5 500mL tol uene
di | uent was ugﬁ@ in place of isobébﬁne and 0. 01lmmol of catal yst was used.
The reactor condf98ns were nmai nt'avied at 50C and 8 bar ethyl ene pressure
over the 60 r@d{gﬁ;&g run tinme. A sigble gas uptake profile over the run tine
was observed. The mass of product recovered was 72.7 g and the
productivity deenssne hour was 72¢.61 g/ muol.h (134 700 g/gCr.h.) 10 wmt %
Total Product ClJZ-He ene 86 Octene5331.8 Decenes 8.7 EXAMPLE 12

olefins
C14 olefins 0.20
C16 olefins 0.00
C18 olefins 0.00
EXAMPLE 11

The procedure of Example 10 was followed with the following exceptions:
5  500ml toluene diluent was used in place of isobutene and 0.01mmol of catalyst was
used. The reactor conditions were maintained at 50°C and 8 bar ethylene pressure over
the 60 minute run time. A stable gas uptake profile over the run time was observed.

The mass of product recovered was 72.7 g and the productivity over one hour was 7270

g/mmol.h (134 700 g/gCr.h.)
10
wt% Total Product
1-Hexene 86
Octenes 1.8
Decenes 8.7
EXAMPLE 12

The procedure of Example 11 was followed with the exceptions that the reactor
conditions were maintained at 80°C and 20 bar ethylene pressure over the 60 minute run -
15 time. 0.0025mmol of catalyst was used. The mass of product recovered was 141g and

the productivity over one hour was 56400 g/mmol.h (1 033 200 g/gCr.h.)
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The procedure of Exanple 11 was followed with the exceptions that the
reactor conditions were maintained at 80C and 20 bar ethyl ene pressure
over thevsoorm4iae e run 15 tine. 0.0025mol of catal yst weeT/GBed030lhe nass
of product recovered was 14l g and the productivity over one hour was
56400 g/wol-h (1 033200 g/gCr.h)} 26 WD 02/04119 PCT/ GBOL/ 03006 w %
Total Pfoduct 1- Hexene B8. 8 w86 dwed Prodyct Decenes 7.4 EXAMPLE 13 The

pr ocedure uﬁi’%}_(ﬁ %- Tirwas |é}gl%uvveu with—theexceptijons that the reactor
condi ti gns were raintai ped at 8C and 8 bar ethyl eng pressure over the 60
m nute fun 5ddigmrs O 9 nmol pg catal yst was used. The mass of product
recovered was 51.6 g and the productivity over one hour was 5160 g/ mmol . h
(95 9009/ gCr. Mecened Tot al Proddct 1- Hexene 86.6 Decgnes 11 EXAMPLE 14 10
The pr ocedure—of—Exanpte—tit—was—+otowed wi—t—h—t—he—e*iepti ons that 1 bar of
hydrogen was added to the reactor before the run. 0.0 muvol of catal yst was
used. ThexARe$ pof3 product recovered was 94.7 g and the productivity over
one hour "Was 94/0 g/mmol.h (175 300 g/gCr.h.) wt% Total Product 1-Hexene
82 Cctenes 0. 4Bhe fPeceneesofBxathple b1 mmlcﬁveﬂavﬁmﬁlmqﬁﬂmsehmﬁh@caﬁpt e 11
was followed with the exception that O d a sug rted catal yst,

pr epar ed c8BdifgRTVRIsaRRintined i H)E Cand fhar g newrésq%agg r&ﬁ o0 prpie run

;80% r iggﬁ%ﬁgog%fﬁgl%ﬁgﬂlﬁmaﬂs%ﬂ.uﬁﬁé KhdYorP¥&fucPREVRM w&@§1.é%8a%d%ém‘)' -h
productivity over one hour was 5160 g/mmol.h (95 900g/gCr.h)

wit% Total Product
1-Hexene 86.6
Decenes 11
EXAMPLE 14
10 The procedure of Example 11 was followed with the exceptions that 1 bar of

hydrogen was added to the reactor before the run. 0.01mmol of catalyst was used. The

mass of product recovered was 94.7 g and the productivity over one hour was 9470

g/mmol.h (175 300 g/gCr.h.)
wt% Total Product
1-Hexene 82
Octenes 0.45
Decenes 13.2
15
EXAMPLE 15

The procedure of Example 11 was followed with the exception that 0.01mmol of
a supported catalyst, prepared as described in Example 8, was used. The mass of
product recovered was 49.8 g and the productivity over one hour was 4980 g/mmol.h
20 (90406 g/gCr.h.)
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27 WD 02/ 04119 PCT/ GB01/ 03006 w % Total Product 1-Hexene 89 Cctenes 0.58
Decenes 7.9 EXAMPLE 16 The procedure of Exanple 11 was followed wth the
excepti om0 Dhat11400mM of 1- butene was added to the reactP€T/o8DD0IW0¢ he run
and 400m. of toluene diluent was used. 5 The reactor conditions were
mai ntai ned at 80C and 4 _bar ethylene pressure 0.02mmol of catal yst was
used. The mass of produpt recotéerlotlaedutd. 49 gnd the productivity over
one houerhWhﬁ—Wo Total Product 1-Hexene 60
Cct enes |25 C ©10.p 10 MPLE 17 The pragcedure of Exanple 1 was
fol |l owved WTh 3li&§,EXCEPfTONS §RET the run tinme| in this case was 90 mi nutes
and the |{product nmass was recorded by weighing tthe mass gain of the Schlenk
reaction vessdbecatesvari pus tiwe@s through the ryn. Time (mns) 15 30 45 60
90 Mass—gain{g)2—+~52 76100 13.0-—15-GCM5 anal ysis of the product
after 90 m nutes gave the follow ng product distribution: 20 28 WO
02/ 04119%@@%&@3006 wt % Tot al Product Butenes 0.00 1-Hexene 64.10
2- Hexene “0° -Hexene 0.00 Cctenes 0.44

The procedure of Example 11 was followed with the exceptions that 100m! of 1-

butene was added to the reactor before the run and 400ml of toluene diluent was used.
5  The reactor conditions were maintained at 80°C and 4 bar ethylene pressure. 0.02mmol
of catalyst was used. The mass of product recovered was 49.4g and the productivity

over one hour was 2470 g/mmol.h (46125 g/gCr.h.)

wt% Total Product
1-Hexene 60
Octenes 25
Decenes 10.9

10 EXAMPLE 17

The procedure of Example 1 was followed with the exceptions that the run time
in this case was 90 minutes and the product mass was recorded by weighing the mass

gain of the Schlenk reaction vessel at various times through the run.

Time (mins) 15 30 45 60 90
Mass gain (g) 2.7 52 7.6 10.0 13.0
15 GCMS analysis of the product after 90 minutes gave the following product distribution:

20
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Decenes 28.93 Cl12 olefins 0.13 Cl14 olefins 4.99 Cl16 olefins 0.00 C18
olefins 0.59 EXAMPLE 18 The procedure of Exanple 2 was followed with the
excepti oo dhat1120nm of tol uene was used and 20ml of 1-dpdeGBoeo3ses added
at the start of the run. The product 5 mass was 2.1 g. wt% Total Product
1- Hexene 37 Decene 27 Cl16 olefins 29 EXAMPLE 19 The procedure of Exanple
2 was followed with the except wi¥s t hatT@@hi of tol uene was used and 20ni
of 1l-tetradecene was addeg a& Ehe start of the run. The 10 product nass
was 3.2g. wt % Total Produtf®®ft Hexene 35.3 Decene 6.7 C18 ol efins 50.8
EXAMPLE 20 29 pN¥efkd/ 04119 PCT/ gifgl/ 03006 The procedure of Exanple 9 was
followed with the exceptions that 20m of tol uene was used and 20nl of

1- dodecene wasl-bHdgaw at the st &#tlOof the run, in this case the run was for
4.5 hours. The oduct mass wa 7359 wt % Tot al Product 1-Hexene 38 Decene
24 C16 ol efi n%%éeneS EXAMPLE A-‘Cconparative) The procedure of Exanple 1
was fol |l owed W ffaxéfae exceptiopgot hat 1, 2-

Octenes 0.44

Decenes 28.93

C12 olefins 0.13

C14 olefins 4.99

C16 olefins 0.00

C18 olefins 0.59
EXAMPLE 18

The procedure of Example 2 was followed with the exceptions that 20m! of
toluene was used and 20ml of 1-dodecene was added at the start of the run. The product

5 masswas 2.1g.

wt% Total Product
1-Hexene 37
Decene 27
C16 olefins 29
EXAMPLE 19

The procedure of Example 2 was followed with the exceptions that 20ml of

toluene was used and 20ml of 1-tetradecene was added at the start of the run. The

10 product mass was 3.2g.
wt% Total Product
1-Hexene 35.3
Decene 6.7
C18 olefins 50.8
EXAMPLE 20

29




bi s(di phenyl phosphi no) et hane (8ng, 0.02 nmol) was used in place of (2-

met hoxyphenyl ) 2PN( Me) P( 2- met hoxyphenyl ) 2. No product was forned. EXAVPLE
21 10 Thaveovedgdure of Exanple 1 was followed, with the erRCEpBOIUMBIHOAL
tris(2- nethoxynet hoxyphenyl)phosphane (18ng, 0.04 mmol) was used in place
of (2- met hoxyphenyl)2PN( Me) P( 2- net hoxyphenyl ) 2. The product mass was 1. 2g.
GCMB anal ysi s 1ok propsdusatbixempis Saat fodlogad evithithe exdeptionsthatiOod oft

di stribution: w % Tot Pro t.1- Hexene, 90. 6 - ene 2. 94 1-Cctene

> 55 poculilie whtifed S8 ool BT Sbactend NP0 e st SETnr o W oBeanpl 6 20
was fol | auesmWdsiTot 08 RS AtheProduldBinasstwdsPisy | phosphane (1 | ng, 0.04 mmol)
was used in place of tris(2- methoxynethoxyphenyl)phosphane. No product was
formed EXAMPLE 22 20 (Co)pol ynerisation of Ethylene 30 WO 02/04119

PCT/ GB01+636066—An—autpctave w%" ?kﬁ; ¢—w t h i sobutane (500nl) and
triethyllal unini um (2. OM sol uf't nTofa] b UGkne, 1.5m, 3mmml). The autocl ave
was pregsurl zqc_ng)gm?bar ethygene pressure and heated to 50C. A catal yst
(0.2mml), prepared as described in Exanpgle 8, was then injected as 5 a
slurry ijn 10 Mectd uene. Al ndgt i medi atelly, a slurry of Ziegler catalyst
(0. 05Q) ,—preparedaccphrdingto-US 5470812, exanple A, was injected as a
slurry ijn 10 rﬁl6ql%ﬁlfifeﬁe. Th88reaction wag run for 1 hour at 8 bar et hyl ene
pressur e and50Cafter whicthr—timeethytene and i sobut ane gases were

vent ed. E%ﬁ%ggig%%ig%mggéﬁggr was washed with dilute aqueous HC and then
met hanol ~ The mass of polynmer 10 recovered was 36.0 g.
NMR ‘spect rOSQ‘B%r&fedﬁﬂé%f@%?ﬁ??e’l %Mo&v@@lwﬁ’ﬂh%ﬁ@@;&%p&&ns H&tylgz- branches,

i ndi cating that "an et hyl ene hexene copol yner was™ produced. EXAMPLE 23
( Co) pol yres(diph¢nydphosphifd fetHaee €8mg, 0.02 mmol) was used in place of (2-
methoxyphenyl),PN(Me)P(2-methoxyphenyl),. No product was formed.

EXAMPLE 21

»)

10 The procedure of Example 1 was followed, with the exception that tris(2-
methoxymethoxyphenyl)phosphane (18mg, 0.04 mmol) was used in place of (2-
methoxyphenyl),PN(Me)P(2-methoxyphenyl),. The product mass was 1.2g.

GCMS analysis of the reaction products gave the following product distribution:

wt% Total Product
1-Hexene 90.66
2-Hexene 2.94
1-Octene 2.85
Decenes 3.54

15 EXAMPLE B (comparative)

The procedure of Example 20 was followed with the exception that
triphenylphosphane (11mg, 0.04 mmol) was used in place of tris(2-
methoxymethoxyphenyl)phosphane. No product was formed
EXAMPLE 22

20 (Co)polymerisation of Ethylene
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A supported catal yst (0.0l mol) was prepared as described in Exanple 9 in
40 15 m toluene. In a separate Schlenk tube, [rac-(ethylene bridged bis
i ndenyl ) woprenium dichloride] (nmg, 0.0l mmol) was di sol vRdT/GBOLE0NG

tol uene and MMAO (7m, 10.0 mmol, 1000 equival ents) added. This second

solution was added via canula to the supported catalyst slurry and the
resul tant sl uAmauiadlavearps sharged withdsdbyraan €5 b sphiicgiylglummivya (2.0vhe

reaction ru ar 60..m put e rin ich time the vessel s left open
20 to o Sy iple8he il 3D ot el s nrER w8 o SHRERRUER:  oyea by
careful agdidré o Réated@ svkCdi | Ut e aqueous HCI. Both organic and aqueous
fractions were then added to 500 ml of acetone, causing precipitation of
t he pol yner pAocitaled (0.78mmpd), preparcdias devasbetin Kuaniplé 8rwisdherpimjeciedras  of
acetone angd dr.i i.n vacuo,. The. mass. of po] yner, jecovered 3.4g9. NWR
spect r osé3pYYdr Eiﬂ ﬁ%ﬂ%’ieﬁ}ﬁe‘?‘h’%‘??g\‘/@mfﬁétebl’ ggé’%%’e"fcé‘eﬂi?ﬁ%#ﬁw Qﬁ@%’%’s , 25

i ndi cati @&ggl_ﬁéﬁtac@cﬁdﬁgw W‘ﬂ7b8f£%§£@%9&%a¥%&ct@@§s QEMQ*(J%"?@ m]30 31 VWO

02/ 04119 PCT/ GB01/ 03006 CLAI M5'1. tal'yst conprising (a) a source of

chr omi umtolualey Phiervactiar whsmiggorehhouria) 8 dat éthyplank pressied axidip°atafteewhichone
phosphorus, arsenic qr antinony atom bound to at |east one hi;droc;ar byl or

het er ohy dFEERBSNC BAAsADUERS iSAYS FepoYeateds Jhsrpiuliant polyner wasgxashedivil t he

case wher I # j : r stibane
o oups: - S speEh @O Aiatinabiid! SR 3 § RS R e GRRE" C e m 1.
wher abn tdvevearad alay 36.0igs SMRgpietteskcos: ofShppolyires sieaisahy piesdire ohbutsl
productivity per nmo catalyst of at least 50% 10 preferably at | east

nol.e of I
70% of i PEWERSIdiGaiing (hahwrehiieavbperenesoralbimeh vaapkdyead. pref erabl y
conpri seﬁaéggﬂ)gE%urce of a Goup 3 to 10 transition netal; (b) a |ligand

cont ai ni one phosphorus, arsenic or antinony atom bound to at

| east one hyd(O¢wbbByier@stidiesfatbyiygy ocar byl group having a pol ar
substituent, but 15 excludin ase where all such polar substituents

the ¢ L
are phosphaneA sipparied walwi(@ammoarww@paa%awmrdwélm Expaplegringlt i vat or .
15 ml toluene. In a separate Schlenk tube, [rac-(ethylene bridged bis indenyl) zirconium
dichloride] (mg, 0.01mmol) was disolved in 10 ml toluene and MMAO (7ml, 10.0

mmol, 1000 equivalents) added. This second solution was added via canula to the
supported catalyst slurry and the resultant slurry stirred under an ethylene atmosphere at
1 bar. The reaction was run for 60 minutes during which time the vessel was left open

20  to asupply of ethylene at 1 bar. The catalysts were then destroyed by careful addition of
50 ml dilute aqueous HCI. Both organic and aqueous fractions were then added to 500
ml of acetone, causing precipitation of the polymer produced. The polymer was washed
with further portions of acetone and dried in vacuo. The mass of polymer recovered was
3.4g. NMR spectroscopy of the polymer shows the presence of butyl branches,

25  indicating that an ethylene/1-hexene copolymer was produced.
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4. Catalyst according to claim3, wherein the productivity is for
trimerisation of olefins. 20 5. Catalyst according to claim3 or 4,
wherein weorupport is selected fromsilica, alumna, MBECRGBRI/N®OA a,

pol yet hyl ene, pol ypropyl ene, polystyrene, or poly(am nostyrene). 32 WO
02/ 04119 PCT/ GB01/03006 6. Catalyst according to claim3, 4 or 5 wherein
conponent (a) is a source of chromum nolybdenumor tungsten. 7. Catalyst
according to any preceding claim wherein conmponent (a) is a source of
chromum 5 8. Catal yst according to any preceding claim wherein the

| i gand of conponent (b) has the formula (R ) (R X-Y-X(R3)(R4) or

X(R1) (R2) (R3), wherein X is phosphorus, arsenic or antinmony; 10 Y is a

|l inking group; and R, R2, R3 and R4 are each independently hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or substituted

het er ohydr ocar byl groups, at |east one of which in each fornula has a
pol ar substituent which is not a phosphane, arsane or stibane group, and
any of the groups R1-R4 may independently be |inked to one or nore of each
other or to 15 the bridging group Y, to forma cyclic structure together
with X or X and Y. 9. Catalyst according to any preceding claim wherein X
i s phosphorus. 10. Catalyst according to claim8 or 9, wherein the
optionally substituted hydrocarbyl or heterohydrocarbyl groups of Rl, R2,
R3 and R4 are independently selected from nethyl, ethyl, ethylenyl,
propyl, HWKIAIMMScycl ohexyl, benzyl, phenyl, tolyl, xylyl, nesityl, 20

bi phenyl ,  napht hyl , anthracenyl, nethoxy, ethoxy, phenoxy (i.e. -0OC6HS),
tononyl(i.gﬂugg%fﬁngﬁpg)), xyl yl oxy, nesityl oxy, dinethylamn no,

di et hyl amy0.,4 JERERYF ShiaiAH! Iﬂe}ybdédﬁhpﬂi‘a&ﬂ%éten;t hi ophenyl, trinmethylsilyl or
di met hyl hydrazyl. 11. Catalyst "according to any of clains 8 to 10, wherein
t hose of (Rl tadigadd henthining qv tdastrons phesphonsnérserae er adimonyratien dnueditd af

subet] Luied, Bl - SUDRL LML Ed Rap I, 25 SURSLILULE] gt hracenyl
are i gdeRgprAMHol the case where all such polar substituents are phosphane, arsane or stibane
groups; and optionally
(c) an activator.
2.  Catalyst according to claim 1, wherein the catalyst is supported.
3.  Supported catalyst having a productivity per mole of catalyst of at least 50%,
10  preferably at least 70% of its productivity when unsupported, which catalyst preferably
comprises
(a) asource of a Group 3 to 10 transition metal;
(b) aligand containing at least one phosphorus, arsenic or antimony atom bound to at
least one hydrocarbyl or heterohydrocarbyl group having a polar substituent, but
15  excluding the case where all such polar substituents are phosphane, arsane or stibane
groups; and optionally
(¢) an activator.
4. Catalyst according to claim 3, wherein the productivity is for trimerisation of
olefins.
20 5.  Catalyst according to claim 3 or 4, wherein the support is selected from silica,
alumina, MgCl,, zirconia, polyethylene, polypropylene, polystyrene, or
poly(aminostyrene).
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sel ected from net hoxy, ethoxy, isopropoxy, C3-C20 al koxy, phenoxy,

pent af | uor ophenoxy, trinethylsiloxy, dinethylam no, nethylsul phanyl, tosyl,
met hoxymavagt/o4imet hyl t hi omet hyl, 1, 3- oxazol yl, met hoxynet hORGBOH§IIDOXY] |
amno, 30 sulphate, nitro, phosphane, arsane and stibane. 13. Catalyst
according to claim 12, wherein those of Rl to R4 having polar substituents
are each 6 nd&eaiyit acdopding treelhiox§, porhythein compaereok(prist hemycepfenyl . 33 WO
02/ 04119 PCT/.GBO1/ 9}% 06 14tu aI yst according to any one of clains 8 to
13, wher &MFPEMP BIORRPE &) nigfﬁaléfpendently have a pol ar substituent which

i's not a7phoIHRARR accr&ia %nyp?éde@ﬁfgeclalﬁlr QUBreinlompfoRkAd (4s AoaRedrng to any
one of clains 8 to 14, erein i s a hydrocarbyl, 55u stituted

hydr ocar tomiuat. erohydrocarbyl substltut ed hydrocarbyl or substitut ed

het h brid
o 2 e Bl R Stk ST L PR AR
1, 2- phenyk gReormduld- Pr opane, 1 2-catechol, 1, 2-dinethyl hydrazine,

-N(R5)- where_ R5 is hydrogen hydrocarbyl or substituted hydrocarbyl 10
17. Cat alRNRYEBXRAYR0 arl ai m 16, wherein Y is -N(R5)-, and R5 is

hydr ogen, or phenyl. 18. Catal yst accordi ng to any precedi ng
claim V\Rg& (%é%ﬂpé%(?ml (b) is selected fromthe follow ng:

(2- met hoxy ¥ H&Wﬁﬂ!ﬁ&%%x'}{ﬁﬂ&(yphenW)Z 15

( 2- met hoxyphenyl ) 2PRN( Me) P( phenyl )2

( 2- mephoxy preelmiing gloapy | ) PN( Me) P( 2- met hoxyphenyl ) ( phenyl )

E g: g? LQ;%&E&%{%PN LR aggemég ﬁﬁgﬁﬁy gﬂmcarbyl substituted hydrocarbyl,

(2-isoprgp D&f3ubs, 4t B8t one of which in each
(2- hydr Oxyphe ST SR NE) P(2 hydr oxy R 136? £up one of which in eac
(2-nit rorihamylh)nﬁﬂh\()wm) sl?(oﬁhtnentrmm:iemyio) 2 phosphane, arsane or stibane group, and

E g 2 g: m@}ggﬁ% Wijg )léﬁ%( ggépegd%%t@eng%ghe% %rgnore of each other or to
(358 MR S AN 25
9.  Catalyst according to any preceding clalm Whereln X is phosphorus.
10. Catalyst according to claim 8 or 9, wherein the optionally substituted hydrocarbyl
or heterohydrocarbyl groups of R, R%, R? and R* are independently selected from
methyl, ethyl, ethylenyl, propyl, butyl, cyclohexyl, benzyl, phenyl, tolyl, xylyl, mesityl,
20  biphenyl, naphthyl, anthracenyl, methoxy, ethoxy, phenoxy (i.e. —OCg¢Hs), tolyloxy (i.e.
—0CeH4(CHay)), xylyloxy, mesityloxy, dimethylamino, diethylamino, methylethylamino,
thiomethyl, thiophenyl, trimethylsilyl or dimethylhydrazyl.
11.  Catalyst according to any of claims 8 to 10, wherein those of R' to R* having
polar substituents are each independently substituted phenyl, substituted naphthyl or
25  substituted anthracenyl groups.
12.  Catalyst according to claim 11, wherein the polar substituents are independently
selected from methoxy, ethoxy, isopropoxy, Cs;-Cyp alkoxy, phenoxy,
pentafluorophenoxy, trimethylsiloxy, dimethylamino, methylsulphanyl, tosyl,
methoxymethyl, methylthiomethyl, 1,3-oxazolyl, methoxymethoxy, hydroxyl, amino,
30  sulphate, nitro, phosphane, arsane and stibane.
13, Catalyst according to claim 12, wherein those of R! to R* having polar

substituents are each independently o-methoxy phenyl or o-methoxymethoxy phenyl.
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(2-di met hoxyphenyl ) (2- met hyl phenyl ) PN( Me) P( 2- et hyl phenyl ) 2

[ 2- (di met hyl am no) phenyl ] 2PN( Me) P [ 2- (di net hyl am no) phenyl ] 2

( 2- met howeret/imaxy phenyl ) 2PN( Me) P( 2- met hoxynet hoxyphenyl ) 2PCT/GB01/03006
(2- met hoxyphenyl ) 2PN( Et hyl ) P( 2- met hoxyphenyl )2 30

(2- met hoxyphenyl ) 2PN( Phenyl ) P( 2- met hoxyphenyl ) 2

( 2- met hoxiyho h Gy PORENSiEMIRER-afetaiiox § i EhyAhepein all of R to R

( 2- met hoxyphenyl ) 2PCH2P( 2- met hoxyphenyl ) 2 34 WD 02/ 04119 PCT/ GBO1/ 03006
(2 mot oy BHERT BBV G PR BUER OB R} Sphosphiane, arsine b hbie
tri(2-nmet Qo et hoxyphenyl ) phosphane i.e. P OCH OCH3 3

tri (2- metthoxyphenyl ) phosphane. 5 19. Catal yst according to any preceding
claim whigr eiCrtadpstposveding (edny enesdlckimed to 14,ovhergin ieishyalracaibyl,um ( TMVA) ,

triethylal um nij T . Lri-isobutylal unini Tl , .
i ln-soptS}’B%ﬂtﬁt!‘# Frdimgathi bejria it %ﬁ%eﬁgwg{ﬁa@@ﬂ?@?%ﬁuhﬁfﬁee n
i chlori : gllbt;gbc rs : ni um chl ori de,
et hyl al u%ﬁ?ﬂ%ﬁ?ﬁ%ﬁ*%% , hetaﬁirgﬁﬁnﬁi hﬁu M%qul}h chl oride, al unoxanes,
t et r af | uokobdPatdysiacabréinp ¢ elbim 18, wheeein i Y et methyderep b@rethane, 52di um
i ot ! BNERYE o aRS: L PIRehgh | ot ey Rt S RARoh RGO o at o,
i met hy g C ; t%et” at e,
tri phenyl i : i HJ%:.% ra( pent af | uor ophenyl ) bor at e,
sodi um tlgftag(%%}]’skﬁ}g%q%gbéi @J‘ﬁﬁ%’*tﬁ%@mt y%’ phenyl ] bor at e,
H+( CEt02) 207 bi Gatdysi-acdordihp toclane i bywhqpbia I’lS/is]—NQR%t, end R’ is hydrogen, C;-Cs

trityltetra(pentaf| uorophenyl)borate and 15 tri s(pentafl uorophenyl) boron,
or m xt urd®1oRekeYl. 20. Catalyst for the trimerisation and pol ymerisation

of 1-ol efjgs, 1 Ll S g Bﬁ'nrﬂWh% 2L ﬁ‘{e‘ﬁt ks SHicteabl e for
t he pol yrregpi sa‘é#%%}%g‘f"?g%géé ?ﬁjgtlt%e%n olt er re%ﬁe(?nh%a tébznss%orcrrati on of
ol efi ns. f2dm teafolbygig: according to claim 20, wherein catalyst (d) is
selected from Zi egl er-Natta 20 catalysts, netall ocene catalysts,

monocycl dgaRetheryehenyDgpheny)PN(Mg)Phhenybo et ry"  catal ysts, heat activated
{ ] i | ate t iti t al t al ts, d
S hoTs SpaRtapLRmLAN PRaGRTpNAYG, ate fransttion metal catalysts, an

(2-methoxypheny!)(phenyl)PN(Me)P(2-methoxyphenyl)(phenyl)
(2-methoxyphenyl),PN(Me)P(2-methoxyphenyl),
(2-ethoxyphenyl),PN(Me)P(2-ethoxyphenyl),

2-
2-
2-
2-
2-
2-

(2-isopropoxyphenyl),PN(Me)P(2-isopropoxyphenyl),

20  (2-hydroxyphenyl),PN(Me)P(2-hydroxyphenyl),
(2-nitrophenyl),PN(Me)P(2-nitrophenyl),
(2,3-dimethoxyphenyl),PN(Me)P(2,3-dimethoxyphenyl),
(2,4-dimethoxyphenyl),PN(Me)P(2,4-dimethoxyphenyl),
(2,6-dimethoxyphenyl),PN(Me)P(2,6-dimethoxyphenyl),

25  (2,4,6-trimethoxyphenyl),PN(Me)P(2,4,6-trimethoxyphenyl),
(2-dimethoxyphenyl)(2-methylphenyl)PN(Me)P(2-methylphenyl),
[2-(dimethylamino)phenyl],PN(Me)P[2-(dimethylamino)phenyl],
(2-methoxymethoxyphenyl),PN(Me)P(2-methoxymethoxyphenyl),
(2-methoxyphenyl),PN(Ethyl)P(2-methoxyphenyl),

30  (2-methoxyphenyl),PN(Phenyl)P(2-methoxyphenyl),
(2-methoxyphenyl),PN(Me)N(Me)P(2-methoxyphenyl),
(2-methoxyphenyl),PCH,P(2-methoxyphenyl),
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22. Catalyst according to any preceding claim which has a trinerisation
productivity of at |east 15000g product per mmol catal yst per hour,

pr ef er abiwo at/odienst 30000g 25 product per mmol catal yst preT/oBorg3oed a
tenperature of 110C or less and an ethylene partial pressure of 21 bar or
| ess. 23. Catalyst for the trinerisation of olefins, wherein the catalyst
productlv(iztlyethl@@a?@l}’é)ul’CHzGHﬂ%(Zﬂlfleth@@’QthﬂQm 10 % per hour. 24. Catal yst for
the trinmerisation.of ethlen ch.has a trinerisation productivity of
30 at |ea$ éf%et%ﬁ‘ 0GR @Ph(?‘?ﬂh 4148t al yst per hour, preferably at | east
30000g product 35 02/ 04119 PCT/ GB01/ 03006 per rrrml catal yst per hour,
at a tenperature of Ss and an ethylene partial pressure of 21
bar or |ess. 25. tal ygt accrdl ng to any of clainms 22 to 24 which is
supported, preferahly oR support selected fromsilica, alumna, MCl2,
zirconi a, polyethyl gne, ‘Eﬂ‘jio propyl ene, 5 polystyrene, or

pol y(am nostyrene). 26. Pr ocess for the trinerisation of olefins,

conpri si ng(Xaethegyphegyld phovphamy.i c ol efin  or m xture of ol efins under
trimerisation conditions with a catal yst which_conprises sa) a source of a
G oup 33 tlo‘? 10 Gately pesasdingde amy pregpding qlaigs whereiheampensyt &) isselgsiedone
phosphor ydr ocar byl
or hetero %@%ﬁgﬁ uﬂgrrl%l% r%gtgﬁ%ﬂﬁg&qrsnu@@)t turieL OPS%EQUIRg%c udi ng t he
case Wher(Q‘IBlA) M%tqﬂﬂhﬁﬁnlﬁﬂbﬁtetﬁymmhﬁmﬁlﬁ dichhweripahdaluatisianedielosdd, bane
groups; and optionally (c) an activator. 27. Process according to claim 26,
wher ei n th@edylapinisiun ehlggdey éhqtliiﬁé@lummlawhbﬂdé; ehyfgluminiymsesguizhlorigg,

ol oring | onuA R ot e E el e LT B for

the pol yretifididbonate, sehiqun@raﬂﬁ@bmnn@fat@b&@kuﬁqumi tﬁxﬁz@mﬂb@fdﬁﬁtl on of
ol efins, such that the trimerisation products are i ncorporated Into a

hi gher pdtigthiiboren, dimesyl Rmmmommm@t}é@he%@)@gﬁe mﬁb’&té@f&ph@wbb@ﬂat@g to any

one of cl ef.in t hvl ene.

Process ﬁe@a@% Slr%éth}%éﬁeélyz)aﬁnm?lg]"ﬁgr}?gg %ro%g}/@?oﬁ é’ﬁ’r’f‘&t ure of

ol efins  te@4RN[ILIELS, S%Mbl%ﬁlfbﬂ@f]ﬁ)haﬂ@]b@fatdmf@)ﬁ%z@@ jrenool efl n.
trifluoromethyl)phenyl]borate, trityltetra(pentafluorophenyl)borate and

»-\_)

15  tris(pentafluorophenyl) boron, or mixtures thereof.
20. Catalyst for the trimerisation and polymerisation of 1-olefins, further comprising
one or more catalysts (d) suitable for the polymerisation, oligomerisation or other
chemical transformation of olefins.
21. Catalyst according to claim 20, wherein catalyst (d) is selected from Ziegler-Natta
20  catalysts, metallocene catalysts, monocyclopentadienyl or “constrained geometry”
catalysts, heat activated supported chromium oxide catalysts, late transition metal
catalysts, and single site polymerisation catalysts.
22. Catalyst according to any preceding claim, which has a trimerisation productivity
of at least 15000g product per mmol catalyst per hour, preferably at least 30000g
25  product per mmol catalyst per hour, at a temperature of 110°C or less and an ethylene
partial pressure of 21 bar or less.
23. Catalyst for the trimerisation of olefins, wherein the catalyst productivity deéays at
arate of less than 10 % per hour.
24. Catalyst for the trimerisation of ethylene, which has a trimerisation productivity of

30  atleast 15000g product per mmol catalyst per hour, preferably at least 30000g product
35



31. Process according to claim 30, wherein the C3-C36 nonoolefin is a
C4-C20 25 nonool efin. 32. Process according to claim31l, wherein the

C4- C20 nwootefiin conpri ses butene, hexene, decene, a ClPCDG8Dhi/msoa¢ a Cl4
olefin. 33. Process according to any one of clainms 26 to 32, wherein at

|l east 85 wt% preferably at [east 90 wt% of the trinmerisation reaction
product Pe rowel eatalysidet bpurosliatgmperare ohEoen er less ard anethylenapsetiale, a C12
ol ef i n, - s]i#eofglff)apr, geCS:16 olefin or a Cl18 olefin. 34. Process according
to any ohe 0O 2t al B8 Voo 33, wherein the reaction tenperature is |ess

t han 100@5. agdfabst Adterdie@et dngof PhEsS2T & 145which Mu%?oxbaf, pref@Bblyen@2/ 04119
PCT/ GB01/ 03006 35. Process according to any one of clains 26 to 34,

wher ei n sHwOrtssledled deom piliga,jatpning Mgbohyziwonapelyethylens pelypropyleges t han 4
hours, preferably | e t han, 3 urs. 36. Process according to any one of
cl ai mé 28%%3?@6«/&{@@{5(%‘“{%’8%3&8 tion conditions are solution phase, slurry

phase or 2gaspritasSor thedhimeHER108 D oREES) cdinpeising coht@ttiigdPmoheh&idolbfie
reaction is conducted under gas phase fluidised bed conditions. 38.

Process acwortiernf olefinsiuaden teigierigpionesionditipes with aeatalyst which comprises i s

upstream Qr downstream of t]éJ east. one pol yneri sation or oligonerisation
react or. (a§9. a,gplggggéa §59:‘5)r%f%n qeglsélloﬂin?ﬁt%& wherein the trimerisation

reactor 1§ i RERARPERHATing hP1ehfiloRe bAGPhEAS, dr@hid Qo tiBfondhitdn€B&IndAH &t _
pol ymeri sation or oligonerisation reactor. 40. Process according to claim

39, \iber &apt ariedrytirdcarbyl ephdtanhydeerothyl giovpihaviogpeokar substituent bat si de- st r eam
taken from.said reaction |aop., 41. Process according to claim?28, wherein
the tri nBFISHPE UiF PanEEPBATIPERRLtr SR e atorpegs orOF GHULER i nto

| east ongmggg;ydﬁgrdpg@ﬁdlg,ncor ol igonerisation reactor. 15 42. Process

according to ‘any one o | aims 28 and 38 to 40, wherein at |east one
trinmerisati(ohaneetctatmn product is separated fromthe remai nder of the

o2 B, P AN S SRR AL, o,

one qf ckabars 26 to 42, wherein the trinerisation 20 reaction is conducted
in the presence of hydrogen and/or a halide source. 44. Use of a mxture of
conponen®8. ( jqcefsccomiptg toretdimy26(or R7 ambereipttho nlafih pr idytpressf olefkiined i n any

of clai n%d&itigr?algf%ontaascte% V&(’:l?f;[ g Hll't%%r c]:ca(t)arlystc ?c% sgnrtilbrig rf(i)rst é{)&g}mgltisa ilor?,f I ns.

oligomerisation or other chemical transformation of olefins, such that the trimerisation
products are incorporated into a higher polymer or other chemical product.

20 29. Process according to any one of claims 26 to 28, wherein the monomeric olefin is
ethylene.
30. Process according to any one of claims 26 to 28, wherein the mixture of olefins
comprises ethylene and one or more C3-C36 monoolefin.
31. Process according to claim 30, wherein the C3-C36 monoolefin is a C4-C20

25  monoolefin. ‘
32. Process according to claim 31, wherein the C4-C20 monoolefin comprises butene,
hexene, decene, a C12 olefin or a C14 olefin.
33. Process according to any one of claims 26 to 32, wherein at least 85 wt%,
preferably at least 90 wt% of the trimerisation reaction product is one of the following:

30  1-hexene, 1-octene, 1-decene, a C12 olefin, a C14 olefin, a C16 olefin or a C18 olefin.
34. Process according to any one of claims 26 to 33, wherein the reaction temperature

is less than 100°C, and/or the reaction pressure is below 30 bara.
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45. Use of a m xture of conponents (a), (b), (d) and optionally (c), as
defined in any of clains 1 to 25, as a catalyst for the honopol ynerisation
of et hyl av@oz/et1py oduce 25 pol yet hyl ene having a density oPCP6BgI/e3wBs or
| ess, preferably 940g/cnB or |less and nore preferably 920g/cnB or less. 30
37 35. Process according to any one of claims 26 to 34, wherein the residence time in the
polymerisation reactor is less than 4 hours, preferably less than 3 hours.
36.  Process according to any one of claims 26 to 35 wherein the reaction conditions
are solution phase, slurry phase or gas phase.
5 37.  Process according to claim 36 wherein the reaction is conducted under gas phase
fluidised bed conditions.
38.  Process according to claim 28, wherein the trimerisation reactor is upstream or
downstream of at least one polymerisation or oligomerisation reactor.
39.  Process according to claim 28, wherein the trimerisation reactor is incorporated
10 into the reaction loop of at least one polymerisation or oligomerisation reactor.
40.  Process according to claim 39, wherein the trimerisation reactor is incorporated
into a side-stream taken from said reaction loop. m
41.  Process according to claim 28, wherein the trimerisation reaction product is
produced in or introduced into at least one polymerisation or oligomerisation reactor.
15 42.  Process according to any one of claims 28 and 38 to 40, wherein at least one
trimerisation reaction product is separated from the remainder of the trimerisation
reaction products prior to (re)introduction into the polymerisation or oligomerisation
reactor.
43.  Process according to any one of claims 26 to 42, wherein the trimerisation
20  reaction is conducted in the presence of hydrogen and/or a halide source.
44.  Use of a mixture of components (a), (b), optionally (c) and optionally (d), as
defined in any of claims 1 to 25, as a catalyst for the trimerisation of olefins.
45. Use of a mixture of components (a), (b), (d) and optionally (c), as defined in any
of claims 1 to 25, as a catalyst for the homopolymerisation of ethylene to produce

25  polyethylene having a density of 960g/cm’ or less, preferably 94Og/cm3 or less and more
preferably 920g/cm? or less.

30
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