W.O 3 39 PCT/ GB00/ 03487 PCOLYMERI SATI ON CATALYST The present invention
relates to transition netal conplex conpounds, to polynerisation catalysts
based t he _a.kd to their use in the polynerisation and copolynerisation
of ol ef( Qﬁ{ﬁ}ﬁgﬁse of certain transition nmetal conpoun®SCTIGBONMOI4STIEr i Se

1- ol ef i N33 exanpl e, ethylene or propylene, is well established in the
prior art. The use of Ziegler- Natta catalysts, for exanple, those

catal ysts produced by activating titanium halides with organonetallic
conpounds such as triethylalumnium is fundanental to many conmerci al
processes for manufacturing polyolefins. Over the last twenty or thirty
years, advances in the technol ogy have led to the devel opnent of
Ziegler-Natta catal ysts 10 whi ch have such high activities that olefin

pol yners and copol ymers containing very |ow concentrations of residual
catal yst can be produced directly in comrercial polynerisation processes.
The quantities of residual catalyst renmaining in the produced pol yner are
so snall as to render unnecessary their separation and renoval for nost
commercial applications. Such processes can be operated by pol ynerising
the nononers in the gas 15 phase, or in solution or in suspension in a

| i qui d hydrocarbon diluent. Polynerisation of the nononers can be carried
out in the gas phase (the "gas phase process"), for exanple by fluidising
under pol ynerisati on condPOLYMERIDATIONIQATALYST he target pol yol efin
powder and particles of the desired cat a}'lé%ﬁt usj ng a leu-%ii di sing gas stream
conpri si ng t hiee PSSR ARYENtiQRTGIREss to 1rANSItAD mackal compiey COmPRYNCS: 3R process" the
(c0) pol Y nEdidmcHshtRs cafaly$R baeadkkibdithnd Yo tHairusslinahdgolymerisaidioatiar i nto a

sol ution or suspension of the catalyst in a |iquid hydrocarbon dil uent
under conefipolymessagipn pERlgNSat ure and pressure such that the produced

pol yolefin f | kbt ks j 16 1-URRds. fdrn the "slurry
WO 01/ 23396 gf#}i‘ &%%fdéggﬁéi}%klg?%*ggtggﬁ?%gg{sgﬁ%g?g?ﬁ%ei a%r esésu_re and choi ce
of di | Wenexample, ethylenetdrgronylene,is welestablished in the priptartrs Thesusg of disgleFrsi on in t he
l'iquid hygrocar il re.: d at
relativel a&%%tﬂgﬁgss go&' Pg%ﬁk%l$é§-&§%§tﬁﬁt88§o§§§% bggr@?vagiﬁgﬁfagivﬂwtzag%@gfur e (for
exanpl e 56rgamoniétdlig) confpolindsrsectexst trigthplalomiriien, lisfinddmental t@imanynet al | ocene

catal ysts (for exanpl e _.biscygl opentadi.enyl zirconiupdi chl orj.de activated
with al unBXBRefa ggea?eéxg‘?’d%"d‘x@ﬁ't“ﬁﬁgg‘¥°‘e€ﬂ\gt @"55&'8?&5 T ‘Fﬁ‘ﬁ'ﬁ"acti vity.
Hovever, g&irabiRaesen thatahiclogy alve 1edits tHeydeeslopthdneof Zieglon-Hattaicandtysts Of

di sadvant ages, for example,. hi}gh sensitivity to jnpurities when used with
NIRRT

conmed®i aMhichhave sughhhigh agiBiss 1 PRIFPYs 4 BLCoPnINg YR the need

to use concentrations of residual catalyst can be produced directly in commercial polymerisation

processes. The quantities of residual catalyst remaining in the produced polymer are so
small as to render unnecessary their separation and removal for most commercial
applications. Such processes can be operated by polymerising the monomers in the gas

15 phase, or in solution or in suspension in a liquid hydrocarbon diluent. Polymerisation of
the monomers can be carried out in the gas phase (the "gas phase process"), for examplé
by fluidising under polymerisation conditions a bed comprising the target polyolefin
powder and particles of the desired catalyst using a fluidising gas stream comprising the
gaseous monomer. In the so-called "solution process” the (co)polymerisation is

20  conducted by introducing the monomer into a solution or suspension of the catalyst in a
liquid hydrocarbon diluent under conditions of temperature and pressure such that the

produced polyolefin forms as a solution in the hydrocarbon diluent. In the "slurry

@



10 large quantities of expensive alunoxanes to achi eve high activity, and
difficulties in putting the catalyst on to a suitable support. WO 99/12981
di scl oses that ethylene and other 1-olefins may be pol ynmeri sed by

cont acti ngwato12836 certain late transition netal conpl exesTadBowedsect ed 2, 6-
pyri di necar boxal dehydebi s (imnes) and 2, 6-di acyl pyridinebis (imnes). 15
An obj ect procdsifethptenfperature, pressiire o itice Of BiuRHi 46 suth IR elle prédugbd/st suitable

for polynerisi and ol i goper.i nononers, for exanple, olefins such as
a-ol efi ns P?}mfggwwaaﬁvsa s?“t"ba‘fg‘%ﬁ'érhﬁﬁﬁcﬁ?%’“e‘&na' hese peegesses gef or

pol yneri si E@xeﬁllf'ﬁ?&ﬂ@d 2/ reladvely l%%kﬁ&e(f&le%\ﬁple %-sb% C}Q&PBWW i sing

et hyl ene or mgqrene with other 1-ol efins such 20 a-olefins. A
further objegwperapire forexample 3Pt h50°6).t o provi de an |rrproved process for 20

Lo POl YIer | Sof oY 815003t P NSRRIk B P BEABOT O 1 e

copol ynmeri sation o | ene or propy ol efins to provide
honopol y neblscyahuewmylylmnsxmdedg actwatted w:thalmlnmxalm) b providedaiaglysts. For

exanpl e, t he ent ven i.on ther an be made a
wi de vari e?’ktgg?tte%?aggﬁ%ﬁs Su wev ¥ & §Fff§l°§ Ef}lﬁst “owgﬁ Mas,

ol i goner s, mimbree af disadvaoitages, fiar, ethpia,dﬂgfkeﬂs:mh@ftb Bﬁpunh%wmliﬁed)ﬁntﬁ ac ky

| yol ef i 25 sol id tabl e f king flexible fil d
Sa1T0 poly SRR AGHRE g Bt sllproomdnt Beumt hebeHte v pr ovi des

Ni trogen CRAjeAjuBitigs bff XPérisive ARmoRinL to%mab@m Vit anqn& Hﬁﬁicﬁﬁilal, gwi ng Fornula
(1) 2 WD 01/23396 PCT/ GBOO 03487 29 R27 %zz 4 i R2IN

M ( T/ b) . X Rﬁ“WﬁZfata‘%°ﬂ(§®25‘F@§esmﬂR24 Forrml a (1) V\/nerel n Mis Fe[ll],
Fe[I'l1], Co[l ]chﬂj/iith disbdel that etMﬂHe]and M]H‘ i-kleﬁm%)} l{e]éjo yn%nm[ E{V] Rul[ v,

Ru[111] or Ru[lIV], X represents an atomor group co ionically
bonded to foMactingH avithicemainiatetransitiommetal complaxes ofselectad B6at e of t he

transi tionpibfiabarboxaldehydebis (imines) and 2,6-diacylpyridinebis (imines).

15 An object of the presént invention is to provide a novel catalyst suitable for
polymerising and oligomerising monomers, for example, olefins such as c-olefins
containing from 2 to 20 carbon atoms, and especially for polymerising ethylene alone,
propylene alone, or for copolymerising ethylene or propylene with other 1-olefins such as
Cz20 c-olefins. A further object of the invention is to provide an improved process for

20  the polymerisation of olefins, especially of ethylene alone or the copolymerisation of
ethylene or propylene with higher 1-olefins to provide homopolymers and copolymers
having controllable molecular weights. For example, using the catalysts of the present
invention there can be made a wide variety of products such as, for example, liquid
polyolefins, oligomers, linear at-olefins, branched a-olefins, resinous or tacky polyolefins,

25  solid polyolefins suitable for making flexible film and solid polyolefins having high
stiffness.

The present invention provides a nitrogen containing transition metal complex

having the following Formula (I)



Mand b is the valency of the atomor group X, R, R2, R3, R4, R5, R 9,
R20, R21, e, e, e, R25, Re6, R27 and R28 are independently selected from-
hydr ogen, hal ogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
or subst i{votogghsdd het er ohydrocarbyl; when any two or noPET/GBOORI4SR2, R3, R4
and R5 and are hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or
substituted heterohydrocagksyl, s@afd two or nore can be |inked to form one
or nore cyclic substituents) acterised in that at |east one of Rd and
RS is a hydrocarbyl group h at least two carbon atons. 15 W have
found that polyners prg# #ch conpounds as catal ysts can have
different properties f pn1t roduced using known catal ysts such as
disclosed in WD 99/1 ticular, higher polydispersities (M/M)
can be obtai ned, glgadi |nﬁ¥ ved processing properties. Preferably at
| east one of R4 an as kron12 to 12 carbon atons, and nore 20
preferably from3 carRRon atons. 3 WD 01/23396 PCTIGBOO/03487 R, R2,
R3, R4, R5, RF: =M (TRXX, R26 R27 and e are preferably

i ndependently sel e hydrogen and G to C$ hydrocarbyl, for exanple,
nmethyl, ethyl, n-grop butyl ,, n-hexyl, n-octyl, phenyl and benzyl.
Preferably at Iea&t one moreRoreferably both of R4 and R5 is ethyl,

i sopropyl, t- 5 butyl, gpheny 4-di net hyl phenyl or CH2CH2Ph. |n one

enbodi rent e and R27 arg, ei Yot h .pal ogen or at |east one of them has
two or nore carbon atoRs. TX cag% where at | east one of e and R27
e preferably have from2 to 10 carbon atons,

contains two carbon atons, ;
nore preferably from4 to @ carkban atons. |If desired one, but not both, of
the groups R24 and R27 can be selected 10 from hydrogen or nethyl. However,
it is preferregbrnbatl)both e and R27 contain from2 to 10 carbon atons,
nost preferably from4 to 8 carbon atons. R2 and K27 are preferably

i ndependently sel ected fromethyl, n-propyl, iso-propyl, n-butyl,
sec-butyl, tewhereift M ilFe(I]; mnnyd:o[meonﬂncmm MﬂIHan[IIMMSﬁm,yI pentyl ,

n- octyl e re erabl S R24 and R27 are -
bot h tértg’gﬁ[vﬁb@f{yﬁ R@ﬁﬁ@fﬁ‘&?%ﬁ"‘ﬁﬁﬁsmﬂ lfr ?uﬁﬁﬁva%gj Y®ntains at |east
two car bo{bnﬁﬁ%mﬁ&ﬂto&ﬁ@trﬁbﬁ&ﬁ mbﬁl Mﬁt‘@ﬂﬁﬂon@dtbﬁ@ta&&ﬂﬂhef tranSikion mefal ef er abl y
at | east one of R19, R20, ' I S, hydrocar Ry

hydr ocar b} andris medﬁmm B?grglﬁbgt Rb B‘téﬁ Re %hylﬂr’géaﬁbtﬂ;h%dlvbr e
pref er abl )Rzaklzs aﬂ‘pﬁzao; e fdebeAdiatiRebcted FHdnftlydrGRR thafdgén, 0 R21 and RR2,

i s hydrocar by stltute
hydrocarbyl substltuted hydrocarbyl, heterohydrocarbyl or substituted

10  heterohydrocarbyl; when any two or more of R' R? R, R* and R’ and are hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl, said two or
more can be linked to form one or more cyclic substituents;

characterised in that at least one of R* and R’ is a hydrocarbyl group having at least
two carbon atoms.

15 We have found that polymers produced using such compounds as catalysts can
have different properties from those produced using known catalysts such as disclosed in
WO 99/12981; in particular, higher polydispersities (Mw/M,) can be obtained, leading to
improved processing properties.

Preferably at least one of R* and R® has from 2 to 12 carbon atoms, and more

20  preferably from 3 to 10 carbon atoms.



hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl. Most
preferably R19, 20 R20, R21 and R22 are all independently selected from
hydr ocar byl , substituted hydr ocar byl , heterohydrocarbyl or substituted

het er ohyd . R 9, RO, R21 and R22 are preferably PGIARIEHEENt | vy
sel ected from rret hyl , etshy -prlop% | SO-pro n-butyl, sec-butyl,
tert.- butyl, RhR3ERY R, RABEpRHLRA, RA-RIRHA, stélk%lzlzlyi\q)&’r‘ha;dpreﬁambbtyl pheny!

a0, Den ) g AMENG ot U8 ARG IR L, ARG ERL kRl fbgpen 1 o
hydr ogen. ethybheragyl, n- ,n-msl,nmm phehybamrbenad.! hydrogen. In the

ni t rogen-cont gi ni C | ex of the e t i Qntl transition netal M
i s preferabl yﬁffg?% atq%g'(?qela? W’@JWF%EH‘C#\%P“@ ’sﬁﬂtyt’bi%t?f’&lt bs is

coor di 3at eyl @héﬂypzunaimsuhynphanymtgthmm a "dative" 30 bond, ie a bond
formed by donation of a of .electrons fromthe nitrogen atom The

r emai ni ng bonH!;mtS"r?"@aé‘ﬂ‘eﬁﬁlf wb‘h ateitherrboth-kaloges At atﬂ%wefqgihmﬂlaw el ectron

sharing b%%@&otet&uahtamemtﬁteﬁsvmadamsst%g n Afis W in the
defined 4 WD 01/ 23396 PCT/ G00103487 fornula for e tranS|t|on net al

conpl ex i Iceipen ptomsthesbproferablythavefrem2de 19 carhen stops, emmtpeeferblyly ﬂ'omm t he

conpounds ( Engl ect l.i de,

sul phat e, tﬁ?tcfﬁgg’@loﬁlﬁ'ilg%’?ﬁe, O%h}’lgé%?% Emeg%ﬁi(}iz ﬂ‘—ig@ cahy(?rl éj

hydr ocHr bﬁanximlquen ar tnethyll Zosveveéryi isprefietred thatshoisRY* tand 3| cbmdincfrzﬁt byl and 5
heterohydro rb ket anpl es of _suc tons or groups are
chl ori de, ?#%at 'E'Wi? pre%ﬁ%&aé‘ ?6@"%%?9?‘5 Roc't"lﬂal #&cyl , phenyl,
benzyl, myiréfersbig indeginbientlyGelected st e plpmp yl, ‘s@sﬂ‘djﬁf' e.,butyllstaba&@ fornate,

acetate, phenoxide and benzoate. Preferred exa s of the atomor group X
in the cortff [}’r\’% nspensheppegtyf nhexyled-mefhylpentyk Bﬂng’b)?h?wt qad bepaybr i de,

brom de; ekt pfiferathy IAIRIS 3dse RPO%UH RE7 arf 96th feriany Ibﬁtrvl %Ee'ﬂ%b&f ond @ REhOXI de,

i sopro OXI de, ,phenoxi de; carboxylate, for exa format€, acetate,
benzoal%e: anARircoatams i least Ho eathnstams thhmthefeﬂ?}qg,en mrefppbly flseroy | | oct yl |

decyl, phenyl Pré?@r?tfl}’ktleas y,tésgflgxlt Fyg{dqga lﬂﬂ @rorr lﬂgcpcar byI

tosylate; and triflate referabl y I'de hydr| de and
hydr ocar b)hydfoarb!ir hetigolysirqanbyl Qrtahlastltuyedmewmydmdarbylt Mae pmfembl;tdtat using the

conpl exes ; fie o i vent ion f mpo t hyl ene or
copol yneri's {sl s o e%’ﬁ éﬁ'éa/aggc?ﬂ or?gtﬁ ﬁh?'?fgfar %es“PﬁS'F‘ﬁE‘ﬁl ar wei ght
distrib gt |t mrootrlbythlsewremlrdemgt qaaht;sﬁaned: l&tdladlfyaﬂﬁirbﬂn ld/ldsh%‘eféﬁ'ﬁlymllﬁlher
conpar 9 S _pr.oduced usi co closed in earlier
patent D b i EF Seei ety st BirSoatol B oisaEer, 6

bi s[ 1- (2, 4neferohydrocarbyl or substituted heterohydrocarbyl. R'®, R®, R* and R? are preferably

independently selected from methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, tert.-
butyl, n-pentyl, neopentyl, n-hexyl, 4-methylpentyl, n-octyl, phenyl and benzyl. However
in the case when R and R? are both halogen, it is preferred that one of R?' and R% and
25  also one of R" and R* is hydrogen.
Preferably R, R®, R? and R* are all hydrogen.
In the nitrogen-containing complex of the present invention the transition metal M
is preferably Fe(Il), Fe(III) or Co(lI).
Each of the nitrogen atoms is coordinated to the transition metal M by a “dative”
30  bond, ie a bond formed by donation of a lone pair of electrons from the nitrogen atom.
The remaining bonds on each nitrogen atom are covalent'bonds formed by electron

sharing between the nitrogen atoms and the organic ligand as shown in the defined

4



trimethyl phenylimne) 3-phenyl propyl]pyridine iron dichloride, 2,6
bis[1-(2,6 20 diisopropyl phenyl i mne) 3-phenyl propyl]pyridine iron
dichloride, 2,6 bis[l-(2,4, trimethyl phenylimne) propyl]pyridine iron

di chl ori deyoew@3dei s[ 1 - (2, 6 di i sopropyl phenylinm ne) prraomdBepy3asi ne iron
di chl ori de, 2 6 bis[l-(2,4, tri met hyl phenyl i mi ne) 2-nethyl propyl]pyridine

i ron di chl@pldesr the nﬁc{nlmétacﬁ Qkixﬁ@ﬂt&paﬂop@enyllmne)
2- nethylpropy pyridine iron dIC |l oride, 2,6 bis[1l-(2,

di net hyl , 4-t effhbatopi gmmmmmsedbyaﬁfemqmawdmﬁ?m%m %he,ofpf:hl ori de,
2,6 bis| 1e°g‘§‘2g'8’ %iegiﬁﬂﬁg hﬁl’r@’ W{@Bﬁh WT BribL B{OB¥/} ]ml’l dine iron

d| chlorid trimet I mne - phenyl fropyl ] pyridine
i ron di br diydrdde, hﬁr&aﬂ)yk{xme(@r@xyldie; hadm%@yl pkbewtqdrhwdreyarbyl an

3-ph | | de t | ph |
2Bt R0 A R0l S 6ok o Pl FELHAT DY 7
di chl or i deproride] métRylﬁatﬁi‘l |p$6§yi bRy, pbgmléeym;)ha»)ﬁ 3eri2|9$ ﬁiﬁfhﬁmis,)dtﬂoxnde, [(2,6

d||sopropylpheny|mnee pyridine ir ride, [1(246
trimet hyl phemopaxideriasylate, fﬁfﬂ’aﬁy?ﬂe P "ﬂé‘dt‘:%’g‘rW% f‘afF Effe

bis[1-(2 Ot
3I ;Len§/I prec’)(gl)'(/'l pyrlgﬁﬁg&ég{éﬂ%?ﬁgﬁéh Orl?:ggdi'df? me?ﬂ ﬂgﬁﬂwelﬁ}m)

trinet hyi pdmmyle; chioridy, byewide: lygside; h:rdﬁecatbyl%ndp far enmple aethwgde bi s[1-(2, 6
di 1- (2, 4,6
e ot 10T RO bffoRSddel SRR Uil R ¥RhpIE aRE e boffomeS | o

bi s[ 1- ( 2, Ghydratiaibyl forexanipié evettyl, mhmb})rozylrrmtﬂymylowyl] phenylgbeneylcobal t
di chl ori de,

trimethyl pﬂxgmﬁeﬁbﬁ%g’caﬁyf %\etilﬁog}'dm?aﬁlvl tﬂsglat ? rretf]ﬁytle] B&erf?'%‘?‘%’e‘ % ron

di chlori desele'éte@fiﬂnﬁha[lde hydride and hydrocarbyl. Chlonde is part:cularly preferred

2,4,6-trinet l h hl de. Th
g)resent irln\rlrgnt 5%0‘? %{‘%?F‘gg%\‘/‘?'gggn% g&wﬁ%ﬁ%& 9 Ir| gl ng ©
(1) a goNPaMpEhd 3 \CbpilyrhdiBridrOsfBHyRné dnd aiSthBledléﬂnﬂbﬂfthHﬁoldﬁﬂdrMﬁght and 10 (2)

an activating quantity of at |east on npound. . The acti vator

r.c
conpound félﬁtnbh@ﬂc@fd&lfy%'lt‘“&ﬂm‘b’ﬁ‘ér is PEAR, ?Tt“" H\?Sﬁﬁ* B‘ﬁ‘c‘)‘?’§°§'ﬁ?'f’%\[ﬂ y selected
from or 93%@1}&,&(%?&&&%&%@@%&9%&1&&m&v?&a{:@n conpounds. Suitable

or ganoal u onpounds” i ncl ude conmpounds of the fornula Al R3, where each
R is i ndependBxanipjesofcapipiexas afithe presenbinvention inpiades 6 bistl-(fefed

'E_rl_lI gi'; hyl all#‘%tg‘lcéh ﬁ'ﬁ%@ 3-ph y}pq_ér?gt]%dg.ie%mcmgh@g'%ms[i éi,?i sobut yl al um ni um

tr nirum um ni um di’chl ori et hyl al um ni um
di chl orbde dusﬂ:pmyllpyénahrmm)rﬁl-mlmxdwbwl]pdedme igorediehjdride 216 hislint2<f or i de,

21 Unoxanes PRGOS lePupF gk i BeABdh SEBPARA. ST ort e, and

diisopropylphenylimine) propyl]pyridine iron dichloride, 2,6 bis[1-(2,4,6

trimethylphenylimine) 2-methylpropyi]pyridine iron dichloride, 2,6 bis[1-(2,6
diisopropylphenylimine) 2-methylpropyl]pyridine iron dichloride, 2,6 bis[1-(2,6

25  dimethyl,4-tertbutylphenylimine) 3-phenylpropyl]pyridine iron dichloride, 2,6 bis[1-(2,6
dimethyl,4-bromophenylimine) 3-phenylpropyljpyridine iron dichloride, 2,6 bis[1-(2,4,6
trimethylphenylimine) 3-phenylpropyl]pyridine iron dibromide, 2,6 bis[1-(2,6
diisopropylphenylimine) 3-phenylpropyl]pyridine iron dibromide, 2-{1-(2,4,6
trimethylphenylimine) 3-phenylpropyl]- 6-[1-(2,4,6 trimethylphenylimine) ethyl] pyridine

30 iron dichloride, 2-{1-(2,6 diisopropylphenylimine) 3-phenylpropyl]- 6-[(2,6
diisopropylphenylimine)ethyl] pyridine iron dichloride, 2,6 bis[1-(2,4,6
trimethylphenylimine) 3-phenylpropyllpyridine cobalt dichloride, 2,6 bis{1-(2,6

5



as typically the oligonmeric conpounds which can be prepared by the
controlled addition 20 of water to an al kyl al um ni um conpound, for exanple
trimethylal um nium Such conpounds can be linear, cyclic or m xtures

t hereof . CYOPRPIP@I | y avail abl e al unbxanes are general | ycheBosmosagy t 0 be
m xtures of linear and cyclic conpounds. The cyclic al unoxanes can be

t edt f 3- I by th
formia R 7%;%‘:{; et oit o aPlIpy Al S ARl 2SI 2a whorei n

R16, 25 RI*¥ min "@%M"‘l’f%l?@é’éﬂ@?‘b"é? Bifuis[142.6f erably Cl to C6
al kyl gr oumﬁoprt, Plﬁ“ﬁ*me?mdg?ﬁmdme% tdx@l’iogﬂ'é,'\%é( Pﬁ( cé)ép%? Al kyl al unoxanes

such as net hyl al unoxane are preferre al kyl al unoxanes
and tri al kiimsthylphenylimineb?rmsthytpsopalpyrisinetcplbakd dicﬂlgrxdepl,ebe[lr-a;ls such as MAO

WIaIt Eyrgéb\ u%ggﬁgﬁﬂggﬂsﬂ@ﬁ 2§R#ﬁﬁﬁkg§pt¥§$l ca%f‘@ﬁ'cfﬁﬁ ﬁ‘hat []k&“a B?roig;urans
avai | ablbe mmmbﬂuhmOMH(&H-mngthﬁthfﬁ)mﬁmpmﬁ ii-drﬂgchlédﬂél EQJbL 1a|bout
10wt % but t corresponding triat yaumnlum
for instan 224’% g@’?@er c.@wgﬂé’q\?@@eiﬁﬁ nexran dighloride3 487  usual Iy contai ns
appr oxi mat el y Thepteertt trivemionyfhrtier Bovides pdl OMpsgd!  MVAO
contai ns both (H\M'I’ and ‘IY "H‘G%ﬁ n'?Ttl es gf Mz‘i}%rll<s§tIMaHI éuarifgloxsane qugl ed herein

i ncl ude such t\Y1%f9%ACHD Forpulei(Dias bereigbrforgslefinedi angl y quantities of
trial kyd al um rzyen acERNRG ittty iat Rkt Bﬁéﬁ'tx@at@lr(?nnﬁ)%ﬂié[dered to conprise

conmpounds of the formula AlR3 5 additi onal R3 conpound
i ncor por at ed ﬁFtWaPﬁ@‘HPW¢§Qth%§@éﬁh§t vﬁbﬂpmsmmentnonmmlps of suitable

hydr ocar by, eysaTel | boron, ,triethyl boron,
di met hyl pht}%g{egmm urrtH£e11 tra(p e&'ﬁ ?ﬁdg;}aﬁ?eﬁr&ay@ﬁ# U emPSHRdsy Spablet e,

trlj phenylt bRfsetealupiniim enpne dmdmmgu#debfﬁéﬁenﬁ&f&ﬂgm%%ﬁzgte 2 s
sodi um u e rat.e i s-

10 trifl u?&%%é%%%%ﬁ%’ﬁ?ﬁ {)J rhg %ggﬁf Vﬁf‘é‘%rqgf'%g&g igP §PMAhy | ) bor at e and
tris(pkht amlethmlnbphmyU)EAbommbutyhmmmpr(emAﬁm-arbca&aldnhxﬁau&at al ysts of the

pr esent f actiyating . conpound sel ected from
or ganoal UR’I%%IH 1#1119%"(51 %Jﬁ Mﬂéﬁﬂ"&&’&‘r ishlastsie ofimethyalyeinium chleridse enpl oyed i s

easily dettﬂethylﬂﬁ:dlnimmﬁﬂdmb%tﬁmmiﬁﬁmséseﬁxcmpl e, by the 15 preparation of
smal | test Sﬁﬂﬁl es, whi ch can be used to polynerise small quantities of the

mononer ( s)MERYalwRRumsesqpichleride, and alyeoxanes; Wlimoxafestabrewell kbwndnithe attal yst. It

s gener al dstypida0yiid olifiHhericltBmBoRAL vk wd rovide 0.1
to 20, 000 at)(')pnswprgl%(?ge m?(BL'?‘o 20%%9%5%&%“% ﬁﬂfgtﬁdéfﬂ? n per atom
of metH mfwtqtﬁ%art@hﬁqmm@umcompound for example trimethylaluminium. Such

compounds can be linear, cyclic 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 [RmAlO], and the linear alumoxanes by
the formula R"(R'*Al0), wherein s is a number from about 2 to 50, and wherein R
25 RY, and R" represent hydrocarbyl groups, preferably C to Cs alkyl groups, for example
methyl, ethyl or butyl groups. Alkylalumoxanes such as methylalumoxane (MAO) are
preferred.
Mixtures of alkylalumoxanes and trialkylaluminium compounds are particularly
preferred, such as MAO with TMA or TIBA. In this context it should be noted that the
30 term “alkylalumoxane™ as used in this specification includes alkylalumoxanes available
commercially which may contain a proportion, typically about 10wt%, but optionally up

to 50wt%, of the corresponding trialkylaluminium; for instance, commercial MAO

6



Formula (I). 20 An alternative class of activators conprise salts of a
cationi c oxidising agent and a non-coordinating conpatible anion. Exanpl €s
of cationic oxidising agents include: ferraocenium hydrocarb -substituted
ferroceni WQO01233% or Pb2. Exarrpl es of non- coordinating Eyﬁﬂ?ﬁq #i7e ani ons
are BF4 , SbCl6 , PF6, tetrakis(phenyl)borate and .

tetrakis( paraﬂlaﬁcbnnammhmxyma)ﬂbi 4 ripwthylajuminive (Thpewhilss commercigh esent

i nventi on* r Vld AO § g (1) a
corrpound %"s S WH) as ﬁe&gt%efo ‘gﬁ%eﬁﬁ@rﬁ?ﬁ}gl ng all the
conpounds isxsle @mgnﬂbﬂzdm?m(uﬁzj imporitées] and at¢ordingly quantities af triakkyldleaisumon ﬁle I
activator conpoynd as, def.i ned abpve, an a_ne se utra
Lewi s bas égma?‘g'ﬂmmt%%%mﬂ ?grt? °%‘f'p'%°§§1“3?uq%§? ft!!;'le ce{w aﬁ%
st S%E‘?#%‘P%a‘ﬁﬁd“ Wﬁm‘ﬂtﬁ?"‘gﬁ‘“ﬁwﬁ?ﬁ?mmﬁfﬁéiiﬁons

ui y yed i vent i u
for exanple, ‘b@l?gys"t"ﬁ%f Tgorpp eqmpRURn eﬁ???ﬂ%‘sta""ﬁ%? ﬂ’éf?" secondary
and tertigruy ﬁﬂ&rﬂﬁ%m&lﬁlﬂﬁﬁylarﬁmbmumﬁé‘@a@ﬂén@ﬁ&ﬂﬁte Hﬂﬁ’lt@ﬁ?o dapiitvrate,

phosphor am hi'nes,” phosphites, ethers, thigethers, nitriles,

car bony| tudmp!imm& imeshylpheaylgmeoniwa tetfaipentadueraphenyDhomin,sadium ¢ ar hon
monoxi de gnd si{bﬂ-%ns-trﬂiug?ﬂ gpgﬁﬁ%xﬁib%ﬁtgﬁﬁ(oﬁﬂﬂ[m@ﬁs and bor oxi nes.

Al t hough 1- 0 ns’are capa as neutral Lewi s bases, for the
pur pos s ahﬂﬁdremahﬁ}mamyl]bmwmtﬁmra(hmyafhwnhewm and 5 nononer or

conononer (ﬁrﬁ 3 rijio}_ as neutral Lewi s bases per se. However,
al kenes whiPdR® °f‘ﬁ’ %'P'Ha Dt efi ns, for exanple, 2-butene and cycl ohexene

are regarded 3Jf thepesparatibn bfthe sathymmf thepresest 1pvaaaemthe iquantitt of @ativatingf er r ed
Lew s bases are te tl&#ﬁ/’ am ne and arom ol exanpl e,

di met hy| anfompeund sglegtef Fem Aredng “mY‘H“b‘fﬁmﬁ"ﬁﬂésr?@gﬁy“g ??rﬁygeﬁc’zn oate and

benzyl benzéb?t undsfio B@éngpl(ﬂib)ﬁﬁs ?hﬁlyﬁdeteﬁamedl:by Siinple loesting, m&ntmplg\bgmlm on, 10 )
conponents an 3) of t cat a stem c e brought together
si mul téﬁeonrspayatw Oif smallie S‘d%‘gl?'?sé?ﬂh“g‘r‘iﬁ‘é °“¥%J é?/me‘:‘* s@%h%‘t?ﬁ'é‘hﬁs P ) and (3)
are Compofy Bﬁcﬁnéi‘@ mth&ttsﬂaeﬁmﬁ@m@wﬁ&y 5t the P@idicedicatalytx 3D géneradllpr m a st abl e
conpound togeth preferred to bring together either co&];onents (D

and (2) orfouod'rthomm@nﬂ(}’le)ﬂpmed ’@3‘)ﬁ"P'PPté‘hP'|'°i‘ﬂdFi°dI to 20000 plersReeferdbly oduci ng
the final gg Qo %umgfﬁrgﬂﬁt?gﬁn}&ﬁ&mnﬁm%rﬁﬂ?\m@ﬂﬂ (3) are

cont act ed ore conponent IS 1 ntroduced he quantities of
conponentsFér]ﬁulas(m)j (2) errpl oyed in the preparation of this catal yst system

are sui t ably ein C&?e%:atﬂlve 8ass APONBabi cor%bn%e s 413 c&p&lccﬁ(ﬂélﬁ/gsigént%\d Lhe present

i nventi?8n. Th
non-coordinating compatible anion. Examples of cationic oxidising agents include:

ferrocenium, hydrocarbyl-substituted ferrocenium, Ag’, or Pb*". Examples of non-
coordinating compatible anions are BFy, SbCls’, PFg), tetrakis(phenylborate and
tetrakis(pentafluorophenylborate.

25 A further aspect of the present invention provides a polymerisation catalyst system
comprising (1) a compound having the Formula (I) as hereinbefore defined, including all
the compounds excluded above, (2) an activating quantity of at least one activator
compound as defined above, and (3) a neutral Lewis base.

Neutral Lewis bases are well known in the art of Ziegler-Natta catalyst

30  polymerisation technology. Examples of classes of neutral Lewis bases suitably

employed in the present invention are unsaturated hydrocarbons, for example, alkenes

(other than 1-olefins) or alkynes, primary, secondary and tertiary amines, amides,

7



gquantity of the neutral Lewi s Base [conponent (3)] is preferably such as to
provide a ratio of conponent (1):conponent (3) in the range 100:1 to

1: 1000, nost preferably in 20 the range 1:1 to 1:20. Conponents (1), (2)
and (3) ofwbDle23sed al yst system can brought together, force:eBowbiasy as the
neat materials, as a suspension or solution of the materials in a suitable

di | uent orphssphuramides, phosphinas]phesphitds ettérs, tRvHhOGAHMR) carttinyl | f at | east one
of the conponents.is volatile, by utilising the vapour of that conponent.

The conporf@RPunds.fAr example estass. ketgpes: aldshyges, g@f?md@gi“?"&f and 67BP™t ure. M Xi ng

t he conpongsdde. & kides, s@bhodes e L .sfactory.
Heating to hi gﬁe‘gﬂ?errpe?a?ur es&gfbg.}&ﬁgpt %ﬁﬁ%ﬂfgé %lgfﬁn@%tzer%g%b‘ﬁ@} 6@{ | f

desired, esgeutrablewisbases ferthe pyrpeses pfithe presertinvensiopdhryrrsregarded ass pr ef er r ed
to carr ondodli i ) 1 2),.and (3) in an

I nert %t ?r*é";s“é’ er?%‘b{ e. gb'ﬂ%rlya%ﬁs&ggg%asg@&?%?‘g‘g%:sz)é‘)ges% *f’”l(et )*¥°§”°&%’si red to use
the cat al yadkenexwhichearpntarnal nisfies; farlex{raple 2mitensland tiuichexene ateregittiéduged, for

exanpl e, f . N0Qg . at al yst _syst conprising conponents (1),
exaD e BT OB B plf BBt PrSE e et R B

sol ution tdndamnfatic esterifor exainpld|dimeylaniliid) diethyRRiliAd, tibutR4rhiaé, one or nore of
t he conpon n)s si mul taneoysly or_s %uentl |1y. If desired the support 8 WO
01/ 23396 F%'F" “d‘é‘ﬂg?“zy ?‘tFaF"'i?‘{ é’éﬂ?cugﬁﬁpﬁ%{\?éthewsmtw@ques of a
neutrajo L oRenEe(17 112 2hd (3)F tiRNGaR¥e st caf be brioﬂgrﬁ!t@ééglepf , conponent (3).

An exanpl e, of a support material having neutral Lew s” base properties is
pol y(am nodpyltanepusly oF inany desied aider. lowewer, dfrompanentn@h ot () sme (i e

vi nyl ani | i @@pound? whith iftélaét! 5 r ' ' n if desired
conpri se nor emt"ha.n onel of ttﬁ_éeett 58%?%5@%35%%%%&&%%%?%%’&&?3?% t he

cat al yst s tegetheidt isipeeferred tp hringitogeshercitheraiomponents (I)jend (2)er compomenes ot her

types of t I i et S,..Qr catal s,, for exanple, ~ nitrogen
cont ai ni ng(lzgfﬂa%@? g q@%@htegg@%g@godagl%&et@gy q%hnﬁﬁpm(%‘beé‘ﬁg? 1550l i cat i ons
WO 99151 2 9@ nponenBH 1 D@2 Péte Contictaimpheber bkfosdibmpdhéift (2)Gintbiiced. The! ude 2, 6
10 diacetyl pykidipebis(2,4,6-trinethyl anil)FeCl2. The catal ysts of the
present i %ﬂ/"gﬁtftfef) ﬁp%ogf?°é?d§%(1$ﬁﬁ@ge‘émaﬁ%edd? ﬂﬁ%?l’??“@f‘ﬂ'éi”“f‘?ﬁé’é‘)’é‘?syﬂefat al yst,
such as t hae suitably afigest:itiRa abRGn felutioH BV BB CAANAL ofthePresint Motdtdn Coh! YSt
systens, netall g egg‘iygba?ged catal ysts, npnocycl ;gent adi enyl - or constrained

geonetry bHEEYY O ewig Based somppnent(3}] dprefersplysudirséo povidem oxi de
catal ysts faflo 6f coRipohént PO chMPEnehD(3§ Hltht Va%%é 1006 € 7od)! %?ﬁk%mﬁl PG Present
d suppor L ertal ,

i nvention can be unsupported or supported on a for
exanpl &0 sihe range 1:4|te Ai2Ra Companentsdi). £2)rand (A) af thercatalystaysieh wacbroaght

together, for example, as the neat materials, as a suspension or solution of the materials

in a suitable diluent or solvent (for example a liquid hydrocarbon), or, if at least one of
the components is volatile, by utilising the vapour of that component. The components
can be brought together at any desired temperature. Mixing the components together at

25  room temperature is generally satisfactory. Heating to higher temperatures e. g.upto
120°C can be carried out if desired, e.g. to achieve better mixing of the components. It
is preferred to carry out the bringing together of components (1), (2) and (3) in an inert '
atmosphere (e.g. dry nitrogen) or in vacuo. If it is desired to use the catalyst on a
support material (see below), this can be achieved, for example, by preforming the

30  catalyst system comprising components (1), (2) and (3) and impregnating the support
material preferably with a solution thereof, or by introducing to the support material one

or more of the components simultaneously or sequentially. If desired the support
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prepol yner, for exanple polyethylene, polypropylene, polystyrene, or

pol y(am nostyrene). 20 |If desired the catalysts can be forned in situ in
the presence of the support material, or the support nmaterial can be
pre-i npr egipgiRd3oer prem xed, sinultaneously or sequent iPelriGBoo/esdgth one or
nore of the catal yst conponents. The catal ysts of the present invention

can if deghiRsl iRar SHMRR thepropéttias dFalnREPed ERARbEseCAY 3h/5d empleyedax dipl €, a
magnesi um hal 1 de supported Ziegler Natta catalyst, _a Phillips type

( chr oni uningldce of, compeneptda)- t Av exampls; of asupRorimateniab havingrenirel ewaichese cat al yst .
Formati on . I ' anpl e by
treating P'%é#‘?@ﬁ?@? @%&%{%ﬁgn%gﬂ%ﬁg%g?@ {%gmﬁgg%%ﬁé?eﬁvent lon with

al unoxanevinylalireii t abl e inert diluent, for exanple a volatile hydrocarbon,

slurrying a rticul at [k rj : . QI porating

t he vo# atil epﬁfﬁﬁwoﬁwg%ﬁ%&hﬂé’e °§§%‘Si§r" éégc?é‘?ﬁ?*gé’%q?g‘%%?ﬁ?%ﬁg ly in the
form of adéfineé cétpdundsni Algriacivelg the chtulystyiof thei praser finventignasan alsainsludel enpl oyed
can vary w dely, fﬂ;:e exanpl e.from 100 OOOdto 15&%’%3% er gram of netal
present i ANG PFINQTE QHET BPEHP fon metg} compopndy o gt 3 / GBOQ) 03487

The presefirol av&mairmig datalysf3 8lichids thdsél @sciibeld W6 TBpdnding laPslicpddng WO sat i on and
copol yneri sation of 1-olefins, conprisij ng\econt act.ing, the nononeric olefin

under  poPYARIR1exGRPPOBANT- t Exsmples of such pthepeatalysts peuleiZfy cat al yst or

cat al ygt ﬁ%?étﬁﬁ%rﬂﬁneﬁig(@A,@frmmaﬂﬂMtiOn- A preferred process conprises
the steps or - a) preparing a prepol ymer-based catal yst by contacting one
or nore 1-ol eTheeatalystsiof the presentiinventioncan alsg inglyde ene af sroretherfypasiol

pr epol yner - e i olefins, bide t he cat al yst
Cyatom 1 5 cHaD Rl okt (B QoniEREalZEUE il coalBBy 10 02

anot her asjeeafibcenisbased eatalfsts mooogyclopendalienylo otlednistraintd goomesrpbased cat al yst for
the polynerisatio

f l-olefins..lln the text h LN e term _
"cat al yst ‘Catplysts, f Bﬂ’géﬁ“’ ‘Sdﬁ‘%PcPPﬁEde“‘%“é‘f“éH?%‘{é cgtﬁgtgkﬁ'é? ng@ etHl ned previously
and ali30 ‘cpalpgyl yner - based catal yst" as defined above. The pol ynerisation
conditions cap, be, for exanple, solutio hase | urr hase gas phase or
bul k phase, wb %%ﬂ!ﬁ%ﬁﬁ%ﬁ?ﬂfﬁ"‘?&%‘eﬁaﬁ&B’ésé‘l’?déﬁé Pﬁﬂlpié?'g?ﬁaqnﬁ)oc to 15
+300C, angugHorithAsil tcex@hpia,lsilios Rliing Myl ctDvchia, PAé & polymerly from 140 to

4100 kPa. 1f desired, the catalyst can be used to polynerise ethyl ene
under hi giprepobyasy fenexpmple pelyetidens: RALPTORYISER POIVEINIRRSF ons wherein t he

pol yneric Wﬂiﬁ&kwé&f.”ﬁ as a nelt in

20 If desired the catalysts can be formed in situ in the presence of the support

material, or the support material can be pre-impregnated or premixed, simultaneously or
sequentially, with one or more of the catalyst components. The catalysts of the present
invention can if desired be supported on a heterogeneous catalyst, for example, a
magnesium halide supported Ziegler Natta catalyst, a Phillips type (chromium oxide)

25  supported catalyst or a supported metallocene catalyst. Formation of the supported
catalyst can be achieved for example by treating the transition metal compounds of the
present invention with alumoxane in a suitable inert diluent, for example a volatile
hydrocarbon, slurrying a particulate support material with the product and evaporating
the volatile diluent. The produced supported catalyst is preferably in the form of a free-

30 flowing powder. 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.



supercritical ethylene. Preferably the polynerisation is conducted under
gas phase fluidised bed or stirred bed conditions. 20 Suitable nononers
for use in the polynerisation process of the present invention are, for
exanpl e, eWVRy F'é%é‘ and C2.20 a-ol efins, specifically propyCEGB0/B4t ene, 1-
pent ene, I-hexene 4- met hyl pent ene-1, 1-heptene, 1l-octene, 1-nonene,
1-decene, 1- uhegRrese etmnanéaa@&tbﬁepm\mdqsm Riecessfor the polymerisation prd

1- pent adecggﬁﬂynqen f,g,(; nonadecene,
and 1-ei cosene. Qpﬁ?g?%?rg%ﬁg?’ﬁoﬁngﬁde 2%9%‘9&%"109&;'?’&%%%&% met hyl

acryl at e, Ddb’lylﬁnsammm'élonmﬂlylhe Pplymietisation tatglyst acedtalyse systendof the yr ene.

Preferred H%Ee Cagnqogr Qg, lgg&gﬁgg&ké%oér%ﬁ roces%es are et hyl ene and

propyl ene. 0Cess t'ion can al so be used for
copol ynéri 8) ngprepm-hglaq:r@olymepbasp&baalyst\byhhntmg ofi¢ brerhor@-okefing withhaer

1-ol efins sygh as bu ene, 1l-hexene, 30 4-nethyl pentene-1, and octene, or
w th ot her Mg “?: terials, for exanple, nethyl nethacrylate, nethyl

acryl ate, byt ybomug fhe 9repa19ﬁw-med Edrdlgst with OMé oPRSlealflefidnd Styrene.

Irrespective o olynerlsatlon or copol ynerisation technlque enpl oyed,
10 WO 01/ 2 %“ﬁhﬁ?@%@ﬁ)ﬂ@ teniy as deginedighoveat i on or copol ynerisation is

typically cartigghritht iidion ARNelicbinpRes'dd Bhothet AGREARL Ll drk ﬁégieieg.? oxygen,
water, and other nmaterials that act as cat yst poIl sons. i

pol yrrerlpsaﬂFmdebOVG@pépyﬂﬁf@éﬁmlymmsamﬁdrthmd out in the presence of
additives to I L‘ 5 The use of
hydr ogen gas a@qgé {ﬁgéa%és?&%%é%ﬁﬁrte&fl ng és %&3&%@8 '"n{)we aoWStWﬁeﬁht of the
pol ymer or agdgfioed/previoushpindatso prepolphérybasal ¢atutysp’cﬂsylemedswueon process of the

present inven For .exa ogen can be used to reduce the average
nol ecul ar wei gﬁ‘e POlymeTision ¢ CEPJ'%dnsf%rb% b SRS TR SR AYPHASS: ﬁ'ﬁ"’éj:&g“s&hase

slurry phagss puasddfbnnmesepwnspbly:hb@@nmpdaﬁ@&amfésx‘i%m i QOo@{ad' tions. The
quantlt of %drogen gas to- be enployed to give 1 F desired average

mol ec uI PQ et and-a% prsssuiRs(of pimaspherip pndsabeye, garticulaly frem d4eta mo kPa.
polynerlsa eg I nvention
P ovi des pol G ansoie Safal 1 Cabi WERY piralle BRIl b P B GRER, ' o

r emar kabl y témpgratyse prhgessiconditjons hhsreth tbﬂpcblj'mencalmeml fo@thsqmimﬂern or copol yner
produced per .« e in,the 15 catal yst systen).
Thi s rreansﬁlt'%ea IEal\Qﬁb’ggéelﬁgfs%rgmken%ql¥rrq%ﬁﬁr¥ﬂ“ % ‘i’oélgu%?d ‘fr}%ﬁrn%aﬁpl" Fl met al

conpl ex ar duidisadbedad stimededandifieis. pr ocesses usi ng the process of the

resent.. i nventi.o It al s means .t hat when the p meri sati on process of
,P he pr gg ent i ns H’S‘ dppnioglers or use in the poalymerlsatlon process o the present mventlgn

are, for example, ethylene and C,.20 a-olefins, specifically propylene, 1-butene, 1-

pentene, 1-hexene, 4-methylpentene-1, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-
undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, 1-hexadecene, 1-
heptadecene, 1-octadecene, 1-nonadecene, and 1-eicosene. Other monomers include
25  methyl methacrylate, methyl acrylate, butyl acrylate, acrylonitrile, vinyl acetate, and
styrene. Preferred monomers for homopolymerisation processes are ethylene and
propyiene.
The catalysts and process of the invention can also be used for copolymerising
ethylene or propylene with each other or with other 1-olefins such as 1-butene, 1-hexene,
30  4-methylpentene-1, and octene, or with other monomeric materials, for example, methyl
methacrylate, methyl acrylate, butyl acrylate, acrylonitrile, vinyl acetate, and styrene.

Irrespective of the polymerisation or copolymerisation technique employed,

10



oper ated under polyner recovery conditions that do not enploy a catalyst
separation step, thus |leaving the catalyst, or residues thereof, in the
polymer (e.g. as occurs in nost 20 commercial slurry and gas phase

pol yneri ssto mnr3psocesses), the anount of transition nePET/GBAMKETX in the
produced polymer can be very small. Slurry phase pol ynerisation conditions

or gas phaggmidahorer &?Bl&ﬂ@riﬁﬁm'biw @infed U nfdef bbrlitloys thaef ul for the
production of high or [ow density grades of polyethyle

e, and
pol ypr opy Isehstantially exelude-oxygeie Watsh 479 f erFpIterAls thatact Qfﬁa@&ﬁ'cﬂq*%s can be
bat ch, 25 ﬁ&?é&gﬁia&kgﬁa{ orBPlIyRaRiddiaN Be cditéd QLR TG BreséiB oQiddiivEsS T €act or's

may be us romtwo ive reactors in series. Different reaction
condi t i ongo centrohpelymetior cepolymer moleeplar weightds or hydrogen concentrations may

be enpl.oyed i h ' : wg%gtc&ss and the
gas gﬁgsg prO?gésgs,%ot?hgrgéﬁ%%%sfﬁﬁ%aﬂgggcgbg?lfxwigtﬁt#ﬁeémﬁ%ﬁﬁfra sferred into
t he pol ymaké podynen or zapotynienapiplies geoemihyoto the priymérisationtpeocsss| df thegiresemtr as a dry
30 powder (e.g. with an.ipert gas), or a,slurry. Thi i.d.can be, for
ex aPrpI e, d’g"§8q9‘?"d\¥°5 %%WSFY‘%?%B%@# b F?g'(s? Py ehagergﬁee'lnélre a"(?n%’r‘"gL 'gg' conpl exes
of the i ngpblymersapdopdlymefsprepapddaisingighd phase, Wuir phiise, bulkephase)op sctutidn

catal ysts, or can he the sp]id catalyst alqne with ll)l V\q%/ 23396

PCT/ GB0O/ (Pbasg polygierigitiom eqnditions, ¢ hetq}'ﬁ'ééy eﬁ*vgaqsa'r gAsta be ppIOYER tp BiVE o

si t uat {ion,¢d AGiraFiveiat RbleGRat vbéi‘%hft 84h BeQieteRfine B JMPIE gial dndRrraene, for

exanpl e as a solution, separately fromor together with the solid
cat al yst . polyofegipaiionyestshe catal yst systemor the transition netal conplex

COMpOnent 'O g ikl pr5ysSh 61ThEFFRAYR ot iGiaSd Py et | Sat 1 0N and

gas phase pol yne tion 1's 5 supported on one or nore support materials.
Mbst pr ef esopblymertsh especiallyleshylens pelyraers.ias remagkablyhighdpreductiviyy (Basphen the nat er i al
prior to its introduction i 'l ' e e support
material s aétfoé‘,"p?%tp g‘e“fﬁ%‘f%g%’.lgél?rl érgcgfcgg#%%ﬁl%g{%&%ﬁ %gﬁpfag,g e’tng@éud lﬁlmg'sel guhr, or
magnesisa. datgysegs@in). OThiofedns ¢has refatioely vermsreall quantities obansition metdl out by

conventional  techniques, for exanple by.formng a soluti or suspension-
of the cat%mplsx a&%??ﬁgwﬁﬂ%cwfffﬂg‘?%‘iﬁsfﬁ%ﬁ“@ Pfﬁg"ﬁf Otf)tge g%’f%gnt, and
sl urrying hi@ition PRaksé meRis SHat hert the pelwntrsatioh p@ocsggfalid preseat ieventon is hus
i npregnated with catalyst can thoilg, be egﬁrat ed fromthe diluent for .
exanpl e, bgperatedyndes Rolymsy recoyEsyronditigns thatdefotearloy eratalys FRaBEPY rer product

i's di schaggedfialng iR i8Rt & residlidY tHaesD &l b ﬁ@l%ﬁéﬂe%bﬁw’c&&ﬁmhﬂ&f ocar bons
are substantirally renoved, or degassed, fromthe polyner by, for exanple,

pressule | exmmksoipl shrrygad sasphpwgnglymgristipmpropeseash theramauph @B ileam  ni trogen
e o2 AR RS ey BB 0 92 0 T )
phase pol yrer i Slary piasppalpasisation sonditians opgas phask pelymtrisatierngopditionsare
particularly useful for the production of high or low density grades of polyethylene, and
polypropylene. In these processes the polymerisation conditions can be batch,
25  continuous or semi-continuous. Furthermore, one or more reactors may be used, .g.
from two to five reactors in series. Different reaction conditions, such as different
temperatures or hydrogen concentrations may be employed in the different reactors. In
the slurry phase process and the gas phase process, the catalyst is generally metered and
transferred into the polymerisation zone in the form of a particulate solid either as a dry
30 powder (e.g. with an inert gas) or as a slurry. This solid can be, for example, a solid

catalyst system formed from the one or more of complexes of the invention and an

activator with or without other types of catalysts, or can be the solid catalyst alone with
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supported catalyst, are fed to a polynerisation zone either as dry powder
or as a slurry in the polynerisation diluent. The pol ynerisation dil uent
is conpatible with the polyner(s) 20 and catalyst(s), and nmay be an al kane
such as heW@A¥233%kpt ane, isobutane, or a m xture of hydr BEHGCBONS4ETr
paraffins. Preferably the particles are fed to a polynerisation zone as a
suspensi oreriwithohtothes|types of eatelysts Iditﬂeuetmrsltx’ﬂnen,pbé guﬁaitbsemibelﬂedaomaa can be,

for exanpl I reaction vesse pr a.c ntinuous | oop
reactor, EP™ e??atf&ﬁtzg‘t? o %"ﬁ“eff‘?%%ﬁﬂ% Teﬂ%'aW&rf[ﬂ“bB‘itffS? Fwithd: ﬁ 'Hyl ene by
the Phill i@yt che&mbly\tVleataths;@fenpﬁﬂ theedrisitioh nfRtal e&m@s&ncﬁonéxh@fﬂkesent

I nvention |iays€rr|ed o P(l,l c{ﬁr slurr condltlons the polynerisationis

pr ef er abl y*& fyétt?mc?&lp‘ﬁ' in the sirzy pelymensation and gas Phagapolypasationds y  above
15C. The pabyéreddichaib eﬂmbﬁrﬁﬁﬁioﬁ MERriAIS Mb& p‘?éfél‘%l¥ tHERa AR Ily@ﬂ fHiemie! ow the
tenperature at V\/mch t he rggpp mer conmences to soften sinter in the

presence ofUPPeTEed o9dhe sHape eg#l pdior tRditstintreductigndntoghppalymerisetianszoat. | owed t o
go above tﬁlﬁtabl@%ﬁﬁﬁnﬁ&mﬁfsﬁé‘ ’f'(ﬁ"exgi'ﬂglﬁ %H#cb,%nﬁ {llgonf CaR! Qirese? Qgcur-

Adj ust ment of the polyneri safion WIRi N these d ‘M e ranges
can provi ceaggesig cimpregnetionsof the support mhﬂerlaigau beccasriedromg by aniven:tiohﬂr wei ght of

t he produ means of c troI ng t he nol ecul ar
12 WD onz%%ﬁ éé‘l‘@'%&gg'ﬁﬁ“ as%‘fqm“gr f‘ifp‘if‘éﬁaﬁgp‘etch‘é c?g?’ﬁ’é?ﬁ“?at ion in
t he pr &&enioa soifableydiineny ensalent, whd ﬂbrrﬁﬁg the 3Gppoftiitétial ﬂ@fé&{utﬁr Tgél Eert |
General ly,_the her the .copncentration of h dro en enpl oye t ower
the averad® tﬁ%ﬁlgygf'ﬁ?’e%%ﬁdw ﬁt4yﬁ%°aﬁf'§6 o ‘&ﬁ‘ﬁ?t he,diju¢nt, fqr

pol yner i s aéxamplepiyfle@Rass evapbiation PRRGGRS. @H@é}h@ﬁolﬁh&w&ﬁms' s used as the
5 polyner|‘§§cé| on d| um Methods for operati ng gas phase pol ynerisation

processes 'Rmfvﬁﬁa"lt% Py @ssogjated a%é‘?f"ﬂ’é hxﬂ!@cag!mearalsulgstanmllyl ve
agitating fefoed, bydegsdséd 69 th iR U}Qfo%xaﬂﬁljﬁahg}égu ,9f catalyst,
|

or a bed of the tgget pol ymer (1. ving t he saﬁ%or simlar

physi chl pPuspiag usingstrash of waxclm@m m&crog@ Qtéxghtrlardrqcarbml(mm s tthylene).

pol yneris at al and, f eedi.ng thereto a
stream of akrréoc%gﬂrrg(? Q&?&ﬂi ﬂ‘?‘ 099"& %’5”@3@8\5@%&% gﬁ
condi ti ons sudh thehhlrryaﬁlade@alymepanbn pfoc&ﬁm@ﬁﬁclaﬁﬂémmtsas in contact

ith th | ih hed. i | led by the additi
of cool - gRbRyiegalaia 97 0 pbrtSon Sothecia b ponscen s P d (e o a

vol ati | e ithepblyiyciatenrdilen, Tﬁé POIRE ErNdGor MIREHTRS cotfpatible LAR tRGRAGCENsEd to
forma(L qf;ud l-EI;ESS a gg roduced in, and isolated from gds phase
procesé ng cately§H§eao |n{}y 'S“bﬂ‘ € chbtarﬁé’exaﬁBI%?Wém isabuwtane, gonmixtureof s free
from of SharambhadlpirfizeePiofis) indiphilcicd e b 'pbgﬁm@f??é’étﬂon Sgheligse skilled
in the art, if any liquid is all to enter nerisation zone of a
suspension in the polymerisation dlluent The polymensatxon zone can be, for example,
an autoclave or similar reaction vessel, or a continuous loop reactor, e.g. of the type
well-know in the manufacture of polyethylene by the Phillips Process. When the
25  polymerisation process of the present invention is carried out under slurry conditions the
polymerisation is preferably carried out at a terﬁperature above 0°C, most preferably
above 15°C. The polymerisation temperature is preferably maintained below the
temperature at which the polymer commences to soften or sinter in the presence of the
polymerisation diluent. If the temperature is allowed to go above the latter temperature,
30 fouling of the reactor can occur. Adjustment of the polymerisation within these defined
temperature ranges can provide a useful means of controlling the average molecular

weight of the produced polymer. A further useful means of controlling the molecular
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gas phase pol ynerisation process the quantity of liquid in the

pol ynerisation zone is small in relation to the quantity of polyner
present.. This is in contrast to "solution 20 phase" processes wherein the
pol ymer i WOMb2¥e& di ssolved in a solvent, and "slurry PBRESBOV cesses
wherein the polynmer fornms as a suspension in a liquid diluent. The gas
phase pr ogsight i§ @conducy fierpalyedrisatide in the presence ofibydigen as whicksastsasl | ed

"conti nuous” congditions, |t,i r.ef e,red to, operate,under condifions such
t hat rmno#@f“ “?@gﬁ?ﬁ'ﬂ‘ﬁ' rﬁﬁ?ﬁ@"’ﬁ;%@ﬁ@ﬁ@&?ﬁ“ W‘tg%‘i ?&Y%%%&'“ﬂ%?‘gé% i on zone
cont ai ni NPt ADErhSAthbledular Jeightéfahy produdedlpelyier.monomer bei ng provided to

repl ace pol yneri sed nononger, and cgntinuously qor intefmttenfly w thdraw ng
produced pol yisdwulkpobmerisation prasFaises, B%H‘ﬁi gipnomerfuchgs Pé""rygﬁ"é’sdﬁ?f{ﬁr‘g‘l)l e to the

rate of fg&?mljisg@o,p,f,e&mﬂ polymer, fresh catalyst being added to the
pol ynmeri sation zone to replace the catalyst withdrawn formthe

pol yner i sat i oMethods:foropasating Sagphase palymesisationdrocessgs arg welkpowain the oduct i on of
i mpact copgql r f the: £irshe hp a first
reactor i E‘QT é%éﬁhém&%gﬂ%%gg%%ﬁéﬁgr isﬁﬁlélg’s‘;le%tﬁn r gfaa@onrg?gFor

manuf act ubed effcatalysp pt @berl af tivethrgetpalymex i c. polymen/hawing the samg gesipiarse process,
propylene .13 WO 01/.23396. P 00/ YA | ' first
reactor: POl ngpeﬁﬁ?sj t?@é?&e‘%ﬁ‘%ﬁ & aéc& znetggh%}ﬁﬁéeﬂgﬁog'rﬂrﬁcﬁgs Dahi ch

et hyl gge %ntﬁlhilﬂgh ceralyRtanddeeding thaleto d.strédme of msndnier aideastipartidllyimthe mi xt ure of

a isotactic polypropyl ene chains with chains, of a random ptopyl ene% hyl ene
copol yner .gasszoumqeﬁaﬁwf;bw 10ps sue H\aﬁﬁtnﬁ?t pagt ?fr‘g?fﬂﬁré’(ﬁ"ef Hglﬁmg'fsﬁ e reactor in

whi ch a McBRhct IRMURL cabflysRinInCIBAD THEBE i@%&ﬁﬂ@lcb&e&m}ié gdditioni of casided to
pol ymeri zi ng chai ns of propylene, Methods for ogperating gas phase fl uidised

bed pr ocegess.& smoyeledeasepup Bropamer) pd/er volagiledigpid{es doyiatds st and

pol ypr Opy!hﬁ&%cﬁf)(ﬁl, W%Jﬁe&ﬁ?dmoﬁé} Wi 135 been [ORIRALQGE TrmGAyuldy. TRPerated, for
exanpl e, a vertic cyli-ndri cal reactor equi pged with a perforated
55

di st rilsut ipolymst poduced ins apshiseleted frempgas Phess Presessesstormssliceatly heolid it ng -

fluidisin S .St.r ial walisi RY; khdweul ating
t hr ough t%@%@ggaglgggge% %ES%%D%\%@ ’ %ﬂ%bﬁ%&;{alﬁ??e%%rﬂ;ﬂ%&?i }gg!tsig%g fr‘g&m t he bed
and to supplthoseskiiteddn theart, i aiyliqeidiisaiowsd to enteritke pnbanerisationgoneaf af | uj di si ng

gas general ly conprises.the no rre‘réaﬁlgy ral | gr j sone inert .
gas (e.g. W\é?%ﬁgﬁyﬁ?"sﬁﬁ@rﬂmﬁ?ffg&ﬁ%g g nog ?‘%‘ﬁ'ﬁﬁ‘ tﬁgbﬁg‘ﬁ%‘ %téo,n\,!gb 4ne, propane,
butane, peRllaRlaf6n RAke Gt polphergiredenty. This 8 ihocdtraxy en“salutiom| ecul ar
wei ght nodifier. The hot 15 fl ‘ui di si nrg‘egasio?ngrrﬁgl ng fr o,m it pe top of the bed
i's | ed2bptrhasealpropeisht BhegrHn BepalyBEr i rmed dista Yea AT 2 ™ P S"E%n be a
cylindri caly QothdReOivhdrbIf tHePBFHRF fohay Astsuspenbibiein adiq@id@ilgsn). and, if
desired, a cyclone and or filters to disentrain fine solid particles from
t he gas The gas phase process can be operated under batch, semi-batch, or so-called
“continuous” conditions. It is preferred to operate under conditions such that monomer
is continuously recycled to an agitated polymerisation zone containing polymerisation
25  catalyst, make-up monomer being provided to replace polymerised monomer, and
continuously or intermittently withdrawing produced polymer from the polymerisation
zone at a rate comparable to the rate of formation of the polymer, fresh catalyst being
added to the polymerisation zone to replace the catalyst withdrawn form the
polymerisation zone with the produced polymer.
30 For typical production of impact copolymers, homopolymer formed from the first

monomer in a first reactor is reacted with the second monomer in a second reactor. For

manufacture of propylene/ethylene impact copolymer in a gas-phase process, propylene
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stream The hot gas is then led to a heat exchanger to renove at | east part
of the heat of polynerisation. Catalyst is preferably fed continuously or
at regular intervals to the bed. 20 At start up of the process, the bed
conpri ses WDOV3®¥bl e pol yner which is preferably sinm | BETGBOY03487t ar get
pol ynmer. Polymer is produced continuously within the bed by the

pol ymer i safsipeRmefizedliea AROAAEBDL, Foactivy [iflyier asFERANS a3EDn@ FQ¥ioffd O
di scharge polyner fromthe bed continuqusly or at regular intervals to

mai nt ai n t Which plylgaesrpthss gomenomes is added.  The et dyan intimate piogeresEai s general |y
oper at ed afsoﬁai@gdyﬁedp\ynehesnan{seﬁﬁ%ans 6ra aﬁﬁ%ﬁy&e@;@m&%gﬂg& Rars, and

at tenperatures for exanple, between 50 fure of the
bed i s nai reandom copolymestypidally isipraducé¢drip atsipgleaeagtan inewhith & minof kmbuhto€d  pol yrer

to avoid p S qu di sed bed process
for pol grr\=:£x|ms?‘L | one%}l&g?t"@?i% unéwﬁeé{’t o@%g?ﬁgaﬁ)%@ °?R’°P¥ ¥ her mi ¢

pol yner i sat i omdbthadﬁtﬁoomarmmtgnmﬁialsqﬂmﬁmd\bed pfocessest foemaldfp pslyetiiienesat i on
zone (i. e fluidised rreans f the fluidi as stream as
closcr | bed EABYEl SoBERS end BolimrEivIgiE Sl o i ettt Rbe PReB e e bed | s
l'ed t hr ougbpersted; f@rexaiaple ih @ akrtica ciiaideed] m%eegj ;g:ea Weth@gerfbategool ed. The
cool ed reagl OJi,g 01/ Zgg 6 PCT/ GBOO 034 toget her with any

14 WO
make- up ga Qn-hlate fosupport thebgd anddoydistbuts the ineomiag ﬂwriﬁmgrses ﬁ'é@gmp hase

fluidiged b@sughQhevEar ﬂ‘ﬁ@ﬂhlﬁﬂmgrgﬁ’sc&éﬁlaﬁﬁg thﬂﬁgl?ﬂﬁ%@@&erbéa\f@ thehts
desirable to provide additional coaling of "the bed (and t ere y 1 nprove

t he space pfmlwpqre#wncftomﬁebpﬂe@égsypplmommfmgobmmsaaom ineth¢ beguid to the
bed under t he bed t her eby
absorbing a t%gﬁgiﬁmgggheg%go‘f %Hsg | on\{’fep@*n&rﬁ%b} tgﬁélb?} VY'W MEat ent
hﬁat hof evapttrgas (ecmhltlegéle@tmemmydmcrrrbendmgbh amgthdng egmcf;fromné hatdned enters
t he heat id can ense out

enbodi nent Séﬁﬂ%ﬁﬁ%ﬁa&) %9 X&Pﬁé@ﬁ"‘%@% "\9%1“31{%?‘?@ ‘1’?’%\5 f”(?dﬁfgr ng'ﬁg‘i"ht ed from
t he reagcl ﬂugsmg;gmlem@gmg froduhaetdp seﬂnalbad islied dgﬁbﬁhély Iﬂeo&g@dveﬂeuﬁ LOF bed.
exanpl e, the, vol ati | arated and sprayed into the 10 be

I n anot her " fé’#ﬁ%lﬁ%&*&?%?@ cﬁfﬁ’é’é‘ﬁ tp°l1ﬁ‘0é’ﬁfhe(5?ﬁcf%éa‘0'éﬂ %Y"ldle"ed'P'FEfef)d i s
recycl ed t end, iRiesiftdCa ¥clofe hitFor filteds @b Qistiddin fm‘délufﬂl?tlcYéalﬂ%H tlhg 4¢ quid can be
condensed from the fluidisi ng gas stream enerqgi fromth eactor and can

be recycl edtreas. t He hgbepsi thep IF@E%/%:H’@ gjechangey to rerawetyélese pait af thd héatofn t he
recycl e gaiaon?ﬂ.éngaa&n CRUY Riflett il c%ﬁfﬂmﬁmg R0 Be TR0 |1 aut

in the recyc as streamand returnin gas and’ entrai ned
| i qui d 200 tAhétat;em of thecpeersss; the ded wr@nsﬂmmsmomdr EEIe!Ats pﬂa’fdtatgw It is

Pret er 0, ShmPLIA B b, SOOIl MR T ER 5, o
t eachi ng ofpolymerisation of the monomer(s) Preferably means are provided to discharge polymer
from the bed continuously or at regular intervals to maintain the fluidised bed at the
desired height. The process is generally operated at relatively low pressure, for example,
25  at 10 to 50 bars, and at temperatures for example, between 50 and 120 °C. The
temperature of the bed is maintained below the sintering temperature of the fluidised
polymer to avoid problems of agglomeration.
In the gas phase fluidised bed process for polymerisation of olefins the heat
evolved by the exothermic polymerisation reaction is normally removed from the
30  polymerisation zone (i.e. the fluidised bed) by means of the fluidising gas stream as
described abpve. The hot reactor gas emerging from the top of the bed is led through

one or more heat exchangers wherein the gas is cooled. The cooled reactor gas,
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which is hereby incorporated into this specification. Wen using the
catal ysts of the present invention under gas phase polynerisation 20
conditions, the catalyst, or one or nore of the conponents enployed to form
t he cat al waio128®e, for exanple, be introduced into the patmmmmnmntlon
reaction zone in liquid form for exanple, as a solution in an inert

liquid dil gga‘fmgep or the
ac'fI I vat or ggér?gpor‘l‘gtﬁtdﬁy rg?ﬁ%%pf%a%?? Iﬂ%ﬁé%égag%{onggﬁggﬁ% gﬂggﬁé‘ﬁkn t(5“'?2?50 ved or
slurried ifluidised bqupaiyru&risulmtprmcds dfehb mresenﬁqunﬁbrymdesabledn pryide. Under
these 25 cl ”t"lmgﬁ tc@o']%%%f {hL béfga% ﬁl n I ve thL p(w% ﬁmg % \td%'f EHe”p%

o 3
conponent ( )i yneri‘sati on zone. The
dropl et dityfedding a \mlanreéﬁ;eﬁabthe betl uhdem cmmmons suehyehat thediqilid @Uaporatesims .

EP- A- 05930 te n ch i eb corpo. d this
speci f i cat‘gﬁhed B ’359!& g %{’%‘E’é&‘aﬁ‘?ﬁp" iféﬂ'&?’ﬂﬂ tg tﬁ?gth}'ﬁléer "‘g’ﬁ?i on

cat al yst ipdhofevaprstioR\éftett. PFhotthe hetabdysr gasTmn MRivee dnteditheticesed in

EP- A- 0593083 can be suitably 30 enployed_in the pol yrrerl sation process of

the preserfchangerythe ypjatle I F"r“éi?"de“ﬁ& o éfg?f‘eﬁﬂlb%‘g'ﬁﬁq qfghe, RIEsSPY ed, upon
completio YRS bOdhd esired to
t em nat eqp%tl&rrg{rh Fggtﬁ tﬁlgﬁﬁdﬁﬂg%&tﬁ&nﬁ%sat | %yﬁﬁ% mr%&t/r%%%&eéa&t/%légm 03487
or at | eadntottherprdr Thilg, foruaranle. the volatitrliquid can e separated #nd pprayed dverfhenent of
this i fbvergedo arfoth%r erﬁl?t{)d?’tlééﬁggtt' tgﬁgreg& &9%@9&&%&%&&1 mtlse{ecx(c?eldqg H’lgl S,

acet one, or o er sul Geactivators s anner known to per sons
of skill itredtwith the tecycldtgmp’ﬁhqsrthwdaﬂ& lmmlcb:fan be boridensed fibinithe ﬂmdmm al ysts of

t he |nvent|on na so-cal l,.ed h n

ol yet by cHe L et gor fim e e E e v Ref O b vl SR Bhprar e useru
for maki ngcaﬁfbklsé‘ﬂaﬁﬁed\ﬂ‘mﬁere’cbdégiktandll@hdetﬁmed&)thehﬁdlred Copol yneri sation
of ethylene with hi 1-ol efins, . _butene, hexene or, octene) can
provide a wi deﬂ\‘r'zi'ﬁ}g’pf 6‘?“%‘&?5@‘5%@5’%“‘&'?@%# BHgiem a'éﬂﬁ“{*;}" 'ﬁfa in other

i mpor t gt [kwiEk 6das alf S@inkd Bduid BAhé b&lblé 8dskribell FHOEPF-A20UBOCTNAH BPFEAS Nade by
copol ynerisin ylene with 10 higher 1l-olefins.wth the catal ysts of the.

i nventi on %g‘%e‘t BEpRSeTadde ?‘W&\?P?f‘g‘ ﬁcﬁléﬁ%sﬂ liauidinto thebedsepatatp from 91 t o
0.93. Thesgecapak Yiisg mlp?&egsr&saﬁe&rnaiulr US'Palehl 5841256 thdkehdhfgdrt as

| i near Iowcei 1ty pol yethy ene, are in many respects simlar to the so .
cal | ed Iomwuiehslhescbypm!y@f@wwfé@d“ws@ﬁ@é@\ by the high pressure free radical

t al d pol
aed oxt enti valger ke aftyss S e oEEne AN TR Bl BbIGRRRAGET D BC0
pol ymees peandisioas) tl’ay:atatyet pr aees smood ofttheacqmpomlts amployed taufdem theaptalystne

homopol ymer, apd oCoRe ¥IRESaitta BROHE hoifedtafih fofiiin LR Bid Bhs, 87 ©1 Y1 ene

U-

example, as a solution in an inert liquid diluent. Thus, for example, the transition metal
component, or the activator component, or both of these components can be dissolved or
slurried in a liquid diluent and fed to the polymerisation zone. Under these

25  circumstances it is preferred the fiquid containing the component(s) is sprayed as fine
droplets into the polymerisation zone. The droplet diameter is preferably within the
range 1 to 1000 microns. EP-A-0593083, the teaching of which is hereby incorporated
into this specification, discloses a process for introducing a polymerisation catalyst into a
gas phase polymerisation. The methods disclosed in EP-A-0593083 can be suitably

30 employed in the polymerisation process of the present invention if desired.

Although not usually required, upon completion of polymerisation or

copolymerisation, or when it is desired to terminate polymerisation or copolymerisation
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al pha-ol efin such as butene-1, pentene-1, 4-nethyl pentene-1, or hexene-1,
or m xtures thereof. Propyl ene polyners also nmay include copol yners of
propyl ene with mnor 20 anounts of a copol yneri zabl e nononmer. Typically,
nmost usef IWO&AHEMor mal | y-solid polyners of propyl ene coRECHGRIONI487

pol ypropyl ene crystallinity, random copol yners of propylene with up to
about 1ﬁ Yﬁr.a%em Itml:;ﬁmi,ly liluatr:]li\iarqltxh?tatﬂyqnolf yaElyst ci&ﬁp’ﬁrﬁiﬁﬁﬁmlgs Ppeﬁtibn, wbout 20
w. % ethyl ene or other a -olefin., Po ropyl epne honopol yners nay
contain a qé‘ff‘g‘ﬁ °352?Bﬁ?ﬂta°(t?‘€‘ﬁ'i%b‘§?tﬂr a@@‘?kmaégwez 9/5°tg?" %F%ca%ﬁbmr s to the
extent t heded&tivafoRermhirineskridiwntth PerdeHERIE Skl Ethe ate not affected significantly.
Propyl ene pol yners y .be produced which are normally solid, predom nantly

h

i sotactic, poifemepglymefisstion pisthylene yithsthe.catalystsrfdhs iByentienmay. produgee

suf ficigent dehidy” f | R ut

separat i ondﬁcﬁg%vgﬁn Typi Cgﬁ?i&&hg@%ﬁﬁ@ﬁ ?6‘3%}6’5’?“ eg%‘.rf‘g%o ylr‘%w S show

Ppl yproEyImeséﬂ%ﬂawqﬁﬂquynmmwlpﬁlahﬂrémﬂgzddymgqlﬁr?dv?. 90 agq 30 nany
i mes aboy, : ave lower isotactigc indices,

typically e?%@%%@héﬁb‘éﬁiﬁ#hﬁgﬂﬁwe&f Gf\%ﬁ%&%ﬁ%’ﬁn%Smﬂ%ﬂeg?@ known in

the art, ppropisit ewidepatistyof sopdlyineAfiffarinzin densiEdrdGROHeP B rtantWhidicalel t 1 ow

rates frombelow L to .above 1000 be produced in.a reactor. For man
appl i cati o?f??e‘g%’r ?ﬁ?l l?ﬁl?ye‘ﬁg’g tfﬂ@‘\/jw A ‘?pPléI“‘f%“ga‘?ﬂé"(i?"?b’f‘@al . Somay

uses  $0IChhigier i @lefinpwih tedatalystsFthy SifveidQre/ e EopiilynfbrakhviME R dehsitg@P t o 2000.
ed to ethylene or propylene mers. For 5

Per oxi de conpound be add pol
ethyl ene b E&Tgﬁgglﬁﬁ%sowpgﬂlﬁﬁ cpaslypsts W*&fé%ﬁe"%"m%eér%%xv #ERE Nng in the
pol yner . Fitfear IbW@leiNity palyathylene, &b idvnaity MpRctd R 181k JOUallddabw defdty OX 1 de

conpounds may be added during extrusion for controlled rheology'to

i ncrease tPrivethylane progyused by ghednghnsessutsifiee radisabsataliisedpolymerisationedfk | ong

pol ynmer chas a ,{1‘?013, f Lacr | MER . and parrow ng the
nol ecul ar ﬁg‘:’]é‘ﬁt %g?s rlr{‘)égf?r@n&?@%v?%fg%&po ‘%‘?@%gﬂg? F‘fl’?“ff? rf/BPcaI 10

r eact od5 pofigghleopewefim.powder with an MFR of 2g/ 10 min. by controlled
rheology tre pt with peroxide in an extruder may.forma polymer with an
MFR of 20- 40. aﬁé& v J‘gP?/'&'ﬁ‘ﬁ‘%Pﬁ"e‘f‘(‘fiﬂﬁ”é{tﬂ%%ﬁ?ﬁ o ?"‘é(ﬁﬁ‘%l"t?@é% BropYRes ¢ | one

usi ng, per bomapelyntehandf dopelymre b prepyledditttess thi S0aRd1E W diigtknaor kthemn i n the
art. Dependi on th Pse of the pg_lpég‘e[ roduct, mnor anmounts of

additives éi’lgagdi sugh,ashufene-1; protsngdy YIPRRIENG: hOT BeNeperdrormaxtiEsat i on such

as aci d sCHeRBEPFropylens PblyMdisARB iy irchAbtbiohfteds ofichyled with kfinor Cener al 1y,
these additives are in?o]ryporat ed Z’lt Ieve%ogﬁ‘gfs%bouty 25 to 200(50 ppm

typi caPfy preptsAigrorgymerzable manomeodypigatiy. mes upeitl @are normally-solid

polymers of propylene containing polypropylene crystallinity, random copolymers of

propylene with up to about 10 wt.% ethylene, and impact copolymers containing up to

about 20 wt.% ethylene or other alpha-olefin. Polypropylene homopolymers may

contain a small amount (typically below 2 wt.%) of other monomers to the extent the
25  properties of the homopolymer are not affected significantly.

Propylene polymers may be produced which are normally solid, predominantly
isotactic, poly a-olefins. Levels of stereorandom by-products are sufficiently low so that
useful products can be obtained without separation thereof. Typically, useful propylene
homopolymers show polypropylene crystallinity and have isotactic indices above 90 and

30 many times above 95. Copolymers typically will have lower isotactic indices, typically

above 80-85.

Depending upon polymerisation conditions known in the art, propylene polymers

16



typically 400 to 1000 ppm based on the polyner. In use, polyners or

copol yners nmade according to the invention in the formof a 20 powder are
conventional |y conpounded into pellets. Exanples of uses for pol yner
conposi t i WiePIRAWIe according to the invention include usBCTEBY fibres, .
extruded filns, tapes, spunbonded webs, noul ded or thernofornmed products,
and t he | ik meltiflow rixes frombelowdlytolabovel 100/ may boprodi:ced jn mreastery Hoe used for

maki ng a variety aqf noul ded,or t ant i S _sSuc i , and
cont ai ner $a% AR ‘%°ﬁo?@¥@§py&"eﬂ‘fvﬁﬁr§ %@%‘Pﬁ‘%qé@afgz’ﬁ’.ﬁq}-3§e°"%a‘§§§ges for each
appl i cat i gfehABHor BSUnbEdaE ALY 136 a lolgimer with drefFRIOF S0EeB000.es of  suppl ement al
2gent s, - pr 1 rRAFARITPER Y pe AL 1B SIS PRIVIERs POBIER G| cant o,
agents, pri -OXT , .~ hucl eants, uv
stabil kze | Be Qded 861 livé EroSSli invhe lpolyidetMForn t he art
and i ndl ui@”g‘ﬂ%@ﬁ%@%ﬁiﬁgﬁ%ﬁ?@; hég&%g%% m‘s’%@%‘% el il k1
hydr oxy| atherpedparatian g | REQPY(CBE PPIYTH d oxi de)
ant i oxi dant s ' ] ' e i stabilizers,
g els}trgsgﬁ #0 il %E?E%r ﬁ(::flﬁc}eeﬁé AL infelt A8 WTate RPFSIGhEC

benzof ur afon I'zers, an Various olefin polyner additives
are descPefride cts td Beakiangpriymet i, a8d bas the efest ofipth incresmgMER 4 668, 721,

4,876,300, 17 WD.01/23396 PCT/. 7 , 6 5, 326, 802,
5. 344, 860 MEMEIITHIAE MgSuE WSt QRfBalY (M vy FolgusplrsRf. - Wilal 2, 52, 0%
e oy o, by Lo art . Toe Broseht ot B eRl on 1o -
i |1 ust r at dgatment With pegpyidey ﬁ@e@gnﬁﬁ:ff‘é’s o7 & PERTIER glf?'\)g@ﬁg%g(ger{m?és EXAMPLES
Al mani pybgins RSty PE aobitlof, a8dl pfodéss bbrlitionatsigy, Perakiti ties firfal pulymengen usi ng

standard Schl’'enk™and cannul a techni ques or in a conventi onal

ni t r ogen- fNIFR @y be eanerofiedas kogw iipdart-wer e refluxed over an appropriate

dryi ng agent, Dgg&tdingluﬁgn AR s MFIRSSRAnER prodhct! MindSSinouhs dfladdifivesre _ _

di i sopropyl am was Treshly prepared prior to use. To diisopropylamne in
THE at15 78gpically ngorpbrakedtiftio sl qolymey f Homyaglaep asidoeavRNesEss. sol ution al | owed
to warmto .0C (15 .k, n W R dakieleare ink dand :
procat al ysan°’g§P%tghset[a§ll%§%f’ %ﬂgbé% I%ﬁ&%j’ll N RBLT ONT RIL Arm'-Ar A’

Cl SFe - " O level3rof #Bous 2 to 2000 ppm, typically from about 50 to about 1000 ppm, and more

typically 400 to 1000 ppm, based on the polymer.
In use, polymers or copolymers made according to the invention in the form ofa
20  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 into films, or may be used for making a variety of moulded or
extruded articles such as pipes, and containers such as bottles or drums. Specific
25  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 antioxidants,
hydroxylamine (such as N,N-dialkyl hydroxylamine) and amine oxide (such as dialkyl
30  methyl amine oxide) antioxidants, hindered amine light (uv) stabilizers, phenolic
stabilizers, benzofuranone stabilizers, and the like. 'Various olefin polymer additives are
described in U.S. patents 4,318,845, 4,325,863, 4,590,231, 4,668,721, 4,876,300,
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Conpound R R1 R2 Ar | (conparative) HHH 2,4,6-trinethyl phenyl 2
(comparative) HHH 2 6-diisopropyl phenyl 3 Me Me H 2,4,6-trinmethyl phenyl
4 Me M Me 2,4,6-trinmethyl phenyl 5 H CH2Ph H 2,4, 6-trinethyl phenyl 6
CH2Ph CH2PwoOlein/23386 6-t ri net hyl phenyl 7 Me Me H 2, 6-di i sopcopopéssy! 8 M
Me Me 2,6-diisopropyl phenyl 18 This Sheet Has Been Repl aced
11111111115;1115,311,3:&175;01&,15 mmz 233955@@"5/9@6@&@585’5 ofoXAVMPLE 1 Preparation
ofllagndlaF cet Id}aﬁ] 0.00 g, 0.061 mol) in the mnininmm
vol une of absot Ut" S aﬁé‘ ﬁ,ga G 9!"&%F‘P‘F‘?Pé‘n¥28°9&5qa“d19 95 ni, 0.153
ol ) was adelegdrakés blso gapé ﬂdde&@@ﬂk%olfﬁteﬁé’dn‘i’pcfsﬂoﬂs fHno®hb V\gi%ta'rtc) and r ef | uxed
until reaction_conplete by ' he sol vent renoved, and the
solid recryst allh¢ pragent ‘F‘Yﬁ#‘a‘l‘)@dﬂ%ﬁ@e@emﬂh&llowmg)ﬁxeindlesmCgmztdrﬁwesol idof In
(21.15 g, @;ﬂpegvsm) mz 398 [MtH +. 1H NWR (CDCI 3): S 8.50 (d, 2H,
3J(HH) 7.9, 7. 95 (t, 1H, Py-Hp), 6.94 (s, 4H ArH), 2.33 (s, 6H,
N=Cwe), 2. 2.05 (s, 12H, OCMe). 10 EXAWPLE 2 Preparation of

li ag n, d 2a : 2. 00 i.n the ni mum
vol une of abs. Xﬁg@ﬁ?uﬂ#l&%?&%é%\ql uf‘y‘ﬁeém‘ f‘ﬁ"ﬁép}(e? ézé'&mgs)‘ 8?3“%”“"(9‘%30 mol )
was added \Sichlenkyind carmllazeshhiqoes mn 8l cdri¥eftionall nitraph-BlIad g16ve BURY SoRkhtyxed unti |
reaction co 15 sol vent was renoved, and the

solid recr ea'iefhi”?g%v?rrafiﬁPgﬂgﬁtﬁB@“’@t“ﬁﬁfﬁo‘F‘s‘l‘lﬁd gdeegasseprioféd psew sol i d of 2a
4.04 go 70%hium\R . d, 2H,

g 1R ng . hiu sdpﬂ)ﬁyldﬁﬂlde \4&3‘ Js%'p‘}eﬁared?r N\Bu@m(m ﬁ&?#pﬁa@g sept . 4H

3J(HH) 5.6 1%? z-bzty fbmma@ eq 9lded11rqp8w(sd solRtkés, alloelt B) waimVPLE 3 20

Pr epar at'OWQEr%ﬂl’nﬂa}diﬁx%nI&dlh&%gteiyn (0.50 g, 1.26 mmol) in THE (30 nl) at
-78 C,

Ligands and procatalysts synthesised

R2 l N R2
Z
R N R!,
U

~ AN

Ar C,/ i Ar

15 a b
Compound R, R, R; Ar

1 (comparative) | H H H 2,4,6-trimethylphenyl
2 (comparative) | H H H 2,6-diisopropylphenyl
3 Me Me H 2,4,6-timethylphenyl
4 Me Me Me 2,4,6-trimethylphenyl
5 H CHyPh H 2,4,6-trimethylphenyl
6 CH,Ph CH,Ph H 2,4,6-trimethylphenyl
7 Me Me H 2,6-diisopropyiphenyl
8 Me Me Me 2,6-diisopropylphenyl
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dii sopropylamde (2.2 eq., 2.77 mol; freshly prepared from
diisopropylamne (0.39 M, 2.77 mmol) and n-butyllithium (1.73 m, 2. .77
mol, 1.6 Min Hexanes) in THE (5 m)) was added drop w se. The yell ow

sol ution ¢gydiasmeé. The solution was allowed to warm 25 POT/GBO0M3#8T Stirring .
for 2 h. |odonethane (0.17 m, 2.77 mmol, 2.2 eq.) was added. The solution

was allowgk_tﬁ_mwimto roomtenperature and stirred for 18h to forma
yell ow solutron. The solvent was renoved. Diethylether (40 m) was added,

t he sol ut iPneparatiomofligand 1 water (3 x 30 m), dried over MgS4, filtered,

and the sol Veg %ﬁpgf'lame (f(ﬁd(fh  06¢ nldPVh %lrhlqimummﬂm%lms
recrystallise Tzfoma te et hanol to yield 3 ,. 98% a yellow
solid. MBS ef@hdl, 2y b-tri@ethyimilifie215eq, 1098w, §.LiSanal) wasa@edznth ma‘zqqeﬂ%J( H 7.9,

ﬁ;sH n%aeéz %‘]ﬁ*‘ﬁ((ﬁéé‘é df&“@f‘fﬁ d i‘ﬁ“"?‘% 'S‘H Feaﬁhf’\ é%?"pg&‘? ?@6@8‘{? 55396 PCT/ I;glcf:v ggigt?
3J(M 7. 5,soNeftGHz2 Eiddgved, 2nd the(sslid ektystallited frof dh5olote ethanol to gieldithe 1. 04 (t, 6H,

3J(HH) 7.5,- N=CCH2C. H3 EXAVMPLE 4 Preparation,of ligand 4a 5 To |i and 3a
(0.54 g, el sohdiof 1a E1THEE. 83%).nMS (&) w2398 MH] hfrm?%? Ekcﬁpw ani ge (2.2

eq., 2.77 mol ; freshl repared fromdiisopro am de 2. 77
mol ) and 85t AL IR ]yfffg,(liy -H@).h95 (glﬁng%F)) Q‘Yé FHL A~ l@e%éﬁé%)éﬁ’n THE (5
m)) T Qs I utlon dar kened. The sol uti on was
al | owed tﬁ\?@\ﬂ%ﬂ?g? %%) St (?I ?g Fﬁﬁ | odonet hane (0.17 m, 2.77
ol , b 2 EXAMPMER added. The 10 sol ution was allowed to warmto room
tenperature and, stifreq_for 18h to forma yellow solution. The sol vent was
r enoved. M@Pé@ﬁ@g;é m ) was added, the solution washed with water (3
x 30 nl), dri q%paaracégﬁa;%%mef@bt)gr@mz xaa;imtthemmhuemlumembsd to vyield a
yel l ow solid. The uct was_recryst

al sed rom Feth nol to yield
4a (0. 41 Fphanph@)6- é}lss'@tylew"geé? Pefls 5|\§B"(d?93°rﬂ‘9‘ zrs&ﬁ%mi glaciah3oRiR (cdl 3) -
S 8.05 15 {fﬁf@%’mlzﬂ&l@é) mreﬂ&eézmﬂwmc ohdletd i mme, 778 fhe 4H Ar-H),
2.78 (broa 2.25 (m . 6H, ove 90 ( éZH CMe), 1.27
(m 128 m@(ill-'l(/@-ﬂg)@)ed Al OEd féﬁt“ﬁ‘é‘ﬁ@!‘ie?ﬂi‘a@aﬁﬂyg}:{i ® To ligand in

(0.50 9, 1,206,100 dr a4 5T, 1038). M9 (3 mz 682 fh+aft 1 NRIR (CDCR): 6 8.52
(d, 2H, *J(HH) 7.8, Py-Ha), 7.94 (¢, 1H, Py-H,), 7.1 (m, 6H, Ar-H), 2.78 (sept, 4H,
3J(HH) 5.6, CHMey), 2.28 (s, 6H, N=CMe), 1.18 (d, 24H, CHMe,).

EXAMPLE 3

20  Preparation of ligand 3a
To ligand 1a (0.50 g, 1.26 mmol) in THF (30 ml) at ~78 °C, lithium

diisopropylamide (2.2 eq., 2.77 mmol; freshly prepared from diisopropylamine (0.39 ml,
2.77 mmol) and n-butyllithium (1.73 ml, 2.77 mmol, 1.6 M in Hexanes) in THF (5 ml))
was added drop wise. The yellow solution darkened. The solution was allowed to warm
25  to 0°C with stirring for 2 h. Iodomethane (0.17 ml, 2.77 mmol, 2.2 eq.) was added. The
solution was allowed to warm to room temperature and stirred for 18h to form a yellow
solution. The solvent was removed. Diethylether (40 ml) was added, the solution
washed with water (3 x 30 ml), dried over MgSOs, filtered, and the solvent removed to

yield a yellow solid. The product was recrystallised from absolute ethanol to yield 3a

30 (0.52 g, 98%) 2 yellow solid. MS (CI) m/z 426 [M+H]" I'. TH NMR (CDCl3): 8 8.42

(d, 2H, 3X(HH) 7.9, Py-Hm), 7.91 (t, 1H, Py-Hp), 6.91 (s, 4H, Ar-H), 2.72 (g, 4H,

19
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diisopropylamde (1.1 eq., 1.39 mmol; freshly prepared from
diisopropylamne (0.129 mM, 1.39 mmol) and n-butyllithium (0.86 m, 1.39
mmol, 1.6 Min hexanes) in THE (5 m)) was added dropw se. The yel |l ow
sol uti on M@RER3W. The sol ution was allowed to warm to BCI/GBAN348Ti rri ng
for 2 h. Benzylbromde (0.18 m, 1.39 mol, 1.1 eq.) was added. 25 The
sol ution aBj dstqqa,mmgcm RONGs LTI s(t;% |8h to forma
yel | ow sol u@gn The sol ve)nt vvgg renov%dybﬁ(sg% | et Y?%EOB%) was added,
the sol uti Sf(HHMISHhNFQEHICHmt er (3 x 30 nl), dried over MySO4, filtered,
and the so#@l’%&wed to yield a yellow solid. The product was
recrystall absolute ethanol to yield 5a (0.49 g, 80% a yellow
solid. M5 Q@i@ﬁéﬂoﬁ%&dwkﬂ IH NUR (CDC13): S 8.48 (m 30 2H, PyHm,
7.94 (m 1H, E’Y . 1.20- 7 (m 5H, N=CCH2CH2Ph), 6.90 (s, 2H, Ar-H),
6.87 (s3 2H, q»l}lgané-"eﬁo%g h%mmalw@‘tﬂim ThnD ap-781°G, lithivmd, 20 This Sheet

NooHp oz PR PSP U o § 1 il esht breprtd folidifobnapdpiin g0, )2 0
(s, 6H, W87 necivpde-ia: itﬂmiupe(dérsuminz # mknogamwanmxarms)mmqs ) (1. oo g,
2.52 I I

5.54 %| ) ﬂFd‘o%%gE@aarg%&?ll;oérm f(iil’ulcllé‘(%ép)rr %nﬁyl Eﬁ?' Z‘g%c‘)‘% %(‘%5‘“ mml ) and
n- but yl | |tIt’omﬂméﬁnmﬂﬂnr5h53dﬂiﬁ6&xane3(067liﬂlIZWH&?&@HQ&)eq')WaI'ﬁFdeGSTKE)) was
added cir op VYIW Jnl ow sol ution darkened. The solution was allowed to
warm ti§ oé° ‘%""’éf’ﬁ?‘%ﬁ’ 1§ Wasm to repm {empstafune #d; stimreq fpr 18h 1 forrgagellowhol , 2. 4
eq.) was agelegon! OrndRstvénd vas ﬁ&m&vh@ nofé{h&re%fi@bqnxmaq&ed RAieAPer at ure and

stirred for 18h to forma || ow sol Uti on. The sol vent was renoved.

Di et hyl et hé‘fasi(eéowmwat%%xaeaéh drigchever MeSOafiligred: andethesiveni removediter (3 x 30
m), driedyp f I d N
| o e BChothe e PSS g R IR AL 2

solid. The pro uct was rec oma ano yield 6a

(0.88 g, 616 g,6V2yfﬁ|a|y@Hb\ﬁQiliddMSl\(EI)(rﬂth‘{r%M+ﬁ]7‘8l}kMﬂ[ﬁtcpéﬁ) .(5Ckpsm z 482 15

[ MEH] +. IHNMR (CDC13): S 8.45 (d, 2H, 3J(HH) 7.9 7.97 (t, IH Py
Hp), @590 (gread, 2H, P 747@@08@ 8, RWplmO(mpmmpm (braad)aH(m 4H,
g'zvec)c;ﬂzmzpmec&f(&g,)zf‘z.z‘sl SEGBAE 1081 )1 2P, 1)+ 203 (50 12K
N=CCH(CHs),).
EXAMPLE 5

Preparation of ligand Sa

20 To ligand 1a (0.50 g, 1.26 mmol) in THF (30 ml) at —78 °C, lithium
diisopropylamide (1.1 eq., 1.39 mmol; freshly prepared from diisopropylamine (0.19 ml,
1.39 mmol) and n-butyllithium (0;86 ml, 1.39 mmol, 1.6 M in hexanes) in THF (5 ml))
was added dropwise. The yellow solution darkened. The solution was allowed to warm
to 0°C with stirring for 2 h. Benzylbromide (0.18 ml, 1.39 mmol, 1.1 eq.) was added.

25  The solution allowed to warm to room temperature and stirred for 18h to form a yellow
solution. The solvent was removed. Diethylether (40 ml) was added, the solution
washed with water (3 x 30 ml), dried over MgSO.,, filtered, and the solvent removed to

yield a yellow solid. The product was recrystallised from absolute ethanol to yield 5a
(0.49 g, 80%) a yellow solid. MS (CI) m/z 488 [M+H]". IH NMR (CDCI3): & 8.48 (m,

30 2H, Py-Hm), 7.94 (m, 1H, Py-Hp), 7.20-6.97 (m, SH, N=CCH,CH,Ph), 6.90 (s, 2H,
Ar-H), 6.87 (s, 2H, Ar'-H), 3.02 (m, 2H, N=CCH:CH,Ph), 2.81 (m, 2H,

20
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EXAMPLE 7 20 Preparation of ligand 7a To ligand 2a (1.00 g, 2.08 muol) in
THE (30 M) at -78 C, lithium diisopropylamde (2.2 eq., 4.58 mol; '
freshly prepared fromdiisopropylanmne (0.64 n, 4.58 mmﬁéﬂand
n-butyl | i WA0M3398. 04 nl, 4.58 mml, 1.5 Min Hexanes) i RCHABOYB48T)) was .
added dropwi se. The yell ow solution darkened. Solution was allowed to warm
to 0 25 CN&CCHH,Ph), 231 (s SH2CMe), 2080 sedth NrEM), 204 Gl $HACH®), BR8Ks, 2.2 eq.)
was added.q!_?;\rksg solution was allowed to warmto RT and stirred for 18h to
forma yel "ution. The solvent was renoved. Diethylether (40 m) was
added, wasteaveiers water (3 x 30 m), dried over MgSO4, filtered, and the

sol vent renoved to éi el d a yellow solid. The product was recrystallised
from absol Ayield 7a (1.04 g, 98%, a yellow 30 solid. M
(C) nmyg 510 I[;y*llg'hgfdl ?é? @Dﬁ&)xnﬂuﬂ(zsé%liaqihb ReiGeH) 7.8, Py-Hr),

7.93 (t, (m 8H, CHIVEZ and 21 This
Sheet Has meproﬂmxde@dz eq.,15: 54 mmpl; freshiyprepererfms disomopyaming (Y

N=CCH2CH3 2 CH3
EXAVPLE & PP t.on%z‘;f#?“ﬂmﬁﬁ%ﬁ%‘%"ﬁ"*"a'hﬁﬁ%ﬁ?‘ﬁé%?s>ﬁ‘3“9%'& o).
(30 M) at was?a%déa drbp Wiseu IThSyelowssokunom#drhMeT(szoBmeqwasleomdnwhm f reshly
(170" it 016 Srbamng R 4| Henppiomuts (777 o 54 SRl 2,000 s Bl o 0
rop wse.
Yel | 0W1§0| aHd tRsollAiok @IGwed 36 Mt @ rodh teimpetatiufe 468 stircdddfod1 8B twfdirhla stirring for
et t o RTvallw sakufinn. cEheaghvert e grmaved., Bifufiich (8 Sivas et anfPhecroveq.
D et hyl et higoadd wetflaBlich ARAES x 3088 afed BicP Mg, i8R Hnl sheloivast over MySOL,

filtered, vent removed to yield a yellow solid. Product recrystalised
form abs. femvaerblo yield g yeliow sglid. (Thegryodyct vmycryaal&weﬂ from absplutg ethapol tc) ) 1y 2

538 [ M+ g N iha99 (broad, 1H
Py- HE)) i X‘%‘]"fBr‘ dg"@@%”g" %QF%I IMAHL B (1) NgCCI(-I( cra) 2)
1 25 (hsoa%ﬁmnﬂmz@mﬁ? BLs 4b (g ath, SHEYMOBHECHS) &) (, ILPYRRIPLE 9

Preparatlon of “ 2, 6-di benzoyl p 'di ne Pyridine dicar bonﬁl di chl oride (5g,
0. 0263nD1) 6.9Q16H Y And),a1.2636.83 (ma YOH, BFCEHEB2PA), 3.06 (m, 4

N=CCH,CH,Ph), 2.78 (m, 4H, N=CCH,CHPh), 2.31 (s, 6H, CMe), 2.03 (s, 12H,
CMe).
EXAMPLE 7
20  Preparation of ligand 7a
To ligand 2a (1.00 g, 2.08 mmol) in THF (30 ml) at -78 °C, lithium
diisopropylamide (2.2 eq., 4.58 mmol; freshly prepared from diisopropylamine (0.64 ml,
4.58 mmol) and n-butyllithium (3.04 mi, 4.58 mmol, 1.5 M in Hexanes) in THF (8 ml))
was added dropwise. The yellow solution darkened. Solution was allowed to warm to 0
25  °C with stirring for 2 h. Iodomethane (0.29 ml, 4.58 mmol, 2.2 eq.) was added. The
solution was allowed to warm to RT and stirred for 18h to form a yellow solution. The
solvent was removed. Diethylether (40 ml) was added, washed with water (3 x 30 ml),
dried over MgSO,, filtered, and the solvent removed to yield a yellow solid. The
product was recrystallised from absolute ethanol to yield 7a (1.04 g, 98%), a yellow

30  solid. MS (CI) m/z 510 [M+H)". 'H NMR (CDCI3): & 8.40 (d, 2H, 3J(HH) 7.3,
Py-Hyy), 7.93 (t, 1H, Py-Hp), 7.1 (m, 6H, Ar-H), 2.84-2.69 (m, 8H, CHMe2 and

21
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(10.52g, 0.0789npl) and anhydrous benzene (150cm) were m xed under
anhydrous conditions and heated under reflux for four hours with a sl ow
flow of nitrogen over the 20 top of the condenser. The resulting dark red
m xture waWOA2¥¥ed to cool to room tenperature under aPET/GROWA3ERT of

ni trogen before pouring the mxture onto a dilute hydrochloric acid / ice

m xture. TIN=GERAEHL); 1118y 241SCEbRa), af. e8l(tf 1B Jhen sRueescays). and the

aqueous | ayer was _washed with diethyl ether (3 x 75cn) . The organic
fractions éﬁéﬂ@%ﬁbi ned and washed with saturated sodi um carbonate (25cnB)

and dried Q’Yé‘%éra%@nﬂ]yq&ws sodi um sul phate. The solution was filtered and
the liquid volunme Teduced to approximately 5cnB8 and petrol eum et her 40-60
(150cn8B) addedTodiganidive (8.501gi 0.88 swial)dn THF (30 at)ut o8 °Qflitighut i on. Thi s was
filtereqd off. and S W t ol d .pgt rol eum et her 40-60_ (25¢ and dried
in vacug’. \?‘.“seﬂ%&‘?PY‘%a.“U%,ea&f@%g: lg-wwfﬁ@@m@ f@.ﬂz@swppﬂwnwgm; 8. 15
(conpl ex, 2t6 rwolyBndSn-Butyttithium (1.58ml, 2116 mib], A5 Nrn) EexandtPin(FHF H").

’
30 22 This Sheet Has Been Replaced 111111111111111111 11111 I 01/ 23396
PCT/ GBOQ 03¥88 pddeg dgopwise.; ¥elay solutign derkens. Solutigh allnwedyo pam thi MI2C (i,

0. 0069610 L)stirrigig for® 1. "TodBibtHar10.13 RE o - A

p-t ol uenesul ph%ni c acid (0. 1g|)a angﬁtzgﬂ%u'gﬁgr’ %%@8?2 edi/vesrg%lg‘fﬁ g‘c{)@)&ait?\ a flask
fitted witvaamteBA-agd glirkedni8hdo fom aryslidw selutionn Selvenn restoved. f Diatitylatheni t r ogen

until the i O I t,.c, 12 T sqQl yent was renoved to
Uel o oo S DGR wiGRa SRR ICEL 30 . hhés o Mbspl ieted Aveah it v |
vacuo. Yi eltquie@.azcellgw § @R ProdubbobdipitBisdédDfdimapa Ettanélito 9feld 8a (0.37 g, 70%)

2.6-di (2. 4-di et hyl phenyl ) pyridine Pyridine dicarbonyl dichloride (5g,
0.0263 nol P Yelam§bidoMs IM.&%EMTH] chi B NYRR (QCIGYL 6. 09 (bréad)ZEIND1) and

hyd | ' d diti d
hoat ed_unddy k720 GspE Tk Prel) M I Erarl it AT Rl Gread, BB biMeZover t he
top of the ,a@NECCHRCH;)HNE 25 Bredd A ém&z{,e&gfm ag;gg,\q@sce r o%#%ﬁ?hto cool to

room tenperature under a slow flow of nitrogeh e mxture
onto a @i | BXAMBLEOochl oric acid / ice mixture. The organic |ayer was

separ at ed fg; . I | ayer. 15 and the aqueous | ayer was washed with
di et hyl et H%Mw QSJO § %%sz M yanic fracti ons were conbined and washed
Wi th sat ur at edPgridine dicattsonplodichl@ide 265 02 6BR6]), dhliyBfbud YiBminnalhedibAss sodi um
sul phat e. 0 Lon was filtered and the,iquid volunme reduced to
P 7z, 0.078Smol) ana 3 : i
.52g, 0. mol) and anhydrous benzene (150cm®) were mixed under anhydrous
conditions and heated under reflux for four hours with a slow flow of nitrogen over the
20 top of the condenser. The resulting dark red mixture was allowed to cool to room
temperature under a slow flow of nitrogen before pouring the mixture onto a dilute
hydrochloric acid / ice mixture. The organic layer was separated from the aqueous layer
and the aqueous layer was washed with diethyl ether (3 x 75cm’). The organic fractions
were combined and washed with saturated sodium carbonate (25cm®) and dried over
25  anhydrous sodium sulphate. The solution was filtered and the liquid volume reduced to
approximately Scm’ and petroleum ether 40-60 (150cm®) added causing a white solid to
crash out of solution. This was filtered off and washed with cold petroleum ether 40-60
(25cm’) and dried in vacuo. Yield: 7.0g, (93%). 'H NMR (CDCl): 8.29 (d, 2H, Py-
H,), 8.15 (complex, 5H, Ar-H, & Py-H),); 7.58 (1t, 2H, Ar-Hp), 7.42 (t, 4H, Ar-H,,).
30
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approximately 5cnB8 and petrol eum et her 40-60 (150cnB) added causing a white
solidin the formof needles to formin the solution. These was filtered
of f and washed with cold 20 petrol eumether 40-60 (25 cm and dried in
vacuo. Yi Q128396 9. (95% . 'H NVR (CDC13): 8.18 (d, Z2pcr/eped#dsr 8. 03 (t, |
1H, Py-Hp); 7.39 (d, 2H, Ar-H); 6.99 (s, 2H, Ar- Hn); 6.88 (d, 2H, Ar HmM;
2.33 (s, G agﬂ%),'of a,?,gggs 6H, CH3). EXAVPLE 11 Preparation of

procat al ysts arative) 25 FeCl2 (1 equiv) was di ssol ved in

hot n-but anol Zét-dlw@ylm{“él?s 9i0§Ra%smol), 2 genusimethylapiling?. 2. 288W) in
n- but anol gdﬁgo&ﬁngs%whéﬁc%d?@&)a ﬁ?olﬁe‘?x@ %’)'@JJM%{MFME&Q bl ue.

Af ter stlrrlng 15 mnutes the reaction“was owed to cool down
to room tﬁmﬂm’zhtalD@n-Smbhwdaod Fdhxmr@mmﬂow@ﬁomvgtmml thew nl, and

petrol eum et her t t [ a bI ue
powder )esu ﬁ“\%ﬁé LPE %t@?}gg%'ems/gg%gg&tsﬁ#é%te?mnﬁgd %ly @ﬂ’%%’h{riﬂ petrol eum
et her (40/+velfich wasRrashalrveith cold méthanob asd dried 34 sacdb. YirlddB.23 @ (BY%&).appr opri at e

| i gand 3a 9 eihydrous iron(ll) chloride (I eq.) and n- 23 This Sheet
Has Been M&E—B LELELEEEL  TEEirerrirl 1N WO 01/ 23396 PCT/ GB0OO/ 03487

but anol V\ﬁf@gﬁgﬁﬁ@f@.mﬁigQ&ﬁﬂ&hﬂhhﬁ%iﬂame18 hours to produce a bl ue
precipitate ol vent was renoved, and the solid washed w th diethylether
(3x 20nl) and Pyrdipe diearkenyl dichigride; (§e.1010263 &l snbydrgpsealymisiym ticklepidegy)  of

gr (z)gat y?é 5%%16 07@%0(@ and'\ﬁgid:&@% %57€?3&M3jc\j4v rinﬂ%gztﬁl%rgnﬂyﬂrouﬁS?’ [ M‘ CI 2] +;

(82% . NB donditans andheasesilunpmrmu@%fopm@rg thh asmwmwrz:ﬁp ftrogen ayer tl(e940/o VS
FAB) i 4 + FAB) miz 613
(52D 102 BBl b A gty el d el (19 2
[M ]+, &aﬂpdgrmmm}ierasloy@ﬂm of(uvm befviEe pdutiBy theimzixtBBcontdg dilut600 [ M C[ ] +;

8|t\)/; +,( 8 6 EIL.OS/()}[ ml\%n}w_AB(%ﬂ fdﬁar IX ure he Orﬁg%c la%elyl'w% %epilabe%%omwﬁe gqueoug la)rgr Z 648

roca
2, 6-di {2, %ﬁlﬂiﬁqbbduplwaywasmhdmm dicttyl eﬂxeﬂ@SBErmi)) ,The ofgaficfrattions hy| ani | i ne

were combined and washed with saturated sodium carbonate (25cm®) and dried over

anhydrous sodium sulphate. The solution was filtered and the liquid volume reduced to
approximately Scm® and petroleum ether 40-60 (150cm®) added causing a white solid in
the form of needles to form in the solution. These was filtered off and washed with cold

20  petroleum ether 40-60 (25 cm®) and dried in vacuo. Yield: 8.6 g, (95%). "H NMR
(CDCL): 8.18 (d, 2H, Py-H,,); 8.03 (t, IH, Py-H,); 7.39 (d, 2H, Ar-H,); 6.99 (s, 2H, Ar-
H,); 6.88 (d, 2H, Ar-H,,); 2.33 (s, 6H, CH;); 2.32 (s, 6H, CH3).

EXAMPLE 11
Preparation of procatalysts 1b and 2b (comparative)

25 FeCl, (1 equiv) was dissolved in hot n-butanol at 80°C. A suspension of ligand 1a
or 2a (1 equiv) in n-butanol was added dropwise at 80°C. The reaction mixture turned
blue. After stirring at 80°C for 15 minutes the reaction was allowed to cool down to
room temperature. The reaction volume was reduced to a few ml, and petroleum ether
(40/60) was added to precipitate the product (a blue powder), which was subsequently

30  washed three times with 10 ml petroleum ether (40/60).

Preparation of procatalysts 3b to 9b
To the appropriate ligand 3a to 9a, anhydrous iron(II) chloride (1 eq.) and n-

23
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15 (2.36g, 2.45cnB, 0.0175np1), p-toluenesul phonic acid (0. ig), anhydrous
iton (Il) chloride (0.738g, 0.00582 nol) and tol uene (200cnB) were pl aced
inaflask fitted with a Dean-Stark head and refluxed under a slow flow of
nitrogen fwood2Bhe The resulting green solid was filter pgreibonsshed Wi th
hexanes (3 x 15 cnB) and dried in vacuo. Yield: 3.28g (80%. M5 (FAB+) nmz

703 [M+, 68@ndiVrerd ldaeag?ﬁs%ngghﬁ]&g ngﬁ NJH?‘“OE:?%& a Blue ﬁgeg?g,tetgtgf

Pol yreri sat1ons were per . tre adtoclave. _
Pol yner i satSolysntyascerdemed, and shesolid washed wathrliegtydetisr ¢ 20ndpaidahendried bk ed out

' . f . 8 25 nd bsequently cooled to 50C
Fggglrjt anl %&E@ﬁ%%{hﬂx%&p&fﬁé&ﬂ%ﬁ@?gmc tﬂF%St?'g. O'rsﬂu, ?uo M iyn heaxane) were
i nt roduced lbrfﬁo%b.rMSl(ml)WzWM]f,i%BegM-equ,ﬂf&[h?ﬁagt;i ont tegpelroat ll:re for
: : h [Nt nt o e reactor ac
grgsgalrjé oﬁhnébﬁgg\&%%%'f{%%ﬁét@ ;g&u@%&%ﬂy‘ﬁﬁ gl ved i% t ol uene
(19.6n), BBQB2%).MS EEAB") /A58l [MY', ST6UM-CHOYWM-2¢1y*t ol uene) was added to

forman orapge solution ., 30 A fraction o he solution (2. 0M, 0.51inol)

f 1
was then i APHOFGy MS(BABD &z 30IMIT, SAI-ClI'n50% BMACT The react or pressure
was mai nt aispe@7%9 NS WAB Y HPSGNE, S78 i*yﬁ?firgﬁx@idnfg prun by comput er

controll ed addition of ethylene. Polyrerisaiions we erformed for 60 24

Thi s Sheet 6bl7B0eMSESBaag 701 IM1'1668 [M-CIT], 633 M-RCIT; | |OI | |b | WO ?_1/ 233?153
PCT/ GBG@/ 0 ' P ' ' re termnated by venting o

vol at i Iolgs. %ﬁﬁ@% 'aﬂg?ggﬁ%grﬁieﬁwg?@%lﬁt ed, washed w th aqueous HC ,

met hanol arst: (31%.0M8 I(EAB ") waz GG3IMPob63a-CHat i on dat a\/GPCI 1H’|;|NRPE3?OOBI;VR
Catal . VYield At tYeiy" " .Sat Vinyl Sat Vinyl iPr

(000) (000)99é9§é#éh§y§"’égé%mw3mh Ib* 32.1 16,050 9.4 208 22 47 1.1 0.7
0.6 2b* 9. i8R ofgro #16b 285 3b 34.2 17,100 10 167 16.5 35 1.44 0.8

70.39,0 82 0.6 0.2 0.6
0.6 0.3 4b 35'2,%—(&22’,48 i(r)net g'lpﬁenyl)pyn‘dine (2g, 0.00582mol), 2,4,6-trimethylaniline

15  (2.36g, 2.45cm’, 0.0175mol), p-toluenesulphonic acid (0.1g), anhydrous iron (II)
chloride (0.738g, 0.00582 mol) and toluene (200cm®) were placed in a flask fitted with a
Dean-Stark head and refluxed under a slow flow of nitrogen for 432h. The resulting
green solid was filtered off, washed with hexanes (3 x 15 cm®) and-dried in vacuo.
Yield: 3.28g (80%). MS (FAB") m/z 703 [M]", 668 [M-CI]*

20 EXAMPLE 12
Polymerisation of ethylene

Polymerisations were performed in a 1 litre autoclave.
General Polymerisation Procedure |
The 1 litre stainless steel reactor was baked out under a nitrogen flow for 1 h at 85

25  °C and subsequently cooled to 50°C. Isobutane (0.5 1) and triisobutylaluminum (2.0ml,
1.0 M in heaxane) were introduced into the reactor and stirred at the reaction
temperature for 0.5 hour. Ethylene (4 bar) was introduced into the reactor by back
pressure of nitrogen. To the catalyst (5.0umol) dissolved in toluene (19.6ml), MAO
(100 eq., 0.4ml, 0.5mmol, 10% w/w in toluene) was added to form an orange solution.

30 Afraction of the solution (2.0ml, 0.5pumol) was then injected into the reactor under
nitrogen. The reactor pressure was maintained constant throughout the polymerisation

run by computer controlled addition of ethylene. Polymerisations were performed for 60

4
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5b 40.2 20,075 6.7 235 34.9 25 1.72 1.0 0.6 0.9 6b 32.5 16,250 6.5 197
30.4 26 1.69 1.0 0.4 0.5 7b 6.3 3,160 14 365 25.4 26 0.78 0.85 0.8 0.6 0.0
8b 6.0 3,020 24 557 22.8 263 0.73 0.84 0.7 0.4 0.0 5 * conparative exanple
4) Units sy@oetd3®s h" bar' The above results show that pairGres/essgm oduced
using the catalysts of the invention generally have higher

pol ydi sper Qinhiee SPéihéridhdions R tehsifiedByOHER bENdIitBesC The RARACHNNGLs 10
conpounds fromthe prior art: conpare Ib with 3b to 6b, and 2b with 7b and
8b. This werexsolatadewyashed with aﬂt@gu#rﬁ@, methang] apd dripdamdera@eyuily properti es.
EXAMPLE 13 Preparation of supported catalyst Silica support (30g, ES70X
supplied by Crosfield) was heated under flowng 15 nitrogen (100m /mn) at

200C for 1PBolimerisgtionidataan i nert atnosphere a sanple of this silica (20g)
was pl aceg—+A—a—Seht-en Hre—aag34 0 OV TR NN g o Rgxane 11 tol uene
("MAO' supplied by Wtco) [was added to it to qlurry.” The sljurry was
heated for| 1 hour at 50C Wi th periodic shakifpg to thgrougdMR m x, jal | owed
to settl e land _the sunerpnat-ant—-i-aH-d—above il e

yer N4 i 8 he—s+H-ga—+eapvep—sHng
cannul ar t@Biathie*F’hFA"g'Y‘FM‘ L VM 0| Marer| MPK D§ﬁ‘p§§“‘¥lc‘%? Yot ®dr - vacuum
at 50C unt} | fIWdi sation @\g/g g(ybogl'o a |2600) Ftds| BhRatndi EndeEBndsqp! aced
111121111112)21113 111 .11 17‘1({8 3396 BCT/ CROO N3487 of tlhi s
32. VA 0

silica supjpdb* g (06,030 0¢))9-h m 28ngertdt Yire has gddkg ne(25m)
615 e TXtT iced in a

slurry of Hepteonp ST 4T O 06T~

wat erbat h a bSC%ganﬂ’%gcas,iégnal d)(/b shnger %?vge a [l _hodr pe nsure
honogenei t . 3p 4. 3uperoat anto §olar | 016.5nds 36efovedland ad¢
si li ca- supportgd 5 MAQL Ee tcompl-ex—tri-ed u%%c: V-aEtHHR b

f1 ui di sat i pribcd3séd|17.88%alP% | 1%79s(i A8 tled t hy| al urfi 463
' R

-

ration

ES70X silifage h(fh” 5 4B [(B5 [OH)o iagsagided| §§23 ) o Tl ask .and"
slurried ip (?I’V ol behe (80cn®) . Al 10%wliw sollutihn ofl netihvl al um doxane
(MAO) in 6b 325 (16250 | 6.5 197 | 304 | 26 169 (10| 64 | 05

7 6.3 {3,160 14 | 365 | 254 | 26 |0.78/ 085 |08 0.6 | 0.0
8b 6.0 3,020 24 | 557 | 228 | 263 |0.73| 084 [ 07| 04 } 0.0

* comparative example
¢ Units = g mmol” b bar™
The above results show that polymers produced using the catalysts of the invention
generally have higher polydispersities (Mw/My) than those produced using corresponding
10  compounds from the prior art: compare 1b with 3b to 6b, and 2b with 7b and 8b. This
unexpected effect results in improved processing properties.
EXAMPLE13
Preparation of supported catalyst .
Silica support (30g, ES70X supplied by Crosfield) was heated under flowing
15 nitrogen (100m/min) at 200°C for 16 hours. In an inert atmosphere a sample of this
silica (20g) was placed in a Schienk tube and 34 m! of 10% methylaluminoxane in
toluene (“MAO” supplied by Witco) was added to it to form a slurry. The slurry was
heated for 1 hour at 50°C with periodic shaking to thoroughly mix, allowed to settle and
the supernatant liquid above the silica removed using cannular tubing. The silica/MAO

20  was then pumped to dryness under vacuum at 50°C until fluidisation ceased. To a

25
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10 toluene fromWtco (39.65cn8, 0.0706nm1 MAO) was then slowy added to
the toluene/silica slurry with continuous stirring and the m xture heated
to 80C for 60 mnutes after the addition of the MAO was conpl eted. The
excess tolwWoe23Me6 decanted off and the MAQ'silica dri edcracBugesesy unti |
all signs of fluidisation had ceased. EXAMPLE 15 15 Supported Catal yst 15

fr om Conpl exmfle of Gissiiza auriperyd MAD (3.ex) at fdomtBmpératate waadiexes and t he
silica supparte | al um noxane _ar descri bed above, 1b (0.0262g.

0. 00005%1&%&5@ $¥'@’d°$‘??“&?i“§@x P@l@%’e& PBETRmab: g Themixtige was placedyr r y

si | i ca/ MAOif 2 waftghathi &t S0t AR RcAsikmbly shaldd@vees Phédrerdd tteibfe Was heated for
one hour at 80C withT%eri odi c agjtation. The now cl ear supernatant was 20

decant ed offPMORENeiteThs uperAAtASPIntion WA Iemevedand the praducad silicmupported)  al |
signs ofs  INHOARIpRA HbPRRRFvdcRuh SPYP Chnlffifseibs Seakdd?WV NY_so! i d.

Anal ysis of_the catalyst gave a nom nal corrp05|at|on of ‘0. 12% w w Fe and
12. 7% w w ERAMBEKEN®| E 16 Supported Catal yst 16 from Conpl ex 9b 25 The

preparatio Q sl lica supported nethyl al um noxane are
descri bed arsbug\;?%&&g\gel I xS r ) was slurried in dried toluene

(5cm) and add&S70X siicatalniney as200°C @MVISR) hids 26Ue) td HRBScHRRE4sESH) . The
resul ting mgxtus.e S, heated, for e _hour, at _.80C with periodic _agitation.
The now cl rell‘le‘fer'grl gj‘ﬁ&%ﬁl“ﬁﬁ&b\% ): 8@8%’8’&08‘?‘@‘ of rgethylaluminpxang (MA@ iR~ conpl ex
was drid itolueriectiimm Witch (3%65cm3 000661 A C) was tHed AbivB datPiRARE to | eave a
pink free flow ng. solid. Analysis of the catalyst gave a nom nal

conposi ti oﬁ°18?“effﬂif2%’w Witk gontingous stirripg and, theyixtugechegtiod to &REdor 69as Been

Repl aced 1 1dihitdslaftéh ik bAdiBbA of the MAD whs ¥R R XAVPLE
17 Supported Catal yst 1_7l (f.(r,o.me conpl e_§< 1.b§lé(%ﬁ§%%?§g§roa ?%91'9% e%iz—'gedgorrpl exes
and the si [9iapdd a dgiechip varxaantibalbsigns af Suididaivehadessabove. 10b
(0.0354g, @G&POOBPeR!I) was slurried in dried toluene (5cm) and 5 added to
a slurré siltTcalMAU (2.30 g) in toluene (7 cm. The resulting m xture was
heat ed ¥or a0 Gatalyst 89)fromGoniplexcbi (Gdinparatine) at i on. The now cl ear
super nat ant wa . ed f and the,sili.ca/ MMO Fe conplex was dried in
vacuo until al ﬁ‘hgﬂé‘eﬁ%@% nof?‘%ﬁp&ﬂgﬁsia & the slignwpported mettydalumipoxage afece f | owi ng
sol i d. Analdgsaribedibovérells @ 0263 10.0POYSG) was slurried in dried toluene (5cm®) and

added to a slurry silica/MAO (2.29g) in toluene (7cm®). The resulting mixture was

ypportas

heated for one hour at 80°C with periodic agitation. The now clear supernatant was
20  decanted off and the silica/MAO/Fe complex was dried in vacwo until all signs of

fluidisation stopped to leave a beige free flowing solid. Analysis of the catalyst gave a

nominal composition of 0.12% w/w Fe and 12.7% w/w MAO.

EXAMPLE 16

Supported Catalyst 16 from Complex 9b

25 The preparation of Fe complexes and the silica supported methylaluminoxane are
described above. 9b (0.0325g, 0.00005mol) was slurried in dried toluene (5cm®) and
added to a slurry silica/MAO (2.29g) in toluene (7cm®). The resulting mixture was
heated for one hour at 80°C with periodic agijtation. The now clear supernatant was
decanted off and the silica/MAO/Fe complex was dried in vacuo until all signs of

30  fluidisation stopped to leave a pink free flowing solid. Analysis of the catalyst gave a
nominal composition of 0.12% w/w Fe and 12.7% w/w MAO.

26
This Sheet Has Been Replaced

(L




nom nal conposition of 0.12% w w Fe and 12. 7% w w MAO. 10 EXAMPLE 18 Slurry
phase polynerisation A1 |litre reaction vessel was heated under flow ng '
nitrogen (21/mn) for 30 mnutes at 90C. The vessel was purged with
nitrogen wo 0124396 bar) before being seal ed and cool ed t BCIGBIO/0B487i sobut yl
aluminium (3 m x IMin hexanes) was added to the reactor 15 foll owed by
500 m of ﬂm_a_m_e The reactor was heated to 80C causing the pressure to

) as added to give 22.3 bar total pressure.
The supp@ P above (0.102g, slurried in 5l

toluene) was fh¢ ﬁ@ﬁ#ﬁhonldﬂ“@ célhﬂe)fe@ aﬁd me snll&d ﬂﬁpdﬁeﬁh‘i&@l’hhﬁfﬁﬁéxaﬁé grsure
causi ng t he pressure to rise e reactor te%egat ure was

mai nt ai nedeseribgirbove. h'é‘%(?@%%‘t& @OﬂQqsd'ﬂQ!bWS% srriedsip drigd talyene 3| ene as

ol ymer wasikdRg s Y GRSUMAD E0 G Rl Lo L BB S o ana b

to be 52hedelfondnig008t J0SEwIL periotiy agitdtinh. Th&®w Ntar@unbm;anm 111. A

gg%?ir 2|b|n§°§a:"¢ég:?¥rca§£i E‘;"'ﬁg%h'zlffgorrparﬂél Y dl'{gagve é%@%y&?&f?%é%o and

25000 r es [filisatict] sropped to 1E20ARirk fied ficaingfbld eAﬁNstmEthes:an‘alyetrgaiFhe reagents

used in the meri.sat i t, s _wer dro Grade 6.0 (supplied by Ar
Pr oduct s) :© 'H‘Ii/%’éﬂ? sifipr, %(gflgz/ew?\ggﬁmqegd;% %&Xgr oducts): and
met hyl @l UBRBXYAMPLEQ8M i n hexanes, supplied by Aldrich). A3 litre reactor

was heated to 80 C before being 30 pressured to 10 bar with nitrogen and
vent ed t o Slurgphasemolymerisation, ¢ purge cycle was repeated 8 times before

powder ed sodi WM fhd 1@4dtiAR vESa WS heR%RKer( RUNML niltd r(zmnymgbmmwum 160C,
>4 hours) was added under a streamof nitr he sodium chloride 27

0
Thi s Sheetat $RFE. Bhe vesselyyas puiged/with pitjogen 03|x| loqbar)l beforg being sepled a3 396

PCT/ GB001 ge powder
for the g%ggﬁé"s%@épgﬁ%g%‘ﬁ%gﬂ‘%ﬁw% met @?‘E’énu i'nt Um %fﬁgr&gﬁhol ar in
hexanek) vﬁalbvuddbgdom ol ofigobutage.cTloer rezotat wainedaeﬂ@csof’(hcmidgthemrtsswgen (1.5
bar). The aLk I | al | for poi-sgns in the
reactor f¢ é’ta\s/\gt "LaP rgu‘?'ass’%gg% g.vﬁzsa\gg,\r}g,%g Bﬁssﬁg r’llngS 8 x 10 bar
ni trogen mjp;gﬁ-&d c&hlgst@a&capiphsld above(0402g, clorried nbﬁnuslaehe)wasmjeeted

pol ymer i sat

nto o 2fe reactor using nitrogen over-pressure causing the pressure to rise to 22.5 bar.
The reactor temperature was maintained at 80°C, the pressure held constant by feeding
20  ethylene as required and polymerisation was aliowed to continue for 60 minutes. 75g of
polymer was recovered. Analysis of the polymer by GPC indicated Mw and Mn to be
525000 and 26000 respectively. HLMI 1.53, M1 0.014, MFR 111.
A comparable slurry phase polymerisation using a supported catalyst comprising
iron complex 1b (comparative) gave Mw and Mn of 346000 and 25000 respectively.
25 EXAMPLE 19 '
Gas Phase Polymerisation
The reagents used in the polymerisation tests were: hydrogen Grade 6.0 (supplied
by Air Products): ethylene Grade 3.5 (supplied by Air Products): and methylaluminium
(2M in hexanes, supplied by Aldrich). A 3 litre reactor was heated to 80 °C before being
30 pressured to 10 bar with nitrogen and vented to 1 bar. The pressure purge cycle was
repeated 8 times before powdered sodium chloride charge powder (300g, predried under

vacuum, 160°C, >4 hours) was added under a stream of nitrogen. The sodium chloride

27
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was introduced into the reactor and preheated to 78 C prior to injection of
the catal yst conposition. The supported catal yst of Exanple 11 (0.20 g)
was injected under nitrogen and the tenperature then adjusted to 80C. The
pol yner i saWodh2338&t s were allowed to continue for 1 houPCHEBNBHei ng
term nated by purging the reactants fromthe reactor 10 with nitrogen and
reduci ng th@smmm&;bbbtlﬁal&@®n-ﬁheh@g®mfqmlhe,gmphasas washed with

wat er tor ifie nol (50 m
HCl /2.5 | |t S E{ﬁﬁanoﬂgngﬁk ‘91 ﬁe@ hfﬁ'owrf refﬂe%a%aglagf‘%ﬁf%l? V). (The

pol ymer wageattaradd was baxed vamdamltragené(mﬁ,baf)o (Tha elkhlalunsiniuthiveasatlibwedtol sat i on
tests were carri out at ol isation erature of 80C and at an
L hyi eme. oo Pottond n the s B begen and ERRES Birtre Bole vemigd fome 235

0.018, MR svmowarmfagamhges gm@h?memhmbh&ase@eth o%'nie‘ﬁﬁa&f&hted
catal yst conprisinhg jron ave HLM 716 Mm%) 77, MFR 61.

EXAVPLE 20 Wasdntraducsd iptg) tm?tehmdcnﬁehz@eﬂve?& Kopriantainjestion ofithe eatalyst
pol yner i satdo%oaxﬁ&; Srﬁé%ﬁf‘podwéﬁtglglﬁrbfﬁﬁ e §1 @i&%&l gctecﬁﬁld a+tr§’§ gducts) :

et hyl ene G ade 3. Product s nium (2M
i n hexanes anéﬂwpmwatssﬂ th?'lﬁ‘il‘!?h’ﬁ to R0%C. | Therpolymesisation tMSvdnedth téo 80 C

bef or & bei Mot @Seue ﬁ&rbefoﬂe%eh@rtﬁ&a?e% o B%rf%thgpe%t\\;{énh% hOrmaeer . The

pressure purge cycle was repea ared
charge Bb pwhjgtroge‘a@@g redpmegitheednpmctme to &60%0n Tﬂeﬁﬁeducedpdslguéﬂaraswas added

under a str n|tr | i de, was..used . as

P di sabl cPanRE i Patet fSkEfors O sl e fhen P e Remap By m

pol yner i satHOW.5 Hrésmméthatbol) landrfimilly mlmfﬂ.vamr/etranmh AA)) nTheg;ram&)wmsied added to
he al kyl al um ni um

the reactor _and was bo (?"2: de en, (1.5 bar)
was al | oweo‘"‘?ﬁr ‘?E'éﬂf‘ér?bé f°rdgr;‘§‘c5rﬁs ‘hp‘f %Eerlsé%‘ﬁ‘ttﬁﬁts VeiE ceEedewtdt2 and 3
hour s bef or gylyifkriafion JenfRritGid o‘f@b‘*@gan% axarilélhﬁé}{e préskire e by quﬁ sis ot the 925

phase conposition to be used. for the polyneri'sation was introduced into

t he readl orpolyfeer gavedME 388 MW:O MR injection of the catalyst
t t d der .28 ....... ---
TR Sheet | Has ”ﬁ“ﬁ‘?ﬁﬂi’é"%ﬁs é;ség“gﬁ?fﬁ“? SFAGH B P e g o 206

PCT/ GBQO/ 03ehiplex 1b gave HLMI 4.716, MI 0.077, MFR 61.
EXAMPLE 20

Gas Phase Polymerisation

20 The reagents used in the polymerisation tests were: hydrogen Grade 6.0 (supplied
by Air Products): ethylene Grade 3.5 (supplied by Air Products): and
trimethylaluminium (2M in hexanes, supplied by Aldrich). A 3 litre reactor was heated
to 80 °C before being pressured to 10 bar with nitrogen and vented to 1 bar. The
pressure purge cycle was repeated 8 times before powdered sodium chloride charge

25  powder (300g, predried under vacuum, 160°C, >4 hours) was added under a stream of
nitrogen. The sodium chloride was used as a fluidisable/stirrable start-up charge powder
for the gas phase polymerisation. Trimethylaluminium (4 ml, 2 molar in hexanes) was
added to the reactor and was boxed in under nitrogen (1.5 bar). The alkyl aluminium
was allowed to scavenge for poisons in the reactor for between 2 and 3 hours before

30  being vented using 8 x 10 bar nitrogen purges. The gas phase composition to be used
for the polymerisation was introduced into the reactor and preheated to 87°C prior to

injection of the catalyst composition. The catalyst (0.05 - 0.22g) was injected under
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nitrogen and the tenperature then adjusted to 90C. The polynerisation tests
were allowed to continue for 1 hour before being term nated by purging the
reactants fromthe reactor with nitrogen and reducing the tenperature to <
30C. The MWQB¥E pol ymer was washed with water to remB¢E/GBA03487di um i
chloride, then with acidified nmethanol ;50 5 m HCV2.5 litres nethanol) and
final |y winitfossaaed thetempsrature then adjugted to1902C , The palymegisationgestewergnder vacuum
at 40C, f ' Welal | a

pol ymer i sg{u?g)vgd ??ﬁéﬁ'}"g?ﬁ‘f‘e“g? “Qfgfg "3?1’ tgﬁm{aaﬁeatg? ﬁéﬁe’%etﬁ%{eéést g’ﬁ? gu{')lft eeth bar and
a hydr ogemageredthuniteogsh and wdicing the tempeaturertor + 3€A0. Grhe pooviiced polsmeand cat al yst

activities_ar . | f ] l.e. C. MNE Yield Activity
< Mre. M P “%SE%E‘L‘M%@EHI\}P 'é‘F‘?"ef@i #@Wp‘?""@g @%@ﬁf%@dﬂ%ﬁﬁw 7.0 26000
0. 269 157. il @/2 Blitrés mefignal) et Rally 6D water/6thdnb) 001 G/vR6Theddlymer bh® 17 37 509
62000 1, 230, Q00,19.7 678000.-. -. -. 10 These resul.ts show that catal yst 16 of
t he invent‘%‘?ﬂ “64373%“&%%‘\90‘?’&1’&@?%‘ . Wf%ﬂﬂ‘i tepeE @Ffied oyt at; e
correspond Wﬁsaronaé:%reeaaﬁrabmmuhdefméiwléne@?éssur&eﬂ‘w Bak @Fa Al t hough the
pol ydi spersity produced by 17 is not in fact nuch higher than that of 15,
this is duydogenpresshis ofil & bar. Rrepabiesisation capditions and satalysgactiyisiesiereof M 15
20 25 29._Jhi g&?@s‘- en Replaced 1L EELErrrrrr 1111111 WO

01/ 23396 3&@@(@?8@& 8L I MS. 1. Nitrogen containing transition netal
conpl ex having the follow ng Fornula (IGPC R28 R27 R30 R2Z6 MM R19 |R t--N

3

Cat | Yield | Activity] M, M. |Mo/Mi| Mpea | MI | HLMI |["Myy
15 (comp) | 154 | 2238 |11000] 194,000 | 17.0 | 26000 [0.269] 17.24 | 64

16 26 773 | 7000 | 237,000 | 35.6 | 14000 (0.366| 43.54 | 119
17 37 509 |62000|1,230,000{ 19.7 |[678000] - - -
10
These results show that catalyst 16 of the invention gives a polydispersity
(Mw/M,) about twice that of the corresponding prior art catalyst under identical
conditions. Although the polydispersity produced by 17 is not in fact much higher than
that of 15, this is due to a completely unexpected exceptionally high value of M.
15
20
25

29
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Rz M(T/b).X i R3 NR2I RS R22 R23 Ras 24 Fornula (1) 5 wherein Mis
Fe[1l], Fe[lll], Co[l], Co[lI], Co[llIl], MO[I], MO[II], Mn[lIlIl], Mh[IV],
Ru[l11], Ru[H ] or Ru[lV]; X represents an atomor group covalently or
ionically ¥0M2¥% o the transition netal M T is the oxi B6TIGBAVEEt e of the
transition metal Mand b is the valency of the atomor group X, R, R2,

R3, R4, R5, R19, R20, R21l, R22, e, e, e, R26, R27 and Res are

i ndependently sel ected from hydrogen, hal ogen, 10 hydrocarbyl, substituted
hydr ocar byl , het erohydrocarbyl or substituted heterohydrocarbyl; when any
two or nore of R R2, R3, R4 and R5 and are hydrocarbyl, 30 This Sheet
Has Been Replaced | 1L 1bvreerererrerererrrr 12111121211112121111211111 ~
111 s WD 01123396 PCT/ GB00O/ 03487 substituted hydrocarbyl,

het er ohydr ocar byl or substituted heterohydrocarbyl, said two or nore can
be linked to formone or nore cyclic substituents; characterised in that at
| east one of R4 and R5 is a hydrocarbyl group having at | east two carbon
atons. 5 2. Conplex according to claim1 wherein at |east one of R4 and R5
has from2 to 12 carbon atons, preferably from3 to 10 carbon atons. 3.
Conpl ex according to claim2 wherein at | east one and preferably both of R4
and R5 is ethyl, isopropyl, t-butyl, phenyl, 2,4-dinmethyl phenyl or
CH2CH2Ph. 4. Conpl ex according to any preceding claimwherein R, R2, RS,
R4, R5, R é?dﬂ@gﬁ 10 R2', e, e, R4, R2S, e R27 and R25 are each

RS I i i i S U L
R26
R19
N"7ﬁﬂ—-ﬂh)x
R
R
R® R
Formula (I)
5 wherein M is Fe[II}, Fe[III}, Co[I], CoflIl}, Col[III], Mn(I}, Mn[II), Mn{III],

Mn[1V], Ru[II], Ru[IIl] or RufIV]; X represents an atom or group covalently or

ionically bonded to the transition metal M; T is the oxidation state of the transition metal

M and b is the valency of the atom or group X; R', R%, R%, R*, R®, R"’, R®, R* RZ RZ,
R* R® R¥, R” and R are independently selected from hydrogen, halogen,

10 hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or substituted

heterohydrocarbyl; when any two or more of R! R?, R?, R* and R° and are hydrocarbyl,

30
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5. Conpl ex according to any preceding claimwherein R24 and R27 are either
both halogen or at |east one of themhas two or nore carbon atons. 15 6. -
Compl ex according to any preceding clai mwherein R19, R20, R2' and R22 are
each indwomasely sel ected fronlnethyl ethyl n- pr opy €T Pgwmﬂyopyl
n-butyl, sec-butyl, tert.- butyl, entyl, neopentyl n- hex

4- et hyl pesubstitytechhydacpibyl, bﬁefﬁii}'dfm oSy $tltUt¢d heteraipidsacashyh 6?1& Pt 0 any

d | Fe(ll F Co( 11
e T DI )

hal i de, sahhpbahad imihatrafeast dnh nﬁR‘é\areiRtma bysisodathyl grauphavB@/At leapigo, hydri de,
hydr ocar byl 8 car boxyl ate, hydrocarbyl, substituted hydrocar byI and
het er ohydr 851 "and 13- di ketonates. 9. Corrpl ex according to claim8

whereins X 3.s nﬁﬂéx&dc&rdxﬁﬁtd:&&nﬁhrll \dﬁerelbatdeasdene of B8 andkRhiyds frome2 toy12  propy! ,
butyl, octyl, decyl, %ﬂ%ﬂkij@" 3 ﬁ net hoxi de, ethoxi de, i sopropoxide,
tosyl ate, qaptpqmagqng,pqe m pat °“par‘i%‘ﬂ§)X| de and benzoate. 10. Conpl ex
according EtFBfn aln% ¢4 Whir6ih aCleRD6heRE proféatily B4th of B! #nd6
trimethylp eny m ne) enylpropl]pyldlnelron dichloride, 2,6 bis[1-

(2,6 dii so%rlgpshb'lphewywl,rﬁh\'é})l phe digtetpl phepy o GFaeHPhon dichl oride, 2,6

bis[1-(2,4,6 J # Hi gl d 2,6
oi 5[] (2, & d?é;"’s"‘oﬂ‘ém‘f“‘ﬂ‘%%'f@w Rt Ron fhechof | de. 2, 6

bi s[ 1- ¢@, 4R8, R¥y ’?ceR gyﬁ Benfy ard Reyrwmmmwyw}wdlf@wdrm

di chl d T C*"'"L
eIVt ?mf?lﬁo?%?{fql?%ﬁvﬁwf&efﬂk@“&B%??%'s@%r’ﬁec@%ﬁﬁ&’%%ﬂ%#’“ﬂ

di i sopr opypipnginl berizfte) 2- met hyl propyl ] pyridine iron dichloride, 2,6
oL e SRR R B B 4 1
3- phenyl prQﬂUé&xBYEﬂlddsﬂ&xe'df@libnﬂia@h\lvsbtﬂerecﬂr,bﬁnh]:loﬁ;&l (2 4,6

trimet hyl phenyl i m ne) 3-phenyl prop

bi s[ 1- 3, 665 dCPmRIp FEGITRAR FIY RFPTF 8‘}']%2'%“ o %&bkf fo‘%*‘né*? ‘?“8'?&

di brom de, ;dedehadnfly éel&:edtffdnﬁrﬁmyﬂ Bdﬂﬁnﬂ bfoﬁymﬁa-paspph%myp rs.eu%dtil tefi-[ 1- (2, 4, 6
trlmethylpf'u I|mne) hyl] pyridine iron dichloride -[1-(2,6
di i sopr opy bptbtb npentyh n@Peiﬂylph‘éWl ﬁr‘B?}WI}QmYG-“[W!-G’he"ﬁ and be"zy

di'i sopr Opyl?.pheEthang} DRSNS hnyPrededing ialnt @Rereth e tRkifléh méatMiy S[ 1- (2, 4, 6
Fe(ID), Fe(III) or Co(II).

20 8. Complex according to any preceding claim wherein X is selected from halide,
sulphate, nitrate, thiolate, thiocarboxylate, BF4, PFe, hydride, hydrocarbyloxide,
carboxylate, hydrocarbyl, substituted hydrocarbyl and heterohydrocarbyl, and f-
diketonates.

9.  Complex according to claim 8 wherein X is selected from chloride, bromide,
25 methyl, ethyl, propyl, butyl, octyl, decyl, phenyl, benzyl, methoxide, ethoxide,
isopropoxide, tosylate, triflate, formate, acetate, phenoxide and benzoate.
10. Complex according to any preceding claim which comprises
2,6 bis[1-(2,4,6 trimethylphenylimine) 3-phenylpropyl]pyridine iron dichloride, 2,6 bis[1-
(2,6 diisopropylphenylimine) 3-phenylpropyljpyridine iron dichloride, 2,6 bis[1-(2,4,6

30  trimethylphenylimine) propyl]pyridine iron dichloride, 2,6 bis[1-(2,6
diisopropylphenylimine) propyl]pyridine iron dichloride, 2,6 bis[1-(2,4,6
trimethylphenylimine) 2-methylpropyl]pyridine iron dichloride, 2,6 bis[1-(2,6
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ri met hyl phenylinine) 3-phenyl propyl]pyridine cobalt dichloride, 2,6
E)I s[ 1- (g 2 10yd| | sopz opyl phenyl i m ne) 3-phenyl propyl ] pyridine cobal t balt
di chl ori de 2,6 bis[1-(2,4,6 trinmethyl phenylimne) propyl ]/pyr |/d| ne cobaI t
di chl ori deWO 123395 s[1-(2,6 diisopropyl phenylinine) propyCTEpIVGBIsTe co g
di chl ori de, 26b|s 1-(2,4,6 trinethyl phenylimne) 2-nethyl propyl]pyridine
cobal t di chfisPPraeyiplispylmine)3rmethylprapylpyrding pr diphlbridee Ays isf (25

1ot by pheny L o) (o e PR R g e b

di chl ori de, ge@ngm[npphenylumne) 3-phenylpropyl]pyndme iron dichloride, 2,6 bis[1-(2,4,6

t hyl ] ine jron dichloride. 11.
I(3(2)I 3m§rf;;t i on g@@ﬁﬁgﬁpm&spp H¥mrger§ {08 r‘é‘?'%&sz ebiin@ed i n anyt ror
precedi ng cdlaampﬂphénﬂﬁi)me)B-;ﬂﬁﬁylptabyuwnmﬁéd aluroﬁi‘.deah- [1gRgl One activ

aim 11 erelnthe activator is

il Z‘g’ﬁﬁeg‘%’ E'Hgﬁ‘%ﬁiﬁﬂﬁ rI’d %n%hgz 4.6 yimesbdphepyliminerethyimyddines and
ZZ: t(-.a gt g? ;rmdxamg;e DK](ﬁ@ﬂlikﬁpx%ﬁﬁ enﬁﬂﬁiné)ﬁﬂ{énﬁﬁ%;ﬂy@@%gg conpati bl e

| ect ed
on. 13. taI t accqr n to ¢ a| m 12 “wher €l Tvator is se
? Plom trime ﬁ??r PHCHY lH‘PH‘ pyridiriedron gichlotide, Ricis[{ TEA),

tri-isobut yiredethyipRbnytiining) ﬁﬁﬁenyfp (%Wuéﬁ.‘dn‘g?gn%%{tlhﬁ} fihe dnﬁ‘ ijgh ﬁﬁe@rh%l al um ni um

de,
di chl ori de, _et hyl al um ni um di ch 4 ri
d: gt hy! X un‘i"ﬁPRI%PSdPheBﬂif@@) 3ﬂthhw11a'bwﬂpmmdmsmaiudxclﬂbﬂdd d®,bis[1-(2,4,6

| yst ding to
any ono. of rarmEnghiAlDlro Ry ARG, el RerT 28 it *Lew s base. 30 15

| ect ed
Cat al yst acdiiseriopydphenylintis) mob&l]pjnﬂfxelcﬁbaﬂtfw:hm& r88 bik@Wh g dase i 3 se L
from al ke r-th fin  al kynes prlrra , secondary an
tertiary a”mtﬁ?]ngéh%pﬂgy mmailz B‘r‘?@‘ @’ g%ﬁ"ﬁlé@ °°liﬂ¥Fd'§'i§"ﬂ @iﬁﬂ?ﬁesep?e;gg(rjs
T dmonmpylmmc/jﬂ?ﬁealaanet |reﬂq??m| I i 1111111%3% @1&%
I::L%f}' / (133%1 |0|3t|5'§17 H’WH o<} 1éﬁ?dﬂﬁﬁhmb‘éu'%h)fﬂﬁﬂ’lwlmm@im»deme?-btgt[g?Rgx|1 getso
sui phones afag, ¢lﬁfn€36hy'§ﬁ5§nyhm%@)-l%E@l%&ﬁyl@?ﬁ&}f\éjﬁ&{)dléh%rﬁd‘y one o

supported on a support nprising silica, alumna,
l%/gdvaI g? I2|Slr1co Og'meapatlgncgalmpgmslm prepol ymer conprising pol yethyl ene,

17. Catal yst according
ol ypropyl ene, &R QefisiRl irP S %A e 5
Itoo )altﬁy %e of é%@%l t er% v{/ﬁ h% *'r'bgr é“"ﬁore t han one

(2) an activating quantity of at least one activator compound.

20 12. Catalyst according to claim 11 wherein the activator is selected from
organoaluminium compounds, hydrocarbylboron compounds and salts of a cationic
oxidising agent and a non-coordinating compatible anion.

13.  Catalyst according to claim 12 wherein the activator is selected from
trimethylaluminium (TMA), triethylaluminium (TEA), tri-isobutylaluminium (TIBA), tri-

25  n-octylaluminium, methylaluminium dichloride, ethylaluminium dichloride,
dimethylaluminium chloride, diethylaluminium chloride, ethylaluminiumsesquichloride,

methylaluminiumsesquichloride, and alumoxanes.

14.  Catalyst according to any one of claims 11 to 13, further comprising a neutral
Lewis base.

30 15 Catalyst according to claim 14 wherein the neutral Lewis base is selected from

alkenes (other than 1-olefins) or alkynes, primary, secondary and tertiary amines, amides,

phosphoramides, phosphines, phosphites, ethers, thioethers, nitriles, esters, ketones,
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conplex as defined in any of clains | to 13, or a conplex as defined in any
of clains 1 to 13 plus a further tridentate nitrogen-containing Fe or Co -
conpl ex, which is preferably 6- diacetyl pyridinebis(2,4,6-trinmethyi

ani | ) FeClyo ¢383396cat al yst accordi ng to any one of cl ai nspéf/cGBeodss7whi ch
conprises a conplex as 10 defined in any of clains 1 to 10 plus a further

catal yst sijidnidilsScaltiohn mdi8xiB® ki dftiof Aloxie, RiphokidesOhilitionés andberorined! y a
Ziegler-Natta catal yst system netall ocene-based cat al

st ,
nonocycl opkat ehtalysypccorstingts qay enei of elginscldtad p whishdswpperied| opa suppart heat
activated : ' OX| e
pol yneris a??tg'ﬁﬁg‘?&@% b‘g%%]ra@% g)%'% é’?&}zﬁgﬁy@% ioﬁér?a 8@%@?@?%;;@%%%'[ acting
a nonomer | mprisihg polyetbidenepprilypremiensitriobystycanadir poly(amingstyreng). conpl ex or

catal ys defined |n Palo Pol ¥ Pr ' to claim

19 corrp#i S ngeéalﬁagysg?cé’ﬁgﬂgto%§§ﬁg‘+fg%§% ﬂg;tg]alts é&'&g@f’@ﬁ@sﬁ B'ggegtg&gég[égl yst by

cont act i Ngcodiptexcs defiried irl any@lf elhimsd ti18 jora complea lay définediinchny 6f ddims dnd act i ng

t he prepol yner-based catalyst with one e l-olefi.ns, repn the

catalyer i RS pBrhHag G Arogt™ Dnidiig Fe ot g comples s eSRIEED, o ng ¢ o

claim 19 ogiactfIRamesis2ulwripethylail)reahi on is conducted in the presence of
I

1
hydr ogen as a nol ecul ar _wei ght nodifjer. 22. Process _accordihg to any one
of clains 1B tCptalyst aprerdingtompponsntelaims LApil6 whichsomprises  CORIES?: sol uti on

phase, 1§ UidanePIRBRE oPUiE S t& DEHIEs a Arther taRRRSHItAIERF tHePBIyhRrisaivh BF 22 wherein
the polynerisation is conducted under gas ™ phase fl uidi sed bed conditions.

24. Procesb-olefins praferely ®Zigplar-Nettecalghyst system; metaliesegarbasedentalysh i s conduct ed
" S g3 b Al A OB el 30 25 Lo
pol yner i sasipportaf chiomgibmfoxids catglgst1 | ! 1111 111111 VI 11111 Il 1111 L M
19. Process for the polymerisation or copolymerisation of 1-olefins, comprising
15 contacting a monomeric olefin under polymerisation conditions with a complex or
catalyst as defined in any preceding claim.
20. Process according to claim 19 comprising the steps of :
a) preparing a prepolymer-based catalyst by contacting one or more 1-olefins with a
catalyst, and
20  b) contacting the prepolymer-based catalyst with one or more 1-olefins,
wherein the catalyst is as defined in any of claims 11 to- 18.
21. Process according to claim 19 or 20 wherein the polymerisation is conducted in the
presence of hydrogen as a molecular weight modifier.
22. Process according to any one of claims 19 to 21 wherein the polymerisation
25 conditions are solution phase, slurry phase or gas phase.
23. Process according to claim 22 wherein the polymerisation is conducted under gas
phase fluidised bed conditions.
24. Process according to claim 22 wherein the polymerisation is conducted in slurry
phase in an autoclave or continuous loop reactor.
30  25. Use of a complex as defined in any of claims 1 to 10 as a catalyst for the

polymerisation of 1-olefins.
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