;e§eB::;z>A6ZBTBl 3 FEB Z003 WD 00l 15646 PCT/ GB99102888 POLYMERI SATI ON
CATALYST The present invention relates to transition netal co lE
*conpounds, V{@ B/Q%ygeri sation catal ysts based thereon and to theéi 2003,
the pol ynert Satieti®and copol ynerisation of ol efins. The use BET(GEHP/A3388
transition metal conpounds to polynerise 1l-olefins) for 10 15 20 exanpl e)
ethyl ene or propylene) is well established in the prior art. The use of
ZieglerNatta catal ysts) for exanple, those catal ysts produced by activating
titanium halides with organonetallic conpounds such as triethylal um nium

i s fundanental to many conmercial processes for manufacturing polyol efins.
Over the last twenty or thirty years, advances in the m W m ve | ed
to the de “Mm Ziegler-Natta catal ysts which haum lwﬂ Imﬁmm ﬁi
activiti ep m\\m n polymers and copol ymers contai ni ng vgfy«! ow
concentratl ong,,fd+r esi dual catal yst can be produced directly In comerci al
pol yneri sati on processes. The quantities of residual catalyst remaining in
t he produced polyner are so small as to render unnecessary their separation
and renoval for nobst conmercial applications. Such processes can be
operated by polynerising the nononmers in the gas phase, or in solution or
in suspension in a |liquid hydrocarbon diluent. Polynerisation of the
nononers can be carried out in the gas phase (the "gas phase process"), for
exanpl e by fluidising under polynerisation conditions a bed conprising the
target polyolefin powder a”dplBE%\ii h‘?§AquOtl\f‘€Adle§Lﬂ’§q“ catal yst using a
fluidising gas stream conpri = 1n the so-called

"sol ution procese préRn( ©03MRnyBRlcs $atianditids meandombrRe coinpoiidsQeiici ng the
monomer into a solution or suspension of the catalyst in a liquid

hydr ocar bonohﬂmeﬂlémoﬂﬁﬁdﬁysttwggthw anfl tpdhgievsetintee pelymprisssionmad such t hat

t he produced &ol gol %fi n fPrms as a solution in the hydrocarbon diluent. In
the "sl urr YOPORBCHPAOAE™NS FER 2003 PCT/ GB99/ 02888 process” t he
tenperature, pregeUlse ofBetHNaheRidH metal &@ApoRIde 16 PeRmeRad 1 thgingraduced
polymer forns as a suspension in the |liquid hydrocarbon diluent. These
processgs areamplenethglens onpropplees iswelf e&tgllisiv@i W theowripr ars.sTheysq 6ffiegrmnypl e

e oo ol MR PR B bl bl by AT PP e kR a2
bi scycl openigaHoritydIfé EGRIBUNIE LR QR HateyRIMBHTH fthddmahsTOXARAG) has

provi ded catal ysts with potentially high activity However, netall ocene
cat al yst s ebmnitrsiak prpeessestfbemafiufactuang polyelefios. Qvertliv tast ey of tirtexanpl e,

hi gh sensitivity to i rities when used wth comercially ayail abl
mononers, dFPide "?“%\e_ﬁgp dE%}E@loéé{S‘aﬁ fﬂgéﬂé\@)e ?W@forﬁ’é‘éeﬂt P%ﬁé@"ﬁm&a sts
quantipes »\Q{ic}?ﬁ&%@%bl’(ﬁigﬂlaﬁﬁﬂﬁ?ﬂﬁ& JICEREOV RS QH%B?@H&@ édﬁtaiﬁ‘iﬁ%@/}eg low

difficulties In putting“the catalyst on tdo a suitablé support. 91 12981
di scl oses tchatenetatipheofresiddal @htalyst dandlegirodiscedaljrebtly padopmeencmepolpyerisation
contacting it with certain late frapsition netal .conpl exes of selected 2,6
pyri di necamb8seatede halpRtities Bl Frsidpa W&alﬁtégﬁﬁ‘&ﬁ‘ﬁl‘b&*;ngPﬁ%‘EﬁdsPO(’Yfﬁ"rfr?é%ﬁq 15
An abj ect qf,fihe tgq‘ﬁﬁg{]ﬁnﬂe@gs%ﬂ&!tﬁar %@a?a‘ﬁoﬂraﬂéf ?Qﬁo@al %Yﬁ!cs?@c{r&#,é’éfal sui tabl e
for polynerising and ol rgonmeri si ng noners, for exanple, olefins such as

a- ol ef i ns c@ptiaitidngngShémnpodedses cal bedpbraredyopalymarisingtheanomdrhats frothe gas
pol yneri si ng ‘et hyl ene al one, propylene alone, or for copolynerising
et hyl edé orPhgpem Py iresrlutign oF ipshwensioningg kiqiyd Bydmcarbordilyeny. Bplymerigation of

furth bj f the i ion i - - 0
the pol yror€ moRamegcapBERist bul fule? g BHsH RN eh SRISY BHo@EDE 3F e
copol ynmer i Satfiedsiah vABEN oBiBerRbtidH enditiing aWet tohipgisiag the @r@dtipdsotedinpr ovi de

honopol yners and copol yners havi ng control | abl e nol ecul ar weights. For
_exanpl e, ugiavegder aad pantigley of thealesirdbcarl st asingiarfliidising 8as stegam eempirengihde a

w de variety of products.such as pr.exanpl e, .l j,qui | yol efins,

o § goror & Fastusaia: 1hLt i e iRRpFss ALk nBRSieR,
ol yol efi n [ I ' bt ' ' j iARd
B R e B S A R R
ni trogen cditjuid hydrgcdrbemdiltenonndee tanditompdfegmperaturg andhpresaire swahrtfatibe nul a

) 30 2 WD 00/1S646 Rzo "4 28 7 N R ~~N~~T1 ("r~).X R3 ~ ."
(R~) R For nul ;gogqxgedppoly@leﬂq@ggns asascﬂut?on 1Jx:\1)nt]1e h%pocarbon dlll\luent. -lrn th(e "rslu;ry
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1 "3 FEB 2003 PCT/ G B99/ 02888 5 wherein Mis Fe[ll], Fe[lll], Co:“?}E Co[II],
Co[l11], MA[I], M[I1], Mh[II1], Mh[IV], Ru[ll], Ru[I11] or RJ[3 VEB 203
*represents WO @t1dfbor group covalently or ionically bonded t®crheB99/02883
transition nmetal M T is the oxidation state of the transiti-on netal M and

b is the valenc,Q he atomor rou X, R. Rz, .. R4 R 9 Rz ' Rzz Rzs
Rzs Rzs an&"SFey p};‘gtt?m?er?t“,re' ,p.re,SS‘Le,a"‘,i .cl@ge 3?%‘@“%%55‘?%!9%‘?? S}ws}’éﬁ%ﬁegd from
hydrogen) halyaee FortyAr O&RpSIon i WRSiduid hRifodddbdiVElRAT Pidse processes are

het er ohydr ocar byl or substituted heterohydrocarbyl; when any two or nore of
R Rz, R3, gederalijoperazddt aelativepdovcmedsyies (Buisxamplatl @b thyat) andhiowy | |

het er ohydr gcar b%l or substilt @ed Q@Eﬁrohydrocar byl, said two or nore can be
linked to fOPRY e ffor fap 8;5 194 stituents; characterised in that R24
and R2' sare eit hgreliat %&?@hﬁﬂ%@ o Eerddin hRaloceRat sisf@ éxax%pi@s two or nore
carbon atonms. R, Rz, , Ra, Rs, R9, R2, Rz', z, ~ Rzs) R2~ and Rzg
are pr ef er didcycloperepdiemidzitdopiveelichtdratt activated yithabmmoxand) i@s provid&d catalysts
hydrocar byl ,. for ex l.e, nethy ethyl, n-propyl, n-b ) n-hexyl,
n-octyl , pH@H&PO‘SH‘&&%PQUWeE'i‘oﬁéeﬂe%Hﬁt%@ce%%‘t%ﬂt%oﬁ&a‘%dg%?“q’{e%é&?%y

i ndependent j i hRERMERE 18" imbQH;

preferably uﬁ}bﬁﬁ? fggﬁdﬁg&gﬁ%'ﬁ%ﬂ@@lﬁég%er e lat Qltezlargk) Q‘gﬂﬁ%q% &%ﬁggﬁgl R2'
cont ai ns t wonewrbially avalable midveyneds, diludis O ro6éss ghs Srddnid, 2808eed to use

PCT/ GB99/ 02888 preferably have from?2 to 10, cahbon atonms) npre preferably
from 4 Wo dargaayamitas shexpesivgaimanesie achigye Mah apbiity, aed diffldfsdiips Roa
and R2' ca P - nmet hyl . However) it is preferred
that both &ﬁ&gg&%&%@ﬁ%gﬁ@ 1?%)%?%@{)@&.10 carbon atons) nost preferably
from4 to 8 car bwD apqae81 BRiclosszdhdt2thydane apd etter akdlsfirfs madspssigasitided by
selected fromethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, tert.-butyl,
n pentyl, reBEEHNGIt With Rer@in latotrarsitiap petat samplexes of salectehabyl  and benzyl .
Most preferablw in.thij " erdt . butyl .

Al ternati vemg‘,dynoeﬁgrbé)%@&h%gﬁgs%ﬁnegg%?d;?’ﬁs&% ! gg@f&?&%ﬂ'@% ‘bon atons and the
ot her ig hal ogenAnpibiicebiihe)prédentOinentibf iFYogireviabhyoadl dadst slindledbr R 9, R2)
R2' and R22 is hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or
subst i t ut edpdigmensing andeliganydrisingtmenopress, dpgnample, oledias suahrps coblefn9 and R2,
and at |east one of. R a 2, is hydrocarbyl . substiftute dr ocar byl ,
et er ohyr oEATBY BSOS A AP CATEN AT AOS STHEGLY By POSRS Mg R e 5,

R2, R2' and,B2AeRE Gloat, orl BEEHIIMIRGHsING BN Gl G DrépyPeRe Witk 8GRF PMlefins such as
substituted hydrocarbyl, IS het'erohydrocarbyl or "substituted

het er ohydr o€anloyblefiRs.9A fBRheiRYjecaniithi’ddveation priefperdatd n imptepehpieaedsyfor
selected fromneth

|, .ethyl, n- Y], ISo- | - but yl , - but yl
tert. biftylthepop riﬁ[at,‘g%%gﬂéﬂ’glsyESTP%E%MQ{/%BYIE‘SE?@%‘?‘F{/‘PP@ﬁtlé?g?‘ng’g%l“?lﬁ,°¥p¥1enyl

and benzyl . i > [ ' bic 1S
preferred t ﬁtg'? \éﬁ%g Bédﬁﬁ%ﬁggﬁgﬁ%ﬁg?g&é@ﬁég%%@o?&%@pﬁﬂs Il-aegIJi iegﬁﬂ{/lglregggen.
20 Pr ef er abhyvit@SontiAableMRoleans vightar Boradxhnipjed usigg the datalysieof the present

ni trogen-contai ning conplex of the present invention the transition netal M
i s pref er abinyemtim there qag(beimadegy widg (vangty ofgraugts suelasiten ggawleatignd N, N2

and N3 is coordipated to the transitio I " i ve" e .a
bond 1 or neantyoishRt gkt gl Rotkfitsr Braeedl o Mless Fesifilliaf Tacky Pilyordsns”
atom The r sl pHIpSleWisaBIB fOaGkkiA fl6aeIe filhadsalidepdipyiafiHavingiigh f or med
by el ectron sharing between the nitrogen atons and the organic |igand as

shown in t hetifffess.ned fornmula for the transition netal conplex illustrated
above. The atom roup, represented by .X in the.conpounds of  Fornu (1)
can be, for exang{h&g’rwﬁb‘&’ 'Wr%ﬂ\"ﬁ%ﬂ ﬁy'aﬁ?g%‘h? ﬂ?‘@ﬁ?ﬂ“f‘ﬁ&? metl ﬁP?}P!’aeg e,

t hi ocar boxyhatig iR lowiNetrormafh @ydri de, hydrocar byl oxi de, carboxyl ate,
hydr ocar byl , slu stitu?\évd%yocirrocadr%yl and het erohydrocarbyl, or

~i -di ket onates. Exanpl es of such atons or groups are chloride, brom de,
nmet hyl ethyl, propyl, butyl) octyl, decyl, phenyl, benzyl, nethoxide,
ethoxidé? 4



»

WO 00/1,5646 ~ 3 FE8 2003 PCT/ GB99/ 02888 i sopropoxi de, tosylate, triflate,
formate) acetate, phenoxi de and benzoate. Preferred exanples 3 i@ 20030m or
‘group X in woeoaseggounds of Fornula (1) are halide, for exampfcrobhfissde,
brom de; hydride; hydrocarbyl oxi de, for exanple, nethoxide) ethoxide) -

i sopropoxi de, phenoxi de; carboxylate, for exanple, formate, acetate, 5
benzoate; hydrocarbyl, for exanple) nmethyl, ethyl, propyl, butyl, octyl,
decyl, phenyl, benzyl; spbstituted hydrocarbyl; heterohydrocarbyl;

tosylate; and triflate. "Preferably Xis sel ect ed from halide, hydride and
hydrocarbyl. Chloride is pg cularly preferred. Exanples of conpl exes of

t he present |nvent|oqo|nc/hde\ 6 dicacetyl pyridi nebis(2,6 dinethyl 4,
‘t-butyl anil}Fed 2, B BN acet y pygidinebis(Z 6 10 dinethyl 4, t-butyl

ani | ) Cod z, 2, 6- dl&Qéty|p —+=chi{nebi s(2,6 dinethyl 4, t-butyl anil)FeBr2,

2, 6- dlacetylpyrhdlne;t_iﬁ t-buiyl anil)Fed 2, and
( , 6- dlﬁethyl 4 phenyl anil)Fed z and
met hyl , 4-fluoroanil)FeC 2. The present invention
|sation catal yst conprising ( 1 ) a conpound
N fdreiTAnet ore defined, and 15 (2) an activating
\ one Aactivator conpound. The activator conpound for the
cat al yst of theg-res:nt ilnventiqn is suitably selected from organoal um ni um
conpounds and Rydr ocarby 6npounds. Sui t abl e organoal um ni um
conmpounds i ncl ude c%_ of/ the formula ALR3) where each Ris
i ndependently C, -C~ al o. Exanples include trinethylalum nium

further provi deg
havi ng the T
quantity of at I%

(TMA), 20 triethyl alRiFA ¥—R¥ri -i sobutyl al uni ni um (Tl BA),
tri-n-octylalumnium net m ni um di chl ori de, ethyl al um ni um

di chl ori de, dinethylalum mumhloride, diethylalumniumchloride,

et hyl al um ni unsesqui chl ori*tle, mé%hylaluniniunsesquichloride and

al unoxanes. Al umpxanes are well known in the art as typically the

ol i goneri c FOERPBURDs which can be prepared by the controlled addition 25 of
water to an al kyl al um ni um conpound, for exanple trinmethylal um nium Such
conpounds can be linear, cyclic or mxtures thereof. Commercially avail abl e
al unoxasmes vﬂfeﬁei@M&IF:ﬂ[Hy Hgililegei] t©ofbg, CoMININalI1dfMhjITie Mn[HIK My{EV],C
conpounds. The cyclic al unbxanes can be represented by the formula
[REALO] . NG henRUEN frbsrenresenisan fiaincs shoim cRrIretsGpEoalscionded s | s
2 nurber 8 MARach hAaPl T30 thoBssion sl or A8 BniBRt R R nERRAegRL

hydrocarbyl groups) pre or exa

et hyl or b%héhc;@bﬂthﬁ%torﬁ'okgl'cﬁﬂ wmx'auKéSRﬁurthé;sz f‘ra{’!‘\yﬂvél mﬁDRé?nRﬁ( Mm)ndare
preferred. 5, 13 FEB 2003 WO P00/ 15646 PCT/ GB99/ 02888 M xi ur s of

“al kyl al urm>Baneas§e HWGpmdneaqbkwl%qtmﬁrﬁmdwﬁmmnamdmartbvbwlsﬁtmyecbr eferred,
such a

term’ zp ky ocarb&%e%ro}yd rl;)p % E&b%tlﬁl?&}: E%i&roh%dr%ggrﬂk ] u x%; {%\(/jo Blhl%lé)l' { he

AR IS specifrcation i
al kyl al ummm&a’axéln‘a&idq&mé ﬁy@bbafbymmtmmd ByRIRb Gty md@ér@nﬁrrbmsm
typical ly about [Oat % but optionally up 5 to 50m % of the corresponding
trial kyl al @risubditpted beterohydegresbyl, caidrisocaranongisan b liaked,todorm aing or more
appr oxi mat e ﬁﬂﬁ?g@btrlnethylalunlnlunl(TN%) whi | st commrerci al MVAO
contai ns bo 1 BA. Quantities of al kyl al unoxane quoted herein
I ncl ude such trigakicté|sediduhei R rERg R h@%nhaﬂ%t%mgeh BoAtMesty 8d bf them Of
trial kyl al um ni um conpounds quoted herein are considered to conprise
conpourids dhsthecﬁmmnubadwmﬁﬁnmﬂ addi ti onal to any A1R3 conpound

t ed t | ot f itab
hydr ocar byl bor orRsarpBarts e ey okt rBa: fo r Fe ey P 1 B eé%’mﬁﬁ;rin,e
di met hy! phgﬁ%ﬁ@ﬂg&ﬂ ng&ek%&a#&#awb%@a@e totu E))@ré&trﬁﬁ(fgp ﬂgomi

“triphenylb t hyl phenyl |un1te ra(pent af | uor ophen bora
sodi um t et rethy!sh<pbosA, 31 butyl, infHeprpi; omt)ﬂymepylamyllb]equat e, 15
H+(OEt 2) [ (bi s-3, ri th henyl ] bor at e,
“trityltetra(pent engﬁz{)ﬂréﬁ%%%ﬁ%%ﬁ%& ‘%bw ey ddenendsain e Sngrine, gPERe | n
the prepar af Lo hr Bﬁﬁﬂ azlré(?xtc?er%l thfhﬂlfd?ﬁ\%”t invention the quantity of
activating conpound ected ron1o¥ganoa um ni um conpounds and
hydr ocar byl bor Onlmﬁpmmrb at kestamplofREtaridR B ashiajnsdwbeartonetorhy, théymp! e
testing, for exanple, by the 20 preparation of small test sanples which can
be used to polynerise small quantities of,the nononmers) and thus to
determ ne the activity of the produced cé%alyst. It is generally found that
the quantity enployed is sufficient to provide 0.1 to 20,000 atons,
preferably 1 to 2000 atons of al um nium or boron per atomof nmetal Min the
conmpound of Forrmula (I). 25 An alternative class of activators conprise
salts of a catlonlc OXIdISIng agent and a non- coordlnatlng conpatlble

p— o Y o, oy




1 '3 FEB 2003 WD 00/ 15646 PCT/ GB99/ 02888 acti vat or conpound as qlgf Fgﬁ%\%
above) and (3) a neutral Lew s base. Neutral Lewi s bases are well in
*the art of XQ@HVEG4Natta catal yst pol ynerisation technol ogy. EXaGPIEses

cl asses of neutral Lewis bases suitably enployed in the present invention

turated bans, , f | | k 5 _(other than 1-ol efi
o *al kynes. PrEfErai JRCBRB N1 Ghne BPBr oo e ARRERY SRR 8 SABORRIEN dos.
phosphi nes, 1feafddNbrieBut @RS of tHY ABHMERY andRPT édnse. sefeRt AW h

mgavaﬂs,
for exanple, esters, ketones, aldehydes, %arboq7nDnOX|de and carbo
di oxi de, sumpthyki deweverult phpetesred nbatibotloR1 riod R°Ateritaindgton 2eb dDicaboar e

capabl e of acting as neutral. Lew s_bases, . for fhe pugposes .of the present
i nventi on tﬁ89‘5a%é05?85§?f8@é1 from @ﬁﬁﬁ%ﬁé’rﬁtws' 2_ 7rarf&pEﬂf‘§f‘}i’lMs and not as
neutr al ﬂm&ﬁae&w%&& fréin VRN ,rn-pr%b§l,eﬁ85pr$§5:/jl,clg-bgf ,s'e@.tbeigpallﬁn.%lﬁwbﬂ.&

for exanpl e, ut ene and cycl ohéxene are regarde neutr ew s bases
in the prespentyli neapentybm-héykMemetbyllpertyi, 9-deéd epheaylanddrenizylr VMoanprefesatdyith
aromatic esters, for exapple i methyl aniline, diethylaniline,

tributyl ami ,caé?i[‘ﬁ/l ﬁéﬁgoé‘f%%%fﬁaerb‘éﬁyﬂ}ﬁtgenzoat e. In this particular aspect
of the present i I St ¢ L t st
system can be brémugmdt?gla’e%%er Si gﬂfga%gghagq%mééa%?tﬁ%a;ﬁﬁgﬁ%&g&ﬂgpg%ﬁtﬂw

However, i fisdalygengprtefer{ily flamd. (3) are conpounds which interact together
strongly, for exanple, forma staple cg,nﬁglund together, it is preferred to
an

bring tHyet her ePfeferabliiirsnernesof( R ) Ranl (@ Ry ichydpessent.supstituigdd (3) in

an initial I L 2o f J . ferably
20 component 053 P e AREHBLNG SBGiblel Reteh R oA TRARE BeteribiFaf

i ntroduced. leibtomusRT ahdR*pincampanend sf K*' hnd RAHdks yroenp) oyestituiedt he
preparation of this catalyst systemare suitably as described above |n

rel ation t ohydiecarhyhhgisrahiydrocpipyl ?fr%’@@ﬁt“efjﬁ‘@@ﬁ‘?}%;éﬁ@camé MasimrefeebbfRthe
neutral Le 30(, %afs gnc; R2MRO ?ﬁ‘\?@fée%g?thﬁsepercggd%c%gé_yqr%{g%%il?gb%gstﬁéfgl\i‘{ﬁgcfr‘bﬁ? tio

of conponen conponen in e range
preferapdy heteddhydhstartameesubstliuted HeteOhydeodmONERY SR, R*)and (2} aidfieferablyof

the catal yst system can brought together, for exanple, as the neat
materi al s, Hulepersigapp aelpwed Gemguethyl ethylon-rrerylige-eranad. -butyla serdbutmlbtest.-

di l uent or n for exanple a |iquid hydr rbon r. J.f at Jeast one
of . "the combanbireet ettt eyl dHhR P REDE s naitiendh S5 Nean:
The conponeiy theGase WhePREUGART @Il halagenait)is prrfdrfeddthhtesieasf®*UaRI R anling
the conponents together at 30 roomtenperature is generally satisfactory.

Heating to Blsgeae of &rpendRinekydsogen. up to 120C can be carried out if

desired, . .e.g. to.achi eve, Beftser,xm xi of .the conponents. It is preferred
to Larrﬁoou? t he I%F e'ﬁ‘"’g’:{%%t ge heqn)élt}?gér %‘Jﬁgm%g?l), (2) andI (3I)O in an

inert 7 WO 00/ 1368&nitrb erE_E@nt_@iQQ% PPl T ORRSht HVERESN BleQranditiOn nibial
nitrogen) or in vac~io. I'f it is desired to use the catalyst on a support
mat eri al ( séd ivprietanpbly Fa(lE), Ee(lllper Eolleved) for exanple, by preforming the

catal yst system ri,si ng. conponen 1 2) and nd 1 npregnati ng
the support nat e?ﬁ"&@?@ﬁ%ﬁr’@atmh‘?a ;?JTI‘%W ffr{gopﬁcg?%gﬁog\ctwggﬂ?%lf%ci ng
to the suppqyl,yBldRIil&! bdHACied bdHRIBridd By WonaiERBNE R palrBilelcRNBRUEOM tRE
sequential ly. P’f desired the support material itself can have the

propert i2és ofitregeneasomal THeaeinsiningbendson earh niteogenpitay ade asvalent bomisfbooe of |
conmponent (3).  An ex | e of a support material  having neutral Lew s, base
properties i _eﬂﬁﬁ’lt aﬁ%ﬁ’?’&‘?%ﬂ”&?ﬂe‘?‘e(5’1'”%5386&51‘%&?2‘#}‘610’@1“ 1&5?_833?13‘% ’l’?dé‘fy_rene
(ie vinyl a”'dehﬂﬁ? foriila'fd tl?e%:ﬂ%ﬁfi?k?n%&l oRpIRiEREAed BRI On can if desired
conprise nore than one of the defined conpounds. Alternatively, the

catal ysts of the Phestentor grueptdpedsestad balSin the compeunds of Gormuis €l) @b be, foypes

of transition netal congounds or catalysts, for exanple, nitrogen__ .
cont ai ni ng c¥emples seleaed fomshalide sulnbatse pitmaieqthiolatsy thiecspRawyletey éﬁspﬂ:@ati ons

2.6 15 dacalgl Ry DRt ie, o bpRTRe ByFocali e BrotfledIRURIGKRNF ah ' 07°, 1o

present i nvepkdroRydidBarByISEr BlitletsiRtadN Exapl¥d b€ sWh®omE BP efoupk afeadhfdride! |
such as those of the type used in conventional Ziegler-Natta catalyst .
syst ens, netlabnides methyds ethyk propyl; Sutyl, ontylodsgyl, Db@m?,amnadymethoxide,m ¥idg, ned
geonetry based catal ysts) or heat activated supported chrom um oxi de

catal ysts (eg Phillips-type 20 catalyst). 4The catal ysts of the present

i nventi on can be unsupported or supported on a support material, for
exanple, silica, alumna, Mgy 2 or zirconia, or on a polynmer or prepolyner,
for exanpl e pol yet hyl ene, pol ypropyl ene, polystyrene, or

pol y(am nostyrene). 25 If desired the catalysts can be forned in situ in
the presence of the support material, or the support material can be

. - e o o - o o o



8 wo . oonssa6 1 3 FEB 2003 PCT/ GB99/ 02888 hydrocarbon, slurrying a
particul ate support material with the product and evaporatind 3 FEBe3

“vol atil e diwaeleniss4éThe produced supported catal yst is prefergdychévdbg form
of a free flow ng powder. The quantity of support material enployed can-
vary widely, for exanple from 100,000 to 1 grans per gram of netal present
in the trzismiropmcrirdmmsarlatedﬁﬂ@gnf@m&emtm,eg@mxidmmhluerunatreurPr¢ferreqbrovi des

f h | i sati | i.sat i 1-0l.ef i
Comor s o1 nd SoRienof e RO R @ RbRes PRe FERPRR @S bR E) rEIRiEh Bonai ¢ ons
W th the RRhyER! tRIBHEObrémldR! Metrider h9d%@érlﬁglbx§ﬁé§fo$’Ek%pl%hﬁxe@r‘bﬁﬁ%ﬂt

I nvention. A preferred process conprises the steps of a) preparing a

pr epol yrerethaddad ispprerfoxede, phenosideacaibayylatecfasexample, forwatse, aesgatej t h a 10
cat al yst te and b tacting th repol yner - based. cat al ith one
or ot 8 1 Verernigrataf. 0t femle oS R AV bHST e beRL The
present | negnf Qb sBud W&Hﬁﬂ%ﬁﬁ%r@@cﬁé‘&}rmf toSARRCAnd ﬂ?f;ﬂa??r@{eyé’olfﬁ”@ ex

as defined above as a catal yst' for the polynerisation o -olefins. 15 In
the text releeteddedrohalidenbydraterantddytiaicgdyl. Chloride sreticulalyi prefendd. " cat al yst

systent as defiped previously and al so "prepol yner-based catal yst" as

defi ned above. #’F?é“‘gﬁsl ?/'ln‘iﬂ"i‘@éief@ theditesent Hxent &H“‘Hegeiér exanpl e, sol ution
phase, sl u; ﬁﬁﬁﬁ 3 L kt Y b an

t enper at urkgééé}}g gi ngeb%?g’%m?g@&p{’é +%8%m§§§’ %1\"1? Jr};r“}e‘]5 slﬁﬂgcgh% %I’t% mospheri c

and ahbove,dipathyl ¢ ul-Butylyanil)©ec11,406 dincdtypYrikinabis@06 Himetled id; edutyt dl)EeBr) yst

can be used to polynerise ethyl ene _under hjgh pressure/high tenperature
orocess. cohBbaHBTKEIBIH. LAt ATPRES hcarkd rdage N Kineh B (a6 Renethy i

supercriti e, ef : RBL i Sad | . nduct ed under
gas phase ﬁhylﬁﬁmgﬁd&gze@doirggﬁcgtgk%ngggblg@n%%%%zﬁdoggﬂllz% e*nonomers for
use in the pol yTee psaditdiventios & thed pravivzs prpphyemdrishtiorecdtalos cdmpaisimg f or
exanpl e, ethylene and C2_20 oc-ol efins (}sl‘geci fical I%;d{)rop | ene, 1-butene, 1
pent ene, 1- hexetld,2 WmMaaUR| hawng Bisormule (hbps kereinbeforsdedined, andnonene,

1- decene, 1lunde vk e AR N - 1= ene, 1-pentadecene,
1- hexadecene, 1 &%&é&%ﬁ‘gﬁﬁ?@zﬁﬁ Ea%%%g?lg%&%a%%@kﬁe}%’gﬁgand 1- ei cosene.

Q her nononers Thehttilatsreiompoun® tdrabe ydtalyst, of thd preberddivehabeis saltabl)
acrylate, acrylonitrile, vinyl acetate, and 30 styrene. Preferred nononers
f or  honopotejaread am asgannebEBisescaprouathNdeEreaad b s py cempoundse uitebley st s

and proces the. i iQn can S I LSLN . WO
00/ 15046 -Srepeat S Bt B ST RS Bt B P ro AL AT WSl Ris
ot her or winHépeatibgily ¢r-0 £4lky1Sr fibloh F@mbted ihchidz, trilnefigi@mfinium (TMA),

4- et hé)l pentene-1, and octene, or with other nononeric materials, for

exanpl &0  nistetiplalnainiue (VEA).dri-ipehuylpluginiym 4T B Ap deiyr-ogylaiumipiam,

acrylonitril i nyl agetat. stvre ryespect. of .the .

pol ymer i se{"ieﬁﬁl%trw buﬁbﬁ‘fh@f 'ﬁ%’a%?’gﬂ%’en&‘ﬁgn?&C&‘eor{edr%rp{%glfga%@%@wur%rgplg ggF’on or
copol ynmer i gtHyRilurhmidny Bhieald, eti§dlahRfhnddéquiciieides ondi ti ons t hat

substanti al | y "excl ude oxygen, water, and other materials that act as

cat al yst puoietyhduminiusasesqpochieride, sad plomosaneso fdimpenanes are well keowibia theerti ed

O e B SESle ol Bt e8! SR ol Ly B ROREL TR Bl e
ol ecubar WELARE to an alkylaluminium compound, 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 [R'AIO]. and the linear alumoxanes by

the formula R'7(R'®AlO), wherein s is a number from about 2 to 50, and wherein R**,

30 R and R' represent hydrocarbyl groups, preferably C, to Cg alkyl groups, for example
methyl, ethyl or butyl groups. Alkylalumoxanes such as methylalumoxane (MAOQ) are

preferred.



10 of the pol ymer or copol ynmer applies generally to the polynerisation
process of the present invention. For exanple, hydrogen can bqgugeg 4
‘reduce the woanagesnol ecul ar wei ght of pol ymers or copol yner sch/@daosds
usi ng gas phase, slurry phase, bul k phase or sol ution phase pel ynerisatton
conditions. The quantity of hydrogen %?s tci be enpl oyed to give the desired
aver age nol ecul ‘Weﬁﬁ%{alwﬁluﬁ‘@xmﬁséf‘ gy Igiyminivgg| cempopndy arg particglagyr or
pol ymer | Sal g L eSS JHEAG S ENIASSH T18h PIOER Rl MR 835 Bted MYEMRL! O
provi des polynmers and copolyners, especially ethylene polynmers, a
remar kabl y t&ingtalkylaldokanetag ugdikia ehis epecifivatianinehideo hlkplaluywsxan€y avadiisdé y mer
produced per unit, wei %ht of conpl ex enployed. in the catal yst system). This
means t hat SPEMATFBRY YWhirBmyaysGeatain & REAPOTHTe SYRIsally mhawl kOvade, ket aptiomliy sapl ex
are congu i 0 cl [ h s.of the ent
Mvent o, bl BB R R A IR R orBAREER o b b BEADE
present i nygaillydontSnOgpratifdteynRitYPainyetBylalneevar(TMAY $HikOesmh&dta do not
enpl oy a catal yst separation step, thus |eavi n? ]t he catal yst, or residues

i a

t her eof , i Osoniamsibotle TYIA ard SHeAw Quantitied of alkylalusoxprg quated hreland gas

h I i safi : s the,. f . iti . I I
't he. pr odueed BB RSy tAar b7 S REof FialR o
condi ti ons ImBdARIPHARE] REMeMERE b&Ridersd t@%ﬁiptris@e§m?m1d%&"mecf¢mmaymn§ef ul
for the production of hi gh or |ow density grades of polyethylene,. and

pol ypr dpy| exdditional torrmyeAlBs cempernd inensperategdnwithia she alkylelumekenecowbercpnesdng
batch, conti nuogé or .se '-cog,t }wr}ﬁ_ous Furtherm)re on% or .nore reactors nay
be used, e.g. 30EFFBMET HFuftaDle PYOPABUpeeD COMPOURdsATe BRFESent react i on
condi ti ons, ety IBstofl] thik @Ry RRtord QIREAAPRENSRN o VAT rations may
be enpl oyedmi n t'he gi ’ftfleg]gnt ?éaﬁ)&;rﬁgga Ing theoél ureggﬁ;gﬁg}ggﬁggg’cess and the
gas phase priodess(phehg)mattel yphenytbogemediaiethylpletgamcioanon © 10 WO 00/ 15646
1 3 FEB 2~ PCT/ GB99/ 02888 transferred inta the_pol risation zane in the
form of a pEIiREILG BB PUPRIEH SPILS BT SIS Ame ety rhean harelee  gas)
or as S| ugyr i S B0l i tem
for medq ro%ﬁt@g t%ﬂﬂdeb?so’.fﬁ%g%&%& e@?%*@;gg&%ﬁk]ﬁzltgﬁggﬁt%@g@ﬁ zﬂbéa')éf‘ﬁ vat or
with or w tdrautris@ehaflubnopbenydfbotad.al ysts, or can be the solid catal yst
alone with 5 or without other @/pes of ¢ sts.. In the latter sjtuation,

| .
the activator call the preparationiaf thesatalvats ‘Pé‘ég P ‘??e’}tdﬂ\_é“f“t‘PBrthee%é’ﬁ‘ﬁIyeo as a
sol uti on, S&Qﬁ%ﬁﬁ%&&mﬁ&&ﬁ‘s@fec&@%@@( aibdliininfifin é?ﬂnk&'urﬁi@taﬂb %2&roc$r'5?’l%8fd?1b| y
m or t e t o e

t he catal yst syst e transiti ol nmetal conp conpone

cat al yst sysimpowrdpltoyedmploytdis easilyrdetermiredogrsirspie testingfdr gaanpibdsethe
pol ymerisation is su porLed on one Qr, nore su&Port mat.eri al s.
ngml

Myst
preferdd y PIRBARHPA Y &Palbipst sampies WIChGAR RS USER L RO Rense irdh quapdiies qfihe

prior to its.li i j i i i t rt
i ori ol argtOPSRSHEHAR IRl REMATRY o] ABaEOMS it R BT o)
magnesi a. | faund ghatthoquatity eeplsygiie siiffiviehietol rbvidarD. betoc20,00@ chtons, by
conventional techniques, for examle, by formng a solution or suspension
of the cat aPsestralynbima@lPQe atemuokalumiiia ogpeiearmer glomsef meist M wribe s| urryi ng

t he support (] her ewii h. The support 15 material thus inpregnated
wi th catal yg(gﬁé(gunr{(f#eé\orﬁlgas jarated fromthe diluent for exanple, by

filtrataon or evapoil@tdative tREI 6T agtieRors Coapribd salR @ vr@tionit odidsind szent and
di scharged fromthe reactor, any associated and absorbed hydrocarbons are
subst ant i al kyonseeubeitingrcompghle anionf Esemplae opeatipnisroxidising agersx wsivde:

7l gty ot gnun eiReRy SRR Tersqslilh e SEHECBSBUPRF b R 0°°" '

hydr ocar bong, gRhaBRg t6my&inte adions 4?6 BIQ! SHEIT PRL ) teftalaSpRenylBoft€ad U Iy
phase pol ynerisatioh process the solid particles of catalyst, or supported

cat al yst, atarakesfpentafhiopaphengjtios@tei on zone either as dry powder or as a
slurry in the pol risation diluent. The.polynerisation diluent ;is

compatit e with t‘%g’erﬁ\'if9??@!359&5?18’35%{’[’&?"@??%5’%& §amelymsssationeaiayst such as
hexane, hep i i ffins.
Preferably %ﬂ%%&??‘?@ﬁ@g@raﬁ"é‘%’%)ﬁg“g%f'gnicr?'iﬁ's“g g?‘)%liegﬁgggg%ddgﬁgg’ensi on
in the pol yimeiliding albthediompennds ekolmdpdhlyaver (29 aniactivatingejuastity o€ at feast cmganypl e,
an autoclave or simlar reaction vessel) or a continuous |oop reactor, e.g.
of the type well-know in the manufacture gf pol yet hyl ene by the Phillips
Process. \Wen the pol ynerisation process of the present invention is
carried out under slurry conditions the 30 polynerisation is preferably
carried out at a tenperature above 0C, nost preferably above 15C. The

pol ynerisation tenperature is preferably maintai ned bel ow the tenperature
at which the polymer comences to soften or sinter in the presence of the

1T A A VAN ] A=~ a



~ 3 FEB 2003 P~T/ GB99/ 02888 _ polynerisation diluent. If the tenperature is
all owed to go above the latter tenperature) fouling of the reafgo%.r% g
e
i

occur. Adj f the polynerisation within these define
ranges canugérgﬁ\zil} 4eéoa useful neans of controlling the aver agg)qt:l‘gg%

wei ght of the produced polyner. A further useful nmeans of controlling the
nol ecul ar asdvagbt cormpéundcaniificdd dbosepoldy(@pa newatdl drewisbdishe presence of

hydr ogen gas ich acts as chain transfer agent, GCenerally, the higher the
concentrati on%eﬁﬁﬁﬁﬁ’éﬁﬁb*’éﬁ%r& knowa in theeart phiegleeNage At ul ar wei ght
of the pr . I i r 4 qui d nononer
such as pﬁ%@f%hsg%%{f%égﬁbg%b%%%n%% %ﬁ%#%:%qnggtr%e%%ﬁg%a Skféﬁt&ods for

oper at i ng g@stoyedaaehgpleyent iriveatiorosre pincatemseishydr ecavidrs, fonevample, dlkeneart .
Such met hods general ]y involve agitating (e.g. by stirring, vibrating or

f1 ui di §i ndpther than pletip)arplkynes, prigiaps geesmdayand deniaty ypinesramides, e, pol yner

having th gegﬁa( - 5L m POy Si oy t] t I bt Is desired
to make i(rePht% 68#&%%’%%3@?"8% g‘b%@é’és Q@E%t gﬁ?ﬁﬂﬁlegs’a&@g%s\g@yg??yland f eedi ng
thereto a @mpamigifononaipy, aterk,drsénepadlddhglitsy carboh honbxiJe@asd ebsnphase,
under conditions such that at |east part of the nononmer polynerises in

cont act widipxideesuiniosidgstsulphoresend dgroxings. Hethopgh denlefingiarg capsbleenf apiing he
addition of copl,gas. (e.qg..recycled gasgaus nonomner d/or volatjle liquid
(e o oredehite PATs bR et BR hiRos-8 Bt {R e M AR e AP Per¥pasdid i
condenged hendRéMdracomdiidintdl 1-oléimsRAl YoBAs RALGAUESSisibasesdpdl sé. SBbRepét, f rom

gas phase processes fornms directly a solid in the 20 pol ynerisation zone
and is fredkénepmhidrars ismahelefsl {orfexampler Sbutangand cydehaxsneweielregardermas o
s LAl Do gl B b Bl 50! BB e, o
liquid in ffiearbRhdEeittsatdr @RarkMBedihthyMlline| dlethflaAfih@ribetyldd@nguant ity of
polymer present.. This Is in contrast to "solution phase" processes wherein
t he pol yreethylberzontesanddieszdbanadatie n Imtheoparaeilar aspect of lthe prgse ipieatet,

wh inth I i i | i iddil t.
bronesges whereLn P GOLYIES (LA, 55, S SUSPErel on, L0 & g 0 difuent
"conti nuougr, ARl AR alyl ddsie@bRfeR! HBMel @, ARBADLReHIMBIandqBfkdki Ons such

t hat nmononer 1s continuously recycled to an agitated pol'ynerisation zone
cont ai ni ngcqpopoungs ivdidh ioteraatedeyistr stropdle-fopexammbedoreistedlqpeonpaied t o
repl ace pol yneri sed nononer,. and 30, continuously or intermttentl

wi thdr aw nEEBEHIL P HEI S bringoiABEHE" HHICY FyPP o)) 268 60 <qmpg gnts.
conpar abl eﬂfg%ﬁ ®) 1 3hGniBht &G Eﬁéﬂeqmré’éuc‘iﬁg%Qt‘ﬁhWH%ﬁneé E@rﬁﬁo&%%aﬁ%a@?' ng

added to t pol'ymeri sation zone to replace e catal yst  wthdrawn formthe
12 2@ FEBnROEBtO) 00d (HeuE chEav GBagedRs BEoreuminpmments@) ivintrpdueedwilihe t he

produced pol yner. For typical. pr ction of i nmpact copolypers, . honopol yner
Pormed 1 r oRiATEes oF Seronsatad) B ) el e s Bt RBRaBR b DRER econd
Tonomer i nad SREAYds HEREHES abdiRlin RIMIABUHE ExtBlstPLPRK RERMEIIKRAC THEPaCt
copolynmer 1n a gas-phase process, propylene 1s polynerized in a first
reactor; reqaaitityef thelngumal LevenBhsy fcethpboen (3)3 toprdferatdy suh dsnophivide &t hyl ene
or other conpnoner is added. The res) is an_intimte mxture o

ul t f )
i sotactic FSIOfrcomnoase (dbfawﬁgorwn_f § dﬁg?e_r@“%ﬁ 100:1 %Hﬂﬁp%ﬂﬁ@%ﬁlp@#@a@g’ﬁ?l ene
oy oI5 A AARELT S p YO o b O SPUREE A b SLATA S el o 1
pol ymeri zi fgpethenj fos eedmpie optheneat niferidiy, hodsudpensioper silutigh gfthe plassials
fluidised bed processes for naking pol ¥et hyl.ene, ethyl ene copol yners and
pol ypr opy! &nesirablegiuenkeiowlvenh(fonexagirle a irfiid bydrogaborh prié a&%ﬁ*é’!’é&f' f or

exanple, in a vertical cyli i . I i i a I

G et but i O saridrefSs St Bl edREkBFouE ShleRp bbb TRE LB e

f1ui di si ng cgmbe sxtcm@amdgbﬂ@ﬂnghrfyr&sib@aemﬁb@tdrle.uwm‘?nge g@npeenestopéthardat
through the bed serves to 15 renove the heat of polynerisation fromthe bed
~and t 038uppoym tenperature isrgeperialiyrsatistatarynHeptingte hgher tamperatumes €.8.0ipdPOsi ng

gas generally, ¢o i ses, the, ngnoners) nor mal | ogether with sonme jneft gas
(oo it r agtet BT beSatien b b aamBang bt aeneye Hestet draamecat the Eomgeiondt |
but ane, per J i n i ght
o 1 er - THE S P AT Sl SRRl R0Rchdr o bl OO AU T B er Pea
optionally through a velocity reduction zone (this can be a cylindrical
portion of the reactor having a wi der didnmeter) and, if desired, a cyclone
and or filters to disentrain fine solid particles fromthe gas stream The
hot gas is then led to a heat exchanger to renove at | east part of the heat
of polymerisation. Catalyst is preferably fed continuously or at regul ar
intervals to the bed. At start up of the process, the bed 25 conprises

Y T T Y o,



evol ved by the exotherm c polynerisation reaction is normally L@?ﬁ'e‘d from
the polynerisation zone (i.e. the fluidised bed) by neans of t 8,200 si ng
‘gas streamW@ 00/é3sd6i bed above. The hot reactor gas energi ng bcerggswm2dsep of
the bed is |l ed through one or nore heat exchangers wherein the.gas is -
cool ed. The cool ed ,reactor. _gas, together wth, an ke- as, is then
ecyel ed t BENEaLE BTV TS ERYof PG bL 'S pET YR APE citfimeta "

pol ymer i sakigydriheBas(sed bdd\@), pkis e8Mbe hEWSRUI £} ekdmple, Blesiefctigy the Provi de
addi tional cooling of the bed (and ther eb%/ H;Pr ove the space timne yield of
t he processjtalyst sysied egnprisingl compomentsl), §2x and: G andunpragrating dhelsupports such

that the liquid t i 0 the bed th b b i ddi ti | heat
o pol yrer MOSrPLRFRERT D iRy Pieesh op ol b Frsheicip B AShps mote aonecs -
Wien the hgt mopCyeiR &a@oﬁérﬁmmﬁamsw@r&gu%nmmeﬂfdeﬁi%mﬂeg.% ori Ne

volatile liquid can condense out. In one enbodi mEnt of the present
i nvent i on niateriabltsdlf ¢am Havethedpropersepaf anadral Lewis base rtyal e gaslopmtas, or

rei ntroduced se ately in t he bed. Thus, for exanple, the volatile
o o o Rl AR s At BieHe Ob8 BipoTEmBl A haing (B0iTal L Stib St ent
of the pre i 1 : i (WA TUI, O I -bed with
Phe 1 acyer Broperiebie Bob Rk fe)rla Copolyittr O sfréRahg sfind Aurbileio e

f1 ui di si ngviggtngineam energing fromthe reactor and can be recycled to the
bed with recycl ergas or can be separateed frgmthe recycle gas and then

ret ur né® é o t he WEcatalysts ofdhe Bresent 1&%8@%&%(546?*&%@mmwtﬂlrwwéf@ycqr@ oéasb |
. g . ST
5" Gasor | paaf ARl dmpAindss Ao B insIaBuRE ot pRsBRIplarilih Ep Asb e Pe

r ei nt r oducéndhide erenstansi@dthdr qyied of maasitibe meed ceppaimiserfcapmstsheorrexamplee gas
using the process described in our US Patent 5541270, the teaching of which
i s hereby iNHEQEEHGCAIAMNNG FaLYY SR PUChsasdBoTe) deselsnd. in WaRPORsaTingG applicatignal ysts of
t he present,A i i i neli & i t he
catal yar . | GCTREICREI0Ts FA500E SRR B0 b SRR ol vt
can, fgs exitelytpyridiénebldt, ogucia@dttiyhtgil)FBEL,pol yneri sation reaction zone in
liquid form for_exanple, as a solution in an inert liquid diluent. Thus,
for exanple, thelheenaysts ofthapiespnt invinhion&ar alspindudde anetdryegreothes tyrssofit |

or both of ¢ o n n j . [ [ i.aui

di l uent and a@@%ﬁtsggﬁg&g%% ?ffr}g’?i%p%ﬁf Sglr’l§§§Ann\g$%'{fé?’e§[$é'§\gaq@0° Q&aﬁs& Eﬁg%'gsnces it
i s preferreafkthitRehé-Ghied caQRisRl MoRBcidEheaRARDNE B SHnstirkA Y@t Sadddne
droplets into the polynerisation zone. The droplet dianmeter is preferably
wi t hi n t he catafigés, or heat BoURted suppasted Ewomlws%mgsgatqlm teadUtilipgtyde which is
her eby zhncorﬁﬁ)rs ted '14 13 FEB 2003 WO 00/ 15646 PCT/ (B99/02888 into this
speci fi at iV scl oses a process for introducing a polynerisation
catalyst into a pPascRNaEeoPRkYyr@enSiatémidn cih®e RiUppdaedos shpoeddion a

EP- A-0593083 can be suitably enployed in the polynerisation process of the
present i nwepperdmatérialfor examnple)l siliealglumios, MsElalorylrmumiqrm,a Repymer or

conpl etion of pol risation or copaolynerisation, or when it is desired
to term nat@e?fﬁ}"yﬁ’gﬁ rs%i‘?["é’?f’ %9?5’%%68'? R@&P%O&’tyfeé‘ﬁ’ RYYSIYIePG %t tenporarily
deactivate d’,g(aﬁ,ﬁ;&'wgge)pr catal yst conponent of this invention, the

catal yst can be cont'actéed with water, alcohols) acetone) or other suitable
cat al y%5 deact i vHitdesisedatheaatakysts lcan b faronegan siom s the psdsende ofithe huppartt .
Honopol ymneri sat.i on SL" et hyl ene with éhe cat al gst s, of the invention na

Yy
produce 10 %@tctal |udhe pRpRiGRHENZ!\PAn BF RERSINRILERALPY/ Q% B MEFRY, SHFNIAREQYSY\Ter s
have 1 el ati glonddig i bhé or ABRSOARE cALRsUSRANInchR THRIELINAIdrlid Biesiicr ©
i nherent rigidity 1i's requi red. Copolynerisation of ethylerie wth higher
1- ol ef i ns | mgerisheanae if desxehke appoctedne ) hetarogenzousieataystj fbe examplefy  of
copolynmers differing jn density and in other i rtant physical prqperties.
Parti cul ar | Pagngsem gﬂﬂeébw%@‘%‘ﬁhﬂg%?&té‘dﬁog&ﬁ%‘l‘ﬁsﬁﬂﬁ(%‘fW‘luéh‘g"‘ h 15
hi gher J, ol gfi i C J t rs
havi ng Je? deﬁjs?lpp '?/eel{mrclgttg Wépﬁaan%égééfé%%gj“? %Q%.dsgyghggﬁn%%glo#feﬁ%r 0 }éﬁ are
general |y rgftglysiednbe abiietddefonetangsie by reating the trhasison ynepadlcpmipbyndsref thar e in
many respects simlar to the so called | gw density pol yet hyl ene_produced by
the hi gh prpresent dnvientien withialumoxage 41 3 sWeblsdneridiluensifopaxampleyplatilte. Such
pol ymers and copol ynmers are used extensively in the manufacture of 20
flexible blown film Propylene polynmers pgoduced by the process of the
i nvention include propyl ene honopol yner and copol yners of propylene with
| ess than 50 nol e % et hyl ene or other al pha-olefin such as butene-1,
pent ene-1) 4-nmethyl pentene-1, or hexene-1, or mxtures thereof. Propyl ene
pol ynmers al so may i nclude copolynmers of propylene with mnor 25 anmounts of
a copol yneri zabl e nonomer. Typically, nost usefizl are nornally-solid

. - oy



many applications, polypropylenes with a MFR from 2 to 100 are.typical.
Some uses such as for spunbonding may use a polyner with an WBRFEB B0 to
~2000. Per oxyveaohe8ggounds may be added to ethylene or propyl ep&mbwgﬁgg
For 10 et hyl ene based pol yners, peroxides can be used to gi ve-cross-I1nking
in the polyner. For the preparation of high M-R propylene polyners,

peroxi de cbyfrooarien,siyrrying agagigulate supgod tratersdl svithftbe prashuct and evapetatiogogy t o

increase the l.t, flow rate of, polyner. Peroxide acts. to hreak |an ol yner
chai ns and! a@?tﬂgdg‘f?né'c &Pty T’fl ?W@P&S%?%‘g@ﬁﬁﬁpaﬁ‘&%rah‘gr‘? efﬁﬂ“toﬁé%e%'

nol ecul ar WY pdll@dr! TRaIG kMt SMAYuNPdrt PiatErl )éﬁﬂ';)ﬁugedi gt Varyﬁzi&é{?,ifSﬁExa%%le
reactor pol ypropyl ene powder with an MFR of 2g/10 min. by controlled

rheol ogy t fism h@hOOQitoH gremepergrainrpfametak pregerd in theytranpitioremeptal gomepoundt h an

MFR of 20-40. By.,varying.the.ty amount of . an ocess condi tions using,
ber oxi db, the T TbrEnyiePigen g TR len Pincr e qo bl ERTRE oA v 1
Dependi ng !éBBdSIYﬁxEﬁsdﬂi%ﬁ ST1-$ 186 sP O HPRinE RIS g tHE MBROAERYSkAN Bhdeddi ti ves
are 20 typically incorporated into the polymer fornulation such as acid
scavenger s pohymerigxtiategnrsijticss abihl the polyneasationtratalyisk er caBalygrsystem, of these

addi tives are incorporated at | evels of about 25 to0.2000 ppm typically
from about PsgFeptyn ‘H&?l" M@éﬂﬁﬂf’%‘?ﬁs W@Sﬁ/%ﬁeéﬁﬂpwuoo to 1000 ppm based

on the pol : Q! kS %T@,Qeo 1i «hhe
i nvention ?éZE{eﬁgh?%?i}}?ﬁo@;ﬁﬁ%&%&%ﬁmﬁ?ﬁgr 2 Cég%venn i ona‘ﬁﬁgl%(r:glr)r%gﬁgn let[érai nto
pel | et 40 BExatuplsesysedm,uds f or pol ynmer conpositions nade according to the

i nvention include,use to formfibres, extryded fil nms, tapes, spunbonded
webs, rmoul d’é&owc?%&‘ﬁd’f’ rd%aé?fﬁ‘&tél}'“éﬂ ?’}‘FeprlT‘Rré.l"QJﬁ N0l yners may be
bl own | Nt 0 i TR thLarfIBit G SR dimeBiGRY @ variety of moulded or
extruded articles such”as” pi pes, ant’j’ contal ners such as bottles or druns.
Speci fic additi VEhepgrekang @svedtibrf d¢o @mompagps acatotiosn aspact be welofacospls known

in the art. Exanp] es of sup&l enental additives include slip agents,
ant i - bl ocksts dgHrgd ahoyeas aaialygt 1os teeredymgesstion oholgling. and secondary

anti - oxidant s, L . t u bid: e lLike. Casses
o 16 1500 s abs o E BB S P e b B ol 1 DR e L roan
the art andyktaml uddefaispbabasianid gxd terepslymbiyblised yhtalystieas-defif@iublovas

N, N- di al kyl hydr oxyl am ne) and am ne oxi de (such as dial kyl nmethyl am ne
oxi de) anti oxi dahsspolymadtien carditiens gaghe. fofi gyamplaolytioarphase; gy phase,
stabilizers, bhenzofuranone stabil, zer.s.. I . I ouUS ~RbLf i N

ol yrer - ad B HIRE e LaREe R poFE S g Wb Dlds o OB 00 Cld 8oy
4,590, 231, 68, Zvllat FreBdfes 3PRmBpAdR AlAbobe, PERIAESl Rord260 &D2100 kPa.

5, 344, 860) 5, 596, 033, and 5,625,098. Fillers such as Silica, glass fibers,
talc, @9d tHdesitededhernatdlpshtamie egdno polymedseethyenamder highpresyreffigadded to
t he pol yner conposi tions as known b\é.t e art. 10 The r}resent inl\{enti on is

i 11 ust r at edteMRCERTCPEPFESHENG NS IR Y PUYIATIC MR U TRUases 2welt B avpLES
EXAVPLE 1 1 TR > tp isation i

2. 6-di acet ~%§? %lilct}:l‘iuﬁaelbeirﬂg)?%feg-}g?@n{ea?ﬁyﬁh-e E—O !tytranretr ].S - t?ut ;F%nndiulcgedflg dgr %aglpl?'? ?eon of

2, 6- di acet yflpgisediberbor Qirredded;cobdiidngmol ) in toluene ( 100 M) was added
2,6-dinmethyl-4-tert.-butylaniljne (2.22 q; 2.5.eq.l). After the addition of
tol uene sul phoni eviiabiemepAMeRFdPLYss ip thegrplyperispilon Brogess A thrRreseat fysagen
over ni thro a ara i I nperat ure
t he vo?%%i Iggetfé?}%)é%g@?saéﬁéﬁ%d?@gl&ﬁ @Eﬁﬁo%%@tcg%b&g?lghgeln%gﬁdé ﬁ vacuo and
the product paftyel dHek&ns) 4ihanyIpEito@n] 1-hdfienep1 adiarie, Wadnérie, 1 &lebhe, Mashed
with cold nmethanol and dried in a vacuumoven (50C) overnight. The yield
was 1.96 g ysdecege, ladoglecerr; bteidesen® i -tstradecene, 1-pentadecene, 1-hexadecene, 1- -

,2’ 6- di acet ~{\<|:pQXJelcgrller,]qp(')c%dzebgﬁe(,j h -nm%%QXel:cééé, 684 1 R @ Wthdr e SHomers include
methyl methacrylate, methyl acrylate, butyl acrylate, acrylonitrile, vinyl acetate, and
30  styrene. Preferréd monomers for homopolymerisation processes are ethylene and

propylene.

The catalysts and process of the invention can also be used for copolymerising

9



FeClz (0.45 g; 3.53 nmmol) was dissolved in hot n-butanol (10? mh) at 80C

and the 2,6 25 diacetyl pyridinebis(2,6-dimethyl-4-tert.-buty Anf48 203. 70 g:
3. 53 mmol ) wlelzidéds a solid portion-wi se. The reaction m xt waeEr/Gpsanadssdl ue.
Af 3er stirring at 80C for 60 m nutes the reaction was all owed-to cool down

to roomte rature d stir for | t ant suspensi on _was
filtered éegigﬁ?‘}?eorﬁ?rﬁg{']ﬁ?ee‘&téﬁca oet%%ags}ﬁg? %htlﬁ?'ﬁqeegit%gﬁ%&(ag l)EH%t "%aﬁﬁ)exgﬂﬁ
dried in vAgkthylpbitendi el fhdiitend; §Bwih ofhkr MonorriErAMrlaks, ?or_(ék@ﬂ?&[ Aletiyg) 2.1
- Preparation of 2.6-diacetylpyridinebis 2,4,6-trinmethylanil) 17 ]
oons6a6 3 rAEBAaPRE:, PETHYERIYI0288/! Forylate, @rivianerilel 5hyhacetate| andistymens.

2, 6-di acetyl pyrJ di ne .(12 X 12.13 mmi%] in a sin le.neckh250crr8 round bottom
flask was added = HSE" Pﬁb‘ﬁ&ﬂ YRHPRHARCY @pf@'% atiopteghnians smple¥ediene

sul phogi ¢ ;ﬁﬁhﬂerﬁ@ﬂ@ﬁﬁ%@ﬁc&rﬁ&iéti@ﬂ istosicafdaidd ot hdderddntitRns and the flask

connected in series to a Dean-Stark apparatus and water cool ed condenser.
The react i mhstsntidllytaxcldemsygesf vateecandmtheondteniaisthdtiadtng catalysthpsibanspr oduced

water fro he (iondensati on reaction was $0| I ec& ed .i %t he Dean- St ar.k

appar at us%’o?f’ X‘BSW‘?%@"P&C?%%}‘H’?&&EB‘P S8 PeCcarHed O 1 dhe Rreenip ShatVeSt t he
reaction njodorf8l PEK fef Qﬂéﬁiﬁ@bnﬁéﬂ niol8&ukdy @&Q\t&.he product crystallised from
nmet hanol . The producCt was filtered, washed wth cold nethanol and dried in

a vacuum oven (TBh€psaonfdrydragen.gas\ida aneeins ¢ qoetrebiihg dhe dverdpe molecldat weightbe
excl usj vel , 6-di acetyl pyridinehis(2,4,6-trinmethylanil) The yie]d was 4.23
o Cor iy & B Dot g hobdimearotes GirsaLY 1 ie ANRerSio8 BCBeHSATRE hyl ani |
FeCl ~, Fe : nny 2 i k - m) at
80C and theéiénggﬁggg??l g?/ﬁxgﬁﬁ?bps Zg%{ %ﬁﬁeﬁ%g% hd;Téaagl&f ?‘e?%‘%ggg“"ﬁ%%p“é nmol )
added as awsighi of palymesror topolysers pramredcagng gas phiaxd, sluerytphase tulkl plase éf t er

stirring at 80C for 60 m nutes the reaction was allowed to cool down to
r oom t enpefetipnerhasg pelymensation cendiyiapss . Theuanity ptthydtossn gpeieshosmplazed

filt d d. b i i i I . 00. d
pent ane. ( 15EYORFERATRARERIIAIIER Mg dbRIHERE bl SRR "
di acet yd pyeirehi”pelyaérRadodtdstsi et hyl ani |l ) Fed 2 was 12.87 g (97 9. 20

EXAMPLE 3 - Pr e;%ar ation of a Supported Catayst 3.1 - Pre-inpregnation of
support with actihg®elymesissinsuniacesealthrpresen prentioggrovidesgohgneraendsoc, 10

oS ek hERP s RO BRSSP BOA LRUEBY g ot
t enper at ur em6@Rdf, polyniéidr BpdlyMet plodese) permdit tweipht lofiskmpleremldyed Vel or 1

hour with constant stirring. Drying of the supﬁort was at 80 under vacuum
3.2 - Cat aFstalystsaypisan)t iTivisapeany diat selativslyavarp sialh gugmitiag f sensition regtak he

silica/MAO (2.50) prepared.as described in le 3.1 Lid

> b a Aol §rEYRRATEERERSs s GrREE R BFCrsh SR Puckes el blisedaog)
(prepared gfyedsorleR Glsofghnk habEXAER IR polyhherivatopibRessaif tRopHbdne IRhBEMIsE
The m xture was occasionally shaken over a 1 hour period. The supernatant

sol uti on waperetedovddr pelgmenesceydry eandii@rsrBatdtorsit Py eertditseparaieium at

25C. Analysis of the. catalyst gave .18 1 3. FEB 2003 00/ 15646 .

per caool b35S KRBT Ee bR eetes gioRE P RO e S ot R R Y st
Prepar at i ogorhhRrdileRanAhddoshsPhase polymerisation processes), the amount of transition

2, 6-di acetyl pyridi nebi's(2,4, 6-trimethylani I?FeCI z'Is described in 5

Conpar 2% i veneid &opipkexan tigi piodacedpadBuerearde veryppialled by Crosfiel d), which
had been heat ed ynder, fl OWLVI’A%GEM { ro‘%eg. at 700C, ,was (ﬁl aced..in a Schl enk
tube and tol uen®{HYHR3sE gD cpgdiions, pr gasphagg polymerisation conditions

(1070) s RO RE 10 e pLORYY of Mph b 5% Sty Aol o PR OHIRRE, 1
Wt co). Thiaad pblypropylenasinithedequioadsset@lie paymaisatiboneorditions cindediateh, as nmuch
continuous or semi-continuous. Furthermore, one or more reactors may be used, e.g.
30 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

10



10 of the iron conplex as possible. The solution was then transferred to
the silica/toluene. The silica/ MAO tol uene m xture was nai nt ai1 |3eFiEBit20030C,
W th regul agoSbiikédsng, for 30 minutes before the toluene was E‘f'ﬁﬁ%@ﬂ ssgt
40C, under vacuumto yield a free flow ng powder. Analysis mp»t e soh -
gave 16.9 %W w Al and O 144 % w Fe 15 EXAMPLE 5 (conparative) -

Pr epar at i otran$feiSeg pue thedpadumerfisatios zofie ih the Eorimgfracpanticulats sofid sitiyasta dey t h

tivat d Si.lica (Crosfield grade ES70 ted pnder..fl ow
Lt ogen aPOURE (b W FbPE SD0rcEs A TR SO o F 256p A SOB aced
a Schl enk tahgsefdidrfbrid koM tHafont-of SAGERE BYthpleldl SFAKARR endidSatPp! i ed by

Wtco) added to it to forma slurry. The slurry 20 was heated for 4 hours
at 50C bef e¢tévaer wigh loeftithpbor other Yagsofaatalysssnor ewpbe titewsobd catabyssalpee withant

e i LT IS S ™
sol ution easRnleridBtiorPzche; foPdRRAPIGY a@%‘@on?%lp?rafeﬂ}eﬂéﬁ%r‘ t8g?t|%§r with the solid

(2, 6-di acetyl’pyridinebis{2,4,6 trinethyl ani i ron dichl e ( 1g) was
slurried i matablsuePef¢raifigthe caalystapstemempbes aonsiteon ractd] coojsek tampdbreent of the
silica/ MAO. The m xture S oc&)asi onal lé shaken over a 1 hour period. The

super nat an€C2YSLEYSHMN GRBloyedH Bg sluny RalEmerisatien pdhessrbasuRYIY LSO s he d

with tol ue iq i r i i under
Vacuum at - S0 el g hf e Ep S AN A MBS pro R BB PR L o
To 2. 0goof sspporoal dide(sBppg) natepapaor @stsdescdudied into thxpslpmerishtibnwage.added
2,6 19 ~1 3 FEB 2UU3 WD 00l 15646 PCT/ GB99/ 02888 di.acetyl pyri di nebis(2,4,6
trimethyl aviteleispppertmatarisls aie fopexpmply, silcapslyming sieppia, 146 kesplaybumsr s
were thoro < 10 : r haken
for 30 m n%sngﬂg} ?(’ﬁgregﬁ%éi“ %ﬁ{ﬁgg?ép %%%t\gégg (%?grgnqéra?}g%ﬁ))? hg c{)pc{)ve\éﬁé?\%e/ br own.

The sol ventteshmiuiehefor examplebyudeaing \wasolitivnalr sBépension of tHel ddtalljss abmponedits t he
powder 5 had stopped to yield a free flowing tan powder. Analysis of the
catal yst gava spitadogjiypnter sehaent pagalsturpans NERLEPOTT oRterREIhSreAVPT ESsSuppeD 10

(Sappt nda. 5y e FerPldXORE F AR P AR B ca M TP RT i )

hexene (s um&hixfﬁ;, by fittdlioncdt)evahsrhiidd RAhmiyess. ©aed taTpdiyinie? Gesductis dsthagiriane
(supplied b drich): nethyl al um ni um (h%iM in hexanes, supplied by
Al drich): dfmthe regefentany Astasiatedand abspibsd hediagrrbonsarg shbssentislly Mraevedh) . A

31it t t ' ' t least 1.h 15
2t 77 S ae ket R R e bt e RS PR SR e Yes B BEhe Pl e
under vacuurash bp@ésycked skaard, fitros ordigechydfb@risndi(siithebktyidghe) VRecdverd as a

fluidisable/stirrable start-up charge powder for the gas phase
pol yner20s atgasepusTiligidiydregageansinay eawmycleiolthe polimeasedivagonoas added to

t he reactor and boxed.in ni.trogen. The al kyl um.ni u 3l | owed to
scavenge for poi%ﬁ‘gsuﬁr}ﬁp@s? %%118?‘8853?'8'? pf)oecteﬁetéé Sgﬁéﬁ%gﬂef g}é%‘%lsath%r_ bef or e
bei ng vent %@Fﬁwéwcﬁavys&aﬁ%d 6 b pORATRriBAtictSHne ERerG8 ArPPENEerCRASIdrPh t 0
be used for e polynerisation was introduced into the reactor and

preheat ed tthe paignprisation dilienf. eEhé polywerisatien divent ysstompatiplesivith the. polyraer(s)
catalyst (0.18 0.22 s inject under nitrogen and.the tenperature then
o tst ed | et AR e LAl Sr SRR FoRaRe it WG Db MY ¢ he

pol ynerjssat ﬂﬁ'ﬂoé’ﬁ@oﬂ&ed?tpa%ﬂ PRifeBlydhe EMEfe%ier‘f@d {08 pBRSPRARS AMERGRI L1 on
by mass spectroneter and adjusting the balance as required. The

pol ymer i satsuspertsigstis thepelymietisatiod diloersoAthe polynfepisatingt zomervad be,dof exanple,
bef ore being terni nated urging the reactants fromthe reacfqr with
ni trogen an%1 ?LEB‘{E}]EY%@ i‘ﬁgxﬁ %ﬁﬁg’r"a‘?‘*ﬁf"’é Pp? COMBEOUSTINAP SPASRfe £ Btﬁ?rﬁ“ﬁe was
washed w t \ t: ﬁgﬁ;#@n e Wi tREPhillRe P ryd lefithd €d
‘met hanol (5 gﬁkﬁ@éﬁéﬁﬁ?ﬁ{%&% nl ) %Oe%é fi nla{ibl yrav&e{s' &g{tegrtﬁéet hanol
(4:1 v/v). pdlemposativarpraeess of ihegresedeinvermouusicaraed ddtndeosludrg chnditisns fhee
pol ynerisation tests were carried qut at a ra'bsati on tenperature of

I
BOC ancilar BRIVEERIAERAS Predaratly 6amied oupak & empREAiSabRes PLatmest PESHAPY ons
and cat al ysgy 29 1 50O/ hRAAGiAE5 hnideRftuRiEpRftiratly natrilaihbEo I8 RY NY

Tabl e.

temperature at which the polymer commences to soften or sinter in the presence of the
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1 3 FEB 2003 PCT/ GB99/ 02888 Exanple No. (note 1)Catal yst Exanple No. TMA
(nmmmol s) (note 2}H2 (bar)hexene (bar)tinme (mn)Activity (note %)Eg resi due
(ppm 73. 2000100]1717é3l 2. 3583. 260. 50. 26022853. 069 ( Conp) 460. 50. 266 0%RE 003
( Conp) 5. 20008P76°% Notes on the Table: 1. "Conp" Denotes CoRSA(GRIDPESS -
Exanple 2. ~ 2M Solution of trinethylalumniumin toluene (supplied by
Aldrich) 3. Activity is expressed as g/mof' /h''/b-" 10 Ml ecul ar wei ght
data on t pelyparisaten giluedt cIf thestesglerature is alldvweel togdal sbobett@attér$emperature,
Exanpl eCat al yst %%gakPol ydi spersity73.23280003000011600011. 183. 248000820
lm@:ﬁ%% 0%@&@9

0190005. 9oy 566D D9850 Adjustiens lgmorigatiam prghiythgsedefined
unsat urati dat@ r | yst of 20
t he preser%?ljﬂl)nven% |92({)h Fgargﬁel{&%ta Lﬁﬁﬁ? g&fsa Icgqﬁgﬁg%vwfll’gr%%%%MG

PC~/ ~~~/ 8 vi¥gitatfahy ptoduted Salymerat & dftivey ubfulsubaisiof dba ediliande assl Bailar
endsChai nol efin/ 1000C */ 1000C *ends11000C #/ 1000% .
#73- 0. 60. o¥eslyos tpconstughthe polymeriggirsindhe prsgenes pf Bydrogengasvhieltia®y ag 130)

11 A 11§ Cpan et el en Ry Uy e IR bRy R e

bef ore beilpgecthelaveralge mtéculal weiginfithe pradusgd polymer3 M of 1M in hexanes)
foll owed by isobutane (500ml) was added to the reactor. The reactor was
seal ed and heatl8dullopelymerisatioa pspeegsesdiquirlbmgpensisush £p propyenp isruseg@py| ene

was added i . . fotal pressure, the vessel seal ed and then
cooled to ti}%&.gly}?ﬁé@%%%ﬁ%?%descri bed in Exanple 3.2 (0.090g, slurried in

hexangp was i nj Ierétmsifdsmpemﬁsg(r?agh@sre PoBInFdriagtidSroBEse&Sate @/elknBwh iRde The
reactor pressure was controlled at 22.8 bar during the test (ethylene

pressure est.i Huherethodhgengmbly dxvoker agisptiog G dy)stismng, vibeatingrgrdhuidising) a
adjusted t to,continue for 60..m nutes.

65. 9g of p%ld?})%gl:‘m\/ﬁg’yﬁ(r:g gc{félgehtawzpélgfsng%lfeqr@gyrgglrggwgg s sascon WBidat ed Mw
and M t o HfysikA8H8PemBgSHAORNICE HS dbdiné@kd make in the polymerisation process)

containing a catalyst, and feeding thereto a stream of monomer at least partially in the

15  gaseous phase, under conditions such that at least part of the monomer polymerises in
contact with the catalyst in the bed. The bed is generally cooled by the addition of cool
gas (e.g. recycled gaseous monomer) and/or volatile liquid (e.g. a volatile inert
hydrocarbon, or gaseous monomer which has been condensed to form a liquid). The
polymer produced in, and isolated from, gas phase processes forms directly a solid in the

20  polymerisation zone and is free from, or substantially free from liquid. As is well known
to those skilled in the art, if any liquid is allowed to enter the polymerisation zone of a
gas phase polymerisation process the quantity of liquid in the polymerisation zone is
small in relation to the quantity of polymer present.. This is in contrast to “solution
phase” processes wherein the polymer is formed dissolved in a solvent, and “slurry

25  phase” processes wherein the polymer forms as a suspension in a liquid diluent.

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
catalyst, make-up monomer being provided to replace polymerised monomer, and

30  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

12



(pol ydi spersity = 8.9). Activity = 732g/g/hr. lron residue in the pol yner
was calculated as | .9 ppm 20 EXAMPLE 12 (conparative) Allitre reactor
- was heated under flowing nitrogen for 1 hour at 80C before beihFegozlEd to
30C. Triiseohmboyiseed um nium (3 mM of 1M in hexanes) foll owed HErF/éeobatsane
(500m) was added to the reactor. The reactor was seal ed and heated to 80C
I ncreasing the pressure to 13.9 bar. Ethylene was added to give 21.9 bar

t ot al ErisatioR Z¥RS Sth the ,%g@é et hen cool ed to 78C. The catal yst
descri be?&% nparative Exanp 3 é%!sz j'M';’l 3 FEB 20p3 WD 00/15646

PCT/ GB99/ 02888F(30t}®%bpr0§uctrm Cé'dmpmcttawbulemys hersopalymet fatimied fiont the firgtact or
th Th t troll.ed at

25 o bor HGR rhgrsﬁfsfrﬁééecteéfsmwew%béée‘;‘%pﬁﬁ%Exp%%%?é@ A 35opnd BEHOBEFat el y

8.0 bar) anghhéiard @me{)ﬂw/ahﬁ@p&émpﬂaet& g%r PR Y ds@%?dc% ﬁpsn'eowed to

continue for 60 m nutes. was r ere of the
-pol ynmer  big peB@erized rad Ecst Macmdremmeqadﬁﬁném%@i@rmddo 2 3eddndrespecini vel y

| ydi 7 ct t HALO SUBSTI TUTED COVPLEXES
gl’ﬁg >IéeI ig ¢ b)?ﬁy]?"fk?r gélber H‘Io\éé‘)‘gﬁ\}é@ggﬁf 'g{r’fr’@éf‘ bl andatimats gnixee abdbr opr iate
10 |i gand; ~ ~Fe~
o .'.Séﬂa?“? f °f§’p%§%¢§§)’h&‘(‘§¥b‘1\$€§'g€ of Erepdqr probylentfech 1%“>?e°s?p%me b™ 3b 15

Tabl e 1: &nbemidapetwmr@mllyilgmdscddan admgled@aaodincoliiph @ xgforldmoudit ofiad 3b
RLi gandConpl exHL: ~ 2a2bF3a3b EXAMPLE 13.| (cqnparati ve% Preparation
of 2. 6- di aBYPRPIRE wzﬁ Iy eﬁryﬂf@% pdded tq palymerizing chags|ofpreny qsue

gdgegigcﬁé%”he%/%% I ne ?S%S%Qgg‘@%am%' ?lSé&?&gﬁ %é‘?stf?éﬁﬁg a(fzgwmda o\;I)ngof

gl aci al apélyethyleae,cktiiyienes@ipolyimers aglspalgirbpplatt oy eenikgbivn inJgHerrt ODhd Ng t O
room 23 WO 00115646 1 3 E E B Z003 PCT/ GB99/ 02888 tenperature the product
crystal | i BEWess@bstapsretd, fanrxamplsddp e ureisak eylindiicadi reagkos savipned withdl d

R I A
7.28 (m 4k sti¥ahd thraughQhé Bed. 2Fhe MiililsingZad SiréiBatinghhrdNgFd3ded sbrvdd tb6s., 6H,
ArCH3). 5 EXAMPLE 13.2 (conparative)

15  remove the heat of polymerisation from the bed and to supply monomer for
polymerisation in the bed. Thus the fluidising gas generally comprises the monomer(s)
normally together with some inert gas (e.g. nitrogen or inert hydrocarbons such as
methane, ethane, propane, butane, pentane or hexane) and optionally with hydrogen as
molecular weight modifier. The hot fluidising gas emerging from the top of the bed is

20 led optionally through a velocity reduction zone (this can be a cylindrical portion of the
reactor having a wider diameter) and, if desired, a cyclone and or filters to disentrain fine
solid particles from the gas stream. The hot gas is then led to a heat exchanger to
remove at least part of the heat of polymerisation. Catalyst is preferably fed
continuously or at regular intervals to the bed. At start up of the process, the bed

25  comprises fluidisable polymer which is preferably similar to the target polymer. Polymer
is produced continuously within the bed by the polymerisation 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, at 10 to 50 bars, and at

30 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.
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Preparation of 2.6-diacetyl pyridi nebis(2.4-dinmethylanil)~2a~ To a sol ution
of 2,6-diacetylpyridine (0.54 g, 3.3 1 mmol) in absolute ethanol - (20 m)
‘was added 2, & %?Hg%‘tlgyl aniline (1.0 g, 8.3 nmol). After additi oh3oFER 2009w
drops of 10 gP acetic acid the solution was refl uxed ovePATRI9/02488n
cooling to roomtenperature the product crystallised fromethanol. The
product was filtered, washed with cold ethanol and dried in a vacuum oven

(50 ©) overnightin tﬂ'@gasy;'b}ﬁbdﬂmmdbéh Proc€8¥r polymedidatior o oty the GR&iL3) : 8
8.42 (d, 2H, Py-HM, 7.89 (t, Py-Hp) 7.05, (m 4H Ark, 6.62 (d, 2H,
ArH), 2.37 eyelve@b{y th\t@gqgarmlczp@ﬁne%satreweasnM)norrzalbsre(@ve@ﬁ{omlt@eo CH3) .

EXAMPLE 13. 3, P a
4-f | uor oanlpﬂyn?re(? {1d" %%]n (Oﬁ"ot%e ‘aw%l's'B W&A g zl acetflgllsm%gla%ftﬁee@"( 4% .63 g)
0.01 nol) idasciivedlabbee. eThaR&! redcdr eFﬁe)gxM‘@ﬁoﬁﬁ@@@o;Qomt‘: ¥4 )s led through

4-fluoroaniline (3.13 g, 0.025 nol After addition of a few drops of
gl aci al 5 aceme®r s9re hepfeexshangersonhaxeis thegasiseepledr Theepaled ractopgag i | es wer e

d th d bt h Wi, t h d t | d
e o RSO0 aly FabO TR A0 5 fiRh RiEE (R D BSEmEhd R b HR0E| 2"
yel | ow sol ifhidisdd Nﬁ&%ﬁ%ﬂhbibr&%@f)he eSend thveftiorditis &Hrm‘é td Bl%vVld%y Hn’)
7.24 (t, IH, Py- 6. 86 1&,@ 4 Ar-H), 6.44-6.39 H Ar-H)

2.22 (s, emddnmmoolmg@ﬁt?(esbeddand rdW)mprogFtw\nxaa(:Qe@emeic) oi(mem)qessj

-125.1 4. t 30
Pr epar a§ ?Z)rpyoef’?d‘%galvgiai‘eey‘%}“‘irur}?ﬁé’ﬁ? yn fﬁB%‘P%P Nﬁllg@é]fh lI’CB“ rr%rga %‘?%n of
la (0.34 9, thébQ&ngAy)aus&bmﬂahﬂmm W@ﬁo@&ﬂﬁﬁeﬁ’é’aﬁ&\{‘féﬁl @k bg@bﬁﬂeo‘@ent

sol ution of Fed g, ) 1n n-butanol (20 to yield a blue
24 WO OOI}%SABe\aapBrdEEB” 2fie3. FOnGhe bsto2eBs: gaslfcrtmdmbedfdnears fiteileni Nng at 80

Cfor 15 min. the reactjaon was, allowed to caool to rogmte rature. The
sol vent wastXh3R&sEd EHS{QP{%\}%M%I’YG Hae au: Olﬂoé‘ﬁteglbﬁ H“%gp ﬁ]ﬁé’ﬁ"é&“w th

di et hyl et hqrhméﬁlo)ﬁ the vma)ﬂ’e lfquldti€ E@&rzﬁgﬂjfrgﬁ' thé réc?cl@ EEQQIQ:! 1%1&1%&93@736?%%%LE

as a blue po B+ mass spectrum
14. 2 (corrpamaiuheda)edPl’l“émpa,rfat exampdd, ti ﬁ)lmlahemgilcpn—bc slemai’ued;arm spm;iedantlo the

| Kani | | Fed ~I 2h) A suspepsi.on of 0 40 noI S
added cllrSOpVJf'eéieq tanswecemgoéer@me&tﬁeﬁ espnt V%PEO'( gt 63 hq_w@)@ toghe

~i -butanol {20, }nd l%v\gélgg?sl aﬂpll lt'ﬁe ngatﬁf’! lgﬁnHQQn b&EbSlensdd ff'(frl'n@lge ldﬁglgc for

15 mn. the reaction to coo room tenperature.

was r enovedgasntieamvansrgingftbnt he remirmohndtﬂaabaeebymked tovelsteed with hcyhleglw loet her

(3 x 10 M), filtered and dried to afford 0.4S g %/% of 2b as a bl ue
powder . FA19R heesepacairskirom the racycla ges gndjthen W"TMOGIF $d.42S5 [ M 2C1] +. 15

EXAVPLE |43 Pr oRRE 3R Of eyl ANl A8 BhoafaPl g bor 0ani 1)

FeC ~ A suspensi I n-n- u ano
dr opwi s® at mBuiEe dfzas aadkentrained lﬂfund:&ﬂhﬁ bédl)ls]dﬁcrgqed]n ER- 43008969 Inandi ERu-anol
(20 M) to él eld a_blue solution. After stlrrlg‘?hat 80 C for 15 mn, the

reaction waS24iX3ndistrselenss ta trintersvrotherconprisad ligud intp dhabad seppraigdiom
EToueS, 1O HERIBS 5 RIS FRLA T PE BB Lo hetpiber (3
powder . FABwhiBASS hefeb¢ incdiporared int0 dhif Aﬂemﬁceﬂt&& [MO]+.
When using the catalysts of the present invention under gas phase polymerisation
25  conditions, the catalyst, or one or more of the components employed to form the catalyst
can, for example, be introduced into the polymerisation reaction zone in liquid form, for
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
30  circumstances it is preferred the liquid 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

14



EXAMPLE 15 - di~onerisation of ethylene 25 Alitre reactor was. baked out
under a nitrogen flow for at least 1 hour at 85C. The reactor{gepsgg h

"cool ed to {RQfeo/se@but ane (0.5 litre) and methyl al um noxane E@R;EY9/0243310%0
wei ght solution in toluene supplied by A drich) were added and-the reactor
was boxed in nitrogen. The m xture was stirred for 30 m n. Ethyl ene was

i nt r oducedniothis speeficaipnt discloses ial procdss foronteedusingsspolpmersatian katelystinte hen

under i {1 GSERR R PERATGS  TRoTelog: HatioNd HelA=prooBRE FaT be faghy ' °

et hyl ene Oaﬁ;smgéaeﬁsmé Eél%ﬁm@fiﬁ%ﬂ%ﬁcew&ftﬁ@bydlﬁft!i%nitigﬂifrdéQiré&’ control | ed
addition of ethylene. The polynerisation reaction was perfornmed at 50 C for

25 WO 00/ 15648lthodhAEB u2@li§ refiredBorroasgsetionhafipolyridreatieact i on was
Quenched by addition of 3 m . af  ,net Hanol and %@e reactor pressure vented.
The react ofPROBIREISAUCR,OF VheR s defined Lp LamMNFtuBRIYMETEHIOP OF GerRlYRATSAHS8 hed
with acidifi ; i &agg | Vel L : e
ol i goner s)&i/\ﬁge%‘gﬁﬁprcg%ﬂ{ %20}1@%%32?5?%&& t%??@&?% Irf’g%h?bf&%s;ﬂ\gern)ﬁ?h,gt? !Sed
over MySO4cdialgsictaabalcystected witBGvavEr, alzohols,casetondhar dtbey suithide chtalyswei ght

(LMn) polyner was dried in a vacuum oven (40C) overni ght and anal ysed by
GPC and Nl\lﬁ?at‘:fé&ﬁﬁfsq"h@%'.‘"ebg{‘%w‘ﬁ FORFEPRE ‘H'Insf‘é)'dﬂg‘i ¥htion tests are set out

bel ow i n Tabl €5 p2in R ol itar RISy Hchith (NORL G thORIRHYSL hiRE: and

met hyl ated conp pectively,” are conparative exanp 2:
A i gonyy i ssd-caledt“bighsdeRityProoadet af pslyCihgrhal YhdskpbiyneneNavelrdlatiVely high

sol ubl eYi el dActi vity(uno] I)q(q[ A l]:[Fe])Pressurefraction i nof,

LMA( g/ nmrol stifEess end g aiseiyl fer pakingetigles whersynhexent fgidity is required.

(3) vncs112CHRRRARARRTE R e i AR oo e BAAET RERE o e et s on

RunK10. 7922fhvide/s3(ideVaridly ofadplyhiers Mffeping indnsianald/ineshdrinn hiysical
M~-Sat ur at edVi nyl MeEt BuChai nChai n(1 1000( 1 1000( 1 1000EndsEndsC) C) C) 11000C1 1000
C115007002 propgities3 Pagicplerlyamporign gepozmgrsanaie bygopalynpaisisg eHytss 0dtn 22, 918.

he. subbt ahienes 13T RERE e iy of U oYt hg e ARt TRl B3R "'

1 .
greater a e Tluorina ex wth

the met hyl geadngdf 00 UhEBL Thed @pYiynrewhish afe gdhetdily 26feR8d 80indRe art\W®
00/ 15646 linear low density polyethylene, are in many respects similar to the so called low density
polyethylene produced by the high pressure free radical catalysed polymerisation of
ethylene. Such polymers and copolymers are used extensively in the manufacture of
20  flexible blown film.

Propylene polymers produced by the process of the invention include propylene
homopolymer and copolymers of propylene with less than 50 mole % ethylene or other
alpha-olefin such as butene-1, pentene-1, 4-methylpentene-1, or hexene-1, or mixtures
thereof. Propylene polymers also may include copolymers of propylene with minor

25  amounts of a copolymerizable monomer. Typically, most useful 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 properties

30  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
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CLAIM5S 1. A transition netal conplex having the Fornula (I) 27 Rzo~ ~Rz~ , 4
R R-NR—~ (TJ (T/b). Xz \ ." /_Rs Rez zs R®* R" 5 Formula (13 FEB32065B

» 2003 PCT/ G32O 002888 28 1 3 FEB 1003 wherein Mis Fe[ll], PeriiBodn2s89[1])
CviIl], Co[TII], Mu[I], M[LI], I\/h[III] M[1YJ, Ru[1T], Ru[-HI] or Ru[tV];

X represents n ato rou ent bopnded to the
transitionY a‘?roﬂ}[’&%'c?'k letg’('}ﬁ‘? ‘Ith‘éhs%?r '8“8?”?%1 ll%"&ﬂ » U5eSR! rrePYEnaV and
b is the vabgi mmw bpylent efystall B havk iEota &l 3 Y
gP>>>>> gog f > 2 195%& p)i';?Z %{KS m@%re |ndlepgn lRt cyg/sggvg?tégdéﬁfrom
hydr ogen, Irrailn@glews ahsmler %i:awalymstlsbsmpalb't\em Hayd loeariinthticiedieey lypdeatigar by |
or substltuh %Eggrohydrocarbyl; when any two or nore of R R2, R, R4 and
R5 and are byl , substituted hydrocarbyl, heterohydrocarbyl or

substi tyt ed hetqj H&h 2 GRbRYblymeAkAioh Wan@iioHPkfowAth

or nore cyclic suélygtl tgegt s)S gmar acltoerl gedlol n that: @?tahﬂep@fmﬁé%pare
bot h hal ogevith moelt Bowtrates fidnebelbravietotabove d 00 may bampboducat ois reaotoroFer of t hem

has two or nore carhon atons and the ot S halo en hydr ogen or nethyl.
2 Corrpl ex “é?é’&&PBﬁ‘%?&W%P IR ORYIENGH With anlbﬁ“lf Opre typical REOme Rses Ry |

hyd
and O to CNOP MR ReRs 158 $°‘Y%Se?ﬁﬁ{'§'% SPASEEAp! om 1y oger

n-hexyl, n- octylPer@hémyd)mﬁmld\dbm)ble added foogthylene acpipdieng godymdraiForl or 2
wher ei n Rz4 and R2' are each independently fluorine, chlorine, bromne or
i odi ne 10 andthyienedasadpolynsrspparorides ganibsaisedito giymsress-liakivgrin thegpalymen. Epm 1

wh b
o 2 el 4. L 0 RN e g, ASIMC A8 SRR T
wher ei n Rz4luang eRausiéi ﬁ)r%ﬁholﬂd’ddﬁéﬁﬂgya[ﬁ 1n\¢re‘i§é eetret iswrRtdyblynierpr opyl ,

i so-propyl, n-Rhutyl, sec-butyl, tert.-but n-pentyl, neopentyl, nhexyl,
4- et hyl pemmd%a%&t%reab!@mnolym Cbeﬁiymd hgs the&ﬁmt@f battinersriing i\@:}%l aim5

L or 2 wher el R RaingthE sl ol Ml My B[R B JERRIY Wolelealng "

the ot her irsadiéd ogstopplend @divadklrymfﬂ AONFR &'2§DD(DT‘ﬁhle>byaféﬁﬁbﬂéd191eblb g@ny
precedi ng claim V\/nerel n R19, Rzo, Rzl and Rz2 are each i ndependent |y

sel ecL ed }‘ rtesstmenthyith pephlylb in mqmtmdyt mav Egnpa ap%'mer v th VI Reaf 2 0pAA. yﬁy |
bnd banzyl vABiREHieties, MHRRET O hoy ProREonatioff kit frREhids R % Hilyms T X

hydrogen, oueRGhayBelcattblied as kfovtymitagan, and the other is each
i ndependently sel'ected fromnethyl, ethyl, npropyl, iso-propyl, n-butyl,

sec- butyI t ert . Depenging upopdhe yae, ofrhle@p@lmmytr prqduhtexrynor ammmlwd)ﬁmeﬁdttwes are
n-octy phen land be %(L til I\/,E =PI Lﬁ%xo su 2003 ' WD 001 15646
PCT/.GBY/ 0 ﬁ%‘Wo‘""?fBR{ﬁ it W8 PAPHY %"é B 82&?%8 SFRIHEHrer ei n the
transition dmbaldaiMs] Satiilderd, Jand BR(iKe! JGeéera09( thede additives GRPLSporEERsi Ng tO

any preceding claimwherein X is seiected fromhalide, sulphate) nitrate,
t hiol ate, tlhvalcef dhoxyRate 200 apm, tppially figuirabdut Smwahmladaw pringand rjore

car boxyl at e, arb substitute rocar byl and heterohydrocarbyl,
and (3di kettém’éi%/lg'g d@@rﬁﬂ"e a éc%‘rtgf'ﬁé Y clai m 11 wherein X is sel ected
from chlori de, bfnqmedﬁolyﬂgltswlcopol?ﬁlg%l mad¥ £BY¥#din déJH)tﬂﬁla InvR&Eid in tqg?dﬂn ofa

phenyl , benzyl, nethoxide, ethoxide, isopropoxi tosylate, triflate,
f or mat €5 aqmwadee arqatmwemmmnﬁnompmnmaum:) pmetss Exawgiss @f usesdor polpmet o any

recedi ng cl ai m whi ch conpri 6-.di acet yl i di nehi s 6 di neth 4,
b but yl ani wwet@ns @aéeggezféw |t<b§m lavﬂéwﬂichg%- %ﬁeﬁe?wé %hres,t e’wd% Birms,
ani | ) Cod 2, PRied -

2, I6 ZZII acet ytl é?/s?l %Ii és’d(ﬁ,)éﬁg Sj‘Lut y %ﬁ??f@go 2, ﬁéﬂgum;’ aRHE 1 The 5‘3@'&?&5
2, 6- di acet yinpybe Hiomhn&(ﬁlnﬁ dnmmy by Lisefifbemgkingrai \I'a)iée(ibonomlded or extruded

2, 6d|acetylpyr|d|neb|s(2 met hyl , 4-fl anil) Fed 2. 15
Pol ymer i sat #oAles 84¢ly gssp@peéowﬂqoeiwrﬁ e aasgeﬁbqsef dagmae?neﬁ@a aidﬁltlaﬁyackages

precedi 1%?' eplh %ﬂa c{t?c?n A gﬂe'lec d ﬁ%n@%ilh't&%ae@eﬁﬁmhﬁé%? %n?é?ﬁél"at or

compoun acc o clarm Int or 1s

sel ect ed frmlwaamwdwmpm exmsthmﬂwdsanthstdtspmuhyﬂeltrawﬁgsnmpﬁmaﬁLSamnd
salts of a cationic 20 oxidising agent and a non-coordi nating _conpati bl e
ani on. . 16. secanddry suti-waislontsi elarificss, algleantsoviftabilizers.and thelike ablepses of
selected fromtrimet hyl al um ni um (TMA), triethylal um nium ( TEA),
tri-isobutylalumnium (TIBA), trin-octylgkum nium nethylal um nium

di chl ori de, ethylal um niumdichloride, dinethylalum niumchloride,

di et hyl al um ni um chl ori de, ethyl al um ni unsesdui chl ori de, 25

met hyl al um ni unmsesqui chi ori de, and al unoxanes. 17. Catal yst according to
any one of clainms 14 to 16, further conprising a neutral Lew s base.



18. Catal yst according to claim 17 wherein the neutral Lewis base is

sel ected from al kenes (other than 1-olefins) or alkynes, pri a3 \FEBsgoopndar y
-and tertiagy, gfidags. am des, 30 phosphorani des, phosphines, %
ethers, thioethers, nitrites, esters, ketones, atdehydes, carbon nonoxi.de
and carbon di oxi de, sulphOX|des sulphones and bor oxi nes. 19. Catal yst
accor di ng additives aomwelbknawaimthe 32 and mcgumtmwms atipgidats,chydnoxylsnippor t 30

13 FEB 20 WO 001.156 / 99[0 t I
V00 2 o SePEbR BN PSS SR 67 IS SR B AL M Ryl ano.
pol ypr opy! &nge) d?@i'o)(ﬁifab{trsemﬁder&f arﬁ%y&ﬁmu@?ahu.u&a@)phemm &AliRdeyst according

to any one of clainms 14 to 19 which conprises nore than one conpl ex as
defined i nbmzyﬁmﬁnmieatarbﬂlzmst aditBe libe. ¥avompodlefin pelynier adthmvasmreadgscolﬁedcnhm s
1to5 13 s a fur t [ g a F conpl ex,
whi ch i% pﬁe#l SaLgt sﬁéﬁ"ﬁ%%e{f}ﬁ;%ﬁ? 55%8 33(‘;%&5355’4%]%% %alr?éb%lﬂecl 2. 21.
Cat al yst 2695 @rBJs 596 88, 094 o, §'5@5@31§ndt536§ﬁ0%" ch comprises a conpl ex
as defined inany of claimd 1'to 13 plus’a furtHer ‘catal yst suitable for

t he pol yneri sat Fdleroducl aobiifd, ghss fibet anlabind the fikgglueleathgy dgenasabigd yst
systens, net aI | ocene- based talysts, 10 nonocycl opent adi enyl - or

const r ai netP!geBRE: iP‘B%)éE‘Ha@Ej ROlyBEr qpapositions deknvsbiptsetted chromi um
oxi de catalysts (eg Phillips-type catalyst). 22 Process for the

pol yneri sation or copol ynerisation of 1-olefins, conprising contacting a
nononetd ¢ ol ef i Thapdeentioventien isidtstamedianbe follondngEtdmmecadnCenpattieat al yst
as defined_in any preceding claim 15 23. Process according to claim 22
conpri si ng t‘ﬁ‘@P@Feps of a) preparing a prepol yner-based catal yst by
contacting one or nore 1l-olefins with a catalyst, and b) contacting the

pr epol yner - based catal yst wwth one or nore 1-ol efins, wherein the catalyst
is as defi peaAMPLESY of clains 13 to 21. 20 24. Process according to claim
22 or 23 wherein the polynerisation is conducted in the presence of
hydrogen aEXAMBLECLI ar wei ght nodifier. 25. Process according to any one
of cl ai : [ 1t sol ution
phase, | ai m 25 wherein

t he pol ynemosadol@ion a‘zcaﬂmuawgnaﬁmé@m 8Qass52% rﬂ’ﬁ@l§ﬂ1 folusng i 5@Amb&shs added
conditions. 27. Process according to claim25 wherein the polynerisation is

conduct ed Rrb-dimathy-4pteetsbutylendine &U23E aveior A@Ghtherﬁdém@nlo(ﬁ@ﬁu@wimoanB
Use of a complex %Yd%?e (85 B 008 Rt ot b APodbeCbRlnBhard O e

polynerlsaP

A A A T @ﬁ ] R AA A
[’> '[A\ " @)/?ﬁpr\a €r ol %QHP@{H tétY]géa A8 vo Al B dhehf s ith SR@ vt
cc(c# ﬂoxommwmme ved Biydcre 2ndtheproduet cpystatlised nbmeth ot>The~>~| | | >>2>

<<099pxx|xf>x <9>9><<x >8>< >9x >>>~| ~~| ~| <>?

>| >~| | ~>?| BE¥ 4°t>§13§ flé?’g ’>‘§ﬁhle‘k)&?’| tlh CQE;LW&@Q‘P @§>I’SL<‘ crveg(gé’l(il >>~?2X?~

?>7~| 2~2?2?7% X

DD( D# | L H. 7xx787%~§(gf—?§§ﬁs’}x9>6%(>8’?17%R ><~>| p0???° >| <~| >?2?>| ~| | ?| ?~| | >?>| ~~
>5~7| ~>>>| 1 W&mbm@e%mw«mmmmnma >>><| ~~>>7

LTS X <R (074575 3l 53 rhimoh was| dissoived i hot - Biianol (R00 mh) at 80°C ahd the 2,6 "1 9

vd f .
oo oot o Mslpnalnlcalahant o selpels Lok e gl stlom sappac oo
ca] ca] ca] c pdfrtiaifmise] dhEEactipo aiucta]a:ta:}rwi] thad. Adjer aficmgaaBoALfaraj0aaid] teatia] ca]
cajc a] c a] ca

ol ! LC&U&%% o@%@@&%m&' éPW‘]teé?%’&]‘%‘ﬁ?‘i’é‘]“&%?‘@aﬂ“&é?fc%ﬁﬂ%f X\ caU] cal ¢

E
sealcal o G A BB I e AT AT ) el oo
] cal] ca] caldhc’a]aﬁchﬂkherhz]nam]caa] Thd maldaaz}xh?ﬁg](@h%:)a] ca]ca]ca]ca]ca]ca]ca]ca! N6
S6T6N666H77779999:

 <<H>>@) GENAYA) A2AAAcAnACQDE~ysnhc’\ka a\ VU] ] ca] ca] caV] ca] cal] ca] cal] cal] ca]

(I:EE]( EELEZ]Z&M?%E\}%%] caV] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca

2.1 - Preparation of 2.6-diacetylpyridinebis(2,4.6-trimethylanil
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LaLLMVFNWNNOZOOP| wr mhc”~YU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal PQPPPPQQQRRSFERT i TTT
« TTKUULAN \WAVO 00/15646 PCT/GB99/02888

Y@rYY52zz<\ x\ zupkf a\ WJ| ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] calf ca]

catl cadl cakeal Rl 5 £ LSRSRLE 2l MERYBMAR E2g 4123 hithdi) s single nedly PO20e

e*fff8gghFiritii
jij}xsngb\ mcﬁﬁtﬂoaaai eatdbmaldsie a«hsa&@@]m,bc&irﬁﬂiycahnﬂ (tsaﬂecai& ak®ahmal)cal cal ca

] ca] ca] ca] ca] ca] ca] caj cal ca] al ca] mag AT menn.

rrrasss|tt fetuenepulphonjo aeid 1mq ‘]’é%ﬂ@@]iéa}k%ﬁ]%la]@aﬁ]nda]!@ﬁ]&ka] ca] cau

cal] ca] ca] ca] ca] c”a] cal] ca] ca] ca] ca] calca! Pf *xbSNyoDzupkfa\ W] ca] ca] ca] ca] ca

] ca] ca] ca] cajdsaramwnogrsinowdscrllecttd i tha Reav|Sdarkopphretis] déI]QM]ooh]!gtsc] ocwical ca

La] onn) oofaueckPeElf Vel cominehien Bl R Rin Befudped; Edpbifut thadl ! o
17B\ ZLL+. ] a} bﬁ@ét%ﬁélw&%rﬁ’ﬁﬁll%bpahf@;lr‘é’dﬁ&t%ﬂfﬂﬂ&ﬁkﬁ%%oc@itﬁ%l‘aa] ca] ca]

c”a] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] cta] cta] calca ]! vv!ct
h" | wr ngb] V\krieahaV\]’JLﬂlmrhqlr@@] ioa) vatalo ayem{®aCe ougroght A R] arai]IcR"xa]/ema] tha] ca] ca] ca

5 ﬁ]@% g} %r%ﬁ’cﬂ (iﬂsfc ¢ C@g&ﬁ%@&?@%@%’%ﬁ%ﬁé &ﬁéia]eé}ytﬂf@&]éay@% vaj ¢4fca] ca
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10% (& () - “ﬁ&JrW constant stirring. Drying of the support was at 80° under vacuum.
3.2 - Catalyst supporting/activation
To a toluene (20ml) slurry of the silica/MAO (2.5g) prepared as described in Example
3.1, solid 2,6-diacetylpyridinebis(2,6-dimethyl-4-tert.-butylanil)FeCl,(0.040g) (prepared

\4 @{vdd f ah\ﬂtgalﬂvﬁaie@la%d:ﬁ)}Q@]r@a}mrmilvqamﬂie@bmkaa]&a]m@r@é ca] ca] ca] ca]

30  as described in Example 1.2) was added at room temperature. The mixture was
occasionally shaken over a 1 hour period. The supernatant solution was removed and the

silic/ MAO/Fe complex dried under vacuum at 25°C. Analysis of the catalyst gave
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HIRE U A R AN
u& ()- f! 1&16‘1)% lg}) WltC%S). % his mixture was heated at 40°C for 30 minutes to dissolve as much
10  of the iron complex as possible. The solution was then transferred to the silica/toluene.
The silica/MAO/toluene mixture was maintained at 40°C, with regular stirring, for 30
minutes before the toluene was removed, at 40°C, under vacuum to yield a free flowing

powder. Analysis of the solid gave 16.9 %w/w Al and 0 144 %w/w Fe

15 EXAMPLE 5 (comparative) - Preparation of Supported Catalyst

5.1 Pre-impregnation of support with activator compound

Silica (Crosfield grade ES70X) was heated under flowing nitrogen at 250° for 16 hours .
A sample of this silica (2.5g) was placed in a Schlenk tube and had 12.1 ml of 1.78M
methylaluminoxane, MAO (supplied by Witco) added to it to form a slurry. The slurry

20  was heated for 4 hours at 50°C before being left for 10 days at room temperature. The
supernatant liquid above the silica was removed and the silica/MAOQO washed three times
with toluene (3 X 10ml) at room temperature, removing the supernatant solution each
time.

5.2 - Supported Catalyst Preparation

25  (2,6-diacetylpyridinebis(2,4,6 trimethy! anil) iron dichloride (0.101g) was slurried in
toluene (20ml), at room temperature, and added to the silica/MAQ. The mixture was
occasionally shaken over a 1 hour period. The supernatant solution was removed and the
silica/MAO/Fe complex was washed with toluene until the filtrate was colourless. The
solid was dried under vacuum at 50°C.

30

EXAMPLE 6 (comparative) - Supported Catalyst Preparation
To 2.0g of silica/MAO (2.5g) prepared as described in Example 3.1 was added 2,6-
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GAS PHASE POLYMERISATION TESTS
EXAMPLES 7-10

CEES.

10 The reagents used in the polymerisation tests were: hydrogen Grade 6.0 (supplied by Air
Products): ethylene Grade 3.5 (supplied by Air Products): hexene (supplied by Aldrich)
distilled over sodium/nitrogen: dried pentane (supplied by Aldrich): methylaluminium
(2M in hexanes, supplied by Aldrich): and triisobutylaluminium (1M in hexanes, supplied
by Aldrich). A 3 litre reactor was baked out under flowing nitrogen for at least 1 hour

15  at 77 - 85°C before powdered sodium chloride charge powder (300g, predried under
vacuum, 160°C, >4 hours) was added. The sodium chloride was used as a
fluidisable/stirrable start-up charge powder for the gas phase polymerisation. Trimethyl
aluminium (3ml, 2molar in hexanes) was added to the reactor and was boxed in nitrogen.
The alkyl aluminium was allowed to scavenge for poisons in the reactor for between a

20  halfand 1 hour before being vented using 4 x 4 bar nitrogen purges. The gas phase
composition to be used for the polymerisation was introduced into the reactor and
preheated to 77°C prior to injection of the catalyst composition. The catalyst (0.18 -
0.22g) was injected under nitrogen and the temperature then adjusted to 80°C. The ratio
of hexene and/or hydrogen to ethylene during the polymerisation was kept constant by

25  monitoring the gas phase composition by mass spectrometer and adjusting the balance as
required. The polymerisation tests were allowed to continue for between 1 to 2 hours
before being terminated by purging the reactants from the reactor with nitrogen and
reducing the temperature to < 30°C. The produced polymer was washed with water to
remove the sodium chloride, then with acidified methanol (50ml HCI/2.5 litres methanol)

30  and finally with water/ethanol (4:1 v/v). The polymer was dried under vacuum, at 40°C,
for 16 hours. The polymerisation tests were carried out at a polymerisation temperature

of 80°C and at an ethylene pressure of 8 bars. The polymerisation conditions and catalyst‘

20
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(note 1) No. | (note2) (note 3)

7 3.2 0 0 0 100 1781 2.35
8 3.2 6 05| 02 60 2285 3.06
9 (Comp) 4 6 05 | 02 60 1054
10 (Comp)| 5.2 0 0 0 60 270
5 Notes on the Table:
1. “Comp” Denotes Comparative Example
2. ¥ 2M Solution of trimethylaluminium in toluene (supplied by Aldrich)

3. Activity is expressed as g/mmol™ /h™'/b™

10 Molecular weight data on the polymer product is set out in the Table below.

Example |Catalyst| Mw Mn | Mpeak |Polydispersity

7 3.2 [328000| 30000 | 116000 11.1
8 32 | 48000 | 8200 | 15000 5.9
15 9 (Comp) | 4 | 77000 | 6000 | 21000 |  12.8

10 (Comp)| 5.2

Branching and unsaturation data on the polymer products produced using the catalyst of

20 the present invention is set out in the table below.
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@10%/ ()-Dirg\ = 7 3 : 0.6 0.64 0.09

8 3 0.2 2.8 0.74 0.08

Notes on the Table
- Measured by (13C) NMR
# - Measured by (1H) NMR

5 SLURRY PHASE POLYMERISATION TESTS

EXAMPLE 11

A 1 litre reactor was heated under flowing nitrogen for 1 hour at 90°C before being

cooled to 40°C. Triisobutyl aluminium (3 ml of 1M in hexanes) followed by isobutane

(500ml) was added to the reactor. The reactor was sealed and heated to 80°C increasing

the pressure to 13.9 bar. Ethylene was added to give 22.0 bar total pressure, the vessel

sealed and then cooled to 78°C. The catalyst described in Example 3.2 (0.090g, slurried

in hexane) was injected into the reactor raising the pressure by 0.9 bar. The reactor

pressure was controlled at 22.8 bar during the test (ethylene pressure estimated to be

approximately 8.0 bar) and the temperature adjusted to 80°C. Polymerisation was

allowed to continue for 60 minutes. 65.9g of polymer was recovered. Analysis of the

polymer by GPC indicated Mw and Mn to be 298000 and 34000 respectively

(polydispersity = 8.9). Activity = 732g/g/hr. Iron residue in the polymer was calculated

A llitre reactor was heated under flowing nitrogen for 1 hour at 80°C before being

cooled to 30°C. Triisobutyl aluminium (3 ml of 1M in hexanes) followed by isobutane

(500ml) was added to the reactor. The reactor was sealed and heated to 80°C increasing

the pressure to 13.9 bar. Ethylene was added to give 21.9 bar total pressure, the vessel

10
15
as 1.9 ppm.
20 EXAMPLE 12 (comparative)
25

22

sealed and then cooled to 78°C. The catalyst described in Comparative Example 6
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@ #10% h& fglymensatlon was allowed to continue for 60 minutes. 53.1g of polymer was recovered.

5  Analysis of the polymer by GPC indicated Mw and Mn to be 329000 and 28000

respectively (polydispersity = 11.7). Activity = 590g/g/hr

HALO-SUBSTITUTED COMPLEXES

The Fe complexes (1b, 2b and 3b) were prepared by reacting the appropriate
10  ligand (1a, 2a and 3a) with FeCl,,

s
. N -
| i |
) . N,
TN C SN
’ ~Fe~
A !
R Me ¢ ¢ Me R

Complexes 1b, 2b, 3b

15 -
Table 1: Substituents R on ligands 1a, 2a, 3a and complexes 1b, 2b and 3b
R | Ligand | Complex
H 1a 1b
Me 2a 2b
F 3a 3b
EXAMPLE 13.1 (comparative)
Preparation of 2.6-diacetylpyridinebis(2-methylanil) (1a
20 To a solution of 2,6-diacetylpyridine (0.54 g, 3.31 mmol) in absolute ethanol (20

ml) was added 2-methylaniline (0.89 g, 8.3 mmol). After addition of a few drops of

glacial acetic acid the solution was refluxed overnight. Upon cooling to room

23



L* 9! 10% h&' ()-L' 91 10% A& ()-L' 9110% & () -, % 10% h& ()-1!10% h& () - 14567dYNC
10 10 h 10 h 10 h&<10% h& ()-910% h& ()-7 10% h& ()- S 610% h& REB 2003 0%

- h& () - 7B\ Zatybl15kds y&GLO%&R' () -1 " 109%& () - Y- PCT/GB99/02888
109 ()-Fs!109% ()-!, S#lO%&' ()- le%&' ) - LAEYNC 10

o2 ) arseshn o SR S0 b T okl b 00 ﬁhza]vgmc
TRy e i i
109&' () - IFHDMRIR) (250 WHESE(CIBTLY: &&98(@%%;(}17")3? 91@%1;1&?9)Hp)#71@§/((:u&1ﬁ)

SI10% & (), @ 10% U&: 52{ Y10% U& () -!c6dE~ @10 YL':
H), 7.10 (m, 28, ArH), 2.43 (s H, N= CCHD, 2.20 (s, 6H, ArCH3)

5
EXAMPLE 13.2 (comparative)

Preparation of 2 6-diacetylpyridinebis(2.4-dimethylanil) (2a)

To a solution of 2,6-diacetylpyridine (0.54 g, 3.31 mmol) in absolute ethanol (20
ml) was added 2,4-dimethylaniline (1.0 g, 8.3 mmol). After addition of a few drops of
10 glacial acetic acid the solution was refluxed overnight. Upon cooling to room
temperature the product crystallised from ethanol. The product was filtered, washed with
cold ethanol and dried in a vacuum oven (50 °C) overnight. The yield was 1.0 g (80%).
'H NMR (250 MHz) (CDCL): 6 8.42 (d, 2H, Py-Hm), 7.89 (t, 1H, Py-Hp) 7.05, (m,
4H, ArH), 6.62 (d, 2H, ArH), 2.37 (s, 6H, N=CCH,), 2.36 (s, 6H, p-CH3), 2.13 (s, 6H,
15 0-CH,).

EXAMPLE 13.3

Preparation of 2,6-diacetylpyridinebis(2-methyl, 4-fluoroanil) ligand (3a
To a solution of 2,6-diacetylpyridine (1.63 g, 0.01 mol) in absolute ethano! (25

20  ml) was added 2-methyl, 4-fluoroaniline (3.13 g, 0.025 mol). After addition of a few

drops of glacial acetic acid the solution was refluxed for ten days. Volatiles were

removed in vacuo and the compound obtained was washed with cold ethanol and dried in

a vacuum oven (50 °C) overnight to give 1.9 g (50%) of 3a as a yellow solid.

'H NMR (250 MHz) (CeDq): & 8.39 (d, 2H, *J(HH) 7.8, Py-Hm), 7.24 (t, 1H, Py-Hp),
25 6.86-6.74 (m, 4H, Ar-H), 6.44-6.39 (m, 2H, Ar-H), 2.22 (s, 6H, N=CMe), 1.93 (s, 6H,

Ar-Me); *°F NMR (235 MHz) (C¢Ds): 8 -125.1 (s, 2F); EI mass spectrum, m/z 377 [M]

+

EXAMPLE 14,1 (comparative)
30 Preparation of 2 6-diacetylpyridinebis(2-methylanil)FeCl, (1b)
A suspension of 1a (0.37 g, 1.08 mmol) in #-butanol was added dropwise at 80

°C to a solution of FeCl, (0.137 g, 1.08 mmol) in #-butanol (20 ml) to yield a blue
24
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temperature. The solvent was removed under vacuo and the solid obtained was washed
with diethylether (3 x 10 ml), filtered and dried to afford 0.39 g (77%) of 1b as a blue

powder. FAB+ mass spectrum, m/z 467 [M]", 432 [M-CI]",

EXAMPLE 14.2 (comparative)
Preparation of 2.6-diacetylpyridinebis(2.4-dimethylanil)FeCl, (2b)
A suspension of 2a (0.40 g, 1.08 mmol) in n-butanol was added dropwise at 80

°C to a solution of FeCl, (0.137 g, 1.08 mmol) in n-butanol (20 ml) to yield a blue

10 solution. After stirring at 80 °C for 15 min. the reaction was allowed to cool to room
temperature. The solvent was removed under vacuo and the solid obtained was washed
with diethylether (3 x 10 ml), filtered and dried to afford 0.45 g (83%) of 2b as a blue
powder. FAB+ mass spectrum, n/z 496 [M]", 461 [M-CI]", 425 [M-2CI]".

15 EXAMPLE 14.3
Preparation of 2,6-diacetylpyridinebis(2-methyl, 4-fluoroanil) FeCl, (3b)

A suspension of 3a (0.590 g, 1.54 mmol) in n-butanol was added dropwise at 80
°C to a solution of FeCl, (0.195 g, 1.54 mmol) in n-butanol (20 ml) to yield a blue
solution. After stirring at 80 °C for 15 min. the reaction was allowed to cool to room

20  temperature. The solvent was removed under vacuo and the solid obtained was washed
with diethylether (3 x 10 ml), filtered and dried to afford 0.69 g (87%) of 3b as a blue
powder. FAB+ mass spectrum, m/z 503 [M]*, 468 [M-CI]".

EXAMPLE 15 - Oligomerisation of ethylene

25 A litre reactor was baked out under a nitrogen flow for at least 1 hour at 85°C.
The reactor was then cooled to 50°C. Isobutane (0.5 litre) and methylaluminoxane (0.8
ml of 10% weight solution in toluene supplied by Aldrich) were added and the reactor
was boxed in nitrogen. The mixture was stirred for 30 min. Ethylene was introduced into
the reactor until 5 bar over-pressure was achieved, then the premixed catalyst and co-

30 catalyst solution in toluene was injected under nitrogen. The reactor pressure was
maintained constant (5 bar ethylene over-pressure) throughout the polymerisation run by °

controlled addition of ethylene. The polymerisation reaction was performed at 50 °C for

25
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By bl 0 PTEYL OREed THE FBOROTSORudrS et thenorlleptssin 90 S GEAS PSS () - 510
& () - Slo(y&as(h)ediﬂiﬂ?/&l&xhedSWQ@ $0 ml). The organic phase contammg the soluble

"$gH) , s10%&' () - S10%&' é) 510%& ()-s10%& (% f -, cB=yb$' +,-. D S2,
S10%$& () oligphuwgs) Yas itiBeedh o0o@vey lowt odec r)ar m@&polym) 68 bver MgSO,

g?ig:;: i 8 1%%3613%5‘ a(gbc ﬂg ng{%l?é& 'I(f?e ]0\%%0]%(910” wexéﬁt (L§/}cs%3 ymér)was dried

$10%$& () e /,1KDL7
S100e0e () s e b R R Bl P e et ()
$10%$& () - $10%E88& {PmAhOUgBah¢rsaBaNteBaré Jet DLOYESE! it JFablbd 2/ $2AGESRULY - $10%

e$& ()-$10%3 $10% $10% - $/ KDL7sW ,

1 $10%$& “‘i‘%ogyé@ a‘ﬁi‘%@@&“{‘?g $&‘g%§ﬁﬁ(‘§d—7 SURTRIOUSEIGRISREYSIY, S \ ;| /

Sf 110%$&

S0! 10%$&! %% R B Pl o 7310088 () - $10%$& () - adef gs} vV6/ n51099$& () - m

N510%RKR ()-m S y#fs109%@$& ()- S9109%@$&' () - 10e$10e$10e$(
SL&<10%e$& () - ABvVE/ n510%3& ()-m /K53 n510%3$& () - m n5109%2$& ()-m
n5109R$& (?ﬂ rﬁsfébm”@?ﬂ% G35 Vve/ / K53n5109@$& () - m n5109%2$& () m

n510%2$&' = R 1 1 """"" T
N5100@$& [ ) sl ﬁ nk%ﬁ%g ; ylgienls ?ﬁgﬁ B'Lr% Y}‘ﬁq
|~ @V6/ | Kh510%$k: (HMRh51obkekie)). IF W@$& FRCIOT 1ocy' ﬁz mmo
N5109%°$& ()-m /Kb3 t T4vVe/|n510%$& () {RtM51j00p$&0leenem n51 & i()-har)
n5109°$& () -m / KE3n51092$8 () - m #sSBvV6/ n51j09shaat¢ byrGﬁBj O%>$& ()-m
n510%3$& () -m (2)
1 1b (6) MAO 5 34.10 3.48 1253
(comp) 200:1
2 2b (6) MAO 5 25.43 5.86 1043
(comp) 200:1
3 3b (3) MAO 5 113.72 17.45 | 8745
200:1

Table 3: K factors for oligomer distribution

Run K
1 0.792
2 0.777
3 0.797

15
Table 4: LMy polymer analyses

Run | My, | M, | M, /M, | Saturated Vinyl Me Et Bu
Chain Chain (/1000 | (/1000 | (/1000
Ends Ends 0)) ) )]
(/1000C) | (/1000 C)
1 1500} 700 2.1 16.2 13.1 0.7 1.0 0.7
2 | 1900 | 700 2.8 16.3 11.8 0.4 0.9 0.3
3 1300 | 650 2.0 22.9 18.1 0.8 1.4 1.1
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109 & ()-m yFfs109 & () - yF10% & ()--wy|\ <NA4/ 10 ~)10% & ()-~) 10% & () -

y' 109 & ()-G y@S 10% & () - gmnylO%&() m 2 J FEB 2003

Lf 1098’ 9& (womfFséss) 109 & ()-' ~) 109 & ()-~) 109 & () -~) 109 & (p T, %" () -
eE+4~) 1099 & ()-~) 109 & () -~) 10N & () -~) 10N & ()- -~)10% & ()-=) 1 2); és)%-.l\ldc
+4~) 10 & ( Y710% & ()- @B, #10% & ()- 47 10% & ()-

f210% & ()-~) 1099 & ()-' xvU4~) 3 "10%& ()- SHI0W & ()-z

910%¢#& ()-10'-10' 10" & 10% & ()- 9@O0% & ()- x'eg|[:vU4~) F yl0%& ()-
Y10%t& () - F&LO%& ()- fs10%t& ()- F MIO%& ()- FY "10%t& ()-h#o|[:vUi~)
3"10%#& ()- 10%t& ()- S@ 10%#& ()- |!110%& ()- ,10%& ()- Y 10%t& ()-oa

| [:vU4A~) [:110%& ()- f.z#10%& ()- 9 "10% & ()-' 9" "10%& ()-'

@6 "109%#&' ()- #10%*& ()- $c | [ NA4~) 10#10#10# L; 10%+& ()- 9GLO%H&' () -

8' 10%#& ()- ys610%t& ()- 410%*& ()- 2no|[:NA4~)10 y "~ 10%& () -

109%& ()- Y 110%+& ()- Y9S 10%t& ()- #10%*#& ()- | 10%#& ()-o00|[: NAd4~) 10

| 1094£& () - ,  "10%#& ()- 310%& ()- Y '10%& ()- |3 10%& ()-

Y 109%#& ()-u”|[: NA4~) 10 "310%#& ()- !s10%& ()- 1s10% & ()- @O%& ()-
SMLO%#& ()-  10%#& ()- “n|[:NA4~)10 S.-#10%& ()- , 10%#& ()- f)10%& () -
10%& () - @ &y#10%#&' ()- $- 10%#& ()-nv| [ NA4~) 10#10#10# ~ L<10%*& () -

|- 110%¢& ()- 8! 10%t& ()- y7M 10%+#& ()- LO! 10%+& () - ND| [: NA4~) 10
89#100/%' %& ()- SO#L0MKH& ()- d %40% & ()- F10%,' -& ()- #@0%& & ()-S
Fs10%, ' 3|[; NA4~)10 &'10% ' -& ()-] Y10%,'-& ()-F 10%, -& ()-
YF10% , ' %g-AI 0% , * - & ()- 3 10% ' - & ()- ’>NA4~) 10

&' 10% ,° -& )-j & ocy %, ' -& ()-j & 10%,"'-& ()-j
&' 10%,' - & %-)- j* i@“ﬂié}z" ‘!O”}E}f(")ﬁ*’]"@g&bé/go‘lm‘&a -j & 10%, " -& ()-j & 10% , '
& ()-] & 10% ," -& ()-j 5W <"*19:

<=mMXBNA4&" 10% ' - & () -] & 10%, L& ()-]] & 10%, " -& ()-j5W <" & 10%, - & ()-]
& 10% " - & () -] =CKOAKYI - NA&&" 10%82"" - &() j &5W < &' 10%, ' -& ()-j & 10%,"' - & (
)< &'10% " -& ()-j & 10% ' \& ()#] YZ[\| mpTNA4&" 10% ' - & () -] 85W &'10%, " - &
()-j&10%,'-& ()-j & 10%, 1&10% -&()1&10% & ()-] & 10%, " - &
() -j nogx| ~j J* NA&" 10% R20—& 1002 -& ()-j & 10%,'-& ()-j &' 10%,"' -& ()-]j
& 10%, ' - & ()-j 5W <" mINA&G'\L0% & ()-] & 10% " -& ()-] & 10% ," -& ()-jj5W <
 &"10% " -& () -] &' 10% , ' - &) -4\ Z: NA&" 10% , ' - & () -j 5W <"&"10% , ' - & ()-] &' 10
% -&() j & 10%!, " i 1099 -& () -] _?NA&'10% , ' - & ()-] & 10%, " -& () -]
&10% -&()-]&N0% /- &) -] &'10%, " -& ()-] & 10%," - & ()-]rV: NA&'10%, ' - &
()1&10% -&( X \V-& ()-j&10%, -&()1&10%,'-&'()-j5W<"rR2NA
&'10% ,"' - & (R ]gj_&h]ﬂ%%,'-&'()-j5W<"-&"10%,'-&'()-j&"lO%,'-
&'()-jl-NA&"lO%, < %, -& ()-]&'10%, -& ()-] & 10%," -& ()-]
&'10%,' -& ()-jp um: [-& ()-]5W&"10% ,"' -& ()-] &' 10%," -& ()-j & 10% ,

& ()-] &' 10%, 5@ P %L10¥6 ' - &dt) -] & 10%, ' - & ()-], 023nNENA&" 1) 10%
(& ()-1) 10% (& ()- | TOVN & (Y- Z8&"10% ,' -& () -] SW <" 35; <>DEGpX<&" 1) 10%
(& ()-1"1) 10% (& ()-R) 10%

R22 R23

5 Formula (I)
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1) 10% (& ()-1) 10% (& ()- GVNORpt wj J*32"10% (& ()-32"10% (& ()- F1 10%

(& ()-F f/10% (& ()-1) 10% (& ()- 1) 10% (& ()-wz_?*32"10% 32" 10%

(& ()-32"10% (& ()-32"10% (& ()-32"10% (& ()-32"10% (& ()-32"10%, -

(& ()-el-*32"10% (& ()-332"10% (& ()-32"10% (& ()-32"10% (& () - AdjIFEB" 208%
(& ()- _-*32"10% (& ()-332"10% (& 32"10% (& ()-32"10% (& () - 32" 10%

(& (0-22 oo piedog A S R . 10

(& () - 32"MBaBV(RENE 3R wf Ru[IV:]pRABReidHs {Batom & rdOfbcovalently 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%, RY, R}, R”, R®, R R® RZ,
R%, R* and R® are independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarby! or substituted 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: either R** and R?’ are both halogen; or both of them have two or
more carbon atoms; or one of them has two or more carbon atoms and the other is
halogen, hydrogen or methyl.
2. Complex according to claim 1 wherein R', R? R®, RY, R’ R” R™ R*', R% RZ,
R”, R and R* are each independently selected from hydrogen and C, to Cs
hydrocarbyl, preferably methyl, ethyl, n-propyl, n-butyl, n-hexyl, n-octyl, pheny! and
benzyl.
3. Complex according to claim 1 or 2 wherein R** and R¥ are each independently
fluorine, chlorine, bromine or iodine, and are preferably both fluorine.
4.  Complex according to claim 1 or Z wherein at least one of R* and R*’ has from 2
to 10 carbon atoms, preferably from 4 to 8 carbon atoms.
5. Complex according to claim 4 wherein R** and R*’ are each independently selected
from ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, tert.-butyl, n-pentyl, neopentyl, n-
hexyl, 4-methylpentyl, n-octyl, phenyl and benzyl.
6.  Complex according to claim 5 wherein R* and R” are both tertiary butyl.
7. Complex according to claim 1 or 2 wherein one of R* and R¥ contains at least
two carbon atoms and the other is halogen, preferably fluoro,
8.  Complex according to any preceding claim wherein R', R, R* and R are each
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.
9.  Complex according to claim 3 wherein one of R'” and R is hydrogen, one of R*'
and R% is hydrogen, and the other is each 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.
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& ()-32"10% (& ()-32"10% (& ()-32"10% (& ()-32"10% (& ()-32“1,{03@FE 0

& ()-fF&A32"10% (& ()-32"10% (& ()-32"10% (& () - Aoj w' 32" 10% (& (HEB3E% 0os
& ()- _?4300 (0P6AR32" 10% (& ()-32"10% (& ()-32"10% (& ()- 32?&1)/%399/02383

& ()-32" 10%(&' ()-32"10% (& ()-"&B?432" 10%(&32" 10% (& ()--32"10% -

& ()-32"10%6 (& 2" 10% 8< 2432"1 &32"10% 32"10%
& 8 32"1 E&"%‘%’“é%" al ‘%‘Eﬁ H a'iﬂ’ 6’5 ?‘5“‘3 ’E‘Gc%’/% éat‘ﬁ'“% 2’*432" 10%

(
(
" (
(
(
(

(-&32"10% ( e §I)) %@g -32"10% (& ()-32"10% (& ()-Aoj W' LQVZMb_?432" 10%
(&32"10% (& 32" /o (& ) 32"10% (& ( )-32"10% (& ()-32"10% (& ()-32"10%
(& () - bcdghilj uulgargpied @esordiogdgary) preceding claim wherein X is selected from halide,

sulphate, nitrate, thiolate, thiocarboxylate, BF,, PF¢, hydride, hydrocarbyloxide,

5  carboxylate, hydrocarbyl, substituted hydrocarbyl and heterohydrocarbyl, and B-

diketonates.

12. Complex according to claim 11 wherein X is selected from chloride, bromide,

methyl , ethyl, propyl, butyl, octyl, decyl, phenyl, benzyl, methoxide, ethoxide,

isopropoxide, tosylate, triflate, formate, acetate, phenoxide and benzoate.

10 13. Complex according to any preceding claim which comprises
2,6-diacetylpyridinebis(2,6 dimethyl! 4, t-butyl anil)FeCl,, 2,6-diacetylpyridinebis(2,6
dimethyl 4, t-butyl anil)CoCl,, 2,6-diacetylpyridinebis(2,6 dimethyl 4, t-butyl anil)FeBr,,
2,6-diacetylpyridinebis(4, t-butyl anil)FeCl,, and 2,6-diacetylpyridinebis(2,6-dimethyl 4-
phenyl anil)FeCl; or 2,6-diacetylpyridinebis(2-methyl, 4-fluoroanil) FeCl,.

15 14,  Polymerisation catalyst comprising
(1) a complex as defined in any preceding claim, and
(2) an activating quantity of at least one activator compound.

15. Catalyst according to claim 14 wherein the activator is selected from
organoaluminium compounds, hydrocarbylboron compounds and salts of a cationic

20  oxidising agent and a non-coordinating compatible anion..

16.  Catalyst according to claim 15 wherein the activator is selected from
trimethylaluminium (TMA), triethylaluminium (TEA), tri-isobutylaluminium (TIBA), tri-
n-octylaluminium, methylaluminium dichloride, ethylaluminium dichloride,
dimethylaluminium chloride, diethylaluminium chloride, ethylaluminiumsesquichloride,

25  methylaluminiumsesquichloride, and alumoxanes.

17.  Catalyst according to any one of claims 14 to 16, further comprising a neutral
Lewis base.
18.  Catalyst according to claim 17 wherein the neutral Lewis base is selected from

alkenes (other than 1-olefins) or alkynes, primary, secondary and tertiary amines, amides,
30 phosphoramides, phosphines, phosphites, ethers, thioethers, nitriles, esters, ketones,
aldehydes, carbon monoxide and carbon dioxide, sulphoxides, sulphones and boroxines.

19.  Catalyst according to any one of claims 14 to 18 which is supported on a support \
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catalyst, and

b) contacting the prepolymer-based catalyst with one or more 1-olefins,
wherein the catalyst is as defined in any of claims 13 to 21.
20 24.  Process according to claim 22 or 23 wherein the polymerisation is conducted in
the presence of hydrogen as a molecular weight modifier.
25.  Process according to any one of claims 21 to 23 wherein the polymerisation
conditions are solution phase, slurry phase or gas phase.
26.  Process according to claim 25 wherein the polymerisation is conducted under gas
25  phase fluidised bed conditions.
27.  Process according to claim 25 wherein the polymerisation is conducted in slurry
phase in an autoclave or continuous loop reactor.
28.  Use of a complex as defined in any of claims 1 to 13 as a catalyst for the

polymerisation of 1-olefins.
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