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PCT/ GB98/ 02181 ) H GH ACTIVITY
PCLYETHYLENE CATALYSTS The present invention relates to a

met hod for the (co-)polynerisation of et hyl ene, to a catal yst

conposi tion for such a (co-)polynerisation and to a nethod for the

i preparation of such a catalyst conposition. It is an object of
"the present invention to provide a catalyst conposition for 5

pol ynerising ethylene with superior activity and so reduce the netal

cat al yst residues in the final polynmer to the | owest possible |evel.
It is still another additional object of the present invention to provide a
catal ytic process for polynerising ethylene at superior productivity.

-I'nternational patent application WX5/13873 di scloses a nethod for 10
_producing linear |ow density copolymers of ethylene ( "LLDPE" ) in the

t(i) di but yl magnesi u
and Tid[err], egg-lrgcﬂrAg

presence - of a high activity polyethylene catalyst. Said patent
application clains a catalyst conposi tion for copol ynerising ethylene

;and an al pha olefin of 3 to 10 carbon atons, conprising a catalyst

precursor and a trial kyl al um ni um cocatal yst to activate said
catal yst precursor, wherein the precursor conprises 15 (i) silica,

(iv)
e -S bei ng used
in specified ratios.Thepresent lnventlonmleman ymetlmﬁfpoﬁuet(m-r)pbigmensanon of

unexpect ed v beaidnaiech IO BbBIELR such  (cHIRAIGNalS ki {0 Bl 19

the netal cat alg/ resid owest
possi bl e | evel for aw&naaﬁwwqfév@wtﬁywewoanmoad range of

pol yet hyl ene productsis aileeﬁﬂbm& pydsentSntisaes p rdﬁd%@é‘a%i .%"cbl‘h Bﬁﬁoﬁ goral yst
25 pol yer hyl SRBTTEOBSIEE B mpener 4L hé’ri‘m,r m@em@ﬁ@ YErD) . they
can WO 99 F&H®T in the final polymer to the lowest possible level.
PCT/ GB98/ 021814 is stilf another additional object of the present invention to provide a catalytic
process for polymerising ethylene at superior productivity.
International patent application W095/13873 discloses a method for

10 producing linear low density copolymers of ethylene ( "LLDPE" ) in the presence
of a high activity polyethylene catalyst. Said patent application claims a catalyst
composition for copolymerising ethylene and an alpha olefin of 3 to 10 carbon
atoms, comprising a catalyst precursor and a trialkylaluminium cocatalyst to
activate said catalyst precursor, wherein the precursor comprises

15 () silica,

(ii)  dibutylmagnesium,

(iii)  tetraethyl orthosilicate,

(iv)  and TiCl,,

each of the catalyst precursor components being used in specified ratios.

20 A catalyst composition has now unexpectedly been found which exhibits a
superior activity, keeping the metal catalyst residue in the polyethylene product at
the lowest possible level, and which allows to produce a broad range of
polyethylene products. The polyethylene polymers produced with the catalyst
compositions according to the present invention can be linear low density

25  polyethylene (LLDPE) as well as high density polyethylene (HDPE) ; they can
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further shovwwe symisegyul ar wei ght distribution fromnarrow to brgsgcaydiiresy
represents anot her advantage of the present invention.

According to the present invention, the catalyst conposition for the
(co-)pol ynerisation of ethylene, optionally with an al pha olefin of 3 to 10
carbon 5 atons, conprises a catalyst precursor and an organoal um ni um
cocatal yst, wherein t he catal yst precursor consists of: 1) a
silica carrier fnﬂhe‘rshaWamalcbmigr weight distsibutiori frammantoss tooiroalt) whichips per
gram of silica, d of the fornula
RVWR[err], v\,herre %‘rtl% (r#l a@ef%qnga}eyﬁ%wm;ﬁgﬁor di fferent
Cerr]-derr] alkyl Bg ta the@nesanmmntv@onﬁwelcswsbe@mmmcm for the to

1.5 mmol es of di RBEE oo | kyl
orthosilicate, (tl ﬂj)ﬁv\%al ch t hgthEthengou ggmtﬁgﬁ Ipha oleﬁh df)3 tgalpg%ﬁl%

atoms, in an aftPME COBPEseSReAt reer and gn G"@“Hﬂlﬂmuﬁf"%’%@w&‘amﬁm
orthosilicate pbecgalgmpr’ecmdrlmasnst%f iv) a chlorinated conpound (X) having

i1 erent ana b IRBGETe A TaYinEdnG Ll 12 wmales iy BftRs Ber

fromO to 3, in egratartﬁlsﬂma,corrprlsed between 0.2 to 4 mmol es of X per gram

f silica, and
of silica andi 4 din)(%ISnatghEs?L% EGEIROLE e Simitla FEAPR', IRFPR! SRR gk veen
carrier mat¥rials tgs 8ame or dlﬂ’erept Ex6m alkyhgsoupsoin &y ameuns Compiissd between 0.5

anor phous in for mto'ﬁhﬁﬁﬁjé}@g‘dﬂﬂlﬁy]ﬁa%négﬁlm ﬂert%l'ﬁmfdfrsmcﬂf particles having a
particle .S] ze of M .cr.on about 250 crons,

preferably frorfhd tpgag{[sﬂ&rthosn%cate Z‘B(Y"?W*b‘rhﬁﬁg‘y?&mprﬁ?ﬂa“}?rfg@lzéﬁl AhQsm
about 10 to about #6msiinanamoukt @neprisbd Petwen 012w C8mimeles oftetraalkite f or m of

spherical particl etﬁ'th%sﬁ‘it:ati% ?Méﬁes é‘el i ca. The i nternal

porosity of these carriers r than 0.2 cnferr]/g, e.g
| arger thaniSabdul achborinatest edmippund KX) bpxing the(fomlﬂé’cSICa\L.e,aﬂhﬂremhedeR is
carriers is at |eagg s&?me or dlffe%?gryu{sglxerg@ﬂ EFQPLMyP%rthﬁ%BSP%F 2/ g,

and nore preferably from_e /g 30
It is desirable tdT9BEI0S gﬁ%@e’apngﬁmwa Ratwesen Ot 4 manales o )épehﬁlta@rl al
prior to cont actl mfsﬂha,sarmat er| al with wat er-react i ve magnesi um conpounds.
Thi s wat er,; may b GCo e rier material
to a t enperat ntﬁ)tgmlu%‘h I 006'1'} "iﬁ'b%?‘l"} E‘E}B’«?g bsrff’ﬁ %f“"?‘?alﬁsp%?at ure
r epr esent ed0by thegfamofStlletrperature at which change of state or sintering

occurs. A suitable repog é%] ﬁ'ﬁ:rrﬁa?égfag{hﬁeﬂrxﬁ&e?ﬁfsen{ {¥entidiGart pRIRADGY!

100[err] C to about 850[.err Pre

2 WO 99/3mprphous in form. These carriers may be in the form of particles having a particle

PCT/ GB98/ 02181 size of from about 0.1 micron to about 250 microns, preferably from 10 to about
200 microns, and most preferably from about 10 to about 80 microns. Preferably,

25  the carrier is in the form of spherical particles e.g. spray dried silica.

The internal porosity of these carriers may be larger than 0.2 cm’/g, e.g.
larger than about 0.6 cm’/g. The specific surface area of these carriers is at least 3
m?/g, preferably at least about 50 m%g, and more preferably from, e.g. about 150
to about 1500 m%/g.

30 It is desirable to remove physically bound water from the carrier material
prior to contacting this material with water-reactive magnesium compounds. This
water removal may be accomplished by heating the carrier material to a
temperature from about 100°C to an upper limit of temperature represented by the
temperature at which change of state or sintering occurs. A suitable range of

35  temperatures may, thus, be from about 100°C to about 850°C. Preferably, said
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terrperature WO 29205887 sed bet ween 500[err] C and 750[err]C. PCT/GB98/02181
Si | anol” groups represented by a presence of Si-OH groups in the carrier

may be present when.the carrier is contacted with water-reactive nagnesi um
conpounds in accordance with an aspect of the present invention. These

i SI-OH 5 groups are present at about 0.3 to about 1.2 mmles of OH groups

per gram of r oA0oUt, 0.3 to about 0.7 mmol es of
- OH groups per gtggﬁ}&%ﬁfté?scwfb g%(ﬁ’% gnggzg’gag'%agggébups present in the
carrier may be reno\Sikinolgroups reprpserted by apresera:erdf e8i-OHrgroups.ihfthe carfier t i e
at a sufficient VBB e | . For
exanpl e, the sﬂ‘% ca ca?érnlyg@eﬁg}el or e{mi%ﬁﬁa use ﬂﬁg\}raé%dre?ﬁwe%:{%%gﬁn cat al yst
10 synthesis $oEPoHAds iBaceordancewith anaspectiaf thepreseny invention. These SsQEh or
~air and heasi n%roupsareﬁieséxﬁ%@hb&ﬁwtowbﬂ Q]rﬁnBEE oFbI-iEf'bf% fg g&nﬁ frour s
SS a

to achi eve a surface conce n about
0.7 mol es-per § ﬁ#ﬁb&%@l’g"tbjg t°ab°“t°‘?mmlfﬁ QaII ﬁz%@“ﬂﬁ/ﬂﬂf&m"
concentration (cﬂaﬁeroﬁxseslslmigmnpsbfeséﬁtxﬁthvdiﬁﬁlerma be RaRVEd b %eiﬁhg]thg Peri

.and A L. Hensl 2926 1968

'?'Re silica gfs ﬁ:ﬁm er}rg‘%rta%uf}g ’g @‘Fg@ﬁg‘ﬁf%ﬁéﬂ‘éﬁf furRto ﬁwpﬁﬂ}%gldgﬂrqgnder
t he tradenane d@em onxempl;f thel silica cairries \pirivg ta thewrsk alvreafiin ahofirs 8dtalyst
mg[]r ]5{1 ?f g(r:lg Zr y synthesis & ﬁaé’l?éeH 'a@hﬂfratl? §¥ m@%mﬁ%ﬁ%trgée%f@#%{dﬁlera 1}9%‘ 's a
pore vol ume of ai?%‘gﬁ)’[“ 60G°Cpr atdasst peoytS @uﬁ%t%aqhwveasmfacmbfd@:)égmupder

the tradename cbnédntration oPfeds thin hbut 0oV infifoles @R Biar{mib on 20 of W R
Grace and Conpany.

| k ti di

to the present inve neosnrfaaeshydwxv?c?»fé%sﬁéwrﬂé&&esésﬁm AT e

g[ ar]e tC[he s?mlcﬁurldmgftba&men@em]. Hbmsley] Jr. , J. Phy]aJ(B'h@lm gm(s)szgm exf%s bly
err er a I I err

and nost prlgferab?/y o EEEOf“% sQ ?t@ﬂg?«gé%ﬁ% © r‘f)ckr? a(#%m% %

each 0, 1 or 24hetradengmgaf §Sd bwﬂarps aridshavipgadl surface wea w280 aé/pind\y.

But yl et hyl magn hwanume ofl ahm/ Imdtuérfﬁ\&eﬁéa SR HEP U gﬁg&%f&;ing@h%ﬁ?

{ preferably use ior ilsent I nvent! on, nesi um
. being the nost S g ; poreolime.ef Lap g @l)@ﬁd%‘islalfé%tﬂéa

according to t hmrheteé amémm/emenme lofiDavisén 952 by tHedDaidon Chentibdl [ivision
wherein R iyg C\%’E% I@I@ﬁlc%ggd’reg‘gﬁgry Typi cal exanples of 30 tetraalkyl

orthosilicate accorg:l_ance with the invention include
t et ramet hoxysi | ane, Thedizlisimegnesiumsenmpasitionazicsardingjtotyspriesent invention has

t et r apr opoxysi ktidémpirical fomtuﬂi Q)We?é RSHA R’ are the same or diffGbiAELBYX YS! | ane

i 1s preferably u accor E}' resent 1nve

Exanpl es of oréa?{ IOYRS rﬂrﬁfgﬁgab cgﬂ' A;EW“P&H“%"&M#GF&!P%@ -Ge alkytignoyps,o 35
. the present mmdmmosnpmfmwmhyhﬁi Rivhribu s Bk dUips Ghd th ah@Rtpy bAlnUWTINGLM
'3 9/ Oalglyovxdmg thf'lt m+ ' tB Vﬂ

PCT/ GB98/ 05181 2 i%eAM0] 1o thevalensn oS Ms- Butyisthyimasnesium,
Preferably, tr béMgﬂlﬂmgnmxumanchdlhwhhagnesmm are preferdldy asedsdcBoflingoioate

ferms of the angﬁf'g‘?ﬁ"@"“med‘m‘ﬁm%%%“ﬁs%?“‘“ﬁ%ﬁg ST curarly.
these catal ysts canflg‘ﬁ ﬁ%ﬁ?’l B’ébPﬁ‘ ifatecacrerding torthe mmﬂnventlmh&ht’ha sui tabl e

- carrier formula Si(OR)s wherein R is C,-Cs alkyl compound. Typical examples of
30 tetraalkyl orthosilicate which can be used in accordance with the invention include
tetramethoxysilane, tetraethoxysilane, tetraisopropoxysilane, tetrapropoxysilane,
tetrabutoxysilane. '
Tetraethoxysilane is preferably used according to the present invention.
Examples of organoaluminium cocatalysts which can be used according to
35-  the present invention are dimethylaluminiumchloride, trimethylaluminium,
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5 -may be {Weedessi n order to formsuch catal ysts.’ PCT/GBb$702181
“catal yst precursor according to the present ‘invention is preferably
prepared via a multi-step process which conprises the steps of: (1)
reacting a silica carrier material, having from0.3 to 1.2 mmoles of OH
groups per gramof silica, with a i aI kyl magnesi um corrpound of the 10
formula RMgR[ err], where R and err are the _sa or djfferent
Jerr]-derr] tﬂlﬂbﬂty aluminium or tnetbyléuwmmnf’ @FP’ﬁlgf&L}ﬁ InEYs Ysedeen 0. 5

Eo ]} 5 nmol _e|S_ of Catalytsts dprodu&u%bwdmgqaaspm éfthe ﬁfc’séthIfwe%tlbn frﬁy ben order
o forma siliga or nonagnesi 0Npos
(2) reacti nggisé Eg‘gﬁnltf’@%? of the Brenner Wﬁ%‘%ﬁ% %%M?f&pﬂtlﬁ‘fiaﬁoﬁt h a 15
t et lr3 aal kyl ort thesé titalgéte can be déscribed inaemmsof thg manperdn m}mhns.?ﬁtablmcanieo 6
carbon ato o 02t008mmesper

" iy B AARTh oRRUTRG KRR ARG

gram of silica, ng t eproduct fromstep (2) with a
titani um conpound i Thagatalyst precursor -accarding to tbgpmser@euvmonme@r@lx o01l.5

ol es per gra [ ei ng characterised
per g pﬁ@r redivid Eﬁ]ult?gteﬁzﬁéaes?@ﬁﬁg éﬁﬁp&ﬁ%ﬁh@gﬁ? o€l ng

in that it fur congrlses step of contacting.either
the product frobh st ng a silicy garpienmateriak haying from Og &9 L2 ymmgles of O&E¢ | y

the silica support \gfddpszpesgiaarbmudadwcmmlaﬂn{a eshﬁbedSkﬁ &R ofthe fornul a

e S g o o ehiia F’ﬁt‘t@%‘f RV Brshe Sqrie & & ﬁlﬁreaﬂeaﬁiu%roge” o

conpri sed between 0 gfoups, iﬂ&n antbmtmd;mpnscﬂ betvpeen 0gF torl Sfmmbles ofl.

The prepared cat al yﬁgaufy géﬂegg{n 4,5. \gﬂfm%?%ﬂ@ﬂgﬂ,{, T&Pgﬁ P&Ineéjsxmééﬁpﬁgh%

or ganoal um ni um coca 0 ac
above- nenti oned cat @rgamnpgemmeﬂmp@matron met hod enconpasses t he

possibility of di I Q,g?g,g bl ditorPwvitkartial ly
ei ther 30 be %ge thé’g'h séiblsice Qri’ﬁ;ﬁ’ﬁteﬁ e lglr t"r"étﬁ&? lﬂ% tett rgal Kyl

-orthosilicdfe, and/ &t r@}lgyiprthosxhcat%péwa )tﬁqa FeWR FeNtiRS IIRYS 19 ®n of t he

titani um conpound, garbofratdns, i &n hbunt compnaettibétwaen 012 toloc8 mnusespBRgNESi UM
conpound i.e. by prenxi g%gége silica support wi th said chlorinated
conpound (X). It ha$4l'S n found that the tetraal kyl

orthosilicate 43 t teentakting thegireduct Soposiep () ¥yiticotitagivm sempeundrinah xed

gﬁf O(r)ret 23 addi ng S@{dint EsHphidedBeRIENIOSB {P1.5hEmSles' péygrain aff;rr.cﬁl i &%
99;)85 187 20  said preparation process being characterised in that it further compnses the

. PCT; GB9§{ 021g él addmon%l step off (@ﬁtﬂéﬁﬁgeﬂw gﬁmﬂﬁﬂiﬂ'clim etep 1$far {:he.ﬁfremcx filomn
Yprefera 0 sy Q
D Chos, 11 vate. WP S ey e siice spotaf Wi 2 shisBiofie ompobid (RThe e sthe  ap o
nonf pol glr sgl vé‘mmdmﬂhsléihﬂheadmn each an:ﬁmsanfepr diffecent enisrhytitogen or an

t
preterably be é&ﬁﬁl‘gﬁog%%aln% %H%t%?r%roﬂd §t@§dm u?'r’t' g@{éd%fet\éee'h dé

mi nutes. The ecti ve ano tet’raa ort icate an
chl or i nat edcorfysmales €KX per grampfsiict.o form t he premx are preferably those

{which provide a nol arherpitparedtatalyst preénﬂﬁdraﬁédbyéq&hﬂjﬂe&mhas@mhtaﬁ
chlorinated co gaﬁ\%gl Bmlcr.%a{afys{j to actnvatthe gi?laﬁ or-e

preferably bet four di fferent preparation
met hods ar e di scl osékhei abovereentiangsl easalyst precursor preparation method encompasses

the possibility of adding the chlorinated compound (X), totally or partially either
30 before step (2), i.e. before the addition of the tetraalkyl orthosilicate, and/or after
step (2) i.e. before the addition of the titanium compound, and/or before the
addition of the organomagnesium compound i.e. by premixing the silica support
with said chlorinated compound (X). It has also been found that the tetraalkyl
orthosilicate and the chlorinated compound (X) could also be premixed before

-

35  adding said resulting premix to the slurry of the silica supported
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10 W 29/8518F er r ed cat al yst. precursor_preparation nmet hBET/GR8/PAshg

to the - present invention conprises the total addition of the

chl ori nated conpound (X) after step (2) i.e. after the addition of
the tetraal kyl orthosilicate and before the addition of the titanium
conpound. The fol I OW ng preparation procedure S t heref ore based on

Th & hom pol o SERaHpeSym composiion, Siid Bremtik S SREFHY oBRIEA byl ' oy
| east one or gantngatjxces ishunmyof tstaalkyl orthosilivateswith aslugfy of chlorinated Qom;louad _
carrier materi ?gpera {&ﬁa@lﬁhffﬁ%l#&l&’éﬂ? he%lﬁ)éaﬂéﬁ'&r@ ntdhg étr}ete e ' nto

t he sol vent, e’stirrin eat 1 ng e m Xt ure
25[err] to aboupreferably eTER 27 yatdsramwf&tg 60anigptest lGfa[err]c

The slurry is th@ﬁe&ﬁefaﬁv@hﬁl@ oﬂétﬂaﬁc?l orthsilRher ﬁﬁ%h%ﬁﬁe&%@%@ﬂﬁg(@' um
conposition while t

heatin JS cont.i e af orement i oned
temperature.  used %o 30 %‘&f%?ﬁfﬁ?{n‘ﬂxd*&semmyﬁaﬁén%%%ﬂ fs in
which all of thtetrraelkgt mﬁtcsﬂmstedo chlorinated cempourt (X) donsprised)baroveag 0EISIol810,
conposi tion (d| #&E%bﬁb%i@een bg% y@nsition metal (Ti) conpound,

are at | east p 'y~ so I'e "and Whi'Ch are liquid at reaction 25
t enper atures. Pr ef er Said fowrdifferientr preprretion methods ateldischosed snuthie examplespent ane,

hexane, 10 N-hept ?H@Rre?ﬁ@rlﬁtali}gp Fﬁoﬁgftpg.%a ‘?mtl?(ldt @U:%)étovﬁﬁ' ety of

other materials cludin suc
aromatics, suc hp%e%é?f‘féﬂ‘é" geraprises the ‘@Eﬂh?‘l’@@% ehthe mnated@osmoen%(xyed

The molst pr e}‘ er afest 2D Ok cdfted ﬂie}éﬂﬂ&tndn%fthe tetraﬁlﬁiﬂad}ﬁ:osﬁ&t@ralna %efb?@thhet he .
0T 22! Gt *an Blaigge t?m s sompouns” 1R Sowite prepaphonarature s | 0
oxygen, CJ err]thepsibmrbascﬂ‘rq:mmdiprefm‘ml mé¢thed. mat eri al s capabl e of adversely
af f ecti ng cat aTKﬁEtlx@f&dr%{éllxﬁatenal Is sl}lmed in n!oR-poliL‘i‘ sHR/glr\t a%i%g %Jsﬁgmg 4d

enbodi nent of t he synthesis
only such an anBuffy ingontactedovith atlaesy e pmnomgmiwn mmpmorea‘he sluriyl ofbe

gepos I {/\% d o) ggyﬁtet?sﬂiohxéamer whabeHal thy solvai i€prlepred b RRAFSdutinBGhe EtYiefintssS Of

PCT/ GB98/ 02181 “thé solvent, Preferably gehils stigings anhheating she mixgireito abowt 255 to.abeit nay
react wt hhot he 106D, phreferiably to about 4OPts abaiat 0T, plf‘ifecshﬂ‘rji i%'[tﬁt’:xﬂ(ctini.'add&ic Wwitht he
support. Thg, ca t ect wber of .sites on
the silica goar rfl%ra?érgg{e?ﬁu%%d °?g3?‘ %ﬁﬁg}‘l&ﬁﬁﬁﬁ%ﬂﬁg A Wﬁ‘le n:e heﬁtgfﬁ)'aé:f’m"b‘f?d t he
hi gher the dryi digheefasementioned tamperaswesr t he nunber of sites. 5 Thus,

the exact nolar rati gumibld m-pamwa hmrfamnwxm aﬂohge toRdpa Y|

groups w || varg and rruglF e determ ned on a, case-by-case aS|s to assure

that only Gt Wﬁ?é‘%?gﬁ‘?%ﬁ?@g?%ﬁ‘ﬁ’b&%’&g{“%%' thedeansitiont he

sol ution as wi | metat(Ti) compemmnls ateen lenst purtifly soluble @ndswhieh aie Wﬂtﬁc%‘@tl&*eaétﬁﬁv' ng
ol ution

any exce t osit n the
B thor mor o2 1 ¢ Spepatyred, FIRRORR HOF olal sGIvENS it allihes, juth g Bfentane, hexane,
] or ganonagnesi unﬁ-érsmaosmctm uhoaos iand decanepalthoagh i lviarety of other apgriald i S

greater than thﬁ.cmakgrcgrmﬁcsﬁﬁs Rfchtag%ycg ngéx%e/ lar&ﬁﬁtbg}s]%ﬁg ak bgnz%hé b

support. Thus ratios given as an
appr oxi mat e YIDERZe8e: Y s Q‘PTEP lgyegd: Th amww&rrqdwnon %frﬂﬂlf@ghﬁsl um

conposi tion in héxage. Prior to Q54) ¢kt neRpolarisvlvene siivald bophrifedd¥uchig byunct i onal
limtation §U S Cb'éréglgng rough silica gef and/or molecular sieves, to remove traces of water,

oxygen, CO,, polar compounds, and other materials capable of adversely affecting
catalyst activity.

In the_ most preferred embodiment of the synthesis of this catalyst it is
important to add only such an amount of the organomagnesium composition that
35 will be deposited - physically or chemically - onto the support since any excess of
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15 must nOwWOm9/o§18yat er t han that which can be deposited ont edmeBss/idzigia
supporf. If greater than that anount is added to the solvent, the
excess may react with the reagents added subsequently to formthe
catal yst of the invention, thereby formng a precipitate outside of
the support which is detrinental in the synthesis of our catal yst and

must be avoi ded, The anount_ of the organomagnesi um conposjtion 20 whi ch
is not greater thhBFEaNAMAERESHGY FemBRPSIiANGN the-salutipioney teaet with ather synthests | n

any CoNV ehkinivail analiﬁétﬁﬁltat@ oﬂt&dﬁ)ﬁf AtHupPort P Be&hpéthture
tiTring the SIAHEF thepmperiglattes on ﬁw%ﬂ%'ak’erﬁ%g%@él% %rfemﬁegfqn?:&agﬁé‘s‘mm““' -
detected as a swmpositioni-ithé highercthy dning temperature the loweh thexumbier offites.
betaeen 0. 55t o T i e e iab S8 o rahiimacheBlig Srdputia o vEaPRERT”

0.8 to 1.2 nmmlgreupsewillgrazyrand musti heodeterminsidamebtase-byrasebasisito aséure tet only

or ganonagnesi u rpoqﬁmtae e%gg gnésﬁn& %@@;&MS b 6'tnd athudd S MR

rati o of rou carrirer i s about
0.8 1.0 to abcﬁ?P°51tQ§ onto the sﬂica@upm @mﬂapeﬂéa\m gnyaxsessofthe 1.0 to about

3.0: 1.0. 30 organomagnEQﬁmQ:‘éﬂ{ﬁéklﬁon irpﬂle%oﬁxlnbhci‘uﬁﬁéﬁdo% Im%ﬁ‘&eﬁtthﬁl?
600[err] C, l{qhe a rﬂfhg anomagnesj .um cogsp ition a to the
slurry is sdch P B‘Ea'f‘ﬂ'ém ?°‘rg§P‘?‘Ba sium compgsitiog depost ‘Fra Bups (OH)
on the solid cauppert is greatienthan thé®molar Gontentadfahé hﬂirﬁxyl groups: othhsthad ef er abI y
about 1.2: 1.0 248 -ang- ;

to about 2.0: 1shgp@#§gi’ﬂus th%_m 8'2’5‘%‘9% é@lg%aﬁé err & O%B' a#ﬂneappfo&xm%tem l'i ca
carrier heat ed sdelipeand the exact amount o the organomagnesium composition in this 6

WO 99/ 05187 embodiment must be controlled by the ﬁ.mctlonal limitation d d
PCT/ GB98/ 02181 o] e ?a' anoun mitation discussed aboveire: it
thayi that w

conposi t i onaddBEStAGt Pﬁgregfq!j °h c%‘h%é?ﬂ?élﬁedc% silicasppertdf My to

t Be hydr 8xy| 8rgrazn8r thahithav amiochat is @bdel wathe s6lvertSthe excesﬁhﬁytrealzt Qnth]thQ to
about 4. 1.0,

nor epr ef er abl y 5%%3%} %d)éﬁg%&f%"ﬂgﬁ% 5?"%8’6 catf%ﬁg)oéthe mvennon theghy fo rmmg
or ganomagnesi urh prepipisstietautsideiofithe support whichés detrimputhlin thosynéesisiofour  form

3,50l uti on 1 1 orRatily nd isPBORRAROTRS kARG bighbinkmeSBRORI AR ©

the silica Cal‘l’lﬁ 0SS| an amount
of the or g@fomeWHeRispat greaterébgb@g; @‘FRS\%“%?'L‘H the;syppogtcap be deqenmad invdnych

W IdI behdepOSI tenvenional :Inemwn,m)grbty, adlfhg tﬁ@dréah&haﬁrfbﬁ’ﬂ%ﬁcoxﬁpc&:txdﬂ)tofthé tration
and washi ng,

this alternati \%uﬁgft%ggﬁﬁgﬁwgbf" the ﬁ%‘%e ‘&EH"' se"mﬂ% Coﬁﬁ%i'gﬁeeﬁ\gg:/%nt

descri bed aboveorganomagnesium complositioh is deteatéd ssvesadutioncia thasolvent. nat erial and

o Sr?i%g?g?ﬁf'e“?onﬂﬁ zﬁ%‘m?bh%ﬁﬂm%%‘%@ﬁ g ind %%{&P%bﬁ ool
bet ween 40[7érr]"@“§m§e betaveen 6 5m5mm¢sﬂmtgr@n08snca, morg [peeferab eb@t\kt;dn

orthosilicate cm8E®U2mmbis ﬁeﬁkfaﬂﬁbkﬁhca@%éﬂ&ﬁbl&'tﬁéfaﬁaoﬁﬁkfmﬂé‘d i's
i nt roduced afteJ gnesi um..ncor,

orthosilicate gl{og@norram& Gompostian afige‘{tﬁ’éh% E'HW)}S *’f"r‘fﬁéﬂ;?tzi‘ﬁ)%‘ﬁlar EdiaRt sed
bet ween 0.2 to Mggo the hydrox] gsoyps ((Off) amthé salid dacrder ipataive 0801 10 beab®and.0. 3

to 0.8 mol es pero Ihidfd Plefethbly GPout 1.4 : 1.0 to about 3.0:1.0.
30 For ekample, for a silica carrier heated at about 600°C, the amount of the
organomagnesium composition added to the slurry is such that the molar ratio of
Mg to the hydroxyl groups (OH) on the solid carrier is about 1.0 : 1.0 to about 4.0
: 1.0, preferably about 1.2 : 1.0 to about 2.8 : 1.0, and more preferably about
1.4:1.0 toabout2.0:1.0.

35 - According to a preferred example, for a silica carrier heated at about

6



lis added to theoggagwpggqeﬁmghcomposu% Pexefe Hiis 't‘)‘t";S'PWed% rgble

20 nore preV@OMIFBThet ween 0.35 to 0.75 rmoles per gram of siBGHGBIS/O2181

Preferably t he tetraal kyl orthosilicate conpound is added to the
slurry in an anount -to provide a nolar ratio of tetraal kyl
orthosilicate to My on the solid carrier of about 0.2 to about 1.6 ,

nore preferably about 0.25 to about- 1.0, nost preferably about 0.3 to

about 0.9. 25 ga9ec the an axJJiﬁxt 8%H{ero¥gﬂfrﬁrﬂa?ﬁ%}lgggéﬁpbgﬁ?él Yo% éﬁug-kp er the

conpl etioon of the ad I cate C ound)
with at |east omhéhﬂtéhfr mtaeaatmﬁ)Mm@ the hydrexy sravpPHiP !tlhent selid garrier is

E[Srr] Sid [e”]al?dﬁ@@roe-' Po?@ﬁﬁbd?ftl'@ Ilbe ?Khﬁflesisnbl Eﬁf‘)du? 3.5:1.0, .
ydrogen or an a refera rr al kyl group, and n
is an integer J<'¥'P ‘{%’Q@P@Wﬂ?egcﬁioof‘?%"éd's gﬁﬁgund (X) is-preferably
selected fraomsili COthGrgahexhﬁ@mbiuﬁf¢cd®c&ftﬁ>nrdi‘§sbbdes iﬂahefmbarpbwlsaMnt tohe
nost preferred {:hl or i h@t o%bﬂ {“gé l.gon. trafg ol | de.
This contacting St ! NS “%?“i"é?r%‘?&?‘ﬁ?’é‘ SRBYIeE &g

bet ween 25[err]theadt¢at0®{eerr]c preferably between 40C and 60[err]C. The
chl ori nat ed S?’;\m conpri sed
between 0.2 to 4 35”11%5!9?&&516#@ er cfr’glrln uﬁi twd‘ na?‘egﬁ%fmﬁbet ween 1
to 2 mol es of SOPResitignawhich is in excess of that whlch wxll be depos:ted onto the support, 7

WO 99/ 0518719  and then remove, €.g. by filtration and washmg, any excess of the
PCT/ GB98/ 02181 i'ca,. Preferabl chl Qr ed cog&ound (X)

0 the of
X: My of 0.1 tomésOprefenred eptbotimienbdyscribed ativeut 0.5 to about 3.0, nost
preferably about 1.5 s _then. contact ed

with at | east one tr ghgf]f’mr?fﬁleet%lfca(cfmer '%ate“‘@&ﬂ)%ﬂéa%‘i“ﬁ%’reé UY"h the
non-pol ar sol venempositisindinahe solegnt i prefesablyciniaintaimedosdt attemperature compasédhat ed

conmpound (X)s | SpeQ/EBh QS@a dd !)00°C greferab]yi@ﬁve%ﬁ%ﬁsﬂirag@eo‘?tﬂ inf IR oft S

used in an am)ug;t C%er es per gram of
silica, prefera eﬁtheﬁhcatecqmaouﬁ%’rfbe teteaalkyl orthosiicate eompoundds,.  The
exact nolar rat ir@rdat:c&gaﬁda oiguixohfasﬁaidm m&o%tr&lonafrﬂe edtraalkgl &ﬂhoéilioabel ti On

tal to the hyd
{Tﬁeac ar (r)| er edr %‘ﬁ'ﬁ%&‘?ﬁ i‘i)ﬁ?rtg)th% g"ﬁ?fgé'l’ %ra°%t°8m\$-‘%%é%w%§f‘ 62}2}8 00§ case
basi s. Pr efmolespey grarh of sifica) prefefablytbetweenr(s3 to 0.3 mmolels pengqmucﬁkllum

such that the Myla¢ ref ablyigﬁtt\ﬁe‘en @fBStthb ¥4 ﬁgﬁées gef ggﬁ[- 8k Tﬁ% %feﬁbf}bﬁiet

to about 1.4, nore
condi ti ons appl et 1%"@#%‘!%‘%%@“@ Fﬁ @éeéén meé}urmgn anEmant ta prowideta

200[err] to abomola%mceafdeﬁaalkyl orthosilicate to Mo fiRnsolid Ic%eﬁaraﬁo&erm@unds

The most pref or FRRLS HRPATEGHRRY Ahp 0.25 Baahpii.  most peferablyaBoabs o

M xt ures of suchbdutiOehi um netal conpounds nmay al so be used.

The contact ,f the tfrﬁ@ﬁmww}h@ﬁkwa&w@m ably'dtel it donfhile [e%é'sq(ﬁtgon

convenlently t akes carrier
reactive ﬁﬁ@ﬁé@tﬂﬁl\k}d gﬁbgs;hqaitemmmwd) h@thrﬁééﬁaswmmil@tﬁdrmound

conpound and nagxjy ﬁavm e formula Cl&.SWHefé‘igeidh%!sCihE?ﬂhé‘H} ditfefent GRPR! At Ur e
conprised betwe

5[err d 10e er abl between 40[err] C
and 60[err]C. gydrog n or ’l“ al@ﬂ(%méﬂ » PTGE “ﬁﬂ@ g’épb?la&@g H‘c’§ aR aRfEEHeen
brought into cofioacd to 3. The chlorinated compound (X) is preferably selected from silicon

30 tetrachloride and methyl trichlorosilane, the most preferred chlorinated compound

(X) being silicon tetrachloride.

This contacting step is usually conducted at a temperature comprised
between 25°C and 100°C, preferably between 40°C and 60°C. The chlorinated
compound (X) is added to the slurry in an amount comprised between 0.2 to 4

35 ~mmeles of X per gram of silica, preferably between 1 to 2 mmoles of X per gram

7



L

25 accordi nwo /s5hg7 present invention, the resulting slurry ipgct/Gao8/02181
preferably heated and mai nt ai ned at a tenperature between about
25[err] C and 65[err]C in order to proceed with the synthesis step.
Preferably, this synthesis step is conducted at a tenperature bet ween
30[err]C and 60[err]C, nore preferabl y between 45[err]C and 55[err]C.
Preferably the cat al I's then subjected to a conventional drying
step. 30 of silicgh Brefem) lv tbatchloyxgategucemppm(Xmgddﬂdttauthesiung in #ren
activated wth a%Hbﬁﬁ’EQhéh to psrov1d%Cat|Jaéﬂ§i" fitie- of feO 3C{d 3453 %ére' préefelifify t he

or ganoal um ni um_cocatal y her eabove
The cat al yst ma "rb‘é% 33‘&!-‘531 0;, rﬁ“%#P[Ffﬁ?bl&GHP‘ﬁgl §FRe Activator and catal yst

separately to the pofTheslutryas then camdmmwndhtatll@ased:mm@mhbhaalt(cn)conbl ne the

ﬁgg?t?’;t eBS ? ggorﬁcétin\é%to ublebie L e I nt]rfg Sénlto;prefergb?y a&er 1he’ a&’ ition o ‘1' on

PCT/ GB98/ 02181 chlormated cmhmundx)i)omcmpieted. terrperat ure from- 10[err] to

about 80[err]C. rT%‘he tra*nsxtnoxﬁn%&'l F&%&pﬁqg gg aﬁl@h‘ﬁénn@éns%@ﬁ}et%teﬁ vator

may be used. The nu
titaniumin the0dded %mdwpqsgamogsﬂmomferably bstmmol tol . dlrmoleg per and i s

preferably greag@m 6ﬂ"s?l'ibaa{1’ﬁé' bxatt Frﬁ)lar ratlo of Mg tgkﬁyir%&ﬂndmetﬁleangcﬂﬂm@r i sed

with the catal ysSts o] aspect resent
venti on_ bl anyASHHGrBFE f B Byrons RrRups of e Suer Wil A (depehding, e.5. on
pol yneri sat i Onsthea:afrid?drﬁu tempm@raﬁd fribst be'détermifddodh QEasbIbyt&Ee% phase.

stirred bed - PRETRY ‘é“a'gﬁé‘r%t & BeBiatiifion menT pompindds Sirochone fof 1o
The nol ecul ar V\mtlgmftbé trafsitignoingtabto Migyis &ﬂmutdh# rtolabeut il arxionmmfemﬂyner
preferably by Ui’ddiﬂ o'y 45 QQ&R 1 (W*I‘ﬂes%@ﬁn&ﬁf) %’ﬂ%fpﬂl&ﬁ%rqg f2hd

aspects of presen |nven Ion e sui ably
‘controlled ¥ th W@g@ﬁm ﬁutﬁS@ oI ynerisation is carrled out at

fl_ﬁ| ati Velt y : OWf t erflpeTBé Waﬂﬁhgﬁmﬁtal tépdunds m&h@ﬂgnﬁ&rﬁﬁbuﬁ@@lﬁhféﬂﬁbg[ r]C
is control of no [ e ma vi dence measyr abl e
positive melt i friExa E'I%I t?té?l}’ﬂ&\"?ﬂ”“f‘ﬁi I"V?fg %m}if‘éﬂum compound 1s titanigige

usi ng the cat al tettachiotde.dviixtures of sueh titashen metal\compoomdsithay alsqplssadeti] e t o

or odice polyrer s SNOshDof gl iRiortheAPLRHA A B Ao SHERN'

d| stributi o of cenvsaieptietakes plaseby slyrryingithssalid carier kentaining thersacivow rat i o

val ue. Said nel maghamnﬁ %mﬁoﬁmth%é Rt fraﬁdnsbrp&etfahé‘mﬁw}adlaﬂé 28R thin
i ndex (HLM [err ndex ?e

neasur ed J«‘B(? %ﬁ’?ﬁg“‘!‘ﬁé MM"E)‘-“P(Z%ABJPC’“J% °°mp“sed &Wé‘?\" %SOFI%?F" 108 @’he

catal ysts of thprefmelﬂpbbtwmdmﬁ:mndﬁm@l t hose di scl osed in the

f t d I nt 73 t
Surpr 11 ng_ advant ageCape ARE als: Bhborials 1A0s MR piE BB RBhAEL D
al r eady 25 mdms étuthsmtesent wmvertionhtheirpsudting Surry isrtbeepteferabiyeheatie aridon
of the chlori nai@fhtained at ﬂ‘émﬁgﬁ'ﬂﬂ'e(b@wééﬁ(&%&' ﬁgctaﬁd %?/Iﬁ:%ﬂ{ éraeio é:%)f%&t ion

does not appear_t ni ficant | ncre val ue
prepared pr oduc‘("étg tﬁ%%f“é‘?"(ﬂsétept %éefﬁ"la%’ems ﬁyﬁ&éﬁf ptgp is conductgd phgtemperausduce
pol yners with abétivgseB0C bid/60°C, tmivrs pheférable befviden M@h@ﬁﬂ‘fmg’réfeﬁabgﬂthe MFR

value in the | owglggtqu%n shb cte fg%gé‘heilg' @g({:}'g}qi E}gngt h is still high.

The cat al ysts prepared accor resent ‘invention are
The final catalyst precursor thus obtained is then activated with suitable

activators. Suitable activators include the organoaluminium cocatalysts already
disclosed hereabove.

Uh

The catalyst may be activated in situ by adding the activator and catalyst
separately to the polymerisation medium. It is also possible to combine the catalyst
35  anductivator before introduction into the polymerisation medium, e.g. for up to

8



- *

hi ghl y _act i VWO 995887 's denonst r at ed by the following exanpl es RAFERIUSARL

t hat , under exactly the sanme pol ynerisation conditions, the activity
of the treated catal yst i s unexpectedly high. 35 Exanpl es

9 WD 99/ 05187

PCT/ GB98/ 02181 A. Cat al yst prepar ation Al |

di h
Caboratory ot AEOUGEAOES AL et fom; BF 1§ PRI CLe Cat ol ysts was Es70
~manuf actured by Crosﬂtkmtab]emtratmgenﬂnmmtbﬂﬂ{eenctl}rﬂounﬂylbem's&d dbemumber of) an
OH S . popul aiiqg, &facﬁvﬁgpgé.frgm%%?wﬁ@%ﬁggo&%b%ggs cBWRS,

" otherw se stat PUB
i the silica was abhoutelita about §0Qiand is@aeferablycgraatsr thangbewtclut 120 i -sol vent and

: equi pped wigh a sti r1".‘t len Tt‘i\ﬂy B¢ Eél%eﬂ?&l With Eﬂe%itﬁ&stgﬁﬂpme&&dﬂg%ed to

50[err]C ut magnesli ?&) en ad c%t an am;)uqt of
1mmol per g of agwq%%(y pressmdmtqqs Xtaﬁ)‘ gu %E’@Besﬁfﬁu precRsses taqiude. ¢ hyl
ﬁrt hosi | i Icat e Bmsmgda&ib(destdﬁﬁdsuspensnox@Erdsdlmompﬁhun@?@stpwaw@akortﬁ
ours. Silicon _tetra ot i de varyi ng .anpu S en
ndded and the AR I EHSaRER 7% prefire fuch a8 HossIpng pREE i sireed et or§ de
(Tid4) (varyl mepchons and,sSspeally; nfluidisetbbedaredetblse cat al yst stirred for 1

hour. The cat ﬁéﬁol\é@uﬁ#&é} i cgtﬁggf@ﬁ @191}5&%5?&%@ BQ%‘B% :{.Mx@r and

dried under a flowo
" per f or med underpr%fa@érh'rhyansmgnwdmen With the @stma@ceNapcqrdmsltg:@srsecwmfe

stored in a gl QH@FI‘&ent invention, moleculzy\@elgﬁ’trmﬁi B élﬂﬁbf(?%ﬂ%%@ltﬁ'ﬂ?d:@#@h

catal ysts were usi.ng. t he above

corrpa?/at ive exé’ﬂtﬂ the d]é’HFHF iop '?A&?é’"ﬁ‘? QBta‘ité'GlaHgahg"Y F@“Q%ﬁ?@sn%g’rﬁ?ﬂ?o

but with 12000gb6ud 30°a0 about 105°C. This céhﬂrolcbfaﬁmeéul?&ﬁiéhttdm bedvidenged byia:
conponents ysed_are in abl es or
Che’cat al ydbs i lkP i ricindd vty dfor the ookl PFHoEd uas lone

in a separat e schl eriWhenibsing thezatalysh asconding ¢ theqpressotinventiom it Bgossiblbite 3)
at room25 te Sﬁlﬁelﬁoﬁ’yrﬁgrk SHovkiflg 'atb?o#ﬁsgf'of %}W%@%ﬂt%&m tom! j.&ddi tion

of the TEGCS / premx to t I ca e resu tlhg m xture
was stirred fo q“ﬁ%ﬁ?wéf’b!;‘lﬁderr]c prior to the addition of the
TI O 4. Theamoletilay Weightdistribatioeof 4 pa9ﬂhet i3 dsbﬂlyfxﬁdhbaw B tﬁeab| es

means m || '?HDl Tnelt flow rgtlo vaeigg%ca} melt 78 w)raao?f\ﬂ’:}‘s ‘Hw Yatio of fhe’ hlgh l%a eft
| index (HLMI,, ¢) to the melt index (Ml ¢) of the polymer, which are measured
according to ASTM-D-1238.
When comparing the catalysts of the present invention with those disclosed

in the aforementioned International patent application W095/13873 another
25  surprising advantage of the present invention was found, on top of the already
identified benefits of the invention : indeed , the addition of the chlorinated
compound (X) according to the present invention does not appear to significantly
increase the MFR value of the prepared products. Therefore, the present invention
allows to produce polymers with a higher activity than before while maintaining the
30 MFR value in the lower range, i.e. where the impact strength is still high.

The catalysts prepared according to aspects of the present invention are
highly active. This is demonstrated by the following examples which show that,
under exactly the same polymerisation conditions, the activity of the treated
catalyst is unexpectedly high. |

35 Examples
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35 - WO 99/05187 ' 10 V\OpP/ciivaaz181

PCT/ GB98/ 02181 - TABLE 1

Added Conponents Anal yses _ Cat Code Si Q2

DBM TECS Sid4 Tid 4 My (W% Ti (WtC% 12000

(mmol /g) (nmmol/Q) (mrol / g) (mrol / g) 1

g.g) 0. 44 0.0 1. 00 1.83 3. 27 C2 19.8

1 0.44 A. Cadalyst prepafatih 2.10 1.03 3 17. g

1 0. 44 18.

1 0 44 %.llscatalysts exgepggomparatlge %mple ? @%‘8 preparedd'lg the 196

1 0. 44 laboratory=at ca.20g scaje.qFhe silica ysed dor all the gatalysts wasgES70 18. 5
i 1 0.44 manufa@mﬁed by Crosfield38alcined ati’lobgc undér rﬁﬁogen g:vmg an OH 28 é

i 8 ;412 populatimbof 0 4mmol?g O'ghe solveni ugeéi was lgexgge Unless etherwise stated 7 1

1 0. 44 the gengral preparation produre was?. 09 1.54 1(3 1%302

1 0. 4420g of the silica was adg' glass re1¢t77contai21n14bout 120 mbsolvent and 7 o

1 0. 44 . : i85 Png A n 18. 6

1 0. 44 equippeddwith a stirrer. Thé)glurry was 2tized at 259. rpsh and heated to 50°C.

ANtk _

10

15

20

25

30

35

Dibutyl magnesium (DBM) was then added at an amount of 1mmol per g of silica
and the mixture stirred for 1 hour. Tetraethyl orthosilicate (TEOS) was then added
and the mixture stirred for 2 hours. Silicon tetrachloride (SiCl4) (varying amounts)
was then added and the mixture stirred for a further 1 hour. Titanium tetrachloride
(TiCl4) (varying amounts) was then added and the catalyst stirred for 1 hour. The
catalyst was transferred by cannular to a schlenk tube and dried under a flow of
nitrogen at S0°C. The final drying step was performed under vacuum at ambient
temperature. All catalysts were stored in a glovebox.

The comparative example C2 and C14 catalysts were prepared using the
above méthod.

The comparative example C1 catalyst was prepared using the above method
but with 12000g silica.

All quantities of the various components used are shown in the following
tables.

For the catalysts where the TEOS and SiCl4 were premixed, this was done
in a separate schlenk tube in 50ml hexane for various times (see Table 3) at room
temperature prior to its use in the preparation. After addition of the TEOS / SiCl4
premix to the silica/ DBM , the resulting mixture was stirred for 1 hour at 50°C
prior to the addition of the TICI4. _

The “mmol/g” amounts mentioned in the following tables means millimole
of respectwe component added per gram of silica.

10
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13
Cl4
15
16
17
18
19
20
21
22
23
10

18.
21,
20.
20.
20.
20.
18.
20.
20.
20.

ONONPOOONOD

PCT/ GB98/ 02181
Added Conponen

20 W0 99/05187 0. 44 3.0 . 0. 66 PCE/GBI8/0218 |

1 0. 66 0.0 1.00 1.84 3. 36

"1 0. 66 0.5 0. 66 1.88 2.08

1 0. 66 0.5 1.00 1.83 2.74

1 0. 66 1.0 0. 66 1.88 2. 07

Y 0.6 ~TABEEL 100 1707 5%

1 0. 66 1.0 1.00 1.86 2. 96

: rooaldCoolens __ oo e

Cat Code 1|siO2 DEM A6 ITEO® () |sici TIEH Mg Twagid) [T (wt) |88

(g} {mmol/g} {mmol/g) (n;ln;]bllg) (m\QQ/ﬂ?gl 0518”73‘5 N=ewrs

(+3] 12000 1 0.44 0.0 1.00 ARy sed3.27
c2 19.8 1 lo.44 0.0 0.30 2.10 1.03
3 17.9 1 0.44 0.3 0.70 2.01 2.36
a 18.8 1 0.44 0.3 1.00 1.71 2.70
5 19.6 1 lo.44 0.5 1.00 2.09 2.85
6 18.5 1 0.44 1.0 0.30 1.73 1.68
7 20.1 1 0.44 1.0 lo.60 1.78 2.35
8 20.5 1 lo.44 1.0 1.00 1.98 2.82
9 17.1 1 0.44 2.0 0.33 2.09 1.54
10 18.0 1 lo.a4 2.0 0.66 1.77 2.14
11 18.2 1 0.44 2.0 1.00 1.53 2.51
12 18.6 1 jo.44 2.0 1.00 2.20 3.24
13 20.2 1 0.44 3.0 0.66 1.81 2.21
c1a 18.6 1 0.66 0.0 1.00 1.84 3.36
15 21.2 1 0.66 0.5 0.66 1.88 2.08
16 20.6 1 0.66 0.5 1.00 1.83 2.74
17 20.6 1 0.66 1.0 0.66 1.88 2.07
18 20.8 1 0.66 1.0 1.00 1,69 2.37
19 20.4 1 lo.s6 1.0 1.00 1.17 2.29
20 18.2_ 1 0.66 1.0 1.00 1.86 2.96
21 20.6 1 0.66 2.0 0.66 1.77 2.17
22 20.2 1 0.66 2.0 0.66 1.79 2.12
23 20.0 1 0.66 2.0 1.00 1.80 2.88

10
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Cat - SiC2 WeM9ps1s7 TECS Sid4° Tid4 Description  pcricposi2is: M

Ti " Code (nmmol /g) (nmol/g) (ol /g) (mol/ Q)

(M%) (W9 24 19.9 1 0.44 1 1
SiR/SiC4/DBMTECS/ Tid4 1.68 2.6 25 19.4 1 0.44

0.7 - 1 SiQ2/SiC4/DBMTECS/ Tid4 1.74 2.56 26 19.6 1
0.44 2 0. 66 SiQ2/DBMSIid4/ TECS/Tid4 1.7 2. 38

The order of addition of the reactants iEABREZ2ated in the "Description' 5
colum of Table 2: for catalysts 24 and 25, the silica support

was prem xed with t —CH=; for—Tatatyst—26—tte—SHt=4—was—
added after the ition of ed ongits bef ore t he olddalysesn ¢f
t he TECS. 10 TABLE 3

Cat Si02 |DBM {TEOS SiCl4 TiCi4 Description - Mg T,
Added ConponentfS Aratyses Cat
Code S Dipfigde_Hig) olfg) limmil/gl] Wmmol/giT il\@imdl/g) Premix tine Ivftoet BT |
(wt % ' 24 l19.9 (19) lomgo!l /R) (M /9) ({aiRkicd batREdY p N
27 20 T v > AL e é%'(' e é‘%‘"%
2.94 28 |25 ___l19.49l1g 0.44 0.70 44 1 _|Sio2/SiCl4/DBRITEOSTiCI4 J@ga, 2.56
1.57 2.5116 |19.49 0.448. 4 1 . 0 .
60 1.967 303 Clom ote o Istbiemsiolirebsmais 1y, lase
0. 66 10 2. 06 2. 32 31 18. 2 1 0.44
1 1 1The order of addition of tlhe réactdnts is deicate&n thcla “Blstriphionnase
Testing (SP h a2 16 litre stainless steel reactor
cont ai ni ng -r%xa%oél,'mﬂé’;e’rﬁgl-e? and 15 triethylalumnium (TEA) are

i ntroduced. Hydr ogenfosicdtalysts34cand 25, the silica support was premined dith TheSiCld al yst
is then injected int t : - in the
] ﬁr%gﬁlg'fgftﬁﬁrtﬁé g}dh G abad af&fr?ﬁée h’%cﬁ%é}f of the PeBeIlg}ea?lg

reactor by ethylene feed. . p merisation, t ene
st opped, the reactor‘f"?fefj‘a@§é€§‘8ﬁﬂ°§élﬂ'@§ps-'rhe slurry of copolynmer is

recovered and the powder is separated fromthe solvent. The
pol ymer i satloon conditions and 20 resul re sunmmarised in the foll ow ng
4 tables. Figs. | to 4 are 3- ' es reporting sonme of the
| activity/productivity 12
1 "WO 99/ 05187 Added C nents
1 PCT/ GB98/ 02181 —HgT%M? vet——Fab-e—4—SRi—The nﬁ”’éﬁi&..v S
] associ ated wi t ljcst bale pénémts oEM I egpasd  [sicl4 Ticl4 Premix time  |[Mg (wt%) |Ti iwt%)
{g) immol/g) |immol/gl |immolig) [{mmol/g) |imins)
27 20 1 0.44 2 0.66 60 1.93 2.94
28 19.5 1 0.44 1 1 60 1.57 2.51
129 18.4 1 0.44 0.5 1 60 1.96 3.03
30 18.6 1 0.44 2 0.66 10 2.06 2.32
31 18.2 1 0.44 1 1 10 2 2.85

B. Slurry Phase Testing (SPT)

In a 2.16 litre stainless steel reactor containing hexane, hexene-1 and
15 triethylaluminium (TEA) are introduced. Hydrogen and ethylene are then
introduced. The catalyst is then injected into the reactor. A constant pressure is
kept in the reactor by ethylene feed. After polymerisation, the ethylene feed is
stopped, the reactor degassed and cooled. The slurry of copolymer is recovered
and the powder is separated from the solvent. The polymerisation conditions and
20 results are summarised in the following tables.
Figs. 1 to 4 are 3-D figures reporting some of the activity/productivity

12
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13

7

I . o a
to ‘t he.cat al Y 9%95%% Tenperature ([err] 0O 85 p COCT/GRog/p2181
5 pH2 (barg) 1.2 Cc6 (m) 00 TEA (mol )

Table 1 SPT Catal yst Slurry

Results . code activity productivity M MR density
(g/mrol Ti/b/h) (g/gl/blh) g/cnferr] C1 596 407
%' 4 25 519 83 92 esalts giveﬁ:%é’é‘able 15PT. Th'gvnl\thmbﬁs IvalssgciaNtfc'iVI with thi pbindd c&%ond N'M
439 1. $o thercatalyst godesy 5 801 558 1.2
25.8 926. 5 6 284 100 NM NM N M
959 7T 1.7 26.3 923.5 923
543 2. [Fempeatyre CGpg ¢85 g 393 126 - 0.6
25.5 931.5 |pColBarg) 10535 470 1.1 25.8 924.2
11 1071 563 216 27.7 919.0 13 959
443 -1 [pH2Akarg) o923 412 il 304 276 0.7
24. 7 927.0 |c6 (#D) 704 1200 306 0.6 24.7 925.5
16 770 440 0}j6 25.2 924.5 17 785
339 0. FEAMmmel) g0 g 19 819 391 0.8
25. 2 922.5 22 816 361 0.9 25.4 925.0
23 720 433 1. 4 924.0
13 WO’ 99/ 05187 Tabfé's SPT
PCT/ GB98/ 02181 Tabl e 2 SPT

Catalyst |Slurry Results '

code activity productivity |[MI |MFR |density

(%nmol Ti/b/h) ggzg/b/h) g/em3

Cl 596 407 1.4 259 (9255

C2 44 9 N/M INM  INM

3 183 89 NM INM  [NM

4 778 439 1.8 279 [920.0

5 801 558 1.2 j25.8 1926.5

6 284 100 N/M INM  INM

7 959 471 1.2 {26.3 923.5

8 923 543 2.1 1266 }920.0

9 393 126 0.6 J25.5 |931.5

10 1052 470 1.1 §25.8 [924.2

11 1071 563 26 |[27.7 919.0

13 959 443 1.1 257 923.5

Cl4 394 276 0.7 {247 [927.0

15 704 306 0.6 |24.7 925.5

16 770 440 0.6 252 [924.5

17 785 339 0.9 1250 [924.0

19 819 391 0.8 (252 19225

22 816 361 0.9 254 [925.0

23 720 433 1.2 (248 [924.0
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Cat al'yst S| UWOW9RSISa! t S code ~ activity product i VPéMGHbsmle:R

density. (g/ ol Ti/b/h) (g/glblh) g/cnferr]
849 461 1.4 28.1 921.0 25 856
457 1.6 28.3 920.5 26 904 449 1.1
25.1° 926.2 5 . Table 3 SPT
Catal yst Slurry Results code activity productivity M MR
density (g/ Mol Ti/b/h) (g9/glblh) - %gr’r{ err] 27
707 430 1.13 26. 7TaBfe2 BPT
1 412 0.84 26.9 924.0 29 919 581 1.34
{27.0 922.0 36 —858— 416 1 04 25.6 924.0
31 881 Catalyst |SlurrpResults 1.83 27 9 922 0 N/ l\/_lt ;en?test 10
measur ed ACL1 Vi [ y..and produgfi vty th |ng '
| g/ mol Ti/bl/h e6 i gﬁ%“}?& yner (¢iPeHotay )/et hyl ene
pressure - bar)/[('g&lirﬂ'xfbAhbWbﬁh@ g g/ b/ he/em8ei ght pol ymer
(g)/catalyst wgjght %qged to reaQé)lr (g)/qillyl 9§ pr S re (bar)/tine
(mnutes) x 6 —=—fret—Rfe—M-2—%6 [ (nmeasured
according to AZ¥M D §2§8) 15  MH37 nel t fllﬁw 2813 0) 92@5at of of ht he Ih| gh
| oad nelt indga(HL 6) toth | t ingxl(g 6)] of the polynmer
The density is llcaaﬁgéé accotch ..34‘{% ASHWF - %Z’L tirred Gas Phase
Testing The stirred gas phase (SGP) autocl ave copol yneri sation

tests were g0 performed using a 2. 51pgyjosSpye. A seed bed was added to
the reactor prior to conposition gﬁ"ﬁ're—ga‘s phase and heating to
reaction t enperature Eal | owi ng

14 WD 99/ Orﬁih&Tyst S]urry Results . o
PCT/ GB98/ 02181 ectronjol " The tararypl —tiegasphase conposition
was roni t or ed BQd?ras?c“V't spectﬁgfé‘fj vyt Mlc o mgdensifiti hydr ogen bei ng
added to nmi ntjai n_cojfginandl Ti/b/hCHef@bmnd H2/ C2| rat i §Fem3 The
pol ymer i sat i onl,gondi |gns and Teglfs-are |5y Lot T fol | owi ng

28 773 412 0.84 [26.9 1]924.0

29 919 581 1.34 |27.0 1922.0

30 858 416 1.04 |25.6 1924.0

31 881 535 1.83 [27.9 (922.0

N/M = not measured
Activity and productivity are the average during the test

10 g/mmol Ti/b/h = weight polymer (g)/Ti added to reactor(mmol)/ethylene pressure
(bar)/time (minutes) x 60
g/g/b/h = weight polymer (g)/catalyst weight added to reactor (g)/ethylene pressure
(bar)/time (minutes) x 60
MI = melt index (MI2.16) of the polymer (measured according to ASTM-D-1238)

15 MFR (melt flow ratio) = ratio of the high load melt index (HLMI21.6) to the melt
index (MI2.16) of the polymer

The density is measured according to ASTM/D2839

C. Stirred Gas Phase Testing
The stirred gas phase (SGP) autoclave copolymerisation tests were

20  performed using a 2.51 autoclave. A seed bed was added to the reactor prior to
composition of the gas phase and heating to reaction temperature. Foliowing

14
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5  Tabl es. WO9/0S187  {ppE = high density pol yet hyl ene PCT/GBP§/§3181 —

. linear |ow density polyethyl ene HDPE LLDPE
Temperature (C) 90 85 pC2 (barg) . 4 4 pH2
(barg) 1.1 Conononer 1- hexene 1- hexene
C6 (barg) 0. 04 0.4 --0.6 TEA (ol ) 0.5 0.5
10 injection of the catalyst the %h@pﬂasSGB{nHDBEon was nioaitatedty mass
Stirred Gas PhaSe Result ode dh %“In oduct [ VI ty
M NFR  densPReptrometry with comoriorer an ye@sm?m&@ﬂ 9 %Taﬁjm%s
HDPE 163 C6/C2 and H2/C2 flatios. 27.0 953.4 HDPE
368 1 4
199 1.2 %e folyé\?)e?sguon cond%ﬁofs1 anN'%HgEare sgﬁxmansed ﬁ[%ﬁgfollo%gn%s
0.7 25. 15 9TFables. 18 HDPE 103 51
N M 959.0 21 = 59 N M N/ M
951. 0 15 HDPE H%Ex dexi'sﬁ? pol).fethylene 15 VO
99/ 05187 LLDPE = linear low density polyethylene PCT/ GB98/ 02181

, Table 2 SGP/LLDPE Cat al yst Stirred Gas Phase Results

_i code PE activity HDPE promtﬁ)h\él Ty|M MFR density

Temperature (°C) |90 85

E ' pC2 (barg) 4 4

; pH2 (barg) 2 1.1

Comonomer 1-hexene  |1-hexene

C6 (barg) 0.04 0.4-0.6

TEA (mmol) 0.5 0.5

10 Table 1 SGP/HDPE

Catalyst Stirred Gas Phase Results

code PE activity productivity [MI MFR |[density
(g/mmol Ti/b/h) |(g/g/b/h)

Cl HDPE |163 111 3.2 27.0 |953.4

10 HDPE |368 164 0.7 284 |INM

12 HDPE |294 199 1.2 28.1 (952.0

Cl4 HDPE |47 33 0.7 25.1 [951.0

18 HDPE 103 51 N/M |N/M [959.0

21 HDPE {130 59 N/M [NM |951.0

15

15
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(g/ mvol Ti / bWE)99(gA8y/ b/ h) ClL =~ LLDPE 418 PCTRAH08/02181

0.3 30.9 929.0 10 LLDPE 994 444 0.3
28.8 929.0 12 - LLDPE 696 471 0.3 28. 6
930.0 Cl4 LLDPE 159 112 0.2 25.0 N M
16 LLDPE 406 232 0.3 25.8 933.0 ZEDPE
LLDPE 479 296 §§§ %ﬁﬁ 925.0 22 L
435 193 , N/MTab G D%E 23 LLDPE 563
339 0.3 24. 4 - 931.0 - Table 3
SGP/ LLDPE llyst Stgifef &ifh EhRagufdesul ts code
activity Lcapglé% U'Ctivitytgﬁl.? (tlivrr\ 2 CIID1L§ - i“’lﬂ'TD|
Ti/b/h) (g/g/lerdy [PE 29 ~lactivity 701 [productivity [Mi34 [MFR |demgity | 33.2
925.0 31 895 ] g/gbm) (0.4 |30.1} 928.0
N M = not neasfred ACTT UCT T VI ty [are tie—avgrage—dur i ng
the test - i) ELDPE, M186i ght pol (q) 7 TiP-3addd30-8¢g 1929.0
react or (nmol ) /jgbhy! enguppgEssioog 10 (bar %444 me (mijput es)2§‘86IC929.0 g/ g/ b/ h
= wei ght pol T 7 LySE wWer ght—addgt to Teagtor (g etifyreme—jpr essure
(bar)/gti rrg ()r/n" (gf LiDPE 696\ = pelt 4Hdex (M19:316) é$-5_tré3(b@| yiner
(neasured accogiiang tjpLAPEV [258238) MR (el tlofl ow|pabi _CN/ijaﬁ:cOt ﬁf
t he high | oad T 11 NI ZT-6) (0 e §nadgx_ (M2 160 e
polymer . ThiCdens FDRE 08, od accol282y 1o AGAM DJARE  [933.0
16 WO 99205187 {LLDPE 479 296 0.3 26.9 1925.0
PCT/ G898/ 02181, |LLDPE 435 193 INM_[NM [NM

23 ILLDPE [563 339 0.3 244 (931.0

Table 3 SGP/LLDPE
5
Catalyst Stirred Gas Phase Results
code |activity productivity MI  |MFR |density
(g/mmol Ti/b/h) [(g/g/b/h)
29 701 434 0.4 33.2 ]925.0
31 895 533 0.4 30.1 928.0

N/M = not measured

Activity and productivity are the average during the test

g/mmol Ti/b/h = weight polymer (g)/Ti added to reactor(mmol)/ethylene pressure
10 (bar)/time (minutes) x 60

8/8/b/h = weight polymer (g)/catalyst weight added to reactor (g)/ethylene pressure

(bar)/time (minutes) x 60

MI = melt index (MI2.16) of the polymer (measured according to ASTM-D-1238)

MER (melt flow ratio) = ratio of the high load melt index (HLMI21.6) to the melt
15 index (MI2.16) of the polymer

The density is measured according to ASTM/D2839.

16



C ai s WO 99/0518%t al yst conposition for the (co-)pol yneri s&CT4FBS{02181

et hyl ene, optionally with an al pha olefin of 3 to 10 carbon atons,
conprises a catalyst precursor and an . organoal um ni um cocat al yst,
wherein the catal yst precursor consists of: i) a silica carrier
material, having fromO0.3 to 1.2 mmol es of OH groups per 5 gr am of
silica, 1) a dial kyl mgnesi um conpound of the fornula RMyR err] ,
where R and R err] are the sane or different CJerr]-Cerr] alkyl
groups, in an anmount conprised between 0.5 to 1.5 mol es of

~di al kyl magnesi um per gram of sili ca, iii1) a tetraal kyl orthosilicate,
-in which the al kyl group contains from2 to 6 carbon 10 atons, in an
anount conprised between 0.2 to 0.8 nmol es of tetraal kyl -
orthosilicate per gramof silica, iv) a chlorinated compound (X)
having the fornula Rlerr]SiC[err] , wherein each Ris t he sane
or different and is hydrogen or an alkyl group and n is an integer

fromO to 3, in an anmount conprised between 0.2 to 4 Mol es of X per gram
15 of silica, and v) a titanium conmpound in an anount conpri sed
between 0.3 to 1.5 mml es per gram of silica. 2. Cat al yst
conposition according to claiml wherein the silica carrier materi al

has from 0.3 tQladmg nmol es of OH groups per gramof silica. 20 3.

G al kyt magnes: tim coaREETaaiod B hetea RRvREAREERS efiuRomentitzefym | "
di but yI magnesiwith analpha plefinef 3t thdi0xarbon atomscomprisesia gtplyst precurser andan
according to %r%&%aﬁxdﬁﬂﬁfn%&ca&ﬂfst%ﬁér&%‘tﬂ@gﬁ ' ursor(ﬁ:?uﬁ?@%d s

di but yl magnesi u al yst g_orrp05| I gn accardi 8Ht o any of the

5.
precedi ng cl aihs q\égqaegqqﬁpmat%?ial, having from 0.3 to 1.2 mmoles of OH groups per

FCTI GBosl 09181, Pmofsiics, kvl orthasid i hoxysi |

. . t et.raa onthasilicate.is tetra oxysi |l ane,
t et r aet hoxysi |14ne? dialkylmagngsipmy co (')‘BSQ?@H HB‘,?‘afRéY‘f%%pr Wbﬁ‘gﬁi Pﬁ“gﬁe?’e
t et r abut oxysi | anethesameior diffezent tT36C g alkyl groups,Gn an amGanhtadonsyirised bptweich 00
according to clai ' : rthosilicate is

"t et raet hoxysi I_gne{.B Pg\mﬁ{}ﬁk Bf?'ggt(yai ?sgm(l;@%g |af"|)8tr.1£{'!é:abqr ding to any of the

precedi ng cl aiifit Htesvaalioyl exthosilicate, inowhigh dhe lleyliarown eenseinsfrpmy2 tos6 carbon.

- di met hyl al e ni ungXBh@| inde aniduniBéMPHAIILEWEH0.2 to 0.8 minolds TF Betiaaligt uni ni um
triethylalum ni u%gor [Tl i(t ur es thgr. of . 8. Cat al yst conposition
according to cl ai Siratepet &R o5 hoal uni ni um

_ iv) a chlorinated compound (X) having the formula R,SiCl,., , wherein each R is
the same or different and is hydrogen or an alkyl group and n is an integer
from O to 3, in an amount comprised between 0.2 to 4 mmoles of X per gram

15 of silica, and '

v) atitanium compound in an amount comprised between 0.3 to 1.5 mmoles per
gram of silica.

2. Catalyst composition according to claim 1 wherein the silica carrier material
has from 0.3 to 0.7 mmoles of OH groups per gram of silica.
20 3. Catalyst composition according to any of the preceding claims wherein the

- dialkylmagnesium compound is butylethylmagnesium, butyloctylmagnesium,
dibutylmagnesium, or mixtures thereof,

4. Catalyst composition according to claim 3 wherein the dialkylmagnesium
compound is dibutylmagnesium.
25 5. . Catalyst composition according to any of the preceding claims wherein the
17
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cocat'al yst i1WOS08A8AY| al um nium 10 9. Cat al yst conposi ti opcECBes/ei180
to any of the preceding clains wherein the titani um conpound is a
tetraval ent titani umconpound or any m xtures thereof. 10. Cat al yst
conposi tion according to clai m 9 wherein the titani um conpound S
titaniumtetrachl ori de. . Catal yst conmposition according to any

of the precedi ound has the
1 fornul apR[ err] @G&P@ H’?h%rée?ﬁétgﬁn&%ﬁﬂ@gh%ﬁﬁ&}a g%xys rane, or(fj?fferent and
i s hydrogen or tefraijoprefoxghilane] tetipprppoxysilage, etrabutoxysdane; ot mipsures thenedf. t 0 3.
12, Catal yst 6compestdpRompegf a&omngk@bﬁf,ﬁ% wﬂ&aﬂ'mﬁ%&t fiyl o nat ed

compound (X) is ct ed lLcon tetrachloride chl orosi | ane
and m xt @ gs1 e EGF““! xysr_[@e Cat al yst ‘conposition according to

{1 claim 12 wherefn t h€a€&j'st)li:bm9b§idon accordifi Q@Qh‘ﬁdf th¥€)prededitigl dI&iRR wherein the
] tetrachl oride.

repar aj i on 0 tal yst '
precursor whi Cﬁf@gﬂ%pmgu&qqgata@st 1s ng%tb injumc °"@E)t"m$@§at‘mﬁé“'& silica
d carrier ma]'E eri alixsobm;dglngmilummr&tm/]alonﬂmﬁnnuﬂneaumﬁ tl@rbé?S groups
er gram of sikica,
1? or ngI a RWR[ erbr] \f\# Jlikt gog’hgélg% gwﬁ%gggo% %'chﬂ'? Ptégagﬂ?lumxmum
Cerr]-Cerr] &P‘F@}#‘)’St1Stﬂ°thylalumlmlgnoups in an anount conprised between 0.5
] to 1.5 mohes of Catalyst compo§itigh K&’éo%ﬂg?é H#”bpﬁxre ég&%ﬁhx cliﬁ}nl 'vfh%reiﬁ or der

to forma S|I|c.as ported omagnesi um

(2) reacting ?&F‘H‘%PW“PE‘&“%E%SV?‘@&F’\SFWW@P tmpmmmneammqfh a
tetraal kyl orthOsil iCagdtyst cbﬂpbﬁtn@dﬂa&dﬁd:ﬁgkdblaﬁﬁ QUPh&TEIR R ﬂﬁnfdn?@%rgp&ﬁldG
car bon atons, gﬁ““‘?‘?ﬁa conpri sed between 0.2 to 0.8 mmol es of

tetraal kyl ort | ?}g ‘gqﬂ')am of silica, (3) contacting the

{ product from stlép ( Latalyst Gompositiomacovrdiogpo amylof thegrecting claims whereiiiihgnt

(igmf” ' SS\% gg; ‘S’E?Bnﬂatéd Eemﬁoéncf’(ﬂ 175 tﬁ@f’orﬂﬁxi’ark@ciCﬁL l, ui)%rein each R is the same

PCT/ GB98/ 021810TF different and, i hydpegep or 2 Cofizalled gseumandwy isandntegerfrom dctoidn
that it furthen2comuatspns cbﬁiﬁosmon a@i@dlhg%‘@iaxrﬁtl?w%exﬁ%&% dﬂ@eoe' ther the

duct f t 1 t tly th
Ci i oa suppor R GR) inseledaa Alisom tPrasploniles Mgyl ichiorosiean 4nd @

Rl err] Si d [ er r mixtutesithéraofach R is the same or different and |s hydrogen or
an 5 al kyy ggpup @B&r#obémﬁﬂyh& Q%Fdlﬁg?&@rﬁQF%vlgrem%ec %rma edlgorrprl sed

between 0.2 to rocess
according to CF%EPPH’W Mrsallwoanetmbmdeadd. tion of the chlorinated

conpound (X) i $4per PescERgfortheprephi@fion oFa chtafyst gl{ &fsof g@lcﬁ%glﬂ%)h?& ML the

tetraal kyl s orthosilicate and before the~addition t he ani um
conpound. 10 185 oL process for the (co-)pol ynerisation of ethylene,

optional ly wit{l)an eeapting a silica chrejer maoefnaﬁ HaQing@rohdr 29 noal QMmdlegasiier i sed
in that a gatalyst geaRcdePgeahPoficaClvith a dxal?cyﬁtxagnesnur%%o%n%ohgd of t?lg
formula RMgR', where R and R are the same or different Cy-C)2 alkyl
groups, in an amount comprised between 0.5 to 1.5 mmoles of
dialkylmagnesium per gram of silica, in order to form a silica supported
organomagnesium composition,
30 (2) reacting said silica supported organomagnesium composition with a
tetraalkyl orthosilicate, in which the alkyl group contains from 2 to 6
carbon atoms, in an amount comprised between 0.2 to 0.8 mmoles of
tetraalkyl orthosilicate per gram of silica,
(3)  contacting the product from step (2) with a titanium compound in an
35 - amount comprised between 0.3 to 1.5 mmoles per gram of silica,

18
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said preparation process being characterised in that it further comprises the
additional step of contacting either the product from step (1), or the product from
step (2), or directly the silica support with a chlorinated compound (X) having the
formula R,SiCls., , wherein each R is the same or different and is hydrogen or an
alkyl group and n is an integer from 0 to 3, in an amount comprised between 0.2 to
4 mmoles of X per gram of silica.

15.  Process according to claim 14 wherein the total addition of the chiorinated
compound (X) is performed after step (2), i.e. after the addition of the tetraalkyl
orthosilicate and before the addition of the titanium compound.

16.  Process for the (co-)polymerisation of ethylene, optionally with an alpha
olefin of 3 to 10 carbon atoms, characterised in that a catalyst according to any of
claims 1 to 13 is used.
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