\_.
» :
CATALYST AND PREPOLYMER USED FOR POLYMERI ZI NG CLEFI NS, AND
(CO ) POLYMER OF ETHYLENE OBTAI NABLE THEREFROM The present
i nvention relates to a solid catal yst based on a - supported zirconi um
nmet al | ocene and to pol ynerization or ‘copol ynmeri.zation of olef|
especi al |y of ethylene, using'the catal yst. .5 g4ﬂﬂ§%ﬂ3ﬂﬁbt
it is possible to manufacture polyolefins in - the presence of a
catal yst system conprising a catal yst based on a zi rconi um net al | ocene
and a cocatal yst consisting of an or ganoal um ni um conpound, especially
an al um noxane. However, this catal yst is preferably enployed in
solution in an aromatic 10 hydrocarbon; it is not suited to heterogeneous
processes of pol yneri zation in suspension in aliphatic hydrocarbons or
I n gaseous phase. Accordi ng to European Patent Application
EP. A. O 318 048, it is known to manufacture polyolefins with the aid of
a catalyst system 15 conprising a solid catalyst based on TiCl[err] or
VOCl[ err] and supported on a spherical carrier consisting of an adduct
of a magnesi um chl ori de with an al cohol. The solid catalyst is used
for polynerizing olefins with a cocatal yst consisting of zirconium
net al | ocene. According to European Patent Application EP. A O 206
794, it is '
CATALYST AND PREPOLYMER USED FOR POLYMERIZING OLEFINS, AND

(CO—)POLYMER OF ETHYLENE OBTAINABLE THEREFROM.

The present invention relates to a solid catalyst based on a
supported zirconium metallocene and to polymerization or
copolymerization of olefins, especially of ethylene, using the
catalyst. ' )

5 It is known that it is possible to manufacture polyolefins in
the presence of a catalyst system comprising a catalyst based on a
zirconium metellecene and a cocatalyst consisting of an
organoaluminium compound, especially an aluminoxane. However, this
catalyet is'preferably employed in solution in an aromatic

10 hydrocarbon; it is not suited to heterogeneous processes of
polymerizatioﬁ in suspension in aliphatic hydrocarbons or in gaseous
phase.

According to European Patent Application EP.A.0 318 048, it is
known to manufacture polyolefins with the aid of a catalyst system

15 comprising a solid catalyst based on TiCl, or VOClz and supported on
a epherical carrier consisting of an adduct of a magneeium chloride
with an alcohol. The_solid catalyst is used for polymerizing
olefins with a cocatalyst consisting of zirconium metallocene.

According to European Patent Application EP.A.0 206 794, it is

20 known to prepare an olefin catalyst comprising the reaction product
of a metallocene and an aluninoxane formed in the presence of a
silica suppoftl The metallocene is selected from titanium, .
zirconium, hafnium and vandedium metallocenes and mixtures thereof.

For a number of years attempte have been made to develop a

25 high-activity solid'catalyet comprising a zirconium metallocene for
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20 known to prepare an olefin catalyst conprising the reaction product

of a netall ocene and an al umnoxane fornmed in the presence of a

silica support. The netallocene is selected fromtitanium zi rconi um
haf ni um and vandadi um net al | ocenes and m xtures thereof. For a
nunber of years attenpts have been nade t0 develop a 25 high-activity solid
catal yst conprising a zirconiumnetallocene for

2 a heterogeneous process of the (co)polymerization of olefins,
especially ethylene. In particular, a solid catalyst which has a

relatively hi gh%‘??"@é%%ﬁ%r&féﬁ?sﬁﬁ Hee hcpedrnerizationephiodefilife

Ee?n made, furtBspevaatly te%ﬁmﬁeLomnapsﬂhahy& sustdled dftal P€x Yhich has a

et erogeneous proge: yer zatign f3.NS | sus nsi gn in
o ol L phari o by GPCEAP R boeh HEERA kbt e Fasie Rt N RRAES nave |
IS inmportant tobben mblle, fortivnmpod, tthedesielep a hetqiastlsnllee@ltpethe
distribution andeidios BRIRAOHARLsPLs LeCodi3hat sk NP fleBindlsnl Bspensioda™®:

time. It has al so e |rrpor ant that any new so
catal yst shoul d ineam Bl tphag gy hydseeardor Ry dp BASRO% Phass PHRASSAES tiRewhich

pol yneri zati on, &sge%ﬁéﬂaénﬁ% b8 dv18! tSlcaseralfl tike @age ,phasepamcle size
pol ymeri zati on. have, found that the grow h, stres {lconl um

met al | ocene cat &F?/"s"tl?“ﬁ’r‘ﬁ‘ gohdhg| PFPRALTET PR ATEr AR 3}3“ partﬁjﬁg

cat al yst based saxheeltymen 12 hast alsolheen st@maciolbe Civportahe ffat why ahwl solliass

active in Oi&f : @B€ geél{o ablé tto ﬁi @s%gndj%ﬁé %?L@h str%srstegaaul.liﬁgl &%‘ id

cat al yst be capa pro UCI *hg an et Tehe an et ene
copol yner with aﬁlmﬁﬁtysntﬁﬂ#hﬂlé tféﬂ/éﬁh’g‘él Stasen?ﬁ @ceffPhaes ght and a

broad nol ecul ar wmtm&hi%h“@lhw&foaﬁu 3hat Ghe groweﬂaéﬂresééu wipe!l ymer or
copolynmer to be sh R ed u5|n?{|nject|on 20 noul gyor extrusion.

I't has now beenZfEATGUR Hagtaftoqeae jatelrits 6P |§Féil%ﬁl Juch) grpater thag o yst
wi th high acti vithysd mfthe:a@:ab;)qtobym s@bdliyoon Gf t DlaafiidSor vanadia@ndtdbhideg a

zi rconi um mf# al | Rg%n ik Pess @greyiﬂ r(‘)la l ail pe L.Xatlggh s qﬁgntc{es r rfl.d at

| east one halidé o atran5| on etoal n from taniaman
vanadi um suppor tbet mheasslpéccmalmfgrtssvmbéhl@r Pteducing anl ﬁtlmilem'% APlamer

this catalyst i%rishteh!ﬁ,(iéwwgoﬁmeww% Py Clit ro11ab1¥MiveRagd € Sui ted
to the heterogeneous polynerization of olefins In
molecular weight and a broad molecular weight distribution, so as to

enable this polymer or copolymer to be shaped using injection,
20 moulding or extrusion.

It has:now been found that it is possible to prepare a solid
catalyst with high activity in the féo)polymerization of olefins,
containing a zirconium metallocene, preferably in a relatively high
quantity and at least one halide of a tramnsition metal chosen from

25 titanium and vanadium supported on a special magnesium chloride.
In particular, this catalyst is in the form of spheroidal particles
which are suited to the heterogeneous polymerization of olefins in
suspension or in gaéeoﬁs phase and which are capable of withstanding
the enormous growth stresses during a polymerization. This catalyst
30 may be used as such in a polymerization or,.preferably, in the form
of an éctive ﬁrepolymer, producing (co-)polymers of ethylene.

The present ihvention relates therefore to a solid catalyst
sﬁitable for a heterogeneous process for polymerizing one or more
olefins, iﬁ particular ethylene, the solid catalyst consisting of

35 spheroidal particles having a mass-average_diameter, Dm, of 10 to
\
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g
sispensi on or in gaseous phase and which are capabl e of withstanding
the enornous grow h stresses during a polynerization. This catalyst 30 may

be used as such in a polynerization or, preferably, in the form of an
active prepol yner, producing (co-)polyners _of ethylene. The

present invention relates therefore to a sdlid catal yst suitable for a
het er ogeneous process for polynerizing one or nore olefins, in '

particul ar ethylene, the solid catal yst consisting of 35 spher oi dal
particles having a nmass-average dianmeter, Dn of 10 to
3 100 m dPBriichers And o3 mewrPraPeriicdessize distirdpwioposuchuthat the t he

ratio of Dmto thet{yFeehn 2¥CtRdfuihed Bl &age Miamefed, N80 PUEt Lhd @art fo1es 1410t
hi gher than 3, this c,ahal yst conmpr i si ng: - .a support containing from
90 to 99.9 nol % 8P g 8§it:§‘ﬁ1‘53_' his cafiplyst Fompsisiigirom 0.1 to 10 nol % of
at | east one organi ca support comtladaingredeOr te MIPOURAE &F magmesilseom | abi | e
hydr ogen, - ag | C r r apl ' '
.&ch?@ﬁd‘é%x&%%g%% Q’o?g'?" 16 &Iﬁ 8 a>aét Y\%an Y %ESE%% de of

ratio of Zr/ rangi ng from 0. east one
a transition metal (SReFtedrodercr comrorgd, 0.t Areudrom Lahikalibydrogenef er abl y

with an atom c rati Gs @firddditdy metal16c2n8| rekEAUP1Y- WPiknt 8n IRGmiaNd T
optional.ly an organoal um ni um conpound, preferah wth an atom c
ratio of Al/M rangi f§tt? &h 6”?}@ sanging from 0.,QQ) \é‘f %Re support, the
zirconi um net al | ecenat Léssthahé dalpde P a ttir@nsitdpainidtad ¢mM)aéhdséd) £ mmd
optionally t or, | um ni_um co , nsiitutin he go nts of
the catal yst ?@mﬁﬁ%@g}ﬁ or va%%‘%ripuﬁéx%rﬁr}g?%qga%%gld aém' tﬁ%(%%%atgri]%ﬁcﬁferg.?w

The solid catal ysenging SromPt Pk HoatOymgndsi um chl ori de support

containing a rel ativelptibs199 sH13RLadda10hind0n WBBES,ChREAPIFRROE 220
conpound D. The sugg,ortagcorrprl ses magnesi um chl ori de and conpound D I n

rel ative mol ar péf Ble Of 41/8k, reing 38°8 GdProf preferably from 95
to 99.5 nol % of magnesiyust dhe hdwpode, and Firoon imlméinllOcénrl,Yehe halide of
preferably fliQm th to_5.nol %ggalt he, sfquort ,

) ) rapsition m Eﬂ{)cgn OquonD'll the organo 1
which i s baséd essentia fy on magnesi‘um SPEET T Or T de y At onal | y.
contain a chl ori cempmdai ¢unsgititing rihencomponenfes iof athiev eataiysh, amyahaws ni um
trichloride, as c‘Aﬁﬁiex@ﬁ pptrlegg't.aédl ¥ith one another.
The solid catalyst has a particular magnesium chloride support
containing a relatively large quantity of an organic electron-donor
20 compound D. The support comprises magnesium chloride and compound D
in relative molar percentages of from 90 to 99.9 mol% preferably
from 95 to 99.5 mol% of magnesium dichloride and from 0.1 to 10 mol%
preferably from 0.5 to 5 mol% of the compound D.
The support, which is based essentially on magnesium
25 dichloride, may additionally contain a chlorine containing aluminium
derivative, such as aluminium trichloride, as well as optionally a
magnesium chloride containing some Mg-C bonds. The quantity of
chlorine containing aluminium derivative may be lower than or equal
to 30 molZ, preferably 20 molZ or less relative to the magnesium
30 dichloride such as 1 -to 20 molZ. The quantity of Mg-C bond may be
lower than or equal to 10 mol%, preferably 1 mol% or 0.1 mol% or
less relative to the magnesium. BEspecially, the support contains
substantially no Mg-C .bond.
The organic- electron-donor compound, D, is generally known as a

35 Lewis base and must be free from labile hydrogen. It cannot, for

- : :
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megnesi um chl ori de contai ni ng some My-C bonds. The quantity of
chlorine containing alum niumderivative my be | ower than or equal to

30 nol % preferably 20 nol % or less relative to the -magnesi um 30
dichloride such as 1 to 20 nol % The quantity of M-C bond nay be

| ower than or equal to 10 nol % preferablyl’l nmol % or 0.1 nol % or | ess
relative to the magnesium Especially, the support contains
substantially no My-C bond. The organi ¢ el ectron-donor conpound,

D, is generally known as a 35 Lew s base and nust be free fromlabile
hydr ogen. It canrf®ampleyr be chosen from water, alcohols or phenols. It has an 4

exanpl e, be chosemii?mwaé&@aeﬁmgm 2mO0d 1 REPRIeS - 1¢ lisNadvadPageous BPichbldn
to conpl ex magnesi um hloride. It is advant afeousl y chosen from

ethers, thioether'FoPeIErs, toipsfigrgs estefsyn SRirfwaes s sulphpxiges, secopdgex
tertiary amnes, dmdtés aryrplarspinines, aaet pdryspiaphihdie and 5hosﬁ{c&@htm donor
conpounds of Iow X C n ycl ¢ et hers,
are preferreg. HR0RIS L}ﬂ% X@l;‘%&%logc?%% ir?%rig%(?ower %g‘:% % Folic'St’
advant ageousl y n°ﬂd¢m1ripbmhee15hmgméeasqw thr oughout t he support

particle, formng a pe b%memuermw chﬂﬁbdﬁﬁ @gaesam@ag@bhw de and
conpound D. 10 Conse uent a support of this cannot generall be

pr epar ed AEPH HGEABERRAHGHR aaswrﬁagwesﬁhan?‘mpeﬁ? FarhEelsar formips a
into cont act numb@eztebes Capositd o). of-hgridaiin [AHaRDSY ide drsl eaqmmmied

that the ;3UPRALL enkl par&%@%ét %rfe%& t3hd Oc.’%ﬁ%t gt%%??reﬁw”% h' 0“ de

I n the presence ) st cons of
spher oi dal parti (ﬂeéslmlthchrm“feg e@nhydrousmnaﬁimﬁﬁshlgghé# |Pea1:1<slhapmtoe g.

in which the rat 'chDA& Qfitd RGe compo@l?cf tD' CESS thés Geoséh 10 ds rDcS’iMnﬁjechhgg
the major and the mnor axes gartlcl es respecti vel The ratio

D'd is general | y f§uifpport by ﬁ‘é‘?f’aGFd e‘ﬁ'u&F it?lia'S“np?fef“é?%Tﬁi;‘/"“l‘Y’z?héPr ifdegin,
| ess, such as 1 tuhe2fresebcd,ofOthel cofipdund, DOr 1 to 1. 3. The

catal yst parti.cl es h e @ paverage f. 10 .to mcrons
preferably 1§5to 70 %cf espe% ?°ns§%t %Lfg%%egolﬁl parmclesl'wmcjmq’a

narrow particle squzJetmtstaH)b@thcaélﬂtw?haﬁt gt hin whi¢lp the ratDmlUtti of tthhe

nass- average di arglreie1ddMis t&oLQG\;onWﬁ?fénéW@'%@% %Re nH18FBIRN thdhinds 2205
hi gher than 3, preferably not higher than
of the particles respectively. The ratio D/d is generally lower

than or equal to 1.5, preferably 1.4 or 1.3 or less, such as 1 to
20 1.5, or 1 to 1.4, or 1 to 1.3.
The catalyét particles have a mass-average diameter of 10 to
100 microns, preferably 15 to 70 and especially 20 to 50 microns.
They have a narrow particle size distribution, such that the ratio
Dm/Dn of the mass-average diameter, Dm, to the number-average
25 diameter, Dn, is not higher than 3, preferably not higher than 2.5
| and especially not higher than 2, such as 1 to 3, or 1 to 2.5, or 1
to 2, and especially 1 to 1.8. Preferably there is a virtually
total absence of particles of diameter greater than 1.5 x Dm or
smaller than 0.6 x Dm; the particle size distribution is usually
30 such that more than 90% by weight of the particles of the same
single batch have a particle size in the range Dm % 10%.
The solid catalyst also contains a zirconium metallocene. 1In
particular, the zirconium metallocene is a metallocene containing a
tetravalent zirconium with at least one Zr-C bond which is a

35 covalent or a pi-bonded one. It is also called zirconocene, and
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anid especially not higher than 2, such as 1 to 3, or 1 to 2.5 or 1 to
2, and especially 1 to 1.8. Preferably there is a virtually t ot al
absence of particles of dianeter greater than 1.5 x Dm or smal | er than
0.6 x Dt the particle size distribution is usually 30 such that nore
than 90% by weight of the particles of the sane singl e batch have a
particle size in the range Dm[err] 10% The solid catal yst al so
contains a zirconiumnetallocene. In particular, the zirconium

netal |l ocene is a netall ocene containing a tetraval ent _zirconiumwth
at | east one Zr- @rbtenhbihicdrrespepd8sto the depatralofomylia- bonded. one. It is
al so called zirconocene, and R4RSRSR7zZr , 5
preferably corresponds toathe eneral formula .
RAIRSROR7Z! i W HCR [HPREEATD ST HOR A SPYRARGIRAL PR curlastkadieny]

c%/cl oal kadi enyl ragicd’ladhﬁs’ﬁltﬁtﬁﬁﬁb'ytéﬁ &dafty oRé dl&ﬁf&a@@a]ﬁlekyl lorfa!;limls e.g.
of 1to 6 5 car ons S as th 0 t | east one
al koxy Padi &8 g%p ﬁttmﬁ ST %™ %’S’BO?\: a?t%’ﬁé %c‘?‘?’ §E %ﬁﬁ LRI xy

pr opoxy - or hedical, eog. apffug@d6rcaxgox;)qtlomaldvawmylhtlg:mupetmogy, QirOioztyO
14 carbon atmpyGh &S al ARRY! r iz EFL, QEN&H&WP%QXL gd &a9hu5 4
or R7 being identical or different denotes a ?ka | eny ? gal

a 10 cycl oal kadic@rben @&epT #uch AFs fdenyl ey t}?taﬁhyldé&’sﬂdeehb &Myﬁacbr
radical e.g. of h7tseﬁ1gcmmﬂcat @%dﬁf@heﬁsda@sﬁula @t:my&:,kammxyadmal, a

et hoxy, pro or X ar adi.ca . Q... an_aronptic

hydro%:/ar Byl pgﬁguﬁygg ?‘agiwg bt dy%a{ “’Edbté‘?ﬁ%nbsy at (a)lﬁggg.°é‘.e pHEypr atkoxy 5,
al kyl radical e.gadbddalletm. @fchripoh rdos atond sushnat hgthydr, dthyl, ebdiploxy a
cycloal kyl radi Cae'th@xyg, p9<‘§po'§:yt9r %uE%E;bOQnaéﬁimra%‘iﬁbl @Sg. an afH@c@BEXYl, an

aral kyl radi cal g 19 carbon atons such aromatic
hydr ocar byl al kylhy rﬁ’arbéhﬁfPuP £ueh| yene oft Bt 1§. carhpreg jatems e.g. grhenyl,
br om ne, an al koxy angilCahdiRal. e @f. df 110td X carkdN atérdBuSHIGB mfthyl or

when RS’ apr 5enBRE R FBoRLkrs 9t Falar o o6 oo BeFPE PR ek as |
cycl oal kadi enyl regdiclexydy an husidglrraijeal cl.galdfadi enyp @gnbap,atla[nersqch as
and RS may be bOQQg,qagﬁ ﬁwcgi‘mr a?i}lhgrg.dibgﬁf}lll,yaq{alxlé@n %tlu{?"!e% chlorine
or bromine, an alkoxy radical e.g. of 1 to 12 carbon atoms such as
methoxy, ethoxy, propoxy or butoxy, or a hydrogen atom, provided
20 that when R° represents a cycloalkadienyl radicél or a substituted
cycloalkadienyl radical or a fused ring cycloalkadienyl group, R4
and R may be bonded to each other either directly or via a lower
alkylene group e.g. of 1 to 4 carbon atoms such as ethylene. The
cycloalkadienyl radical is preferably one with a conjugated C5 ring
25 diene group, such as a cyclopentadienyl. Examples of suitable
radicals for R4, Rs, RS or R7'may contain 5 to 22 e.g. 6 to 22
carbon atoms and preferably are methylcyclopentadienyl,
ethylcyclopentadiehyl, dimethylcyclopentadienyl, indenyl,’
ethylenebisindenyl or tetrahydroindenyl radical. Preferably, the
30 zirconium metallocene may also comprise at least one Zr-X bond,
wherein X represents a halogen atom e.g. a chlorine or bromine atom,
or an alkoxy radical e.g. of 1 to 12 carbon atoms. The zirconium
metallocene may, in particular, be chosen from bis(cyclopentadienyl)
dichlorozirconium, bis(cyclopentadienyl)methylchlorozirconium and
35 bis(4,5,6,7-tetrahydroindenyl)ethyleﬂedichlorozirconium.
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al*kyl ene group e.g. of 1 to 4 carbon atons such as ethyl ene. The
cycl oal kadi enyl radical is preferably one with a conjugated C5 ring 25

di ene group, such as a cycl opentadi enyl. Exanples of suitable

radicals for R4, R5, R6 or R7.may contain % to 22 e.g. 6 to 22 car bon
atons and preferably are nethyl cycl opent adi‘enyl ,

et hyl cycl opent adi enyl , di net hyl cycl opent adi enyl, i ndenyl,

et hyl enebi si ndenyl or tetrahydroi ndenyl radical. Preferably, the 30
zirconium netal |l ocene may al so conprise at | east one Zr-X bond,
wherei n X represent s Bhengalxppodumimgablageng ishprrsent v the ;ieilAd catehyst with

or an al koxy radiLak/i Gtofic 2ald pLefedabD) rahQifR. £/ 0Z061CRBI 4D
net al | ocene may, ticul ar, §Pchosen from hi sﬁcycl opent adi e(rf} %%

di chl or ozi r coni urﬂarbfar 1250y SFentLdP2 A Prby B5PEHIZALD ATPR SO0 B

bis(4,5,6,7-tet rahydrmmdenml )etdlyberuadbc&ﬂmpwgesr @arneum one halide of a
6 on| cene.i s [&3§ | AN t soI i C |
. a 2” Ng-lt_:}} :|.tJ. %nﬁngltl@f ch aelnyfrom 1ta ros% gh ahaq.ix

W th tomc ra ranglng
particul arly fromsgabbp isoa G-itanisgperivanhdivey am-@egmmema h@Side The

The solid catal ysijeghfifh 6P Mnbefi Rh1ideast &@?emlltd@ cBlofide or d smdtel on
nmetal (TM chosen fromtitani umor vanadi um usually is a

titani um or vanad®dnfIRTises & FH@edam pf pdeanadiyp, atom Whi‘?‘f dfi tehraralemtadi um -

halide is prefer aiﬂlyapenmhbﬂrevdﬁ difvadedd,06% ciﬁntavaleﬁﬂdraaemnﬁu 8£Sa aiktdr@nbfim

or a vanadi um,at QR W whi ctaiss itne}:ras\éalmerrlt h_sL alteﬁ%Y \éaL ent Qhuse;\v n g:la esnt
or pentaval ent vana TR 8rS a1 ur e2%r° 6E AEt 4l st h 't hes§2VarTGus

val ency states. mhjusentialie £ &tipanisim or a vwlmmearmlaorideantummﬁme or

vanadi um tetr aChlﬁ'&hfj@ridEr ' CIQ' Qﬁ}‘ qgsgrcom r:.sedkcxmn(aﬁ%fi%alicie ZB¥n aa,lsSQanadyl
conprise a vanadyl halide such as vana trichloride or dichloride

The titani um or VEASRAQRIARAE Géchieyids- sghe titapim P S@nadivg Rﬁ’;(ﬂfleg’i“%ﬁﬂ?

of 1 to 6 carbon o@hﬁﬁi‘sesuﬁlhl&?:xﬂfgroﬁﬁté”l@xy:)f ettwmycawoapse@hs ESAPBOPOXY, oOf
but oxy. i.tion og i)st resent in the

cat al yst 150 t"}?Igo’?r’/ ‘I”Eﬁéﬁ%n‘i’mmﬁ’f’i &(sﬁ'l?vrl %\’ol V PG hg from 0.01 to
100, pref erabl y Theobréns@5iom m@Qahr(desipéédallhsyplqusm Oin] the 2Baljst

particular, t hes‘%vi‘iﬁté“zﬁ&ﬁ i Ofhelo tp'%@fé&‘i%@?&%&@xﬂ fP&Q‘bUG!Lr\Qa 460,
et hyl ene (co ) pol ynmer s have a rel atively broad nol ecul ar
preferably from 0.05 to 50 and especially from 0.1 to 20. 1In

particular, these catalysts may offer the advantage of producing
20 ethylene (co-)polymers which have a relatively broad molecular
weight distribution.

The solid catalyst may optionally comprise an organoaluminium
compound such as a trialkylaluminium e.g. trimethylaluminium, or an
alkylaluminium hydride, an alkylaluminium alkoxide, an

25 alkylaluminiﬁm halide e.g. diethylaluminium chloride, or preferably
an aluminoxane which may be either a linear aluminoxane
corresponding to the general formula:

(R)9A10(AL(R)-0),A1(R)9
in which each R denotes an alkyl radical e.g. of 1 to 6 carbon
30 atoms, such as methyl or ethyl, and n is a number ranging from 2 to

40, preferably from 10 to 20, or a cyclic aluminoxane corresponding

I‘(Al (R)-O)n.,.z’I

35 in which R and n are as defined above. The aluminoxane is preferably

\
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wei ght distribution. The solid catalyst may optionally conprise

an organoal um ni um conpound such as a trial kyl al um niume.g.
trimethylal um nium or an al kyl al um ni um hydride, an al kyl al um ni um
al koxi de, an 25 al kyl al um ni um hal i de e.g. diethylalum niumchloride, or
preferably an al um noxane which may be either a |linear alum noxane
corresponding to the general fornula:

(R[err]AQA (R-Oferr]AI(R[err] in which each R denotes an al kyl

radical e.g. of 1 to 6 carbon 30 atons, such as nmethyl or ethyl, and nis
a number rangi ng ¥ Rrefhyialgrinoxane preferabl y from10 to 20, or a cyclic

al um noxane corresponfieNgrgancalunifit@o@fdib ple®Efad19: the aluminoxane, may

Lerr] 35 10 whigh R a0 1L 9L8 33,605 DRIC an NiSalh WEID NG °

met hyI al um noxanereferably rangihge f@omdneal 2npartirutariyoaray Opokfter &8 wntihe

al um noxane, ¢may r n n e,solid catalyst with an atomc - ratio
5

Al 1 My prefera ‘f/c‘l'r%irll |%§gféodr?1 68{1022 particularly from0.01 to 1.5 and

5 especially from Othg5organpajuminium compounﬁheprtﬂfgml ti il uminosars may,

preferably the alyighnQX3pesdM®Yin the @Jﬁ@ éﬁa@?&s%@{:h 2l htthisOtdtdoCad ahydir
with an atomcratlo of A/ (Zr aqo eraléran%g%fromOto 00,
preferably from 1 £ Rsgferably %ﬁ?él’é%ﬁé@f‘ t9 390anPEefegahiyotr %The
present inventi orandl egpechHiyeSrdm Satprisoess for the pr epar atlon of the

solid cataly 5 char (a)ﬁt?erigezs%glr:wnvt]gpxgion also rgi‘gte% §O| ! réce%?oéor

cont ai ni ng from 80 t nesi u orirde and from
0.5 to 20 nol % ofprapatatdge afndhe solid catatnsgamltaretwazem -idoreat :conpound,

D free fromlabidg hyQoagebupddie (a) cohliétnifh fhoaePeolod A ubil g I the
form of spheroi daI particles avi ng a nmass-average di aneter, Dm
of 10 to 100 mi cr ons Mmagnesium dichloride and from 0.5 to 20 mol% of at least one

organic electron-donor compound, D, free from labile hydrogen,

15 the solid support (A) being in the form of spheroidal particles
having a mass-average diameter, Dm, of 10 to 100 microns
and a narrow particle size distribution such that the ratio of
Dm to the number-average diameter, Dn, of the particles is
not higher than 3, preferably not higher than 2.5 and

20 especially not higher than 2, is bfought into contact

(2) with a zirconium metallocene (B), and at
least one halide (C) of a transition metal (TM) chosen from
titanium or vanadium, and optionally with an organoaluminium
compound (E) preferably an aluminoxane.

25 The solid support (A) employed for preparing the catalyst
comprises from 80 to 99.5 mol% preferably from 80 to 95 molZ
and especially from 80 to 90 mol% of magnesium dichloride and
from 0.5 to 20 mol¥ preferably from 5 to 20 mol% and especially

from 10 to 20 mol%Z of the compound D defined above. The specific

30 surface area (BET) of (A) may be from 20 to 100 n?/g, preferably

from 30 to 60 mzlg. The solid support (A) consists of spheroidal
particles whose shape, size and particle size distribution are
substantially the same as those of the catalyst particles described
above. It may contain a chlorine containing aluminium derivative

35 and magnesium chloride comprising some Mg-C bonds in quantities
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andl a narrow particle size distribution such that the ratio of

Dmto the nunber-average dianeter, Dn, of the particles is not

hi gher than 3, preferably not higher than 2.5 and 20 . especi al 'y not
hi gher than 2, is brought into contact (2) with a zirconium :
met al | ocene (B), and at | east onefhal i de (© of atransition
nmetal (TM chosen from _ titaniumor vanadium and optionally with
an organoal um ni um conpound (E) preferably an al um noxane. 25
The solid support (A) enployed for preparing the catalyst .
conpri ses from 80identdgalk toptesgr ef dhabtatalysmd8dcribedSabone 9o and

especially from 80 togR0 srﬁ?b(/ﬂtotnafag.'ﬂeﬁéﬁ%giﬁlﬁ'l 1208 'pﬁl@pm by reac?lng from

0.5 to 20 nol % pref erabl romb5s % and especially m10 to
20 nol % of the coﬁbﬂ&ﬁ&?ﬂi&naéf%éam%%ewi%en QF8RR¥G ehlyyine sgampapnd 4pckhe

(BET) of (A) may bﬂeéelhem&()thé) el@@txﬂi[neddiddrgcoﬁ’oﬁfx&r ! ¥eting ad @OM 30 to 60
n2/ g. The soI d sug conagéts of s particl

14
shape, size and par“F %laEeentdl 1buft r‘é?&ang in %bsstpéﬁ??rélt??“'t ﬁgr sté‘rjrﬁ
as those of the ca@ﬁoysin pais i pplodectiegcrileecompound Ihbamet bé aimyexdErbmi N a

chiorine contai ni BfeddlrUH1dNnHE ARpbiffs! YGer®ds ostUfs TRAPESeUBY Ul IfPuwitn

conprising some My-C bonds in quantities
i dent | Eganpgagnegdun EPmpeimds ot Hieydialkxipsgngaium sepround chosen may

'é'_hel iuloport may, . bé Q@E‘&%\ﬁﬂ' &f folbBuly Qh@grédﬁf)wme@qﬂl BRd ﬁkzdalj:e 1;1%ntica1 or
i al kyl magnesj um ¢pmooun or.gani ¢ ori.ne conmpound in the

presence of t*}dél eﬁé%tol"’%t d‘%%f r@%hﬁﬂ%n?“ﬁﬁ ning FRY ésgg lé carbogp ey npd
ag_ent and not as whichads aviluble tiki shep hpparcatbonmediom fhiwvhich ther pespanat ivn
this pr oducti on, Lpethgogpé}:l&@gavglﬁ (}erycggsc%r%&p%t Theeét%%;xigrlhggpﬁ%

conpounds such as esters, cap reactin 3 gne5| um
conpounds. The di a?’?m“ﬁﬁg’ﬁeﬁvmﬁké’brﬁﬁeﬁtﬁ%%s@mﬁﬁk c1 mbEh?eFlpR disce of

formul a R err] MyRbgddnkiaiy omyi shesRE &8, e&ciiE{-yera&icyﬁrxadimnbf&@raQi 10

different alk radi cgl nt ai_ni ng. rom2 to 12 ar bon atons, an
which is solu ‘J1 e f’?f‘ttaﬁgi’fﬁ/%r‘?)'& F 58t 3rEBTRAR Fﬁmﬁhl itsh%r%leébeaq' &Pi Biploy, asyg
the support will pteftepabiopobecamprunded, oart etfidie obrfyamiala ®8bRr? iinewhich R8 and

conpound is an al kylar%hg.&)gﬂtqgap f@:{épék'gntRLﬁﬂfll gdi&l\é\hés(iugcﬂlqv loﬂt%iglng

from | to 12 carbon atoms.
The various reactants used for the preparation of the support
20 (A) can be used with:
- a molar ratio R3C1/R1MgR2 of from 1.5 to 2.5, preferably from

1.9 to 2.3,
- a molar ratio D/RIMgR2 of from 0.1 to 1.2, preferably from 0.3
to 0.8. )

25 The reaction between RIMng and R3C1 in the presence of the

- electron-donor compound, D, is a precipitation which takes place in
an inert liquid medium e.g. a liquid hydrocarbon, with stirring
preferably at a temperature of 0 to 100°C. To obtain an excellent
support, in particular with a large quantity of the electron-donor

30 compound, D, it is recommended to perform the precipitation reaction
at a relatively low temperature ranging frbm 10 to 50°C, preferably
from 15 to 35°C. Preferably the precipitation reaction should
proceed extremely slowly, over a period of at least 10 hours e.g. 10
to 50 hours, preferably a period ranging from 10 to 24 hours, so as

35 to permit the formation of the particular support (A), in particular
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setondary or, preferably, tertiary alkyl radical preferably 15 cont ai ni ng
from3 to 12 carbon atons. It is preferred to enpl oy,

el ectron-donor conpound D, an ether of formula R err]OR err] in which
Rlerr] and Rlerr] are identical or different alkyl radicals especially
cont ai ni ng from1 to 12 carbon atoms. ? The various reactants
used for the preparation of the support 20 (A) can be used wth: -

a nolar ratio Rerr]C/Rerr]MR err] of from1.5 to 2.5, preferably from
1.9 to 2.3, - a nolar ratio Rl err] MR err] of fromO0.1 to 1.2,
preferably from Ot® permit thg {ns@rtidn of a larghauertityi oh coppewndnD and its

Rlerr] MRl err] angnflchd{dpetsion in tthe Migpeepce Of the el ect ron- donor
conmpound, D, is a preﬁygitatbon whi ch takes pl ace | an inert liquid

mediume.g. a liquid 5o Preraiationaf, £he, gatalystprfé’feeﬁmvtaﬁ% is
tenperature of 0 &mplbyefein khe foemodH ai m@Bnemehthsaturate&mgﬁimcl n

particular wfh ay n Ity of the electron ound
i's recom‘rende%j to %) gf‘?nb } zsrég?:fapﬁlty ath SR P RRF G ? %ydm“rg?n’aqge?%ﬁuﬁ‘é*af
| ow t enperature raﬁb#eﬁg fli*torhi 14l spope@eered, Cto psef &t &bl Yhe form fafomdidy t o

35[err] C. Prefer apJ:»%etrheirpraﬁcé.ﬂﬂyh%dso'inéﬁagun%hép@uIfgr exa.TBPJ qgegqutgﬁgen

extrenely slowy, over_ a period of | east 10 hour’s e.
hours, preferabl ya%f“ﬁ@f‘?’fﬁj rangi ng from 10 to 24 hours, so as 35 to

permt the for rrat i on @he tAigcpRiun GelalloSeHP0EY 16Abhe &nata%kélwhaécribed

9 t _th |nset|on of Iar ge, uantity of conmpound D_and
its un| for m gil)sperg‘fron |{n %ﬁfﬁgb #%nd “talyngﬁ ngs {Pfgterably used
preparation of théncdeafommn oftm@oswt;mor in (aAyxydrsocarbon eopledy e bsipacidldyfl o rn

of a suspension ipr&natat LHﬁEQ&ﬁBh%B' &s Qoluex{yudfﬁcgfwﬂg{:{ogr glefally in

an aromatic hydrocarbon, in particular ene o preferred,
touse it in the F%‘fcr?PBfa"d'°Hr’§/mglng £56Mderl, to POamilingeo98 2ireppium per
atmosphere, for exgygel.e in a n| t rogen at mosphere. The
zirconium net gl | ocene described 10 above. Durin

n
the preparati Ica)gn of thggﬁ t[rgf‘%ttmn Tetia§ gﬁ'@f E?Hl?f*y Qs &@ployed for preparips,
a solution in a hgaralyat bionthelhadide desqeibed| dbpoven whiich is a titanium or

vanadium non-metallocene halide. It is preferably used in the pure
state, in the form of a liquid or in solution in a hydrocarbon
solvent, preferably an aliphatic hydrocarbon.

20 The organoaluminium compound, preferably the aluminoxane (E) is
that described above. It is preferably used in the form of a
solution in a hydrocarbon solvent, in particular in an aromatic
hydrocarbon such as toluene. The solution may be at a concentration
ranging up to 307 by weight of aluminium.

25 The contact of the solid support (A) with the zirconium
metallocene (B) and the transition metal (TM) halide (C) may be
brought about in various ways. It is possible, for example, to add
the solid support (A) and then the halide (C) to a solution of the
zirconium metallocene (B) or the reverse.

30 It is also_possible to add the support (A) to a mixture
containing a'solution of the zirconium metallocene (B) and the
halide (C). It is also possible to add to the support (4),
simultaneously, a solution of the zirconium metallocene (B) and the
halide (C), or else, successively, the halide (C) aﬁd then a

35 solution of the zirconium metallocene (B). However, it is preferred
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arbmati ¢ hydrocarbon such as toluene. The solution may be at a

concentration ranging from0.1 to 50 mllinoles of zirconium per

litre. 15 The transition netal (TM halide (C) enployed for
preparing the catalyst is the halide described above, which is a
titani um or vanadi um non-net al | ocene h&®ide. It is preferably used in
the pure state, in the formof a liquid or in solutionin a

hydr ocar bon solvent, preferably an aliphatic hydrocarbon. 20

The or ganoal um ni um conpound, preferably the alum noxane (E) is t hat
descri bed above. t¢ add {o ahersippyprudad firsthet fadl e @bleion of bk utirebnidm a
hydr ocar bon sol Veﬂétal‘l@c&@ T(kflélngl’tﬂe% 25 ALPIRL (E). hydrocarbon such as
t ol uene. The sol ution may concentration rangi ng up to 30% by

wei ght of al uminium 3Be °°nta°t ?ﬁe“t,eoﬁtlmftoﬂ-)t Ktk She pigappinm m¢tallogere

t he zirconi um (B &hal itﬁceﬁﬁxs(iBioxﬁEhdtihQTM a3idd QB) Miyabe (pMele'de (O
may be oug t gg I n yar ous possi bl e, . for exa

IS
add t he soI i oFROUE AjP z§ 6! qrﬁéﬁx"t%g he®i a(‘@j‘l‘{m&né‘"%(‘}Pﬂ?‘?"d‘ﬂ g‘F)'t he
zirconium netal | onea*ﬁerésyy ®he tdlemimonane checdfse the compbunds (B) 321pOHI Bemosio

add the support (4) @ %ﬁo%%%eﬁativelycﬁ%%agm%g aofsgl'}." on? Oft:.]i: %ndtlgr

zirconium netal | ocene ( I's al'so p055|
add to the supporYagadjium which gne,themmors(spronglyobaundote dhe tswppoit.cBhisaim

nmetal | ocene (B) apgbdeBS makes NRpbSSIHIE) to PreSdriCa Q%Qﬁf's?tshﬂ?é}y nat g hal i de

(© and then & 35 sol iltlon of the zirconium netall oc; . However, it
i s pr eferred particular a high zirconium and titanium and/or Ienadium conte{lb add

to the support (Asnd iar sbrmiologyt aadSolpatt Bileofizeh@istiribdiionwhich are suited

net al | ocene (B) a@ﬂ thdChe 418 Q?elo'u gﬁrggas.ses of polzﬁr-gggta:.o%ngr?‘cstusﬁgnﬁtl%n in a

support (A) with the zirconi Bm et the tra
metal (TM hal i deliidnelinbatin &ydrensirhors or, nnreuRAnt iokblaurdyi rint hesqouesence

of the organoal unpddem €0MRE NhseP the contaQEleeEﬁplé(zp{)&ec %LWEaQOié@fb%ou ht
because the compound (E) hel ps to deposit th upport relatively

hi gh anounts bF zPP¥Eni rﬁarf‘?‘fsal’ﬁa&?n Qﬁﬂl‘tf'r the Pre@%&ﬂl'&ﬁﬁh\ﬂﬂ? enaieEs fRn
nore strongly bouadiing téiehsupppott (B)i Birst of QILDCERG]1tEHeEEsI aPOSIULRLL dFO

prepare a catal ysty i ¢hofias, hdkatfocerR3td) Gk A B1lV:df & LEOUMIAN (x), or

preferably a mixture of these two solutions, and then the halide
(C). It is also possible to add to a solution of the zirconium

20 metallocene (B) mixed with a solution of the compound (E) first of
all the support (A) and then the halide (C).

_ It is also possible to add to the support (A) first of all a
solution of the compound (E) and then, successively, a solution of
the zirconium metallocene (B) and the halide (C), or else,

25 successively, the halide (C) and a solution of the zirconium
metallocene (B) or else, simultaneously, a solution of the zirconium
metallocene (B) and the halide (C).

It is also possible to add to.the sﬁpport (A) first of all the
halide (C) and then, successively, a solution of the compound (E)

30 and a solution of the zirconium metallocene (B) or else,
successively, a solution of the zirconium metallocene (B) and a
solution of the compound (E) or else the two solutions:
simultaneously or a mixture of the two solutions.

It is also possible to add to a solution of the zirconium

35 metallogene (B) first of all a solution of the compound (E) and

\
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and a norphol ogy and.a particle size distribution which are suited to
t he heterogeneous processes of polynerization in suspension in a

l'i quid aliphatic hydrocarbon or, nore particularly, in gaseous phase.
In this case, the contact of the support (A) nay be brought 15 about in
vari ous ways. One of the preferred nethods Tonsists in . adding to the
support (A) first of all sinultaneously. a solution: of the zirconi um
netal | ocene (B) and a solution of the conpound (E), or preferably a
m xture of these two solutions, and then the halide (O. It is also

possi bl e to add tthea, spicaessivedy, tthe suppouni(dn £Q thethal idcdGd (Belse Xddst

with a solution ( f h and
t hen the halide q;f) alf ﬁg%{,@ﬁt (@) Lﬂ %hetg‘gssg?cbessyvélytadg st%ggtp o gﬁp{%rt

(A) first of all cé’mp°“nd £8) Lﬁ"idoT’P‘bF‘aHi’é £€6hpound (E) and t hen,
successively, a sol utwrisoslso possilbEe Ao ewltunhramatiapeﬂeu(e&o@wna heax)

halide (C I the, halide (C f
the zirooni um - UERBih FAEHE THPORr sEs Shan PURCIRIETSL s stk P o6y

t he zirconium theneigonduemetéBocanel (Bheartaktheldhal@le (C) or else, |t is al so
possi bl e to add té?xcEE'&i%Hﬁ? Olihe ( 11I1é r(‘iz‘) 2fa &l Lol%tﬂgon of thll It and

then, successively, a sol u 1on ol@ npound (E and a sol ution of
the zirconi um netigtebieasse (6. opr él1§bltane°“31§uc¥?@s§ﬂ/’éiley(c)aa§6|%tsl°b'ht509 ehe -

zi rconi um net al | qg@ngl,gcla)uamheaauocen@qh;yt i on of the corrpound (E) or else
the two sol utions a m xture of sol utions.

t
It is also paSsible t%hezfﬁds‘fcﬁeﬁs’gvcﬁ ﬁ%i&rﬁ%ﬁ "PRe azFFE’(’)ir?duﬁ’\“?,g’g b4#&8al | ocene
(B) first of all seqeehadd dumegifiatély onerpdtien thE)othed or else by being separahed,

successively, thg, &y :|.tod(1‘-A9ng§£§i ftrbﬁﬁ J‘%Eb%nﬁ@s b lf%@ lﬁ&lﬁég preferﬁlc al |

t he support (A) and then, succesSive solution o oun&’ (E)
and the halide (drom5 minutes "-Pt5|l§’“§$-so possible to add to a soI utlon of

the conpound (E) 5 1fiaistcddlesald ikherezupdnet tha) tAOtohbA bEUSIREHE \LBbiE

| ut f tal) B) .and the hal
oo S8cecrhorR b R AR G5 Ty ek ra S BT F THBYSH EOM (i

net al | ocene (B), rmnusesnﬂotmlerouséy,prémarahw|ﬂi~em(10) mémctea ©®[10t h@ursofDuring
the zirconium nEtéﬂe|98§¥y3th§he addition of a component may be very fast or slow
and uniform over a period which can range from 5 minutes to 5
hours. The temperature may be from 0°C to the boiling temperature
20 of the hydrocarbon solvent employed in the solutions and is
preferably from 0°C to 110°C. The temperature may be kept constant
throughout the catalyst preparation or may vary depending on the
additions performed. The catalyst is prepared under an inert
atmosphere and the liquid hydrocarbons used are free from moisture.
25 The quantities of the components used for preparing the solid
catalyst may be such that:
- the atomic ratio of the quantity of Zr of the organic zirconium
metallocene (B) to that of Mg of the solid support (A) is from
0.001 to 1, preferably from 0.005 to 0.5,
30 - the atomic ratio of the quanfity of Al of the compound (E)'to
that of Zr of the zirconium metallocene (B) is from O to 1000,
preferably from 5 to 500, and especially from 10 to 200, and
- the atomic ratio of the quantity of transition metal (TM:
titanium and/or vanadium) of the halide (C) to that of the Mg
35 of the support (4) is from 0.0005 to 1, preferably from 0.002
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10' These successive additions nmay be carfied out by being

sequenced i nmmedi ately one after the other or el se by being separated

by a period ranging froma few mnutes to a few hours, preferably from
5 mnutes to 5 hours. In all cases it is preferable that the
contact be brought about 15 with agitation & g. stirring, for a total
period ranging from 10 mnutes to 20 hours, preferably from 30 m nutes
to 10 hours. During the contact, the addition of a conponent nay be
very fast or slow and unlformover a period which can range fromb5
mnutes to 5 houf.9-Phand eppegially £romy0.081ftraom G err]C to the boiling

tenperature 20 of tberd dﬁw%bﬂf}sﬁ 2638 }ataeR! O:M:eQSW}eEQPre%OLHtéo%@&‘k@QE
S preferabl%from gf:;o 11 err C. Tetengérature

const ant "t hr OUERBEAS: % ic&FA18rS 3P oFPPBPT gl v i 2 élb‘ﬁ’é’brdf-mgl on
t he addi t i onsydrecéxtonesblvEhe, q:aéﬁémtlyla&; af@mﬁedxyuad&[rbaﬁ é rgert

atmosphere and thg lu'egé“ %thx%’ gs nrtt}% J.qrm » omq}r b1 ft'roegt ];Pré‘%?ﬁﬁ% grom 8a95alt95t

The quantities of t e conponents use pr epari fig
may be such that:2 moles of magnesium perclitaei o of the quantlty of Zr of the

organic zirconium  The catai%tta%}é%%&‘&oﬁﬁha} %eté”ﬁ-trié’% s gJ 68%%{&‘3%}1% of

support (A) is from to 1, preferably

- the atonic rift PAeHFoPREeIQGasmPrynd added Fhep Hbe enmponsrts( Eye thyought
that of Zr of t heiﬁlbrﬁdﬁﬂaUﬂ]rﬂttﬁéiﬂgCQGKkiﬁﬁg floy {Ki%nhfhéﬂQoﬁingor compound to
preferably frgm

t Q, d espgci.al l rom10 to’
atomc ratio of t5th Qd%gtn ca r% t‘?gﬁ%ﬁ r%ltéf °(°'PRfl’und O preseny fﬁn‘ih&
and/ or vanadi um ﬂ?fllslmdmart c(e\)( O)Itt maxt Hpat clgfsep hirohho¥anic electdn-tibmor

support (A is fréU%bQu&HQOSfféé }rodﬂisﬁfiéahbakéékﬂrnél Qggihfr described ab?lf and

to 5 and especially from
the cat al yst pred%yaf‘]r??n bej ¢hosen firoporeagi¢ $id bppmacpmrayads suchomGhbenes

(B), (O and (E) ctmbbuidschswingotiie (géaaetarl aoﬁdumarnﬂol mﬁ(orllmdﬁ&%%b@“’ and
uene

Concent Fati ontr o obbiih S5gesgal X SEAGRRR. Soflrel apiyt, s, hefloatip, or
magnesi um per |itgr@lkyl radicals s Qétlaltys-‘t9 greEr atomen awd/ nbés camnbmiest out
in the presence Ofanging from 1 to 4; the silane compound may be
cyclohexylmethyldimethoxy silane.
The catalyst is obtained in the form of a solid which can be
20 isolated by removing the hydrocarbon solvent(s) employed during the
preparation. The solvent(s) may, for example, be evaporated off at
atmospheric pressure or at a lower pressure. The solid catalyst may
also be washed wifh liquid hydrocarbon, preferably a saturated
aliphatic hydrocarbon such as n-hexane or n-heptane. The catalyst is
25 in the form of spheroidal particles whose morphology, size and
particle size disfribution are substantially identical with those of
the solid support (A) employed for preparing the catalyst and are
otherwise as described above.
It has surprisingly been found that the catalyst may comprise a
30 relatively large quantity of zirconium metallocene (B). It is
thought that this surprising result is due to the fact that the
solid magnesium chloride support employed is of a particular nature
and that it comprises, in particular, an electron-donor compound (D)
free from labile hydrogen and dispersed homogeneously in the support

35 in a relatively large quantity. This result is all the more

Thls Sheet Has Been 12

D lil!



an' el ectron-donor conpound added when the conponents are brought into
contact, it being possible for this el ectron-donor conpound to 10 be

identical to or-different fromthe conpound (D) present in the solid
support (A). It may be chosen from organic el ectron-donor conpounds,
free fromlabile hydrogen, as further described above and may al so be
chosen fromorganic silicon conpounds such as sil ane conpounds havi ng

the general fornmula Rlerr]-n[err](OR[err])[err] wherein Rerr] and 15
Rlerr] being identical or different denote alkyl, aryl, cycloalkyl, or
aral kyl radi cal s sunprigingl sirzel he Fibornianhomtal bovkne (B as uhTbeganometallic
ranging from1l tgpzdodut:beanﬁl ﬁ@%‘ir&fﬁmgwﬂa@%’%?s e:ipafted betwee the z

cycl ohexyl met hyl di met hox | ane PEresBt M B IR M Re
formof a solid vﬂ‘ﬁtéﬁl%%ﬁﬁ‘ebeanz‘othe megnegisg Whietmrhgeeﬂhwmdtmmm

sol vent (s) enpl Oyﬂfhndﬂtidigm&m (TM) hRISRAT afd ABs bERR StUeYdH,( BhrtiRYmodel"
exanpl e, be evap {h(fg__ed of ressure or at a | ower

pheri
pressure. The sol 18 cat’h s?r°r?ﬁ§t1°n fof Y e o°ﬁé%g§&éatwnrﬂ°4qrqe%pound, D,
hydrocarbon, prefmreabhy iaitdllyatredhe suppatt [(Adtisc eh'yfichSdil‘thﬂ siChatter

n-hexane or n-hepi@nigg {H&ecgl?atlgL%’?rgb§ra%§on AQ INRLPL T OI:hf g{f? | dﬂllg,sg

particl es whose norphol ogy, i cl'e st ze di
substantial |y i dehs éa‘F°“%Ri°t"Fﬁ Phentept which JésnéOEQﬂ ttHam kbpbraf (:109 sgppéy €4)

for preparing theenpabpédd/Fbr At BfébarationQt herw se as described above.
It has surprlﬁlnglyb st may conprise a 30

en f d that the catal '
rel atively |arge quanfl?et )§°g¥£fla??:]é'ﬁitu'l‘ﬁyrrﬁf’aﬁf“} ge&*f‘i’ed(‘ﬁ“l}'tm &  thought
that this surprisfaogpobserizdtionue bhefing é3Ct c2 hat cg hﬁpha-olesml @uch as

magnesi um chl ori 0 arti.cul ar and t hat
i thOITpI’I ses, i nd%él?ty%ul arf §k9e"l‘eécf’$eof%r r?p iy Al % presen"‘Fr%% % r om
| abil e hydrogen a"rﬂ?a‘él?]s?wér%@FeHOMeh@mskwqmnt*mcswgmdﬁw a imatal

relatively |arge lﬂzllaﬂéir{g)’to gkBLs 118kl i11l S¢ ahk $d18.80 %lassiflcatlon of the
13 syr pr| g‘bSI nge t he, zirconium nmetal | ocene (B)

or ganonet al | i n RAgtHPgar tiheur oAt pbeRY: pan "ﬁes‘_”é%(ﬁéc'ﬂw bet ween
the zirconium omn@eillumd:mhm caunbuhdie smgrashumldhﬁiulaaﬁhﬁﬁubaséﬁ support

and the transdlﬁ]‘ygﬂm{{ﬁ&ﬂ.}] ne1Me P8l aq‘ig%ell]{ Qr?‘isumbe oéu seé:\tlggn onor

furthernore, prop dr I on
conpound, D, ﬁ&#@éwinmnt haudf,l -8 hviﬁuppeh tal(tﬂ greupxifr hctoedo faaabvd he
| atter atoms, such as trimethylaluminium, triethylaluminium,

20 tri-n-hexylaluminium, tri-n-octylaluminium or diethylaluminium
chloride, and preferably an aluminoxane corresponding to one of
the general formulae mentioned above. The organoaluminium compound
or preferably the aluminoxane employed as cocatalyst during the
polymerization may be identical to or different from that
25 - optionally present in the catalyst. The aluminoxane may be employed
mixed with an organcaluminium compound such as that described abvoe,
e.g. a trialkylaluminium such as trimethylaluminium. When the
~cocatalyst is an organoéiuminium compound, its quantity employed in
polymerization is such that fhe total atomic ratio of the quantity
30 of aluminium to that of zirconium and transition metal (IM) in the
polymerization hedium is from 10 to 1,000, preferably 10 to 500,
especially 20 to 300.
The solid catalyst may be employed as such in polymerization,
or preferably in the form of an olefin prepolymer.A

35 prepolymerization step is a preferred method in a heterogeneous

This Sheet 13
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dufing the catalyst preparation. As a result of this, the catalyst. has
a conpound D content which is |Iower than that of the support (A

enpl oyed for its preparation. 10 The solid catalyst nay be enpl oyed
directly in a (co)pol ynerization of olefin, e.g. C2 to C8 _

al pha-ol efin, such as et hyl ene or prop} ene, preferably ethylene, in
the presence of a cocat al yst chosen fromthe organonetallic conpounds
of a netal bel onging to group Il or Il of the Periodic Cassification

of the 15 elenents. In particular, the cocatalyst nay be one or nore.
or ganoal uni ni um cB¥RseaAdEors pelymesizingr Pt fink dyumkmsuof the present catalyst,
al kyal um ni um hal b%us@nbélhkyﬁ@-lzgm:éﬂlwﬂtlﬁ?i%c@ﬁe OJndaghe transaitliXJx qtle‘l’.nl m um

halide, e.g. with each al kyl group to 10 carb s, such
trimet hyl al uni ni uRfLiEPi 5 PPEs lﬁ"ri‘ﬂ?% f?&’d ipiths. WFEIW@ um
tri-n-octylal uni nnonnp@épd:yatah;deal tdbaliysHNand the“yhhﬁé’ I1d§s Apab Y 8Eesalky an

I rre e of ne ornulae nment i oned
Sbove. The.oranoit ek aris WA, Serairee dpd phaRElaR eonq Rariienr fohanomer
enpl oyed as cocat ¢¥siog the mgyntehrézation P @ling bieari Mtarmmsrmf beansdetiiingathd 0
or different f rOﬂbEJb%ht ZzitaQPgﬂ QH% layppépﬁﬁgﬂér 30 e 1§ o@lexgnt o-tr $he au:ahty

al um noxane may be_ enpl oyed an or ganoal um nr um cofp

such as that desc?f 5&8 edjvmers °btaif€dgth‘?&’efr?nal Ryllmrﬁm%aum smémtas powder
trimethylal um ni wmth\bevettde morpholdggdt ighet Bulk ddhsQtPAIRQUMFoPEd F1oying
conmpound, its ygluant i | Ly enspl oyed in pol ymeri zation is such that the
total atomc rat|% BEHE quantity 30 of alumniumto that of zirconium
and transition netal UTHd)prepoXymer is obpwingdehy dairgimgned €61idS chta¥st Oirdta
1,000, preferablycditab® Q8 at 1east %ﬁge&le@lh mg tQ $0%s alpha—olefln-!-hsuch
sol id catal yst may be enployed as such in rization,

preferably in the®¥ SERTHCafr ArePYIFngs eﬁﬁﬂfymﬁrlYAe‘SBlem é’p‘ohyl!mﬂ'-umtmfon step

is a preferred nmeétigdend a’a\dhﬁt Qe@9E R USlpha-olefin contalnln from 3 to 8 carbon

14 rqcess, for | yner i ol efins by neans o e present
catal yst, P ecRif®E bo P’ﬁeémi %&ﬁfﬁ’rﬁ%f%\xﬂeoe"e‘i‘fér‘&"ﬁ’d ippe SLPERG iR ®n

met al hal i de bigwidoreiretamdngl gr finxedasnplidse, SatpROtdmpehaturd from 0 to
non- pr epol yrer i ZebeGéE %%&Lréw} ERSY 287 & |96$(,s, %gg&qla?l}pffrtggi%gto 80°C, and
under a total pressure from 0.1 to 5 MPa. The prepolymerization may
be performed in the presence of a cocatalyst, such as the described
20 above, either by adding to the prepolymerization medium the
cocatalyst, such as an organocaluminium compound or preferably an
aluminoxane or a mixture of an aluminoxane with an organcaluminium
compound such as a trialkylaluminium, or by only using the catalyst
containing the organoaluminium compound (E) preferably the
25 aluminoxane described above in a sufficient quantity to get an
active prepolymer, or by a combination of the two methods, in such a
way that the total atomic ratio of Al/(Zr + TM) in fhe
prepolymerization medium is from 10 to 1000, preferably from 10 to
500 and especially from 20 to 300. The cocatalyst added to the
30 prepolymerization medium, if any, may be identical to or different
from that used in the polymerization. The prepolymerization may be
stopped when the prepolymer contains frqm 0.1 to 500, preferably
from 1 to 400 g, especialiy from 10 to 250 g of polyolefin per

millimole of zirconium and transition metal (TM).

35 The prepolymer constitutes a further aspect of the invention
This Sheet Hag 14
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5% extracted fromthe catal yst and producing fine particles of polyner
during the polynerization. Another advantage of transform ng the

present catalyst into a prepolyner is the inprovenent of the quality

of the polynmers obtained therefrom in particular a polyner powder

with a better norphol ogy, higher bul k densi%% and inproved flow ng 10

properties. The prepolyner is obtained by bringing the solid
catalyst into contact with at |east one olef in, e.g. C2 to C8

al pha-ol ef in, such as ethylene or propylene, preferably ethylene or a
m xt ure of edrhly peefrablly abnast obpareiqlea-«f ebiyethgnémd BNy copoImdrt O

8 carbon 15 2 ol oun S PLARCLY T 43210 Y P BCILQLTEA L & SRUITY i1

a | i qui d hydroc on or at ate erature
100[ err] C, pref er%ﬁj’lhﬁ'ﬂetiﬁfp.?@ntdocwréﬁﬁ] @ c@a@eeﬁ aIOPyaifniean &Fireord®fuerr] C,

and under a hdtfallodin@sstd @t 1%t Oonke ho1faeNbR o IP&&&@&P'&GH '(&QS' on
may be performed in the esence of a cocatal yst, such as
described 20° abtRIECTY taﬁg?g%ytéﬁf&iﬁ'@ 9t veRAdigpe BSE TR EPE A | on rredl um t he

cocatal yst, such &-apolymganaslitidfi ummapoumd ditapyf @6@Pdnén8lof the

al um noxane or a n N h -an .or ganoal um
conpound such as é}le)[f: ?;‘F‘ %a%ur??ﬁﬁ er Be’ Pms §&i 'ﬁ%nt ﬁeu%’afg V?Pe’
contai ning the orglaweaitmn mmwémr»pdmhdﬂ(u&)aWeteraabﬂylnt,henQEpref%ﬂabﬂW niaxane

described above ifred Sk 'rGfxed%ttOH}’%EUi&éy shon 98t aflhina or Qﬂic\ée pflﬁeDOl ymer,
or by a conbination of the two nethods, in such a hat the total

atonic ratio Xf ByePlymerTRgntaing from 0.1 5o 500, yﬁ’]‘iﬁfP‘z’%Myo r‘H’bdl 498, f r om
10 to 1000, pref essplakyafiyorrdd 100to 250 HRE PolgeCiBARGE Hd ¥ éd;fwya& e 300

The cocat al yst ad t he 3 repolynerization. nedi y

i denti cal t)c/) or d%?‘%lgge er mlqliig s k “ﬁgré{a i ﬁéa’b'%%ﬁ'éﬂe?ﬁ%/ %[ﬁ?

prepol yneri zat i onhasayg betal atonst:omcted qméh/(mm'ﬂ@pﬁrgmm toniead npréfambly 1
to 500, pr ef er abl ¥rom 10 o 960 ]anhoeébggigllyefﬂﬁpbaléoyﬂ)é Onh&paﬁtgs%é%_}%%e

pol yol ef in per mllimle of zirconfumand transition
The’ pr epol yner Cowgetppilmegsmgy feereids oS peberajdal mrarticiasy i baving a
15 and prefsaraddyage Odisinst &r obmxaarrbncﬂoesaocﬁoopoﬂ;mwm@nera& a

0
COROLY T, Tl AP ML B B0 Bl T S0 oL,
size distributhn such that the ratio of Dm to the number-average
diameter Dn of the particles is not higher than 3, preferably not
20 higher than 2.5 and especially not higher than 2.

The catalyst or the prepolymer is particularly suitable for a
heterogeneous polymerization process, either in suspension in a
saturated aliphatic hydrocarbon or in gaseous phase in a fluidized
bed, under a total pressure of 0.1 to 5 MPa and at a temperature of

25 0 to 110°C, in the presence of a cocatalyst, such as that described
above, preferably an organoaluminium compound and especially an
aluminoxane such as described above or a mixture of a
trialkylaluminium with an aluminoxane, in a quantity such that the
total atomic ratio of Al/(Zr + TM) in the (co-)polymerization medium

30 is from 10 to 1000, preferably from 10 to 500, especially from 20 to
300.

The catalyst or preferably the prepolymer is advantageously
used in a gas phase polymerization process, such as in a fluidized
bed reactor, because the polymers or copolymers of ethylene thus

35 obtained generally consist of powders having improved flowing

—_—
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met al | ocene and at |east one halide of a transition netal (TM 5
sel ected anongst titanium or vanadium active for a :
(co-)polynerization of olef ins. The catalyst conponent of the
prepol yner essentially conprises atons of nmagnesium chlori ne,

al um nium zirconium titanium and/or vanadl&m and preferably is free
fromrefractory oxide, such as alumna or silica. The 10 prepol yner
contains from0.1 to 500, preferably from1l to 400, especially from 10
to 250 g of polyethylene or a copolymer of ethyl ene per millinole of
zi rconi um and t r aprsiperbiesmendi|highdd) budlndiensity Hascoamphnisan @ithTtBoseabbtaiabd
AT(Zr + TM fromdQ EouA90ProdRkeS erably from 10 to 500 and especially

from20 to 300. Advantagéously the 15 prepolynmer may consists of
spheroi dal particl es, ThnPoh¥mers or copalymexy«tfsgthyliennrabteinahie feqomdik tto

500, preferably femmpresent3nideatdH), pestaeabsy lid & @@ &Qsteogé%ﬁ%gi @Bt 18R
a narrow partg’ cle roc sssi ze ( SEI’I b#tlgn such that Lhe, ratio o to the
number -average  PFOCGFamSPRP ylﬁr‘f B2 CRESNSAr PIRACEST SPRAGIPVRRLIRSr aRh 9y shave a
preferably not 20denslityHfeonths? Lo D.a63 gdSp%mirafégabmpto.hugtmm.bh@'lca?*, a

The catal yst of 148 PEaRAl (iBleukSs RRELIC1HEE] %Pt DAL LB sdon ¥) £rom 0.01

heterogeneous p0| nerlzatlon-process, ~n suspens n e
saturated al i phattt 1AQdmseisraly ofromn0 fiste B phtkainytes, & wodpowldr weight

bed, under a totadisRie5suio QxpPedsciObp thFarand wi/va) LHFREF alhdh S Ahd 2RowerO

to 110[err]C. 4 n the presenge .cocatal yst, such as that_ described
above, [pr ef er'dbl y-HER gé’ggﬁsgﬁ?ﬁifl%wﬁ’bﬁg‘ﬁﬁrﬁaﬁid“é@betéﬁaal 13, afn particular,
al um noxane such e debtifibedaalboVMFB) of Rh«t(ebe)milyders expressed by the
trial kyl al um ni ung st h | Jlyi N € j u ha € .
total atomic rat in%)élwc%]E> ﬁ?{%r +T %nm?#gr%%%??g%ﬁ%re% %g'tn% rcgfrjlltl?r‘;égd]icﬁ”rﬁufdmn
is from10 to 1000 topEkFtemaptyred rneerdines tgFGIMeR 288 dong it jcmnE 2yt be £rom

300. Eh@ eat i@w,s;,;arerpmf eEablap wezslaf1 eRfk Y R %?ra?ng_\(@f‘g‘}g?%bsl y
used in a gas.p e pol ymeri zation process, such as_in a ui di ze

bed reactor, %ﬁecgta}%ee??%?pﬁg?'%r?p PSRUh OV YT Sobovdeh AdRbiomius 35

obt ai ned general |y coFBi=sflogf(MIoykMSsVawg (2t .ipy oved fl ow ng

égt g ™ OPeryees 1M, JNE" Rkl AGHTLE Yoo h Du BB RAN 3 P8, Wol Nsdh285Fo38
condition F and MIs is the melt index measured according to
ASTM-D-1238 condition P, may be from 1.9 to 3.5, preferably from 2.0
20 to 3.2. The high values of MFR and/or FP mean that the
(co-)polymers of the present invention have a broad molecular weight
distribution.
The catalyst residues of the (co-)polymers are usually free
from refractory oxide, such as alumina or silica, and essentially
25 consist of atoms of magnesium, chlorine, aluminium, zirconium,
titanium and/or vanadium, in particular the quantity of zirconium
being 0.5 to 20, preferably from 1 to 10, especially from 1 to 6
(ppm) parts by weight by million parts of (co-)polymer. The
titanium and/or vanadium content of the (co-)polymers may be less
30 © than 0.5 ppm and not higher than 30 ppm, preferably from 0.5 to 20
ppm and especially'from 0.5 to 10 ppm, particularly when the
_zirconium content is from 1 to 6 ppm.
The (co-)polymeré have a level of ethylenic unsaturation not
higher than 0.6, e.g. 0.1 to 0.6, and preferably from 0.3 to 0.5 per

35 1000 carbon atoms. Particularly, their level of vinyl unsaturation

\
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inta slurry process. The pol yners or copol yners of ethyl ene

obt ai nabl e according to the present invention, preferably in a gas
phase (co-)polynerization 5 process, constitute a further aspect of the

i nvention and may have a -density fromO0.89 to 0.965 g/cnB preferably
0.91to 0.96 g/cnferr], a melt index (né&sured according to ASTM D- 1238
condition F) fromO. 01 to 100, preferably fromO0.02 to 50 g/10 m nutes,
a nol ecul ar wei ght di stribution (expressed by the ratio Mv M) hi gher

than 5 and | ower 10 than 15, preferably higher than 5 and | ower than 12.
I n particular, may t ¥ee npk| HigheoWheatq.6, (#4eR) 00fF tbh@. 5,cpreferhhlpeifsom 0.2 to

expressed by the e | eARARUTN
ASTM D- 1238 condi tol t(;nperra‘ibéb QLrEJl gf%rﬁeasur eg accof d?%lgcﬁwﬁgﬁég%gene

condition E nay b&®f#giation "‘BD "ceons‘SG‘igb?’éitBF’&tﬂ ¢ fe Gm BPLt o B5@. amkhe | ow
paranmet er (FP) of prdferablg frem-0. o5l ycisr}mr .3 @epnemfcfedrﬁx?lh tél??ng‘ ol | OW\,\RQ _
equation: - FP =1lo rr 0 . erein
M[err] is thd melt i HEXC ‘H&éé’ﬁ? ge(,tgll"g‘f 1"% IDUR St 30% by Feighte i on
Fand M[err] is twehe. rfigon abedex0 rteasmsadb:amecbgwh ngréﬁsrably £460 N Do 12533 by

0, 20 Th
O val es of NFSLLeLl O Yipiafatioly 0¥ Ep X llohe bR o B ehdyirle T

present inventionPHi%Re-4, HeFaBetiol Bethyarsveengege-1 or °&|’°S’é€h1but i on.

The catal yst residues Mmbaktuebdsry), Potey F(BBS)pallﬁnéi%Uaf le¢hf1R of thel fUBent
refractory oxige, essentially 25 consist of

s alupin Lea;
atoms of ‘magnési u nve%ﬂ%’r’l%&g m?il%ﬁ?ﬁ‘i]ﬂ Egnﬁd"ﬁﬂ]a gas PR4SEani um and/ or
vanadi um in part |(eq+h4017¢m:iqaainm ity thie zcmm:omawpwder hbpeingga bkt dendity

preferably from 1etg, %03 @él%§§5 alperfgrra%'ﬂr ]frtoﬁ ®.3 to 0.6P m3pa£r¥d§i?9¥fewgb ht

by mllion parts of (co-)pol tani um andfor vanadium content
of the (co-)pol ymEPasifgjngof] grherggdal maﬁovcy Ba{ﬁmlaﬁdlanéns 1% BeRa-average30

ppm preferably famm&eE 1O £26m 150 tPRBVO)DreENaGIAl #rénf 160M0. F000nL3oREM
particularly en Zhereonium con rom

t
The (co-) pol yY\rrgrs ﬂavenarf Frt’f"l@tWe&’rsqrﬂlh‘étdfﬂr%"t"ijﬂ Hh"ﬂ"ofgg rati;ofh8p to
than 0.6, e.g. 0. the cm@bér-mdagnr Sfiavedlelr yDrf pEMKR. Battdcled ipenot REgherl @GN

i?r bon at omns. Pa@t SCLHr@%Q/abl; %tr hk&‘é@l tl?Jn !I M e%qgﬂ)agogrhlgher than 2.5

or even not higher than 2, especially 1.1 to 3.5.
The (co-)polymers of ethylene may have a particularly broad

20 molecular weight distribution expressed by the ratio Mw/Mn of the
weight-average mblecular weight, Mw, to the number—averagé molecular
weight, Mn, or by the melt flow ratio (MFR) or the flow parameter
(FP) as defined above. Preferably the (co-)polymers of ethylene of
the present invention.have a molecular weight distribution of a

25 bimodal type, containing two distinct groups of polymer whose
weight-average molecular weights are comprised for the first group
between 10% and 105, and for the second group between 4 x 10° and 2
x 106,

Method of determining the mass—average (Dm) and number-average (Dn)
30 diameters of particles L

The mass—-average (Dm) and number-average (Dn) diameters of the
support or catalyst or prepolymer or polymer particles are measured
on the basis of microscopic observations, by means of the Optomax
image analyser (Micro-Measurement Ltd, Great Britain). The principle

35 of the measurement consists in obtaining, from the experimental
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may be not higher than 0.5, e.g. 0.1 to 0.5, preferably fromO0.2 to 0.4
per 1000 carbon atons. Furthernore, their | evel of vinylidene

unsaturation nmay be not hi gher than 0.2, e.g. 0.01 to 0.2 and

preferably from0.05 te 0.1 per 1000 carbon_atons. 5 The copol yners
of ethylene may contain up to 30% by wei ght, 18 e.g. fromabout 0.1 to
25% by weight, preferably from5 to 25% by wei ght of at |east one C3
to C8 al pha-olefin, e.g. propylene. but ene- 1, hexene-1,

met hyl - 4- pentene-1 or octene-1. Advant ageously, the (co-)polyners
of ethyl ene of thetylyesfra pepulatiow et potinhes lveinh optidal nixraspeny,f rom a
gas phase (ceraqg%ym%zawh@@h 'g'lv&@q.hgoﬂlmbg; @usowgarbﬁ%ggbquhgﬂg

density fromO ) preferably fromO

preferably cbh 28k Hpsst (@pﬁﬁr%alﬂ%?erpo?% chags (&) é’§1h%1\ﬁhﬁ§a°§erlzed by
mass- aver age . aﬂll:a;mei»ﬁdlm fdriaﬁ&t’b':'tO(d? 15£)ﬁn.de@rﬂftﬁlhalﬂh! { 1305 1650 the sJaQQ](c)
mcrons 15 nd a narro ze |st ut|o eratloo
Dm t o th% nuibeEr- ave 35% gﬂett aﬂf%f ﬁgn?)th Ht‘%&ng{] 430gher

t han 3.5, pré&drer 4B8)Y, Motard Qheoaret QMannrmleesq:laowaigl yomﬂaht gher t han
2.5 or even not higher than 2, especially ;1b The
(co )pol ymers of ethyl ene may have a parti cul azr roadI 20 nol ecul ar

wei ght distribution e%h?‘%%'séﬁe’{?}et‘ﬁémﬁ‘aﬁ 0 DRAGY I\/hTT—t‘h'é‘ wei ght - aver age
frol ecul ar wei ght, My, to the number-average nokegidaan3 wei ght, M, or
by the nelt flqgw ratio (MFR). or the flow paraneter (FP) as defined
above. Preferably the (co-)polymers of ethylene of t he present

i nvention have a nol ecul ar wei ght distributionohiai25 bi nodal type,
containing two distin phose_______wei ght - aver age

nmol ecul ar wei ghts ar e%%%%rprl seo?%% ﬁ%@{l st group bet ween 10[err]
and 10[err], and for the second group between 42 mi0[err] and 2 X

10[err] ~ Method ofrhdqtae&mﬁwag éﬂaeamwé/%a%reme aisk RUBDAHuBY&T;a0e
(Dn) 30 dia egs s gartlcl es mass- aver
|

nurber - aver ag ptAPes SRl "width §ﬁp"ﬁ‘8r paieta® gl‘f/s‘g%?’”ﬁtéﬁ’bl yer

or polyner parti ctiss maammasumdng the Qptohlre image sanaiysarcmsm@piﬁ out by

observations, by H@ °9f nt & rm oscﬂgelvﬁﬁgﬁ lt\{%‘é,he ?xatmﬁnatlon of the

(M cr o- Measur enent Feat tarn rinc
measur ement CconNsi §‘E%P3PH1W af maﬁgiclfe:sOmttme wéﬁmm!alof between 16 and 200

18 times. A television camera picks up the images given by the inverted
20 microscope and transmits them to a computer which analyses the
images received line by line and point by point on each line, in
order to determine the particle dimensions or diameters, and then to
classify them. '

Measurement of the molecular weight distribution

25 The molecular weight distribution of a (co)polymer is
calculated according to the ratio of the weight-average molecular
weight Mw to the number-average molecular weight Mn, of the
(co)polymer, from a molecular weight distribution curve obtained by
means of a Waters 150 C(R) (trademark) gel permeation chromatograph

30 (High Temperature Size Exclusion Chromatograph), the operating
condifions being.the following:

- Solvent: 1,2,4-trichlorobenzene
- Solvent flow rate: 1 ml/minute
- Three "Shodex"(R) (trademark) model AT 80 M/S columns
35 - Temperature: 150°C
\
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st'udy of a popul ation of particles using optical mcroscopy, a

frequency table which gives the nunber (ni) of particles bel onging to
each class (i) of dianeter, each class (i) being characterized by an
i nternedi ate dianeter (di) included within the limts of the said 5
class. According to the approved French Stdhdard NF X 11-630 of June
1981, Dmand Dn are given by the follow ng fornmulae: [err]

nunber - average di aneter: [err] [err]
10 [err] nunber - aver age

di ameter: - YdwpleatongeDradionh & 4% thyr welshtt he particle size

distribution; 15 _it tﬁé@{r@t{ BB 2bOE Chic W,ﬁttpeé)f the particle size
di stribution". The ‘measur enment using the Optomax inmage anal yser

carried out by =~ melgkecsion by ﬁ\FéFFé‘EF"PFPE?‘bs‘eBT?é’%‘Y’(H? b'éerﬁPF%“‘actﬁéraPh
exam nation of the  stsidapenatoss Wwinpar hmi asmittyhpﬂmgﬂe‘mecﬁmoaycﬂr .

bet ween 16 a 200 ti.nme t |eVISI IC. t | s .given
by the i nver{yejd 20 nYesse gs espgn('s' tuf‘%mrsm a?’ %1%1991: %6 ﬁvrﬁ?lggh thy -
anal yses the i rragé%,qoécmd/yﬂ/hﬂn re4 byanfd| ﬂéuahoﬂepsltm pbyyqiduyhenmnhédch

line, in or der tohglg.t gg,n; qut{ﬂﬁ, BRd Mw9i® dippensi ons or di amet ers and

then to classify Measurenment of the mol ecul ar weig
di stribution 25 T’T?1§°Frb?‘€€ll%ﬂn1\3\ﬁ’r*gfﬁ$ eraaplep ddivitrate éhﬁcé‘)"ﬁﬂF%r
cal cul ated accor disighpl® £ he ratio of the weight-average nol ecul ar

wei ght Mv to the r&unb r-aver | ecul ar wei ght M, of the
(co) pol yrer, ng%!}%ﬁwgggq%ﬁ%l buti on curve obtained by

means of a V\aters 1501@(2?)11§tesad9rmmk;:txgnel cperaietig 00 mileenel ogr aph 30
(Hi gh Tenperat ur ed:}?u%?l kgﬁlm()@n ﬁxgﬂﬁeogF@ﬂ@ed tlJ}e6 Olpjeﬁ. #ﬁ@g of n-hexane
| i& ; I chl or

conditions being t 4-tr obenzene
- Solvent flow #ng inally /lnlllﬁm et diisoamyiripther "eﬁed%wreﬂ)ceflt tmddrarqyrse

nmodel AT 80 M'S ced WBSrst38tage undé@ﬁﬁ@f@@ﬂf &t #80M ebhjdrature, into a

15 30-litre stainless steel reactor equipped with a stirrer rotating at
a speed of 500 revolutions per minﬁte and a jacket. In a second
stage, during which the speed of the stirrer was maintained at 500
revolutions per minute and the reactor temperature at 25°C, 2.4 1 of
tert-butyl chlbride were added to the mixture thus obtained, at a

20 constant flow rate for 12 hours. At the end of this period the
reaction mixture was maintained at 25°C for 3 hours. The precipitate
obtained was washed 6 times, each with 10 litres of n-hexane. The
solid product obtained constituted the magnesium dichloride support,
containing 0.12 moles of diisoamyl ether per mole of magnesium

25 dichloride and less than 0.001 mole of Mg-C bond. When examined with
a microscope, the support was in the
shape of spherical particles which had a mass-average diameter of 35
microns and an extrémely narrow particle size distribution, such
that the Dm/Dn ratio of the particles was equal to 1.4.

30 The specific surface area of the suppoft was approximately 45
m2/g (BET). The support was isolated in the form of a dry powder,
under nitrogen atmosphere, after the n-hexane had been evaporated
off under vacuum, at 56°C.

b) greparation-of a catalyst

35 A quantity of previously prepared support in the form of a dry
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19 - Sanmpl e concentration: 0.1% by wei ght - I nj ection

vol unme: 500 mcrolitres - Detection by a refractoneter integral

wi th the chronmat ograph - standardi zati on using a high density

pol yet hyl.ene sold by BP 5 Chemicals S.N.C. under the trade nane
Ri gi dex 6070 EA(R): Mwv = 65,000 &% MV Mh = 4, and a high density
pol yet hyl ene whi ch has: Mwv = 210,000 and MV Mh - 17.5.

The following nonlimting exanples illustrate the invention. Exanmple 1
10 a) Preparati on of a support 10.2 litres of a mxture

contai ning 10 nolmydef corresmbutg/rtnagwesiumnbhemoﬁetﬂaameﬁ indkrbdwed &ty 26°d5
litres of n- hexelﬁﬁer n:.tr@@éh hﬂ@gplh)frél- 1|n'l:$ rfg?is@'th&%@&iﬂ Qeéaﬁ%ti& of

i ntroduced in the course - a first stage under nitrogen, room
temperature, intot &itses eS'eiRPieE‘r‘é‘-té‘t 8 sHisser FeRaliingcalc 6P @creiwwsmltnﬁta
sti lr(rer rotating &d with adh&dta8g £l 66K ihg\e3subh.0NG0 pgr o?anlﬁ.tiﬁt@;d a
jacket. In a.sec speed of the stirrer was
mai nt ai ned at53500°°ntam’r“§v?)l%ﬁh5ﬂ°§’ 8@91 ﬁ?%ﬁ{‘]“é’&an& the reactor tenperature
at 25[err] C, 2.4 His¢fyclopentsgtitayl)djthlvirbaircdeiwe(6p2aitad) tin tobuene Xdnd ¢00
thus obtai ned, atmﬂlggtomscgflitl@ﬂinimoﬂ Engt:l?ylag{tmrrln%x é"r( %I:er r{%u?[:i!gn %ft a

this perlodthe reaction m xture was mal nt al ne
hours. The preci piangertration gt 30y yRighholhéalwene; n*’é%a Honyj afh (M4P)

litres of n- hexarlﬂa:.ngTélﬂd by Scheting DEsYhdsy), omalmﬁomeatﬁwtash trBfctor
magnesi um di ghl or.i cont a of diisoanyl et her

n
aanest um df Gl OLe U6 SURRIL: mne eciRFd Thoh e Q1skh, TR R kst 02
bond. When exam Mt CWEdh two houls ITiARY Cise @pé, off IhBiss pppixd tmasstlinrix{gewas

shape of spherl Caétogget% a%het.shevwgbf:{h Qlﬂ\gﬁ %b@ﬁ%d%}/&r @g%tletqi ggqﬁl %&mﬁg §§ch witlg

m crons and an ext narrow particle size distri
the DM Dn rati o ofo% ik CﬁaPthQ?iaes ad5tual to 1.4. 30 The specific

surface area of the smr&aM§ggmeogdﬂat€Asvké§: in thtﬁg‘égct(oBEIﬂ .sudPénsion
support was isolate rm of dry er nitro

nth
at nosphere, after™® ﬂgb fhe afh R b e%%%g’ﬂl?rla?é’(f tltanl“%ftﬁtﬁﬁ%%b%uum
at 50[err]C (15C1,) Rreepathehi Mtrofucedc il ¥Bé r3actor at 25RCQUEHY réyctol

previously pr eparv?a% RYARA {:olﬂ I': endf QﬁéanI(tlﬁ’edchS then stirred at 70°C for two
hours. At the end of this period the reactor was cooled to 25°C and
the solid catalyst thus obtained was washed four times, each with
20 500 ml of n-~hexane at 25°C.
A so0lid catalyst which was ready for use was obtained in the
form of spheroidal particles which had Dm = 35 microns and a Dm/Dn
ratio = 1.5. It contained the elements Zr, Ti, Mg and Al and

diisoamyl ether in the following molar ratios:

25 -  zr/Mg = 0.006
- Zr/Ti =1.5
- Al/Mg = 0.14

- Diisoamyl ether/Mg = 0.02

c) Polymerization of ethylene in suspension in n-hexane
30 750 ml of n-hexane were introduced under a nitrogen atmosphere

into a stainless steel reactor with a capacity of 2 litres, equipped
with a stirrer fotating at 350 revolutions/minute and with a heating
and cooling system. The reactor was heated to 70°C and a quantity of

previously prepared catalyst was introduced into it, corresponding

35 to 0.1 millimo_le of zirconium and 15 milliatoms of aluminium as
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20 povvder' corresponding to 100 mllinoles of My was introduced at -

25[err] C under nitrogen atnosphere into a glass reactor with a
capacity of 1 litre, equipped with a stirrer rotating at 350

revol uti ons/ m nute and with a heating and cooling system 100 ml of a
mxture 5 containing a solution of 1 m %} nole of

bi s(cycl opent adi enyl ) di chl orozi rconium (Cp2Zrd 2) in tol uene and 100
mlliatons of alum niumas nethylal um noxane (MAO in solution at a
concentration of 30% by weight in toluene, the solution of (MO bei ng

sol d by Schering %eGyialyminoxmme (MA0) o i @diut dvnoat e comzemtoat ib@ ofnMi30K by
stirring. The ni xjdhpRet IS0 MR NER %ﬁxt&@ﬁ%%‘?ﬁ&oﬁ%{:{g‘agof& by Sche%%ge”] C

for two hours. At the end of this period the stirring wa opped and
the solid thus obfPABY (FeEmRTInel vPAHRe ©f MFdrogen: Haqi ‘thh‘—n in"miwdrﬁlm@f the
n-hexane at 25[ erfddator, such thatpitﬁ&tmsbk%urﬁhﬁ aﬁéﬂdéeiw&f beﬂtuﬂanwiéﬂe
reactor in suspen exane,

titani umtet ;Js;chl %‘?tad &, fd?"f”%'f FFF’}le\%r%t tahﬁﬁeﬁdﬁtpgéfuﬁ gt’oz%t fih for
reactor at 25[ err? GQourheitr tlectend of thisvperimwhtbel aocbyrifd}c[leat:]ﬁ was Gt bbyed

m xture was then gid Lk I 0 e this
period the reactor vvgs %rogfl cfplhgﬁ%kcg%&r) bég)zgﬁrcfmoved g ﬁgﬁetﬁ I,,Q A%{}lyst Fhus
obt ai ned was wash&forered:t Fﬂ%%}s"é%ﬁzl?fvﬁ’lth?rzﬁal Bwlﬁileﬂ)f“'hh‘ﬂhélﬁdrﬂén at 170

25] eLr] C m:lfchnS,OH dldnﬂlﬁlt byt =\|A41|53\?\Ar}]€1\’5hﬁl bﬁﬁg@dﬁﬁfy gﬁ?) Weso. QbEP%rped
in the rm spheroi.dal, particles ich ha Grons and a
Dri Dn % "'?hel'“g;'] © | i0de% {248 1dd of e PRITESPE 2P "aﬁ% 19 mingtesn

di i soanyl et her mea;slueed altl 099 Cgumtsran Wea.ght)szf 855 kg: The Mw/Mijratio of the006
- Zr [ Ti ' Iy - Di i soanyl
ether/My = 0.02 p yétslylene’ mer%trﬂlpéz‘{':t/tg nPc(f)fwas ﬁy ene in suspension in

n- hexane 30 Ex -hexane were introduced under a nitrogen

at nosphere | 83 0 8atd19k0| HSPasdt@8hsr€actor with a capacity of 2 litres,
equi pped wWth a S%I rrer rotati n% at 350 revolutions/mnute and with a
heat i ng Yhd cool FRY REGEeMFe Wafk Srackivors ilsErARRL . dl 1 BP3AY] EFPR Eha ek
guantity of ey i Ouistleyd pofe pap BY iogt Ay Bl ineds (CpLZAXI2gediooNkil Uiktoms of

corr espondl ng 35 alanQ.anril' ag] &!JLAOSD‘Lr?d gf 5“1&?%1&@ oafn(é'.l‘ilé.;,m, ! Il.lleag;ggtﬁzigg.e
al um ni um as
shown in Table 1 were employed.

The catalysts thus obtained had the characteristics collated in
- 20 Table 1.
b) Ethylene polymerizations
The procedures were exactly as in Example 1, apart from the
fact that instead of employing the catalyst prepared in Example 1,
the catalysts prepared in Examples 2 to 5 were employed.
25 The polyethylemes thus obtained had the characteristics
collated in Table 2.

Example 6
a) Preparation of a catalyst

The procedure was exaectly as in Example 1, apart from the fact
30 that instead of employing 0.5 millimoles of (TiCl,), 0.5 millimoles
' of vanadium tetrachloride (VCl,) were employed.

The catalyst thus obtained had the characteristics collated in

Table 3.

b) Ethylene polymerization
35 The procedure was exactly as in Example 1, apart from the fact
This Sheet Has Been-Re
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met hyl al um noxane (MAO) in solution at a concentration of 30% by wei ght
i n toluene, the solution of (MAO being sold by Schering Conpany
(Germany). A volune of hydrogen was then introduced into the react or,
such that a partial pressure of hydrogen of 0.2 MPa was 5- obt ai ned,
followed by ethylene at a steady flow rate & 120 g/h for 2 hours. At
the end of this period the polynerization was stopped and after the

n- hexane had been renoved a pol yet hyl ene powder was recover ed,

consi sting of spheroidal particles which had Dmn = 170 m crons, a Dm Dn
ratio = 1.5 and atlmt knglendi of/ eoBlYyiog theScgialyperprepaddd ifExampld 1j, nthet
(M[err] of the p lsen ' es, nmeasur ed at

190[ err] C under aP%A%bi%E t i%f ﬁ’é‘%@iﬁ& %ﬁé&w%r atio of the .

pol yet hyl ene, measur egh?)W°G°€ShY\?«a%e dhys obtaineg, hag)|thg chargctpristicsypollated
Cat al yst prepar at i9mabid 4. The procedure was exactly as in Exanple 1,
apart fromt fagt . that, instead of enploying 1 mllimle (Cp2zrd 2),
100 milliat onk o?ﬁﬂl’-ﬁéum niumas (MAO) and 0.5 nmillinoles of (Tid[err])
the quantities sBavelysh phzbheatlioner e enpl oyed. - The catal ysts
thus obtained had thesf0qBELEIeStid 2xffliy@hedn Beatd1d ) Spdre £rom Bl fact
Et hyl ene pol yneri zati ons . he procedures were dxat y as in

Exanpl e 1, apart ¥pafmlf@al of a mixtureheentiajningad sfluthen ofi Hymihbimodes|ofst

prepared in Exanplép2krci2) intdtAubAd ahiSisd RIENALERE bR SXRRRIES ad (A0Y #Ere
enpl oyed. 25 The pol yet hyl enes thus obtai ned had the characteristics

' P ! o
col l ated in Tabl gSStution infalysng vere used nnd tie (eMparatyre yas, fizgd pff0°C
The procedure wasdexdagtthe dstrubxiompbe the e@@ohedttsointdiehé aclacBer tanat

i nstead of enpl oyamag-%pé ek el ﬁ%tg{émas Rost TLELLI! O cho onfdl

vanadi um tetrachl ori de€ were enp "y St
t hus obtai ned hadof Hdigrraried dhesst gy iedvagt &lppppd and thpgpbid3thus obtpjned

Et hyl ene pol yneri ¢ad iwvaBhed ten times, each with 100 ml of n-hexane at 70°C

i5 After washing, the solid was kept in the reactor in suspenéion
in 100 ml of n-hexane at 70°C. 0.5 millimoles of TiCl, were then
introduced into the reactor. The mixture was then stirred at 70°C
for two hours. At the end of this period the reactor was cooled to
25°C and the solid catalyst thus obtained was washed ten times, each

20 with 500 ml of n-hexane at 25°C.

The catalyst had the characteristics collated in Table 5.

Examples 8 and 9
a) Catalyst preparations

The procedures were exactly as in Example 7, apart from the
25 fact that instead of 100 ml of the mixture containing (Cp2ZrCl2) and
(MAO), 200 ml of a mixture containing a solution of 10 millimoles of
(Cp22rCl2) in toluene and 250 milliatoms of aluminium as (MAO) in
solution in toluene were used, and 1 and 5 millimoles of TiCl, were
introduced into the reactor respectively- in Examples 8 and 9,
30 instead of 0.5 millimoles of TiCl,.
The catalysts had the characteristics collated in Table 5.
b) Ethylene polymerizations

The procedures were exactly as in Example 1, apart from the
fact that instead of employing the catalyst prepared in Example 1,
35 the catalysts prepared in Examples 8 and 9 were employed and 150
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35 The procedure was exactly as in Exanple 1, apart fromthe fact

22 that instead of enploying the catal yst prepared in Exanple 1,
t hat prepared in Exanple 6 was enpl oyed. The pol yet hyl ene

t hus obtai ned had the characteristics coll ated in Table 4. 5

Exanmple 7 Catal yst preparation 23 The procedure was
exactly as in Exanple 1, apart fromthe fact that 100 mM of a mxture
containing a solution of 10 mllinoles of (Cp2zrd 2) in toluene and

250 mlliatoms of alumniumas (MAO in 10 solution in tol uene were used
and the tenperat unidldasonsi #2chlaninidmeas [MEO were uaiked with fbe | cutabyRic prepared

t he conponents in{lpEg{ggp r.egctor and during the two hours when the

m xture was kept stirred. At the end of this period the stirring was
stopped and the sol i dTkhpelyghbaienas thus ohpgingdshadithe charspteritidels with
100 M of n-hexanglabtddiar ¢dvze 45 After washing, the solid was kept

in the reactog i n_suspension in 100 M of n-hexane at 70[err]C. .0.5
mllinoles ofTi n i ntroduced into the reactor. The
m xture was then s}irCechlyst AiHeeardtGons for two hours. At -the end of this

peri od the reactor wagy&Q0hedhlils yers ARUcELE 1oy M kel S9! | ekl AloiStnd us

obt ai ned was washed ten tines, eac n- hexane at
25[err] C. factThkatc 4nateadt of, d@0t pe of hihep piBhyret ¢t aéninga (ErRZrAl A, Igne

5. Exanpl es &u)d £50 ml offh soluRisd %3t 10EPRIMRLES BT (Cp2ZrCl,) iANE
procedures were exactly as in Exanple 7, apart .fromthe

, | 25 facl that
i nst ead of 108 ni *uepf ererexiinde daff Ag=Heinoree19y Hile vere resfucedoo
m of a m xture coitcaikhé N@adt@Olreipeen i®dlyl On Exdahpleal €6 ad 11, ing€pdZefIRp
in toluene and 250, il || atogs,g' ol alumniumas (MAO in solution in
tol uene were used',nllgti‘r?gi'o *%an El’r‘f*rl I ol es of TiCl[err] were I nt roduced
into the reactor resp@beiopthiysts Eadavpe eshagachiedigticgQcolliahed dadTefle)s5
mllinmoles of TiGljerkglnylene polymerida@i&al al ysts had the characteristics

collated in Table 5. yl ene pol yneri zations
15 The procedures were exactly as in Example 1, apart from the

fact that instead of employing the catalyst prepared in Example 1,
the catalysts prepared in Examples 10 and 11 were employed, and 150
milliatoms of aluminium as MAO were used instead of 15 milliatoms.
The polyethylene thus obtained had the characteristics collated
20 in Table 6.
Example 12

a) Catalyst preparation
The procedure was exactly as in Example 9.

b) Prepolymer preparation

25 Into a 5 litre stainless steel reactor equipped with a stirrer
rotating at 500 revolutions/minute were introduced under nitrogen 2
litres of n-hexane which were heated to 70°C, then a mixture
consisting of 300 milliatoms of aluminium as (MAO) in solution at a
concentration of 30% by weight in toluene and a quantity of the

30 previously prepared catalyst corresponding to 1.5 milliatoms of
zirconium. Ethylene was then introduced into the reactor at a
uniform rate of 120 g/h for 90 minutes. At the end of this period,
the reactor was cooled to 20°C and the content of the reactor was
transferred to a rotary evaporator. The solvent was evaporated off

35 under reduced pressure at a temperature of 60°C. A prepolymer

I

——
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The procedures were exactly as in Exanple 1, apart fromthe fact that
I nstead of enploying the catalyst prepared in Exanple 1, 35 the catalysts
prepared in Exanples 8 and 9 were enpl oyed and 150

23 mlliatoms of alumniumas MAO were used with the catalyst

pr epar ed I n Exanpl e 9. The pol3fet hyl enes thus obtai ned had the
characteristics collated in Table 6. 5 Exanpl es 10 and 11 a)

Cat al yst preparations : The procedures were exactly as in Exanple 7,
apart fromthe fact that instead of 100 m of the m xture containing
(Cp2zrd 2) and powdédNA@E, tR{30obtainkd canglobtuiried numsiler 1l tipgédn.noleontained 71

(Cp2zrd 2) 10 10 g bo! HoNRe Pl 156 ms Aidode 30, %&’EMM a8y e:%]t%i%g.&

were introduced react or respective
instead of 0.5 atomj¢|natip|afsAbf(Zr €1Tidrvys 124. e cmﬁésm afy%Hhereﬁflt he

characteristics cpirkaifa hE‘va%bi)rE =150 micr&)s akd Y bEAS RO $47RT d ZRlrk BRI 03 O
The procedures were_ exact apart fromthe fact that

i nst ead of erpl oﬁ"r‘f@ that Eg‘f éﬁ/%‘f Dg‘?g’bar de in Exanple 1, t he
catal ysts prepar et i nedxahpie polfineatigatlibn\ef etbyipneyed, and 150

mlliatoms of alumniy r I hstead J .
The pol yet hyl ene thus tgf%{ég ﬁgd%tfhe cﬁa?fz gr |ygg?%ls%n?o++ %%{@6 fromTabl e
6. Exanpl e ]&recedinsayolmra*wpnw!épuhm b#f been stored Phéepmndteeiene

was exactly as i RyfeXalc@uded into ab)sluldi&S@CﬂeM”FJac%ﬁ%f@é |@Nd Paeter. The
Into a 5 litre stainless steel reactor equipped with a stirrer

rotating at 360 reafSERT iYgAsheAtAtt® RRre apftsHodleney vah datrefuced giikooit, so
litres of n-hexans whisbtaiere phesdvrd 60 078[MPal | Gthyhare pasdedt upwardly

consisting. of 300gilbl 388l @l UTHLMT AR EQea! £ 381 dl/egn 2

concentration of iAol uene an Re 30
previ ously prepared c%\i & 9§tt1@op¥@§pb¥kﬂ RyeRayeqd Qemlmeatw gfitroduced into

zirconium Ethyl efif #B$iaibb@beiNtd RUVE Ghhai D b rh€@d h Be Bed was kept at

15 80°C during 3 hours; A poiyethylene powder was thus prepared having
a density of 0.95 g/cm3, a zirconium content of 6 ppm, a titanium
content of 2 ppm, a level of wvinyl unsaturation of 0.4 per 1000
carbon atoms and a level of vinylidene unsaturation of 0.1 per 1000
carbon atoms. The powder produced comnsisted of spheroidal

20 particles, having Dm = 790 microns, a ratio Dm/Dn = 1.6, and a bulk
density of 0.42 g/cm3.

Examgle 13

Gas phase polymerization of ethylene
The procedure was exactly as in Example 12, apart from the fact

25 that the temperature was 90°C, the ethylene pressure was 0.4 MPa and
the polymerization was stopped after 5 hours of reaction.
A polyethylene powder was thus prepared having a density of
0.95 g/cm3, a zirconium content of 6 ppm, a titanium content of 2
ppm, a level of vinyl unsaturation of 0.4 per 1000 carbon atoms and
30 a level of vinylidene unsaturation of 0.1 per ;000 carbon atoms. _
The powder produced'consisted of spheroidal porous particles having
Dm = 780 microns, a ratio Dm/Dn = 1.6 and a bulk density of 0.43

g/cm3.
Example 14
35 Gas phase. copolymerization of ethylene with butene-1
i SheeIt Iiiilr“eiinlieﬁiced i




ui formrate of 120 g/h for 90 mnutes. At the énd of this period, t he
reactor was cooled to 20[err]C and the content of the reactor was
transferred to a rotary evaporator. The solvent was evaporated off 35 under
reduced pressure at a tenperature of 60[err%C A prepol yner

24 powder was thus obtained and stof®d under nitrogen. It contained
71 g of polyethylene per mllinole of zirconiumand titanium and the
atomc ratio of Al/(Zr + Ti) was 124. It consisted of spheroidal

particles having Dm = 150 microns and a particle size distribution 5

such that the rati o DEh®rprocdduGe was egictl@ass [naBeampdeé yifsr apatti 6romfthe fact
et hyl ene g 8 P l.ege 9 LY

froma precedlg %‘)\?se#é%%t ?g%sgngpv\v% Y %gd h\gg%lms/tagge uhﬁ’e‘;r?,{ﬂn‘mpg>f
ni trogen, sb‘iltrﬂnﬁohu@édilitﬁpéu%ﬁdf Pﬁ?‘dltééd” sgetomefeta tofobtgip g total

di aneter. The 10 pf&@qygrofv\@ss Ima; ed to 80[err]C and et hyI ene was

introduced into it, so to obtain a, pressure of gP F é

passed upwardiy ﬁh??ﬂ?dﬁm"f”rléfb"etdly\’f‘f%wé b agEaRe e ihbth§p ¥ 8f z@°

cni sec. wab thuefprieberqdr Buvingsh depstpaoedo ephinfrer wer e

i ntroduced into the fluidized bed reactor and the tenperature in the
bed was kept at 15 80[err]C during 3 hours. A polyethyl ene powder was

t hus prepared havi ng a density of 0.95 g/cnferr], a zirconium content
of 6 ppm a titanium content of 2 ppm a level of vinyl unsaturation
of 0.4 per 1000 carbon atons and a | evel of vinylidene unsaturation of
0.1 per 1000 1 carbon atons. The powder produced consi sted of

spheroidal 20 particles, having Dm= 790 mcrons, a ratio DmDn = 1.6, and
a bul k density of 0.42 g/cnferr]. Exanpl e 13 Gas phase
pol ynmeri zati on of ethyl ene The procedure was exactly as in
Exanpl e 12, apart fromthe fact 25 that the tenperature was 90[err]C, the
et hyl ene pressure was 0.4 MPa and t he pol ynerization was stopped after
5 hours of reaction. A pol yet hyl ene powder was thus prepared
havi ng a denslty of 0.95 g/cnferr], a zirconiumcontent of 6 ppm a
titanium content of 2 ppm a |evel of vinyl unsaturation of 0.4 per
1000 carbon atonms and

20

25

30

35
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30 a level of vinylidene unsaturation of 0.1 per 1000 carbon atons.

The powder produced consi sted of .spheroidal porous particles having Dm
= 780 mcrons, a ratio DDn = 1.6 and a bul k density of 0.43

g/cnerr]. Exanpl e 14 35 Gas phase copol yneri zation of

et hyl ene with butene-1 26 25

The procedure was exactly as in Exanple 12, apart fromthe fact a
gaseous m xture of 85% by vol une of ethylene and 15% by vol une of

butene-1 was introduced into the reactor, so as to obtain a total

pressure of 0.8 MPa__5 A copolyner of ethvlepne with butene-I in the
formof a powder was |t hus piepqredyhayi ng,a Pensjty] of0.92 g/cnferr].
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TABLE 2
POLYMERIZATION OF ETHYLENE AND POLYETHYLENES OBTAINED
5
Example Dm Dm/Dn MI g.s5 Mw/Mn BD
(microns) (g/10 minutes) (g/cm3)
10 2 180 1.7 11.5 5.2 0.3
3 170 1.6 0.3 5.5 0.4
4 170 1.6 ' - - 0.3
15 -
5 170 1.6 - - 0.3
20
25
30
35
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TABLE 2
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170
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4
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CLAI M5 1. Solid catalyst suitable for a heterogeneous process for
pol yneri zing one or nore olefins, the solid catal yst consisting of

spheroi dal particles having a mass-ave mm\lum of 10 to 100
m crons and a particle size distributi mmmm 2k at i f

t he nunber-average di ameter, Dn, of the *parti &l e i% not cba%ﬁigﬂgrlnﬂ?a(trzﬂ
3, the catal yst conprising: - a support containing from90 to 99.9
nol % of magnesi um dichloride and fromO0.1 to 10 nol % of at |east one
organic el ectron-donor conpound, D, free fromlabile hydrogen, 10 -
a zirconium netal | ocene, - at |l east one halide of a transition
nmetal (TM chosen from titani um or vanadi um - and
optionally an organoal um ni um conpound, preferably an

al um noxane. 15 2. Catalyst according to Claim1, characterized in that
t he magnesi um di chl ori de, the zirconiumnetallocene, the transition
nmetal (TM halide and the organoal um ni um conpound are present in t he
catalyst with atomic ratios Zr/My ranging from0.001 to 0. 2, Zr | T™M
ranging fromO0.01 to 100 and Al/M) ranging fromO to 2. 20 - 3. Process
for preparing the solid catal yst according to Caima1, characterized
in that: (1) a solid support (A) containing from80 to 99.5 nol % of
magnesi um chl oride and fromO0.5 to 20 nol % of at | east one

organi c el ectron-donor conpound, D, free from/labile hydrogen, 25

the solid support{Asbeing in the formof spheroidal particles
32

1. Solid catalyst suitable for a heterogeneous process for
polymerizing one or more'olefins, the solid catalyst consisting of
spheroidal particles having a mass-average diameter, Dm, of 10 to
100 microns and a particle size distribution such that the ratio of

5 Dm to the number-average diameter, Dn, of the particles is not
_higher than 3, the catalyst comprising:

- a support containing from 90 to 99.9 molZ of magnesium
dichloride and from 0.1 to 10 mol% of at least one organic
electron-donor compound, D, free from labile hydrogen,

10 - a zirconium metallocene,

- at least one halide of a transition metal (TM) chosen from
titanium or vanadium,

- and optionally an organoaluminium compound, preferably an
aluminoxane. _

15 2. Catalyst according to Claim 1, characterized in that the
magnes ium dichioride, the zirconium metallocene, the transition
metal (TM) halide and the organocaluminium compound are present in
the catalyst with atomic ratios Zr/Mg ranging from 0.001 to 0.2,
Zr/TM ranging from 0.0l to 100 and Al/Mg ranging from O to 2.

20 3. Process for preparing the solid catalyst according to Claim 1,

' characterized in that:
(1) a solid support (A) containing from 80 to 99.5 mol% of
magnesium chloride and from 0.5 to 20 mol% of at least one

organic electron-donor compound, D, free from labile hydrogen,

25 the solid support (A) being in the form of spheroidal particles
: 31
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havi ng a mass-average dianeter, Dm of 10 to 100 microns and a

particle size distribution such that the ratio of Dmto the
nunber - average di aneter, Dn, of the particles is not higher

3, is brought into contact 5 (2) with agzirconi ummmujm’kmumll and
at | east one halide (C) of atran5|t|on e rom
titani um or vanadi um and optionally with an ofganoal um ni um
compound (E), preferably an al um noxane. 4. Prepol yner
particles conprising (i) a polyethylene or a 10 copolyner of ethylene with
up to 10% by wei ght ofa4ine| & megsraverene ddameterggmy) BF\ Ootefio] migrgngignd an
active catalyst for aparticié:as-i)zpoclweilbmbhQsizcﬁfttfdt%lhd&a@ﬁ%tbﬁltbythe
cont ai ni ng at ons of

nesium, chl or alum ni um, rconi u titani um
and/ or vanadi um 'l“hmbc?ﬁ ahtqefes iﬂﬁﬁert’hg’f Pﬁerpﬁr Bb‘bﬁ‘;‘ii@ léoﬂ?"g]hﬁ%h?‘r om
0.1 to 500 g of 15 pohareBhyiseheowghtcbpel yomracof et hyl ene per millinole of
zirconiumands  (Jy agaii hOf R Al (ng 1108060 (BF ALOM Geba e AdiligL L (et
is from 10 to . Prepo articles according t
characterised in thata transhwncmls g rBT%FiWichregamPﬁg amd
mass- average di anet er opti@naldy whtinlOrdadoaihiRiGd @BEpctnd Er)RapLdrekEbS 28
di stribution such that the ratio of:Dmto the nunber-average di aneter,
Dn, of the parti cFeE &Mt hi gher than 3. 6. Process for
preparing the prepol gregolpmet ipakeiclas campr igingo(i) a fdlzemhylenehar act eri zed
in that the | i | r PreEPaLe
process accordi ng Fa-B% ot SRAPLALGAE o B ok oy whigh pBLEPTEE e Ts o
of ethyl ene and %8 rért-cdpbing3ang (E8) an agtiyisacaiadysh f|°Fi aliquid

hydrocarbon or in(- qg&yabar»masn aof oleﬂiagp@gsaw{aaﬁrmglﬁﬂglmr 64 C,
under a total pressure from0O a, In the presence

or ganoal umi ni um c’?ﬁ?ﬂSﬁ’n‘ﬂ”p?té]f%liﬁ‘b‘l fl};’{’ﬂi’?ﬁm AERPHERanE AL YR dﬂﬁzﬂ 5 Fgnadium,
that the atom c rit goantitids sucEMhatSthe prépicﬂ.ljfméﬂ coatdid80from 0.7 . toPEQII:%SSf
for pol yneri zicng r [ I <\ on

G310 Ch al pra. o pP e ARag on” QBRANHEE o bR sy ndle e s rcBREln A0
according to O al"rﬁafﬂb‘l"np?‘%fﬁdr EBMac end cﬁnﬁgaqoelaraitm 3°E}/(;Z}r +p M) he from 10

prepol yner parti cdeegoegcording to Caim4, or prepared by

33

5. Prepolymer particles according to Claim 4, characterised in that
they consist of spheroidal particles having a mass-average diameter,
20 Dm, from 10 to 500 microns and a particle size distribution such
that the ratio of Dm to the number-average diameter, Dn, of the
particles is not higher than 3. '
6. Process for preparing the prepolymer particles according to
Claim 4, characterized in that the solid catalyst according to Claim
25 1, or prepared by a process according to Claim 3, is contacted with
ethylene or a mixture of ethylene and at least one C3 to C8
alpha-olefin in.a liquid hydrocarbon or in a gas phase at a
temperature from 0 to 100°C, under a total pressure from 0.1 to 5
MPa, in the presence of an organocaluminium compound preferably an
30 aluminoxane in a quantity such that the atomic ratio Al/(Zr + TM) is
£rom 10 to 1000. |
7. Process for polymerizing ethylene or copolymerizing ethylene
with at least one C3 to C8 alpha-~olefin, characterized in that the
solid catalyst according to Claim 1, or prepared according to Claim
35 3, or the prepolymer particles according to Claim 4, or prepared by
\
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a process according to Claim6 are contacted wth ethyl ene—er—a___

m xture of ethylene with at |east one C3 to C8 al pha-olefin, at a
tenperature of 10 to 110[err]C, under a total pressure of Ommmm""m

in the presence of an organoal um ni um corrpg%nd preferably a m””m
al um noxane in a quantity such that the at c ratio Al/(Z

from1l0 to 1, 000. 8. Process according to Caim?7, characterl zed I n
that the pol ymeri zation or copol ynerization is perforned inaliquid
hydr ocarbon slurry or, preferably, in a gas phase. 10 9. Polyner or

copol yner powder aobf%‘-‘leﬁﬁb?“é’°5‘§rht3hé° frigde sk age comlpefpd with ephydenp ey a
conprising (i) ammﬁtmt By |l thg16de RitOpRe! Ydmt &fe €8y eaea1pha-o1\@.dfm W o

30% by wei ght of st o a-olefi a density
from0.89 to O. 968‘“%‘?" %{‘ l‘gstr?e?{&%nd‘é'gp(‘A%ﬁ%Ef Prggsure ey  Gorlabe i oHPt:)
fromO.01 to 100 ig/ 4 mmg oiaanm:mcanbalumimt:oxﬂ;&unduaielfebalinyoan hi gher

than 5 and | gwer t n,
hi gher than 8 6 Stétrﬁmogén%g?lb%n(iu%}{gwgum tha?(ﬁ%ll Cat aﬁgétila’gg?dur}% is
essential ly consifgemrng ¢ Ll8fs of magnesi um chl orine, al unmi ni um

zirconium titanigumgpdess a%@@f'kﬁ'nﬂnio Claim tﬁ%ﬂiﬁ@iéﬂﬂée@f nZ thEORKAM bei ng
from0.5 to 20 par t}y per 20 mII|on t he said powder having a
CRE

bul k density frof’ °°p§3‘36‘}?fé?”rt]i°n is piff“%‘l‘y‘ﬂef‘ ]oirq“éﬁpol ymer
powder accor di ng hiydrddazbon Slutipaloasi@efaeably, in B gdwphade. COI’ISI st s of

spheroidal pati gl esf:'cn.? Cﬁn%r c%?ﬁ%g@’% Q?efl B aiq BIFY rl%l'hem}r cess él‘cSOQ:dﬁ ngy

1500 m crons and a par I'on suc
to the nunber-avépagrim 7, ¢iomprisdipg On, aafolypthylane jari escqpslmr_ hfg&t@vlerhvan

3.5. 30 with:ﬂi to 30% by weight of at least one C3 to C8 alpha-olefin,
having a density from 0.89 to 0.965 g/cm3, a melt index (ASTM-D-1238
condition F) from 0.0l to 100 g/10 minutes, a molecular weight

15 distribution higher than 5 and lower than 15 and a level of
ethylenic unsaturation not higher than 0.6 per 1000 carbon atoms,
and (ii) catalyst residues essentiélly consisting of atoms of
magnesium, chlorine, aluminium, zirconium, titanium and/or vanadium,
the quantity of zirconium being ffom 0.5 to 20 parts by weight per

20 million, the s#id powder having a bulk density from 0.3 to 0.55
g/cm3.

10. Polymer or copolymer powder according to Claim 9, characterized
in that it consists of spheroidal particles having a mass-average
diameter, Dm, from 150 to 1500 microns and a particle size

25 distributibn such tha the ratio of Dm to the number-average

diameter, Dn, of the particles is not higher than 3.5.
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