GATALYST AND PREPOLYMER USED FOR THE PREPARATI ON OF POLYCLEFI NS

The present invention relates to a solid catal yst based on Zzi rconi um
supported on magnesi um chl oride and to a prepol yner cont ai ni ng the
catalyst. It also relates to a process for preparing with this

catal yst or this prepolyner a polyolefin, especially a Casel| Y42l/BRR7(2)
copol yner of ethylene. 5 It is known that it is possible to

manuf acture polyolef ins in the presence of a catal yst system conpri sing
a catal yst based on a zirconium netal | ocene and a cocat al yst

consi sting of an or ganoal um ni um conpound, especi ally an al um noxane.
However, this catalyst 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 in gaseous
phase. According to US Patent No. 4,659,685, it is also known to
manuf acture polyolef ins with the aid of a catal yst system conprising 15.
a solid catal yst consisting of a zirconiumnetall ocene deposited on a
support such as a refractory oxide or a nmagnesi um chl ori de. However,

e potyolel | nS chBysa0Lil DERhGIGR! Yoy diVFiuf pLELANE Ye porvollhBRY

have been nmade to devel op a 20 hi gh-activity solid catalyst conpri si ng

a zirconium netall ocene for a heterogeneous process of the
(co)-polynerization of olef ins, - especially ethylene. In particular, a
solid catalyst which Jhgspresent inventhon,gelats die 2 Faldfi tateitrt BAtehas been

sought. Attenpts zia¥éhium supported on magnesium chloride and to a prepolymer
containing the catalyst. It also relates to a process for preparing
with this catalyst or this prepolymer a polyolefin, especially a
polymer or a copolymer of ethylene.

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 metallocene and a cocatalyst consisting of an
organoaluminium compound, especially an aluminoxane. However, this
catalyst is preferably employed in solution in an aromatic

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

According to US Patent No. 4,659,685, it is also known to
manufacture polyolefins with the aid of a catalyst system comprising

15 a solid catalyst consisting of a zirconium metallocene deposited on
a support such as a refractory oxide or a magnesium chloride.
However, the polyolefins thus obtained generally have a relatively
broad molecular weight distribution.

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

20 high-activity solid gatalyst comprising a zirconium metallocene
for a heterogeneous proéess of the (co)-polymerization of olefins,
especially ethylene. In particular, a solid catalyst which has a
relatively high zirconium content has been.sought. Attempts have
been made, furthermore, to develop a catalyst suited to the

25 heterogeneous processes of polymerization of olefins in suspension
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‘Been made, furthernore, to develop a catalyst suited to the 25
het er ogeneous processes of polynerization of olefins in suspension

2 in an aliphatic hydrocarbon or in gaseous phase, processes in
whi ch it is inportant to be able to control the size, the particle
si ze distribution and the norphol 6gy of.the catalyst particles at the

sane tinme. It. has al so been shown to be inportant that any new solid 5
catal yst should be able to withstand the growth stresses during the

pol ymeri zation, especially the initial stage of a gas phase

pol yneri zat i on. 1thﬁf€hf%{hay‘?%r??fb°ﬁrﬁ\@ﬂ5%‘t“?e&”é§ »vpRogesses ipiwhighi ym

netal | ocene cat sl yist fmppreagener s Iaylénmhcgﬁeal @thet B4, the phhOIAeOfin

catal yst based i,t.ani u vanag di.um c h is le s act ive
in olefin pol yrrééj?ltfé utmn 2 2 9fl;“"‘s a °18§§| gf‘ee aﬁm?y'% Quﬁ]é%so

catal yst be capﬁmeetvie pibduel ﬂlgsoaheet lshbemdopkd \important sthat any eehysIOén@

copol ymer w4 th af .89t lshok Q1 bE0AIRPLE AYRIANE TR BN stressedRiudithy 3RE 2
narrow nol ecul ar wel ght distribution, so as to enable this polymer or

copol ymer to bePL¥BSEIFatipmy eFRSALin Fhantpitdal Atage "_fSa gas phaget a5 now
been found that pd]tymeslmssm.bl Wettmvprﬁqmaettaatsahe @rowth sepdsakyskithi th high

activity in the ri.zation ol ef containin Lrconi um
nmet al | ocene, pre§ erag y%eng ialof:% eatcl‘?lv ]Iy'tﬁlare general%far'{ltw? ,regg?)r tl7=1fled on a -
speci al magnesi timsehtHra detalyst ptmspdml artltanium toli sat@dim ybiofiglej whiche

form of sphgy oi 9@'1e9§”4&t%§%n"‘l@i&éln%&y%@riza%%ﬂ £edrf o4t BEsALE1 QS0 GHAE
pol ynmeri zation of olefins in suspension I n gaseous phase and which

are capabl e of Wit HetiharRYyHehebe °apa‘é1'r?of’f'nﬂf§d@?5&&t R SERELESPITPR PR AR

pol ymeri zati on. emiylsneaio@by;&rter with Eﬁ)eabelw&edtﬁﬂmw avérdzel MéRicuzat i on or

'n the formof an, gg% avang ;ﬁ&% edifar wé){g?ngugil.srégipuq_r.ﬁg,ers% e S

of ethyl ene havin I'cu esent rAvention
rel ates theref otist BOb}'ﬂ@GI ¢x] copetsimesito be shaped abllegf@neatiwt erd genkbing .

process forygol ynerigging p&e bQEm MEufid that Al 8k fsssibil I%@rﬁfe%l-@ra @Li% ene,
the solid catal yst consisting pheroi da] particles having

mass- aver age di &HeEFt “ivp ‘E}Ehlﬂ“"tiﬁl% a 40 (AP RodHRerization ﬁ%r‘?]@\ﬁ/“bsart icle

size distributi ecshtsuﬁrhgt Baiutchﬁmm meti]ﬁbb@né}f pmetrebtyhenrwrﬁaeatmeyag@h
di aneter, Dn, articl

o] al yst
conpr i i ng:  antier Aebpfertas ' B oy spartih TeURT o0 PosdRy dpipEGreie
magnesi um thizhkatalget aiwd ifrithe Gorim of Sihemoidilopartiiclenghignarer gani c
35 el ectr ofy dORQIteGOFP B hetProddnebud HRMhetbhEiAY S QUEFins in suspension

or in gaseous phase and which are capable of withstanding the
enormous growth stresses during the polymerization. This catalyst
may be used as such in polymerization or in the form of an active
prepolymer, producing polymers or copolymers of ethylene having

25 particular features.

The present invention relates therefore to a solid catalyst
suitable for a heterogeneous process for polymerizing one or more
olefins, in particular ethylene, the solid catalyst consisting of
spheroidal particles having a mass-average diameter, Dm, of 10 to

30 100 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, this catalyst comprising:

- a support containing from 80 to 99.9 mol% of magnesium
dichloride and from 0.1 to 20 mol% of at least one organic

35 electron~donor compound, D, free f£rom labile hydrogen,
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3 - a zirconiumnetal |l ocene preferably wwth an atomc ratio of

Zr/My ranging from0.001 to 0.1, and - optionally an

or ganoal um ni um conpound preferably with an atomc ratio Al/Zr
ranging fromO to 500. 5 Any of the support, the zirconium

nmet al | ocene and or ganoptional 'y the3oal um ni um conpound, constituting
t he conponents of the catal yst, may have conpl exed or reacted with one
anot her. The solid catalyst has a particul ar nmagnesi um chl ori de
support containing a relatively large quantity of an organic

el ectron-donor —10 aC e it BetdT®can (paefeadlprwishSanTagoeix gatixhbér i de and
conpound D t e S from80 to 99.9 nol %
preferably ozrﬁ? éxiaéggg)kgmp%{)gﬁ Zggléc?xt from90 to 99.5 nol %
of magnes 'rum PPE APRALLY carg A $nCg hpinfup G°EB°%§I pEsfesplyamith fapom 0.5 to
15 ol % and especi atboiid rr@m&)AE/tp hfg il Yo ot & seonpound D. 15 The

support ich is based_ essenti al nesi u di chl ori de, may
addi ti ona}NSy cont ai'fYa° %ﬁ?‘ﬁr’?"’f?@mé%mtg? rﬁlﬁ8°%“ﬂrﬁ?ﬁa&h?°ene i vative, such
as al um ni um t Pirgimaptiicellgstheebhlweinibypi icongiung, onst iturhgy &b usompbhertisde

cont ai ni ng somg My chgﬂ,%t &BHM”L%M&& or rea%QL&)rthg %%tmer Eferably

al um ni um derivative may "be’l ower than or equal
20 nol % or | ess relTe Wiido%"r?éyﬁhd’ﬁés? m‘h“ticulaﬂ|“@BP®?#"G’ec%’L&¥Hd%1§“EP?’6 20

ol :/o Tgle quag‘-'fcloh?’ao/ﬁﬂciné/gs Gebmdelrﬁmabge quantit@\lfl\ef dnNafgs@fic ealéatrsxﬂdlémsml E/Qh
preferably mol % qr rel at e, ecial Ly e
suppor t cor]igal FOPRPSY Bh&iﬁl T%Ppﬁﬁt °°'“pr’l\755Cm?§6‘ﬁﬁm“2gﬂP°ﬁH° ”Ii:’hg %Iﬂ

el ectron-donor iporgiarive niolar pegeersragks yofk Ao 8Bstaa 99.9 mOLkvnrsfbyasé:éyand
nust be free fraghl @pihed YAty IdspC A8} 2:bRg0 to 99253BY fpe chosen

fromwater, alcohols or phen Ity to co
magnesi um di chmgeperdumj 41qhé°awaﬁ¥<hg§ée'e§ 9 'é‘h(?@@f’lz Preﬁ‘FBh%kFﬁ@?so 5 to

thi oethers, estigrfo1% dh@hapesiaizy! paxoeto seaentldeytd) conptindes., tertiary
am nes, terfgsl ary phasphi nes an Eho}ggﬁr m des. El ect r on- donor

conpounds Jf | ow cothsl EXRRRG eRSAAtiplly, on magnpgiym.ycj ¢
et hers, are preafiehl@dde, may additidiellgr gantiatn @l eblardne donoaiciogpalumdniddy | S

advant ageous! y derivatgggt r#&ﬂ%@ﬁ&ﬁ@ﬂ%%éh’oﬁﬁé ougnoLly LQeop%g ﬁﬁ&r a
particle, formng a onbgeneous conposition of magnesi um
and conpound Dmagnesium chloride containing some Mg-C bonds. The quantity of

chlorine containing aluminium derivative may be lower than or equal

20 to 30 mol%, preferably 20 molZ or less relative to the magnesium
dichloride such as 1 to 20 mol%. The quantity of Mg-C bond may be
lower than or equal to 5 mol%, preferably 0.1 molZ or less relative
to the magnesium. Especially, the support contains substantially no
Mg-C bond. .

25 The organic electron-donor compound, D, is generally known as a
Lewis base and must be free from labile hydrogen. It cannot, for
example, be chosen from water, alcohols or phenols. It has an
ability to complex magnesium dichloride. It is advantageously chosen
from ethers, thiocethers, esters, sulphones, sulphoxides, secondary

30 amides, tertiary amines, tertiary phosphines and phosphoramides.
Electron-donor compounds of low complexing power, such as cyclic or
non-cyclic ethers, are preferred.

The organic electron-donor compound, D, is advantageously
distributed homogeneously throughout the support particle, forming a
35 homogeneoué composition of magnesium dichloride and compound D.
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4 Consequently, a support of this kind cannot generally be

pr epar ed nmerely by bringi ng anhydrous magnesi um di.chl oride particles

into contact with the conpound D. For this reason it is recommended

t hat t he support be prepared by precipitati on of magnesi um di chl ori de
in5 the presence of the conpound D. 4 The catal yst consists of
spheroi dal particles which have a substantially spherical shape, e.g.
in which the ratio Dd of the particles is close to 1, D and d being
the major axis and the m nor axis of the particles respectively. The

ratio D/d is genaroahéwehew,r alBuppok bt @hiLBERd clabndt éenaraqﬁser&bbyephrsd'or
| ess, such as 1 to articles

have a mass- aver 3§&°€ h’fa?ﬁe?’éirngb?g f@%’%"’“g magpeRitH 8?‘3{%“‘% §/ %o 6 70

and especi al |y 2Gonbadi) wiitit rthaScompound DheSorhakss areasonr dwv ir:arécaninen@édzehat

di stribution, sught oHZ'eb BI»JEP%L%E’ by W{angipltitone ﬂﬁi%ne%‘iﬁ:ﬁacﬂ%ggéﬁ'&@ﬂ

Dm to the nunber-aver 'S not
preferably nét hlt@HePrecSHaPF pfcthe °°mlam’é}de%pe0| ally not higher than 2 such

as 1 to 3, or 1to Zme cQEal%rst consiﬁ@oﬁ%h@%ﬁl%&dlélek bRich Bave a
Preferably, there is a virt

al absence, of particles of
di aneter greater subghantiglly BRP%'ri"?b Shagﬁal‘ﬂ Er hEhE Bg?( Bﬁ? o g ofatbrcle
size distributiorparsicissals close toslciD ahditd being thamadePodxys eidgtlie @ﬁndnhe
ticl f th b I
particles o € Sz?ggof the B S?&%&cbﬁ%&‘ AR’ FiGloCoAd 48 %Jé:&?ij 35

Dm 10% cat a.n%/ SO co talns zirconi um
I n part i1@ul drhant ¢re ezPiﬂcGﬁr Lihsnarefilerabiohd - 3 Lralefss aftddcenel dont A ﬁFn’g a

25 tetraval ent % L¢oNi um vvi th at |east one Zr-C bond which is a

coval ent or pi-bonded_one. | s al ;ol cal |l ed zirconocene, dwh gh £ 10 t
preferably corresponds% Safﬂgsbe?fért Fl95,PH{f 4 mass-average diameter o °
RARSR6R7Zr 100 mixmoins Rprd€ecdtds 6 ¢yclOahd adperidlly a2l ¢al 5S®Omicrons.

cyel oal kadienyl 3oy 120 Gl 3Dt IR0 Pﬁ/ ﬁ&séﬁ%a oq.oe.‘géhkxi.ar adlh Cal 1§ 9-

of 1 to 6 n atoms, such as , east one
al koxy A&di c/Da. f the mRsppAGreRs li'éﬁm%ﬁeGrrBDm'oF° arhﬁu%werrﬁ@rase
cycl oal kadi enyl di.ame@é:.O,UDn? i@ n&¥ highdr tHarC 3, bmfai-m& ﬁwlaigﬁeﬂ BE&N . 5 0r

t et rahydroi ndenyl and eagl R#M err d 4 bei n nglcal or
35 71T er et defeL 8858V 88 sﬁﬁhara sBE 4 Ly a1 %00
to 2 and especially 1.1 to 1.5. Preferably, there is a virtually
total absence of particles of diameter greater than 1.5 x Dm or
20 smaller than 0.6 x Dm; the particle size distribution is usually
such that more than. 90% by weight of the particles of the same
single batch have a particle size in the range Dmt 10%.
The solid catalyst also contains zirconium metallocene. In
particular, the zirconium metallocene is a metallocene containing a
25 tetravalent zirconium with at least one Zr-C bond which is a
covalent or pi-bonded one. It is also called zirconocene, which
preferably corresponds to the general formula |
R4RSROR7zr
in which R% denotes a cycloalkadienyl raqical or cycloalkadienyl
30 radical substituted by at least one alkyl radical e.g. of 1 to 6
carbon atoms, such as'methyl or ethyl, or by at leaét one alkoxy
radical e.g. of 1 to 6 carbon atoms, or a fused ring cycloalkadienyl
group e;g. of 7 to 14 carbon atoms such as indenyl or
tétrahydroindenyl and each of R5, RS and R7 being identical or
35 different denotes a cycloalkadienyl radical,a cycloalkadienyl
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5 radi cal substituted by at |east ohe al kyl or al koxy group e.g.

of 1 to 6 carbon atons such as nethyl, ethyl, nethoxy, ethoxy, propoxy

or but oxy, an aryl radical e.g. an aromatic hydrocarbyl group such as

one of 6 to 19 carbon atons, e.g. phenyl, an alkyl radical e.g. of 15

to 6 carbon atons such as nethyl or ethy?, a cycloal kyl radical e.g.

of 5 to 7 carbon atons, such as cycl ohexyl, an aral kyl radi cal e.qg. of

7 to 19 carbon atons, such as aromatic hydrocarbyl alkyl e.g. benzyl,
_a halogen atome.g. chlorine or brom ne, an al koxy radical e.g. of 1

to 12 carbon atslieal saubhtbsitedtlyony, leabh ooy, aliyl prcqmmyy @trotpiteOy Y, 0f0l a
hydrogen at om ¢, Br Qyiged t e I adl enyl
radi cal or a sm)stltut eda{cﬂ& sm Pogeﬁz }f’er?t g lﬁ?& esc?huse (i)rgﬁi Y O%
cycl oal kadi enyPuipxBupan R!lylaﬁ&dical ery. elﬁn]amytiyehmwbxlosem iéelhelrs

ei ther directl Un@'bfvé &odl1d Qﬁﬂ@f)on atomsal KYé erﬁﬁeﬂflol'@n €18yl Hadlcd0 edg CYEDPNS.
The cycl oa; kadi er%y radi cal re erably gne with a conju a%ed C5

ring di ene’ grobd, §ﬁ’é‘??na§t°é“s Such 8§ e5BEhoEaP R . & FeAAHIKIL - dieet t abl e
radi cals for &grpk,5 Rpe? rdarbéf atoms,0buch as Ei[cabnéxmyamamtamyl Pad2a2?2
carbon atons a prefenab h cl el

et hyl cycl opentg ensl7e «@bly cg'["gont ﬁtﬂYCFo%e%%! %RQ{‘# ﬂ%&— carPyl alkyl

et hyl enebi si ndergy belFZYZO a thalpgeny @Een ndenwhlpainecat ‘bromfre,7 A calkPrEm

met al | ocene NMByadiicll e.g. HANL t&W2aEarHea mer‘mfchoﬂg methoxy, ethox
bi s(cycl opent adi en I)dlchlor02|rcon|u cyclopenta g

i en
met hyl chl ot%zi PEPRFAM T RHto*Y s °’b|as{’Yflr5’38n ?tf’ﬁt re?lﬁ'%ﬂ?ﬁn Flen ¥‘
et hyl enedi chl orqmerssm WMeycloalkddienyy abdikalt bve azbkrntwyadret al | ocene al so

conprises at e .25 Zr: X _bon erel n X represent.s a hal ggen atom
e.g. a chlori ne’;?1 adiefiyl, radical, 8?71%3%@ °agra§ﬁeny1 BroWr § 28910

carbon atoms. R® may be bof¢rs 2zpresshi Qﬁhemmhleocdmectb' pregientg laverhe solid

cat alyst with alkylefle é%l}@ ALONAL 1188 '40c£)fb%t’x§r alkphy éy%'igéﬂ&dfléxgﬂ‘ QadQL;t 0
articularly from0.002 to O gemal from0.01 to 0.05. 30

The solid tal“ilé’t‘"eﬁﬁﬁbéﬁt‘?"&nﬁ‘i"y ac‘éﬁﬁéf’sé‘?daﬁ Figarfberargaeamsuch agdnpound
such as a tri abmjoaémaaem eE:@mpléé thtabwnrﬁﬂiHHMOfozalR‘* R3, R® or

al kyl al um ni umf r cont n6a J[ oniu al ko L1 an

al kyl al uni ni um‘ é‘\ 7 gRentaly © &P ng &rrf’ﬂ%"ﬁrrf“&%l%?f"tf@ Pri&ferably an

al um noxane mhme:dhyhaxclbeemadﬁemyla tthydeycldpentadieayls corresponding 35 to
the general fOﬁfﬂgtﬁylcyclopentgdienyl, indenyl, ethylenebisindenyl or

20 tetrahydroindenyl radical. The zirconium metallocene may, in
particular, be chosen from bis(cyclopentadienyl)dichlorozirﬁonium,
bis(cyclopentadienyl) methylchlorozirconium and
bi=(4,5,6,7-tetrahydroindenyl) ethylenedichlorozirconium.
Preferably, the zirconium metallocene also comprises at least one

25 Zr-X bond, wherein X represents a halogen atom e.g. a chlorine or
bromine atom, or an alkoxy group e.g. of 1 to 12 carbon atoms.

The zirconium metallocene is present in the solid catalyst with
a Zr/Mg atomic ratio preferably ranging from 0.001 to 0.1,
particularly from 0.002 to 0.05, especially from 0.0l to 0.05.

30 The solid catalyst may optionally comprise an organoaluminium
compound such as a trialkylaluminium, e.g. trimethylaluminium, or an
alkylaluminium hydride, an alkylaluminium alkoxide, or an
alkylaluminium halide, e.g. diethylaluminium chloride, preferably an
aluminoxane which may be either a linear aluminoxane corresponding

35 to the general formula

—_—
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6 (R[err]AO(A(R-ONA(R[err] I n which
each R denotes an alkyl radical e.g. of 1 to 6 carbon at onssuch as

met hyl or ethyl, and n is a nunber ranging from2 to 40, preferably
from10 to 20, or a cyclic al um noxane 6correspondi ng 5 to the general
formul a [err] in which R and n are as defined
above. The al um noxane is preferably a net hyl al um noxane.

The organoal um ni um conpound, preferably the alum noxane, nmay 10 be
present in the solid catalyst with an Al/Zr atom c ratio ranging fromO
to 500, preferably from1 to GOeAMHALEROIPAY(RY2from 10 to 100. '
TEe prfasgnt i n}/am&mﬁa&m R&ie’ixngsta@ ﬁlmoﬁﬁﬁ&a%'ca)’.gthﬁ 1| to [¥ epsYoat i on) of
the solid catalyst, c acteri.z i n t: 15 . (1 sol i d. suppor A
cont ai ni ng fromagﬁ'h?’dsu@ B %’f’%‘io?r sehyfl' and %Gn%é’luﬂﬁ?rdiré?ﬁ i °ma%d'g‘?rom
0.5 to 20 nol % &P, apreiffeastilyofuipm 10 to 20, ogr gavyctieladohimprags rorrepopdingd,

D, free frogl agiol ?hehﬂii 8Nformula the solid support (A) being in the
form of spheroidal particles +HNg a nmass-average di aneter, Dm
of 10 to 100 microns 20 (k@) aBIns2T5 to 70 and especially 20 to 50

mcrons and a in which RIEMAl ®VirRakd idel Enedl dPovdl. STHd RUGhIABxEAC Nst fraltet iy

ratio of Dnto th t.he nunber-average dianeter Dn of the particles is
not hi gher a methylglymigoxaieat er ably not hi gher than 2.5 and especial |y
not hi gherTheheagadpalumibiwughbpduntip rreféxedily 2the al@yinoyarne) may

conmpound (C), preferably an al um noxane. cont ac th
(B) and (C) may fsem fbitpotiPedriafeyablivofisom 1 to 300 angypspeciigily fzemddetoy
contacting (A apther with (B) followed by (C) or vice versa. 30
The solid support (A) enpl oyed for preparing the catal yst conpri ses
from80 to 99.5 nol ‘ﬂghﬁrg?eée BIV"F?B‘%“Sgﬁforg?tﬁﬁlt%aaﬁ cess for K% i ally
from 80 to 90 nprépofatimgrEsthmsdl hlcataldet anthakachmr@zéd in thate 20 nol %
preferably ffgom§yto |9 l%]_,q ehadl r 9 éP5 mol | % of the
1 Ot % %Ql:m)s % eEPe %Bé%n%ffq?)&% | m%éz

conpound D. The specific surface area ) may 35 rom20 to
100 n2/ g, preferabl yaRpesdugodichigpidmagd frRe &§ £ 20 molZ of at least one

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

zi rconi um gé al 'bgcngle efxﬁ)rn e Qpid %Q@Liﬁé{;‘r’]\déiﬁ @ a1/zr atomic taggé‘:zk?{ﬂﬁ“i um

the solid support (A) being in the form of spheroidal particles
having'a mass—-average diameter, Dm, of 10 to 100 microns

20 preferably 15 to 70 and especially 20 to 50 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 especialiy not
higher than 2, is brought into contact

25 (2) with a zirconium metallocene (B), and optionally with an

organocaluminium compound (C), preferably an aluminoxane. The
contact of (A) with (B) and (C) may be performed in various
ways, for instance by contacting (A) either with (B) followed
by (C) or vice versa.

30 The solid support (A) employed for preparing the catalyst
comprises from 80 to 99.5 molZ preferably from 80 to 95 mol % 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% of the compound D. The specific surface area (BET) of (A) may

35 be from 20 to 100 m2/g, preferably £rom 30 to 60 m2/g. The solid
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7 support (A) consists of spheroidal particles whose shape, size

and particle size distribution are identical with those of the

cat al yst particles described above. It may contain a chlorine

cont ai ni ng al um ni um derivative and,nmagnesi um products conpri sing sone
My-C 5 bond in quantities identical to those of the catal yst descri bed
above. The support may, in particular, be prepared by reacting a
di al kyl magnesi um conpound wi th an organi c chlorine conmpound. In t hat

case, the presence of ,the el ectron-donor coglgé_und D, acting as 10 a
conpl exi ng agefFPRIF (ot °qasiFteeatRReraidal dastichey Yhpsepphas, fpe and pe
particul ar supnnarctm(lA) s:.zEOﬂiﬁﬁ'fl:.SutﬁﬁS@f’e Iidedtfical priatiucidsencf the ¢atatess,

the comPound, DiSannabaDERRSENbEAM LG QHRNPTs oniorsBOTRAMRHIgS S oo

esters, capabl ng Wt h organomaghesi um oun
di al kyl magnesi mve;wpaml&hwenamhyxawsauprmée@tsmcomansmmsme HMe-C

Rierr] MIR &rr] gofla W ghadRli@i&d 169&'&:1'3[&1@%& thbde bgetmel Q?‘I!al?&t Ciiefsfzfilﬁ'&t al kyI

radi cal s contai n| ng from2 to 12 carbon atons and I's soluble

t he hydrocar bo?®RE% um i n whi ch the preparation of the support Wi | I
preferably be carrima mﬁpori'hﬁyorgarpwtmhaf; e frepased Gy Beﬂ:ﬂung a al kyl
chl ori de of for condar 20

pref erably, terdtlglmllmapl‘(#i d‘mga‘ll dc gera%ﬁes?né%rﬁ%g?ﬁllnﬁgc nr'p(?r?]hg t&n 12
carbon atons. :thatjcaspy mrpe@epeeafptw elgstropedanogncelpaurd, D, actdnpaasnd,

D, an ethengof 4 fe&ﬁﬂileﬁi.% %&EJ@B&&%& b ABLEdLBE efd hedida ) e.é’orr] pPJp%ring
i dentical or different a radi cal s, _especially containing from1 to

12 carbon at ong! 32@“1“1“ WWEH@USF‘?%&E%%HF%S‘H’S% this PrRAuSEif¥ar at i on
of t he Su@ﬁeéés%Aihéla:BmﬁkﬁmHSEd:a%Mh ‘be chosen from- electﬁormiﬂoﬁér r at I O

C1/ f f f
ZR[ET r !and R[ er r] Ng&unds, s§1¢h r:sorgs cﬁaﬁ?er&j L&l tJ.n ]h ?r%anonaagfefouni 2.

pref erably fromof8found§. Srlteodoalékylmagnesmm coﬂmndetawpmmabebw@earoduct of
Rierr] MyR[ ggr] f%?ﬂul'%[ RUAIHY 1 VnliPE HU 8382 180G ical orthBfidrBRE AQRP]

conmpound, D, is precipitation which takes place in an inert Tiquid

mediume.g. a Iraﬁb?ﬁshy‘?ﬂ"déa?"}foﬁmwzt ko 12 caxhop phoqg preembichhiiy plukle
tenperature of i@ te h9@farbén mboi@DlAI whidh e prépesetidnbs SuRPSigport N

gartl cul ar ()ne E prenggéig gg“%ggéiéé g&t} qge organic chlorine compound is an

alkyl chloride of formula R3C1 in which R3 is a secondary or,

20 preferably, tertiary alkyl radical, preferably containing from 3 to
12 carbon atoms. It is preferred to employ, as electron-donor
compound, D, an ether of formula RBOR? in which R8® and R? are
identical or different alkyl radicals, especially containing f£rom 1
to 12 carbon atoms.

25 The various reactants used for the preparation of
the support (A) can be used with:

- a molar ratio R3CI/R1MgR2 of from 1.5 to 2.5, preferably
from 1.9 to 2.3, and

- a molar ratio D/RIMgR2 of from 0.1 to 1.2, preferably from

30 0.3 to 0.8. | |

The feaction between RlMng 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

35 excellent support, in particular one with a large quantity of the
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gl ectron-donor conmpound, D, it is recommended to performthe _
precipitation reaction at a relatively |ow tenperature ranging from 10
to 50[err]C, preferably from15 to 35[err]C. Preferably the

precipitation reaction should proceed extrenely slowy, over a 5 peri od

of at least 10 hours e.g. 10 to 50 hours,spreferably a period rangi ng
from1l0 to 24 hours, so as to permt a suitable formation of the solid
product, in particular the insertion of a large quantity of conmpound D
and its uniformdispersion in the support Duri ng

preparation of telectepnafonar °?“F?€“§‘Erp|90r{t Gﬁ)rﬁ?mﬂﬁ‘dede?ﬁﬂp&‘;?%?f‘“l Fnh‘t he form
of a suspension ﬁr@cﬁpi&atw:ﬁ'ﬁ:@d:ﬁbhmtahl £e1at1veﬂ9yddsvoeahwt@fe [Faeg mgabtom i n

an aromati c hydr.qc in Lcul ar so preferred
touse it in the % gr F aPrﬁ eraé gem 15 o §§1J nn“';arr? Vo blgsagnd i nert

at nosphere, for reratpitetion aemttitoegsmuld proaemsptmmely Fowly, overige

“zirconi um ngt al lp%?:?&? #B t '1§a9£ qfOGﬁaﬁjsye L?GQO'% 50 Gours, pQE?él‘%'B@&'é)@eP:fodt he
catalyst in the formof a solution in a hydr ocar bon sol vent

especial |y in arFeagitgaErem RS 24r BUFss 13 agste permityp siikable, fotpatiop
may be at a conamat ﬁ&ltlldoﬁrd'dﬁaﬂj Ng pdricllak the insertiOnndd lai DaMges of

it | d (C
or o1 or abl y. used SAREHT o comgpu B PIOA bt R AT Rror i (b ebiportor

solution in a hyuwiriog avhieopyeriamaipiont otmharcatnlm,altmmw(ﬂﬁbciar bon
such as ot°|éxh‘i‘>'ﬂ§¥ ed/ BE SR Htﬁpefn@xsupﬁe,atoa 1500 GRRLE AlddOR {pAAgiNg Up to
30% by we al um nium 25 The contact of the solid support
(A) with the zi rydspearrer omprefargbbndn( 8 axafrtis BHdFaghtPoRnoth PRRE %F&F?
wa?/s It i ? ﬁlﬂ.&&ﬁéﬂ et :fs)l’alﬁd(aali‘Bf&reHOtoadde ti}temaihedf&tmppﬂrat dej\)pobvaeﬂ,
solution o the zirconi um ta | oc

The contact is p’r"etagrao{‘ﬁ’tyg Nogelife) tmﬁf)% %m??PQ‘fk% %P@seé‘ fe ein fdisposen
conpound (C) preodtmoaptieret he al um noxane such as descri bed above In

this case, gsgsoluti tah! sol ution
of the corrpglund (O O?rhayle%{é&gﬁgagd&%iwegg dPsgS’ggfoér?)o%ﬁ?gea i (glhtte her

si mul t aneousl y drrepapatdicnl 95 the cptplesf 6&5’1"? frapaf egsolutionidn gre. It is
al so possi bl e t ;hyaddciRnSilvensURRPEdial Y hOak h@oddt icNhydrdt ridh sl@sast wo

sol uti ons. toluene. The solution may be at a concentration éénging from 0.1 to
50 millimoles of zirconium per litre. |

20 The organoaluminium compound (C) is preferably used in the
preparation of the catalyst, in the form of a solution in a
hydrocarbon, in particular in an aromatic hydrocarbon such as
toluene. The solution may be at a concentration ranging up to 30%

. by weight of aluminium.

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

The contact is preferably brought about in the presence of the

30 compound (C) preferably the aluminoxane such as described above. 1In
this case, a solution of the zirconium metallocene (B) and a
solution of the compound (C) may be added to the solid support (A)
either simultaneously or especially as a previously prepared

mixture. It is also possible to add the solid support (A) to the

35 mixture of these two solutions.
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*The contact nmay al so be brought about by successively adding to t he
solid support (A) a solution of the zirconiumnetall ocene (B) and t hen
a solution of the conmpound (C). It is also possible to add successi vely
to (A) a mxture of the solution of (B) wth a part of 5 t he sol ution of
(©, and then the remai nder of the solution of (C). The contact may

al so be brought about by first of all adding to the solid support (A a
solution of (C) and then a solution of (B). It is al so possible to add
to the solid support (A) first of all a mxture of the solution of (O
with a part of the Toe coBFefY BAY Glse B breught raheut Y SuptasIdEelyopdding to

sol ution of (B)the solmTheﬁﬁbz&ulcx)e&ssU&ftad.d|otf|h 1,15 zmnhemeTutmgstegut(ﬂgy

bei ng sequenced tely One after t ot el se ejn
separated by a nd thfon '31uratang|°nfot$e S 5°"fne ?% ?es ls° 8ur95%dd
preferably fron$11®esswe1m rut(dl a @istmupé thg5solution °Ifn(1b)| Iwitfagesafrtt of s

preferabl e §hat tﬁeh%of?@lﬂ.toﬂc$f tze>br4augmenabwtremamew Jéﬂtﬁgls'fo%‘c% 6f %c).
stirring, for a total period ran to .10 hour

preferably fronth® SAPHfite®e S°ﬁft?ug§°“gbﬁr‘f‘1?§t by fif%°€o?h &‘Pdi“@h'é° the
addition of a C@tﬁmneﬁﬁpoﬂ‘ﬁy(A)EaVﬁﬂ)atiﬁsbfO(’C)Shﬁthhen a aalutidhf el BYPVeEnIta
period which cag_r e fr m nut es hour The tenperature may
be fromJerr] CE'] qtsﬁ Fﬂ ngotae&répgr urse°l SUpPo ?he hydr ocar bon sol vent
enpl oyed in the(s)olferﬁ'en@ atih@ myttpref@r &4 \polutionf ofH(CY) with] € nagt of the

110[err] C. Mhengdhg ieatcH YB3, Qh&ﬂﬁ{eﬁtt&nréx&iﬁa& Ioedtwu;ommn of (8.
presence of the_conpound éé%ﬁn and when the latter is “@ar ately

fromthe zirconreffisnEretes @dggyiong H‘é‘ycB‘htc&Efie(?f °‘t‘hé>>'23m%sﬁ?‘1 “Eethport
(A with the conpmdidiély) on@afiber heugiteratiowls@tbyabeing sémirpeeditbyr & ot her

than that of brj Q&oqg %%‘inioﬂoﬂ 2 HRO tﬁ.llhnu('.pg tonL few hox*r%onélxaecfterml hfL

zi rconi um net aI ocen uantities conponén S used
for preparing tmen@srsut-:p 5 houzsat al yst may be such that: 30 - t he nol ar
ratio of thesquantityy of1 asd ithes ékéé‘:&@bi{{nthat th@éﬂth?&%ebﬁcﬁ)ghloaﬂotl@t

of My of the solid support (A is from0.001 to preferably from

0. 008 10 0.5, with 26PekifR angl-aftheaiEy GPF thEOHIRETAY BTGP Frobnb
conmpound (C) toOminute thal0 bBburzs, pfefih&bl®i Eeanilomiiated [toCRmues) Dusidg om 0
28 1,000, 35 pEE ‘ﬁbﬁgaéé fEﬁE agditlo§oof a component may be very fast or slow
and uniform over a period which can range £rom 5 minutes to 5
20 hours. The temperature may be from 0°C to the boiling temperature of
the hydrocarbon solvent employed in the solutions, and is preferably
from 0°C to 110°C. When the catalyst preparation is carried out in
the presence of the compound (C) and when the latter is used
separately from the zirconium metallocene (B), the contact of the
25 solid support (A) with the compound (C) may be brought about at a
temperature other than that of bringing the solid support (A) into
contact with the zirconium metallocene (B).
The quantities of the components used for preparing the solid
catalyst may be such that: '
36, - the molar ratio of the quanﬁity of Zr of the 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,
L - the molar ratio of the quantity of Al of the compound (C) to
that of Zr of the zirconium metallocene (B) is from 0 to 1,000,
35 preferably from 5 to 500.
‘_\~“““‘*-~;\~h\“\_‘_
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The catal yst preparation may be carried out in the presence of an

el ectron-donor conpound added when the conponents are brought into
contact, it being possible for this electron-donor compound to be
identical to or different fromthe corrpougg (D) present in the 5 solid
support (A). It may be chosen from organi c”el ectron-donor conpounds,
free fromlabile hydrogen, and fromorganic silicon conpounds such as
si | ane compounds:havi ng the general formula

Rlerr]-n[err](OR err])[err] wherein err] and R err] being identical or

di fferent denot’®@eatadplysty pypparaidom mag e garried| aytt ipathec akssemcy.ofof 1
to 19 10 car boRnaé Nk ro@Adndr icodmPound "BEied” MU Ble fcoffdnknt® fhe B%gﬂ:l ane
conmpound may be e glc%hgx&/tl rre%rpll,di met Q% gi | ane. The catalyst is
obtai ned in the 67 M°OF2a ot i G MRiROFSLRE hor this gqlegiransfongyr FRmRAMPAGEY he
hydr ocar bon sol wenideatiesipitoymd ddiffdregt tfirem the cenipspad a(Di)Opresbhe “Okuent (s)
may, for exanpl go1 e BYARR’ fhfd 10fdayibe LhosM @&9}L%'rgla.&iﬁ%gggtur%e-grno%t a

| ower pressure. The soli1d catal yst nmay al'so be -washed Wi th ‘quwd
hydr ocar bon, pr &PEPUBES, freefrgmalakile hydragemhard Erpyirgenihealiaaph as

n-hexane or n- hephpsudds TRRhCA diYede kdmpounds IHAVIAE the! fonekaf Haehe! Lal
particl es whose Imrpl%ol 8’\‘%,” si.ze an%fm 4 {Qﬁft icle size distribution are
substantial Iy i QenftitCA Oy on YISE8ER & A4 Rhie PedPs ddenbisatt ox ALfEarsrbyed
for preparing tdenets alygl, arml,arpcloalkylobhesnsilbel aadtegsr &hpdoabnws. 19
|t has surplibsi Rakdord@85hd, LA Af BT, hﬂ.ﬁbeqﬁt:ﬁ%ﬁ%gn%%l FAUDL MheOaslane

relatively large quantity of zirconium neta . It Ts thoug

this surprising PERUIME Py feeccdobrsiyingihyldimatheore sddpgey 25 magnesi um
chl OI‘! de suppor t e_rrIﬂhlﬁyed:ailﬁsDIisaoW“ihédSLi'nafhd'lQBHﬁ ®Ff a olaﬂlctzﬂi?ﬁtcﬂn; be
conprises, in pat an el ectron-donor. conpoun ree from

| abi | e hydr ogenqg%’]%iac%idgg errfgﬁvﬁ?5n%tbeeg’§gf?sﬁa§b?%gFﬁ‘éenq(gPeglﬁb?%ﬁdt duringathe
relatively |arg@reprastiey. Thtisplrvesi(ls) nay,afdr eRaemple; ebe evapanatpd icFifngt
since the zigConkuiByRRER lp2e6REe(B) akSa AdwdE IAQURLA! b s?sQinde It%%?gié'gsk ghe_no

particular reaction is expected between the zirconium ene °(B),

the magnesi um di®¢R? disi Heshedawithe biauddrkydraesrden, prefemasumdatmyated

Tlhef solid cat ?:lz mtpmyc:a@ﬁewli@?gdsawegtnLue%dgleaor- ﬁ-PeLQM)apofﬁé”EEt:.aZ@E{% of
olefin, e.g. 10 -ol.ef | such .as_: et hyl ene or propyl ene,
preferably et hyIﬁelnt(-'alf(‘%g|f§1I ﬁg ?ﬁh@srgg%ael B?Lt%c?e ¥hose morphology, @&Egtﬁidyst
chosen fromthe Pergfaisnﬁ@l Histrdbupionngse shbstanelslly identhehDrginhose GFEOUP
Il or I'll ofot thEeé’dIQ@éhpg:@tS%i%f)'&ﬂ)tlbﬂﬁ ¢br te[.n%paring @Aequgal%stl thd are

particul ar, the cocatal yst nay be one or nor
otherwise as deséribed above.

t hat

It has surprisingly been found that the catalyst may comprise a
relatively large quantity of zirconium metallocene. It is thought
that this surprising result is due to the fact that the solid

25 magnesium chloride support employed is of a parficular nature
and that it comprises, in particular, an electron-donor compound (D)
free from labile hydrogen and dispersed homogeneously in the
support, in a relatively large quantity. This result is all the more
surprising since the zirconium metallocene (B) is an organometallic
30 product and no particular reaction is expected between the zirconium
metallocene (B), the magnesium dichloride and the electron-donor
compound (D).
The solid catalyst may be employed directly in a
" (co)polymerization of olefin, e.g. C2 to C8 alpha-olefin, such as
35 ethylene or propylene, preferably ethylene, in the presence of a
\
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*or ganoal um ni um conpounds such as a trial kylalumnium an 5

al kyl al um ni um hydride, an al kyl al um ni um al koxi de or an

al kyl al um ni um halide, e.g. with each alkyl group of 1 to 10 carbon

atons, such as trinmethylal umnium triethylal um nium

tri-n-hexylalumnium tri-n-octylalumniu or diethylal um nium

chloride, but preferably an al um noxane corresponding to one of the 10
general formul ae nmentioned above in particul ar when the catal yst does
not conprise an al um noxane, as conpound (C). The al um noxane enpl oyed
as cocat al yst def9atglyste chetepneram hhe Grearanebal jigepdnpoyndg @f a meta}

di fferent from bdnaing Oft t8N@duy DI @I bP dHiCP&Aloaly V1adSificaticnOBP KA
(©. The alum noiane maé be eggl o%ed m xed with an 1!{5 or ganoal um ni um
8 H % P

compound, such SY*PRET- dasedt hothe cgcgfalgst may BF 1&F1 8P ni um such

as trimet hyl al uorganoalunihéun)campdunys ofuch as acocidlaylalunenpimoyad in

pol ymeri zatd on Lﬁ:ﬁﬁ?@ﬁ%% fh%?icﬂo' & arlﬁ%iﬁumin' OLlﬁoI}‘iFQ%QnLﬁt y of metal
that of "z mi tHhe

in the cocatal yst "to ] 1rconru catalyst I's between 1
and 10, 000, pretbwdslyninpdppdedido arge Fdth epchrdkyl group of ITeg 18ot4gbon

Cﬁt a:cyst rr?y beawm:,owgk a?s t&tiﬁ%bﬂyﬁ!aﬂﬁdiﬁm,i zaiétq?wrum_inium,preferab! y in
the formof a prepol yner olefins, repol ynmeri zation step is a
preferred net hoé’%[lﬁ'ge’f;féf’g%éw&’o&§ 1'n'°°t’b]r"(}§‘§ “F“0r°‘p8%§/tr’f§r1f‘&‘f“}5r§9‘b‘? efins

by nmeans of thecigicedde bonimlefstablgSan alewinesend Rerzéspoodingmtoeal bHdkae of
the catalysfyis &%ﬁ-@l S$drRRfe ment ionbd XBdvi ’E]nt E&é‘é&?%f Evhéxp%ge?‘catn
8% a it rs eSs capabl e of be

non- pr epol ymner i catal yst an I ng e&?tr act ed
fromthe cat al ydeesapat mopatisengn falyminoxane o a8t ¢empeung f(Cho| ShserlunireFapet he
pol yneri sati Ion. em%b@Lasagu@athag& duringOthd ][p%m%ﬂél’fiﬁt:f@nt h@;} Mﬁmtiwat abyst
into a prepol ynmer t he r Qv nt.of the quality of the polyners
obt ai ned t her ef ?Bnd]iifﬁrent 9r°[5°a#g%)tc3P§{’L%§Eb%lp§ﬁ§?ntpgwéﬂg G yat bd%tter

nor phol ogy, hi ghempagadl k(C). Thedehgiinpgxanedmayheoenm.ofedwingd privhest i es.
The . pr epol yqer bﬁ%&ﬁamqugeomgm,n&éhhss 9kt e AekSbndvd, Oe.g. a_CONtact

wth at |east one olefin, e, err] to (Jerr] alpha-olefin, such 35 as
et hyl ene or propyiadkslaymipbimgrch aghiyimgehyalymipipp, fheqguantity of
12 et hgbedta1psy edbp1dyRaSin PBCyRIPRatidheid RueP Ninat MHOmbI4H Tkt $c0 8

Tqui d hydr ocar BBrE, SHECEEE oF BRuo s e BYeaRELIRE bF SPRP it alrgpnionta " °
100[ err] C, - pref éhaldapaiysdmi betwedOleand €0, WOpcpreflekybliyr betwe@nt 1P 88ferr] C,
and 5 undgg ajtedcal pressure fromO0.1 to 5 MPa. The prepol ynerization
ey The solid catalyst may be employed as such in polymerization or
preferably in the form of a prepolymer of'olgfins. A
prepolymerization step is a preferred method in a heteregeneous
process for polymerizing olefins by means of the present catalyst,
25 because the zirconium metallocene of the catalyst is.more strongly
fixed in the support than a non-prepolymerized catalyst and it is
less capable of being extracted from the catalyst and producing fine
‘particles of polymer during the polymerisation. Another advantage
of transforming the present catalyst into a prepolymer is the
30 improvement of the quality of the polymers obtained therefrom, in
particular a polymer powder with a better morphology, higher bulk
density and improved flowing properties.
The prepolymer is obtained by bringing the solid catalyst into
contact with at least one olefin, e.g. C9 to Cg alpha-olefin, such

35 as ethylene or propylene, preferably ethylene or a mixture of

11
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be perfornmed in the presence of a cocatalyst, such as that described
above, either by adding to the prepol ynerization nediumthe

cocatal yst, preferably an alum noxane or a m xture of an al um noxane

wi th an organoal um ni um conpound such as a_trial kylalum nium or by 10
using the catal yst containing a sufficient 1%Iuant ity of the

or ganoal um ni um conpound (C) preferably an al um noxane, or by a

conbi nati on of the two nethods, in such a way that the total atomc

ratio of Al/Zr in the prepolynerization nediumis from 10 to 1000,
preferably from Sthxlengomd Fhdegst mngl §iphagepfdnteonthining from 3 to 8 carbon

prepol yneri zati ogesiRdi Ufle bfepdl¥me ¥t Bsh hdf el E@éfo%eéj'iixfgrﬁmrr}t @M,

t hat enpl oyed during the polynerization. The prepol ynerization nay
stopped when t he ! f¥EFoRYAREFEERM OF & &A% BRIser 3G E0EeRRearbtrepFyon O tOfrom

10 to 400 g of pobyd, Ef)té"feﬁi&lilymEH:m 170l €o @b°z; le@PEdiaTLy from 50 to éEhe, and
pr epol yner anstlt&lt es éaota rther as ect of §gpven% on 20
n

preferably consi §t5 % i ees§“6 8P et hy‘f SFmeSflzatlon may

ethyl ene with upbe cper@%ltryl mwgthtpm‘seate lofagtcoontal@dt{ ;su€B as that described
al pha-ol efin, and,&ANPLiSRE & 2881 V%ozetfecgfuda,ﬁw&tﬂumem&mt ey St

for a further (co- )poI nerization o fins, eSsentially conprisin

atons of zirconi ﬁﬁ?atﬁéﬁ?ﬁes Pﬁ?ﬁereh}b@nnél%aoﬁnemmuaummeué #g glgminoxane
preferably free mﬂmahe&fgaawmhmmdeomﬁdﬁﬁa AfehahdlH 021 Nkybdlum€Rium, or tyhe

prepolymer contain to 50 referahly from 400 g of
pol yet hyl eneﬂgr B%Jﬁﬂﬁgfl;ﬁa n%fly&th‘y‘?rétﬁ h anf‘fﬁ%ilﬁ%"f'% S‘f’ant(zty i F8%ni um and
havi ng an at om corsgnosl@iinAp Zombpound (0) tpgefii@bly an alyprigbeaneh| gr fbyoan 50 to

500. Advant ageoué&ybitnggim QPQ!I%”%O 'm)fho%g i&%ﬂ@fxg wg; Q,Qbeﬁgl g@\!al atomic
particles, having amass a}erae di ameter, Dm from1

preferably from 36 ¥% OB A}/ &R it EBe AATAPPYmeF LrAtdon (gd ium isZ%’(?"‘rﬁ%r*(?néo%ﬂwd a
narrow particle prmrdbls;t rﬂrbmltsooao Ho0h tinat cdichealyst adddd €0 @heDMm t 0 t he
nunber - aver a er f artigcles i = gher

preferably ngf th?*Per ?lrg]r'\zag.l gﬁ‘(ijpespetcczl RYp Ry obe ﬁentjr?aiher dt‘&ugerfeﬂg from
13 thdle eppieedsduringt the peolbpekizemrions [Fhe tpr@ubmeylmmabiae

for a het er ggengpHsa Raby NEiel ﬁf"éploQﬁnJ}r e&?ﬁ%&ns & oRes. o @ossb%pe&%fgpamr} a
saturated aliphatic hﬁdrocarbon or in us phase in a fluidized

bed, under a tot&FOHrastur80E 4. 11°]t7615f5r9PB°’ér‘i°t§rlb’cm°&et%ﬁéF%ﬂ“&P@ of 5 10
to 1l Oferr]C, in the Theemepobynir aomea,itaisystfursum agpedthat RS fhivededon

above, pref esgbl LaghREGANIY &UHsELH(“ FOPRRYOFL AU £RPEHI ALY A D sopolymer of

al umi noxane or a mxture o UM [t um Wit h’ an al umno
such as that desekhtieneapibheup ite éok]t!’anﬁltsyts@chttlmttm EHttel C8

alpha-olefin, and comprises an active zirconium metallocene catalyst
for a further (co-)polymerization of olefins, essentially comprising
atoms of zirconium, magnesium, chlorine and aluminium and being

25 preferably free from refractory oxide, such as alumina or silica,
the prepolymer cbntaining from 0.1 to 500, preferably from 10 to
400 g of polyethylene or copolymer of ethylene per millimole of
zirconium, and having an atomic ratio of Al/Zr from 10 to 1000,
preferably from 50 to 500. Advantageously the prepolymer may

30 consist of spheroidal particles, having a mass—average diameter, Dm,
from 10 to 500 preferably from 30 to 300 and especially from 50 to
250 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 highef than 2.5 and especially not

35 higher than 2.

This g, 12
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atomc ratio of Al/Zr in the (co-)polynerization mediumis from10 10 to

1000, preferably from50 to 500. The catalyst or the prepol yner S
preferably used in a gaseous phase pol ynerization process, such as in
a fluidized bed, because the polymers or ﬁpolyners of et hyl ene t hus
obt ai ned generally consi st of powders haviTg inproved fl ow ng

properties and hi gher bulk density in conparison with those 15 obt ai ned

in a slurry process. The polyners or copolymers of ethylene
obt ai nabl e according_t the present invention, preferably in a gaseous
phase (co-) pol y'ﬁ%er C2ER4YSH ‘gﬁaeesgrevemm iy, pastisvlarbheriteieciorod t he

i nvention and nepetlavgen?oGe Holiefizatidd. Pibdegs ). e&@ﬁe:gllﬁnﬁxsp@nm:lt itQ

i ndex (neasured a cordl 1238 .condition E) fromO. 50
preferably from®. fr?tedzglb‘?q‘fﬁinl\(‘?ﬂf‘é%arb&n F51 é’(‘:tﬁaﬁf‘z‘ﬁePbTﬁe 1n'a flutdtzed

di stribution (expdesemtérby tduvaMprebswra 2£tM 15to [ MP£ranbl st far oehpirhture of 4,
catal yst 1 eg ducfy kbefo-e0d €l 3tbOlieeOst ACeolliElyA® Sli S8 e goscrives
al um na, essentially consisting at ons of rragnes 5%8

al um ni um and zi¥Ro%A} Lﬁﬁef?iﬁé’lé}uﬁhPFﬁn%ﬂWﬂm%rﬁ%ﬂ?‘B@l Hgd @Sﬁeﬂﬁlm an

preferably from élltﬁn@n&ﬁne e&ﬁachﬂtlu).‘e fd'foﬁ1 tr 2@k A1 RRD 1 uR A tH Qﬁralumz.noxane,
mllion by weight andtg %evel ’8‘1‘ ethyl enj c unsaturation not highe

than 0.6, e.g. U°F #% 4838 Hheds 8hY6e y1T AORIARERLY (?“BhSthGEr”fOG&tal
carbon atons, i mtoaitimtiarofadl Lrelin afhev(w)ponmtwatibﬁ)rmeamﬁm hisgbfdm 30
than 0.5 e. 0. : 2t ¢ L00

atons, and gol ev%ol &9?(9 ?reg géﬁ%%ghas{agtolrj?g]{"’ggn nﬁt ﬁéah  a Qheopfepglyme‘é g.
0.01 to 0.2 and,ispPEtarably vsedrin0amseou® P!!ap%mlmieatFanrocessatm

The copol yner Ofase'fifiWA Qﬂ@ld’Md O, abdk aPe (the 3HSPyRY r#VRir IS golymers geg. from

about 0.1 to 25% t referabl from5 to 25% by 3 of at
| east one C3 to e(fg‘¥5 *T(%PF?I“’(?dgg I5FBPY SpRsist of powders having improved
14 but erﬂoﬁind’le:xem-tigs neatihyighér p@ilkedensitPrinOeémiaeidon with those

Advant ageouslsy, opraiddd€ 1001 olynmers of ethylene are in the form
of a powder oh::{'\a/lling 5 bu)égs%f?ngl;‘t’%%?rom 0.3 to 0.55, preferably from

0.35to 0.5 g/ cnfher PPlymesd o ePrIlybRYs efnethyiewgy %tasphée gicgarding to

particles, havi rueapéesenaaﬁmavﬁnag&&bamtyeh JDQL.JJuQni[,ﬂéQ to 1000,
preferablyfrom crons and a, harro ﬁ‘ﬁ I cle size

00
di stribution suc h%‘%iyf’ﬁ‘éizat?m} REPOeSSP msi"bt‘ttﬁé f s ERe, $8PTe o et er
Dn of the parti cﬂnesnt:sm and may Huvghardenbity $roqm0e89r'@bbwmg/&m’ighermeulaan

2.5 and espegi aunﬁeﬂo(tme]gsu:hem g rd&g@r%ozASThg 1238 c M’l@?o&{)&ﬁ W[; P o5 age

nmol ecul ar wei ght ners ymars ene 1s
fromi10[err] to @,Xpr_ﬁj:‘[eép'p]]y ffﬂb 0n~b|fét@p$/10 m:.nutes, a molecular weight

distribution (expressed by Mw/Mn) from 2 to 5, preferably from 2 to
4, catalyst residues free from refractory oxide, such as silica or
alumina, essentially consisting of atoms of magnesium, chlorine,

25 aluminium and zirconium, the quantity of zirconium being 0.5 to 20,
preferably from 1 to 10, especially from 1 to 5 (ppm) parts per
million by weight, and 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 1000
carbon atoms, in particular a level of vinyl unsaturation not higher

30 than 0.5 e.g. 0.1 to 0.5, preferably from 0.2 to 0.4 per 1000 carbon
atoms, and a level of vinylidene unsaturation not higher than 0.2
e.g. 0.01 to 0.2 and, preferably from 0.05 to 0.1 per 1000 carbon
atoms. The copolymer of ethylene may contain up to 30% by weight,
e.g. from about 0.1 to 25% by weight preferably from 5 to 25% by

35 weight of at least one C3 to C8 alpha-olefin e.g. propylene,
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“ weight distribution (expressed by MV Wn) is very narrow, particularly

in the range from2 to 4, preferably from2 to 3.5. Met hod of

determ ning the nmass-average (Dm and nunber-average (Dn) 15 dianeters of
particles. The mass-aver age (D“rl and nunber - average (Dn)

di aneters of the support or catal ystl particles are neasured on the
basi s of m croscopi ¢ observations, by neans of the Optomax i nage

anal yser (M cro-Measurenents Ltd, Geat Britain). The principle of the

20 measurenent consists in obtaining, fromthe experinental study of a
popul ati on of puketecieshexenery opeihydtirrepterscdpsr ocatenecduerdyartegeously,

which gives t thQLkmi%ez(J‘b} éﬁpowéﬂs%ﬁ%tﬂﬁie%gafw 1h0c11%a§$1r:§b§5§ potrder of
di aneters, each class (i) being characterized by an interne

di anet er (d| ) PAEHEI AP AP IR IPR t% 2810 Phe %"5?8"%‘%32’“‘28 35A<'9809t?i ng
to the approved/&ﬁ%,nahd SﬁraadﬁbdyNBnXiiﬂmGS&f @bhdttidal YRtticles, HAIWiAHGA Dn
are given by t | oW .n I & ter:
_ [err] 309 'E!Ssi vegﬂengi ert%(/?r?né froa) 150 to IOO[Dé é?%%rgb y ngm Qb¢n‘p
rati o Dm Dn ch&P8misrpoeand he naarew @Iaetisaleesi@psﬁqtb@butenn such that khe

sometimes cal | edeidvo®dt b @b £ n&@ﬁéﬂ-ﬁb@ra@bzﬁaﬂbéﬁ ipR U4 Qﬂe pa%@icf@lem
measurenent using the Optomax mgfqe anal yser. i s carried

15 mearts o‘flsaﬁr i heBr e dr %FFB%%&BE Riehen ";S’éf'n?'t-" a’[“hé“@%%ﬁﬁlr’l&t’}%n of

the suspensiigher ahasgpport or catal yst particles with a magnl fication
bet ween 16 d. 200 televisian ca cks ma es

g| ven by t\Fqg | nver'fut-g:l mq%:r%%ﬁ%ea‘éenég? rmolecu % Y?:%%ﬂ@ m f%%et%elyger '

anal yses the i wagespolpeeisy efi dtlhmbert;yislﬁmmamf poih& b@/s,pbhﬂtmolecula@n each

line, in order htd‘éﬁﬂzfi‘b{l@iénh?eiﬁfekbgd % %ﬁﬁ%'ﬁ”%ﬂ‘ narrow, di aneters, and
then to classify % Measur ement o? t he nol ecul’ar weli

1ht
di stribution. P“t““larlyl'ﬁé e 8rfeafrolidght %di BYYEehtkivof e 2at? bPpol yrrer
is 10 cal cul atedhar e8! ditR@mifing Nehe AbédH-a0érdgec (MO @hd naMBEB-Ree Fapec CIL)A

wei ght, MN todtiggetrét%gbgfr-g&e{cqgg. nol ecul ar wei ght, M, of the

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

20 measurement consists in obtaining, from the experimental study of a
population of particles using optical microscopy, a frequency table
which gives the number (ni) of particles belonging to each class (i)
of diameters, each class (i) being characterized by an intermediate
-diameter (di) included within the limits of the said class.

25 According to the approved French Standard NF X 11-630 of June 1981,
Dm and Dn are given by the following formulae:

S ni(di)3di

mass—average diameter: Dm = —_———

Z. ni(di)3
30 . 3 ni.di

number—average diameter: Dn =

2. ni
The ratio Dm/Dn characterizes the particle size distribution;
it is sometimes called "width of the particle size distribution”.

35 The measurement using the Optomax image analyser is carried out by
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" (co)polynmer, froma nol ecul ar weight distribution curve obtained by
means of a "Waters"(Trademark) nodel "150" R gel perneation
chromat ograph (Hi gh Tenperature Size Ech usi on Chromat ograph),the 15

operating conditions being the follow n - sol vent :
1,2,4-trichl orobenzene : - Pvent flow rate: 1 m/mnute

- t hree "Shodex" R (Tradenar k) m)del "AT 80 MS " colums -
tenperature: 150[err]C 20 - sanpl e concentration: 0.1% by wei ght
- injection volune: 500 mcrolitres detection by a

refract onet er PR ffaprivRrtefpmicroscope which PeE’H"‘tﬁ‘nﬁ‘H)gF‘a‘pjr?at1°n of the
cal i brati on usiuvagessildnghosdetppdry 6h€)|c\,éeii})é|te§'ﬁ't301& Ryt magnificat:.on &P

Chemi cal s S. N..C drth de n |de 6070 =
60 000 and Wy TGivERs, T8 BAE 2b8 AaBel 1o eds S copiia picka up the ingeekl I

Mv = 210, 000 eideMiyMthe i}.lveﬁted mlcroscope anhrhoshidai thembnld coeputgr
exanmpl es ig | U%ﬂi@ﬁ%z@aﬁ?sé@\éﬁ@tﬂm‘ages receiJ:eéaﬂRJeeb} 13Qe arfd) poixft):r QQ%ﬁkion of

a support res of m xture contal ning 10" nol es of

di but yl magnesithrepst Fipex dfteordes F‘b\fé@&e‘ﬂ‘}}"s Y partisde d’fi"‘ensmns °r . hexane
and finally 1 diameesf, &hd SRS etmttfyv&memj nt r oduced in the
course of a figol,siade UNdRr hLLadeny. Ab. OO BRieson,  LOTPErALUTE, into
16 Wihen mgledular ereigbt atishpitation sfeedcodpdFBer eisol uti ons per
m nute andea J@ﬁléﬁiateldnaé’co%ﬁfﬁ)%(#.oshﬂggatﬂu& r\gleV\@éféﬁthzﬁgg%lecular of
the stirrer was naintai ned at revol utions m nut e and t he

reaction tenpefedehte e Y35[the rqumben-ayerags mf’%ﬂ"'[“lﬁﬂt"’s?lig’(%l Yri RE Lhe
wer e added to ¢dwOp8iykett; efrohUs ME&IQQdWei%htadl(‘sQBSE\ﬁﬂbn fdu@¥e obtained byrate

for 12 hours. At the en hi r m Xt ure was
mai nt ai ned at YEPEr$Y @ f §e§s {fﬂa af%g nb°p &i S‘?’@at'g gel permeatiogy; o ned was
washed si x ti nggrometagraph t(High 'Jlempeﬂsuoé Size Exclusion- flrcenabog rEpb) stilei d
product obtsai %rgpﬂ%t kgwﬁqoﬁggeggg%glmwmg di chl ori de support,

cont ai ni ng O. nol es of diisoanyl ‘ether per nole of magnesium
di chl oride and | es3 th&AI(PEGO 1L sfpfietijrhlorobenzene \y_ C bond. When exani ned

Wi th a mcroscope, -t hegglpRer £1040satdl 1 ml/minute t he shape of spheroi dal
particles which had a §RSS- QUELAIR R (Trademark) model "AT 80 M S * columns
~ temperature: 150°C
20 - sample concentration: 0.1% by weight
- injection volume: 500 microlitres
- detection by a refractometer integral with the
chromatograph
- calibration using a high density polyethylene sold by
25 BP Chemicals S.N.C. under the trade name "Rigidex 6070EA":
Mw = 65,000 and Mw/Mn = 4 and a high density polyethylene
which has : Mw = 210,000 and Mw/Mn = 17.5.
The following nonlimiting examples illustrate the invention.

Example 1
30 a) Preparation of a support

10.2 litres of a mixture containing 10 moles of
dibutylmagnesium in n-hexane, followed by 6.45 litres of
n-hexane and finally 1 litre of diisoamyl ether were introduced

iﬁ the course of a first stage under nitrogen, at room

35 temperature, into a 30-litre stainless steel reactor equipped
___,______/———-——-"““
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‘di ameter of 35 m crons and an extrenely narrow particle size 15
distribution, such that the DM Dn ratio of the particles was

equal to 1.4. The specific surface area of the support was
approxi mat el y 45 m2/ g (BET). The support was isolated in the form
of a dry powder, under nitrogenlatnosphere, after the n-hexane
had been 20 evaporated of f under vacuum at 50[err]C b)
Preparation of a catalyst A quantity of previously prepared
support in the formof a ~dry powder corresponding to 100

mllinoles of My waseiitAt4 eduead rotating at atsp%E&&rfr b6b uRdelutibhs GRen
atm)spherelntoaglass react or, apacity of .1 ljitre

equi pped with a sti MPEFtS & g.tl 3 dg° a‘ft 359 % second Stagreévo ri}a?o"ﬁlsicﬁe?henf?ﬁﬁd
and with a heating afdthostinmgprsyas @aintained at 500 Gevedutdbns peol ninube ankl
bi s(cycl opent adi enylgdi fﬂcqutreﬁmawe at 25°c, 2(CR26F @ea Pyl Oéhlispfde

contalnlng5mlllm)leso Zr - were I ntroduced 1 hto
reactor witR stirrirfpreTided; ta fhe %ﬁ“’f"néh“%@btamed ¥ept °%”cs'|tPP"e§18Y

25[err] C for 2 hour sratét gdrhe2 eitRlref Atthtlﬁe aaaladtﬁfm;,ermd the reSbtidnl N was
stopped and the soli cal alwxst th gt washed. f
n-

times, each with 200"A*bt SH"aXiﬁ aeine %r 3 hours, cgf’?il%/rs?f”%t gﬁ was
ready for use was olpiesf was Maehéd)rsncxdfimes. each withplfeddtoed oparti cl es

which had Dm = 35 mLheRsnANOrie PF1 L pBoduct obtaihéd icBnstikufed lthe GRIEhaL R
the elenments Zr and My and diisoa

I
17 107 "ot HHELLAF RS RBPFEVICABEHIES (-7 itpdes of diisoanyl ether
Zr /I My = 0.03 per mole of magnesium dichloride andi]jeseameh eidoarsndde s£0. 025
c) Polyrrerlzatlon f c© elnss si.on i xan .
750 m of n-hexane Vhr\lliﬁ’e %’°n roduce u;i g? atg\ rmq‘émsmpe’ %ns supgffr%swﬁﬁelrne

into a stainless stedle shapet of sphetoidad aparticlesovhich had a mass-averags,

equi pped with a stirdgmetsit %telssgma&rééoand an extremd 1§V RhHovOPStTL NIl z@nd
with a heati ng and cooling system reactor was heated to

70[err] C and®a quant‘?‘tsﬁrb‘i’““df’%wsb‘ﬁglS"aiothe Dm/Dn ﬁ?te';?af’%otbéai’%ﬁt;*ﬂ'e%\d’és
I ntroduced into it, emalespangding to 0.1 mllinmole of zirconium
and 15 mi|liatons of alug?lnlum al umn xane

sol ution at a concentration SB?C%& surface area °fh¥ § hePT 6 ug’ﬁ °’2’tmﬁgely
sol ution of (MAO) beth@g2ép|(@EBY. The support Seheirsphgte@onpanw @ ofiny dry

Et hyl ene was then i %J&GPC%déPtﬂt}&en atmosphd¥®, " BAGOEndh-Rextin8akba bhOW
rate of 120 %/h during 2 hours.

evaporated of f under vacuum, at 50°C,
b) Preparation of a catalyst
A quantity of previously prepared support in the form of a

dry powder corresponding to 100 millimoles of Mg was introcduced
at 25°C under nitrogen atmosphere into a glass reactor with a

25 capacity of 1 litre, equipped with a stirrer rotating at 350
revolutions per minute and with a heating and cooling system.
100 ml1 of a solution of bis(cyclopentadienyl)dichlorozirconium
(Cp2ZrC1l2) in toluene containing 5 millimoles of Zr were then
introduced into the reactor with stirring. The mixture was then

30 kept stirred at 25°C for 2 hours. At the end of this period the
stirring was stopped and the solid catalyst thus obtained was
washed four times, each with 200 ml of n-hexane. A solid
catalyst which was ready for use was obtained in the form of
spheroidal particles which had Dm = 35 microns and a Dm/Dn

35 ratio = 1.4. It contained the elements Zr and Mg and diisoamyl

16
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the end of this period the polynerization was stopped and after

t he n-hexane had been renoved a pol yet hyl ene powder was :
recovered, consisting of spheroidal particles which had Dm = 150
mcrons and a DmDn ratio - 1.5. The nelt index of the 20

pol yet hyl ene was 0.95g/ 10 minutes, neasuré8 at 190[err]C under a

wei ght of 2.16kg (ASTM D 1238 Condition E). The MMV M1 rati o of t he
pol yet hyl ene, neasured by GPC, was 2. 3. Exanpl e 2 a)

Preparation of a support 25 This was exactly identical with
that of Exanple 1. ether [fh thePfehluwdhg owwlef mtted:al yst A
quantity of previously prepared support in theg m of_ 3 o3 dry
powder corresponding to 100 millinoles of My was nt r oduced at

25[ err] C under nitrogen atnosphere i ntdiigogyds stherdMg or 0wPdh a 30

capacity of 1 Igpr e,rogﬂgrﬁﬁﬁﬁow &#J e%h?iénrerﬁ{ sughSlsliBg i@l nf’@}ane :

revol utions_per mnute an cool'l ng SYS 100
m of a mixfure cont ai ni’rg “il l’?ifl’lllbr?ﬁf“ée (‘J’Frf dpsrodurss unfsr & mitrogen 100
mlliatons of al um rituespheré NADH a Btaddleiss Osteall Feactor with a eap&drtiyr 6 20N

of 30% by wei ght i n1t191|- yen Q%Aﬁ‘g 1‘%9 | nélﬁg%cegltaﬁng at 350i nto the reactor

with stirring. The GUr e

18 the'ﬁVkJemiosﬁfumpe@ and 28fthrs heating andcgptingAsystem. e of
this peri Qdaddds whd kbl \e@smbomed t&&e orObidbicai R yst thus
obt ai ned was washed four tines, each wt of n-hexane at

25[err]C. Aol id c®RFepared Wﬁa&ﬁsw§sr%ﬁd‘?“rﬁi ke 9\)%15 cSpTefPrRtine,tg 0.1
the form of spher0| dﬂhlmu*ela:d esrodiiiah alrnadlmln_ﬁdiom WfoRSunifdum as a
D.rd Dn ratio | %tﬁ ?:H}x%antx IMR Fm;\ngélu%ribn I\éQ Q‘rgmé‘Lntration of 303[' d

di i soanyl ether n

Zr/ My = 0.005 by weight in toluene, tlyq pg}ut_—.ioqg:f]_QMAO) being sgld @ganw

ether/My = 0.02 sCﬁ;rmgP@&:wIﬁyl@et_-hmwf ﬁh?)[ét%n%aé Rhek SHRRSARNRA! fnto
n- hexane rocedure was exact I%/ﬁgg n_the Exarrpl e 1.c.

CxbeptC 15 {ndecFRREat Mty 81StRatY At ThiepSh 040§ bR s Pogre: At

A pol yet hyl ene powdehewarsi obttauneplarloonlsxesporyyleoizaﬂon was stappbhérapddatter
particles which had IR@ h%%gnénhgﬁ% ap%igeprg leyethylene pode%trI das 1.5. The

melt index of the p yet hyl ene was
recovered, cons:.st;mg of spheroidal particles which had Dm =

150 microns and a Dm/Dn ratio = 1.5. The melt index of the

20 polyethylene was 0.95g/10 minutes, measured at 190°C under a
weight of 2.16kg (ASTM D 1238 Condition E).The Mw/Mn ratio of
the polyefhylene, measured by GPC, was 2.3.

Example 2
a) Preparation of a support

25 This was exactly identical with that of Example 1.
b) Preparation of a catalyst

A quantity of previously prepared support in the form of a
dry powder corresponding to 100 millimoles of Mg was introduced
at 25°C under nitrogen atmosphere into a glass reactor with a
30 capacity of 1 litre, equipped with a stirrer rotating at 350
revolutions per minute and with a heating and cooling.system.
100 ml of a mixture containing 1 millimole of (Cp2ZrCl2) and
100 milliatoms of aluminium as (MAO) in solution at a

concentration of 307 by weight in toluene were then introduced

35 into the reactor with stirring. The mixture thus obtained was
Thisllsii’i‘lalt Iiii'ﬂilin lIT[iliced )




m nutes, measured at 190[err] C under a 2.16 kg weight. The Mw M

rati o of the pol yethyl ene was 2. 2. Exanpl e 3 20 a) Preparati on of
a support The procedure was exactly as in Exanple 1. b)
Preparation of a catalyst The procedure was exactly as in
Exanpl e 2, except that the tenpetature was fixed at 50[err]C
during the introduction of 25 t he conponents into the reactor and
during the two hours when the m xture was kept stirred. After the
end of .this period the reactor was cooled to 25[err]C and the

catal yst was washed BRen kept stirred aBx251pl| #r22 Wourat altyshe wad ebtaiged in
the formof spheroi g riod the stirﬂﬂ%tvbﬁl § Oﬁmg J}hh@ﬁ] %1:{ %%231 Cs'rvg a2Nd 2

DiDn ratio = 1. 4. cont al ne enmen nd Al
and dii soanyl obtaiped,sfasi yeshed fayr| bislesy eashavitha9Q el of n-hexane at
gr gzl\/g 250. 00@5 5 25°C. A solfh/oytafys}lwhlch was ready fordﬁéesmwbtgim kMo =

: rep atlon n s ensi on i.n_n-hexane
19 gh r%c%%tffé é&’a’fﬁ?@ vhdch hag,Dp5 35 micronsygpdnt
t hat t he catlurl/ystramg 4 Haé. (Mtepartadned tExaemalnent& Br, Mg and A1 A
pol yet hyl ene powder was q@biAMPELLns L.d particles
whi ch had Dm = 150 m crons an9 t.'Drr?nﬁJ the %I%Wfigh&#% %tmmelt I ndex of
t he pol yethyl ene was 1 g/ 10 m nutzé'élﬂg r‘f’eﬁs‘lﬂ-”ed at 190[err]C under a 2.16
kg wei ght. The MwW Wh ratio of thqlp@“gewyl ene was 2.1. Exanple 4

Pr epar |on of a e procedure was exactly as in

Exarrpl e 1. ?8 Pr“z|5§§ i oﬁuﬁl"’/ﬂg caPa A quantity of

previously prepapr)ed Mww;e_ﬁ@espondi ng
to 100 mllinoles of My e[y 1C und |tr
Y EQ&J&QQ%@ gﬁac%?% l.l. tfx Exan}p FI‘ e Ef%i Bﬁed

atmosphere into a gl ass reattor Wth & Ca
with a stirrer rotatihiy the 33b2lvsborasn Fb#s/PFme}teé ir5 ExamelenR it a heat i ng

and cooling system 125am§dikéetyadEe %w&ﬂ%glwrhmed 8oV i Bgsol ution
at a concent,r.ati on of 30(cha3i ﬁ%lta‘h |n ‘f*h wer e |ntroduced into
T

the reactor With stitPrAg: 19§d “m = b sicrapsyand endm Deept
stirred at 25[err] C fario2=HgoG¥ SEheAtlelthéndﬁ!d obfthe polyethylene was 1.5g/10

minutes, measured at 190°C under a 2.16 kg weight. The Mw/Mn
rétio of the polyethylene was 2.2.
Example 3 _
20 a) Preparation of a support
The procedure was exactly as in Example 1.
b) Preparation of a catalyst
The procedure was exactly as in Example 2, except that
the temperature was fixed at 50°C during the introduction of
25 the components into the reactor and during the two hours when
the mixture was kept stirred. After the end of this period the
reactor was cooled to 25°C and the catalyst was washed as in
Example 2. A catalyst was obtained in the form of spheroidal
particles which had Dm = 35 microns and a Dm/Dn ratio = 1.4,
30 It contained the elements Zr, Mg and Al, and diisocamyl
ether in the following molar ratios:
Zr/Mg = 0.005
Al/Zr = 21
diisoamyl ether/Mg = 0.026

35 c) Preparation of ethylene in suspension in n-hexane
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this period the stirring was stopped and the solid thus obtai ned was 20
washed ten tinmes, each wth 200 mM of n-hexane at 25[er]C. A mxture
containing 5 mllimles of (Cp2 Zr Cl2) and 125 nilliatons of

alumniumas (MAO in solution at a concentration of 30% by wei ght in
tol uene was added to the solid into the réfctor with stirring. The

m xture thus obtained was then kept stirred at 25[err]C for 2 25 hours.
At the end of this period the stirring was stopped and the cat al yst

t hus obtai ned was washed ten tines, each with 200 m of . n-hexane at
25[err]C. A solid catal yBe pesetihres wabtedianbly ian irh&xampley bfc., excepphehadi dal
par ti cl es whi ch had Jll Sard3y sl GaBMhat b dalld 08 b ®e 3., 1.4, I

contai ned the elenments Zr, K/P and di I soanyl ether in 30 the
follow ng nol ar rat iApgolyethylene P°‘E|°F Mfps=obtgined, consistinggfj spherojdal

di i soarryl et her/ Iygracﬁe%mmh hda)Dm LPnspafidtony) afd ADR/mPehyiEE B%. The

Into a 5 re st Ss st gqui pped stirrer .

20 bot aPPhl MESE Y Fhc sPRTTauLrin Nt & aelt minfiedu psonstar 190
nitrogen 2 lunfers 2flnkbewsigbt. \Whe w/Mermtiieadfcdthé @olPEhyipay wakeh. la

m xture conglegtdygd,of 300 milliatonms of alumniumas (MAO) in solution
at a concen[‘l”ar%n—of 30% by weight in toluene and a quantity of 5
previously prep@ed Brgparatden of acsuppAling to 1.5 nilliatonms of

zirconium Et hyI ene ms;,;&a;eaufmg,agcggﬁedly AkOid RRadpaCLIOr at a uni form

rate of 120 bé 580 m rJut es At tge tend of this period, t he
reactor was' ooI (20[err]©C and the cont ent

of the reactor was t& anafteityeck tpoewaiqusuawempos‘aiport amdthdrotd of sodnyent
was evapor at ed %Lfvdéyqqgfrésggﬁ&ﬁg § Q90 Uh olst S’Pg@f@é 1ﬁtroduce&’fat 25°C

60[err] C. A prepolymer was thus obtaine an sto er nitrogen It
cont ai ned 373 gusfepaiyeeasp atmesphereniintq gpglassf reqcten it nifgracity phd

atonic ratio of 1Aty e&@ﬁ,p%éélmtlhtacarisf&t thmingpaeaeo dalvolut ionBAinlEs €S

havi ng Dm -1120 m crons ar g%iarftgl cI SI ze di Str#z% %ln 15 chhlthat t he

ratio Dm Dnl2 12389 with g, e B a‘s"@ R FREYSY at Hi3EpRS &heluminium

A powder char ge asf (M?@O gncsblatml yetdﬁybmtmuignnm i30% Hyr saight in toluene

precedi ng poly I,C - n er t

i ntroduced i ntgwg %I ul gl zegqb rgg{?g? o? ‘1? %Hﬁg Tﬂéfg&ggﬁee tgnel?;lct or

was. heat ed to 8O@btpitded wirl themkephestiased ﬁt—r%ﬂ&cw |2nh<l}1fst, At the end of

this period the stirring was stopped and the soclid thus obtained was

20 washed ten times, each with 200 ml of n-hexane at 25°C. A mixture
containing 5 millimoles of (Cp2 Zr C12) and 125 milliatoms of
aluminium as (MAO) in solution at a concentration of 30% by weight
in toluene was added to the solid into the reactor with stirring.
The mixture thus obtained was then kept stirred at 25°C for 2

25 hours. At the end of this period the stirring was stopped and the
catalyst thus obtained was washed ten times, each with 200 ml of
n-hexane at 25°C. A solid cétalyst was thus obtained in the form of
spheroidal particles which had Dm = 35 microns and a Dm/Dn ratio =
1.4, Tt contained the elements Zr, Mg and Al and diisoamylether in

30 the following molar ratios:

Zr/Mg = 0.021 '
Al/Zr = 44.4
diisoamylether/Mg = 0.02

c) Preparation of a prepolymer
35 Into a 5 litre stainless steel reactor equipped with a stirrer
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‘so as to obtain a pressure of 1 MPa. Ethylene passed upwardly t hr ough

the bed with a fluidization speed of 30 cnisec. 24 g of the
previ ously prepared prepol yner were introduced into the fluidized bed
reactor and the tenperature in the bed was kept at 25 80[err]C during 4
hours. A pol yethyl ene powder was thus p¥pared, havi ng a density of
0.947 g/cnferr], a nelt index (ASTM D 1238 condition E) of 0.02 g/10
m nutes, a nol ecul ar weight distribution such that MV Mh = 2.5, a
zirconium content of 4ppm a |level of vinyl unsaturation of 0.4 per

1000 carbon at totetipgl a¥ PR aevelutiprs/mineteewete inhretugediundar gfit@ogemér

1000 carbon at p{@res Jm—ﬁmgrwmnsev&teeﬂemed to 705@h%@ﬁ demialdel Cl es,
having Dm = 410 m sSf ad a bul k densi ty

of 0.43 g/cnB. oS st%&aﬁg 33’°5mﬂiatsms of F’?%‘Bé‘i“é’t“ﬁ 6?1 %02 in, ppbttdonz:t a

The procedure vaseekoatiiby «fS 308 Hyxeeight in toluene and a quantity of

21 le f

previ ousl y pre aﬁg@ﬁf%k@é&:ﬁ ﬁ?%ﬁ%!r %ﬂ?%’fesgo%dmg to A, gﬁlth%:%or (r%e‘s’fpondr ng
to 100 mil | i nokEecopfumyy Bhlylene vsguthanh a%t@ﬁ[ladr fero theulrﬂi!eltonrﬂtr agen into

a glass react Ofiniolr #ateapaqizbyg/af £dr |2Bbrx§i:nu5es ﬁ@ltuhrape&k Wet thid §ldidoa®r
rotating at 350 revol uti ons/ m nute and and coolin

system The rEBtE8PctsvAR&L8LeY 8t béF?ﬁ ée‘“Pe_L‘b"G“re (%on&gd‘f‘d “’seof"ﬁﬁ‘iegﬁ of
(Cp2 Zr C12) i of tthleusntooaai Diangfdfredi Lé iaTDbEEy evapodbtari hedrihem wer e

i ntroduced; C ] r g0y xt hen kept
stirred at d70[ g‘?%@‘f‘g“?g 59#3\%%& i%k ‘f?geenrc?-gn?edltgreﬁ? 'S %{a‘r%r g%&)etr Bk P

stirring was sebHH9l- addprrereolymet Fag dihusyahtained and stoged ainder nddsogsshed
six times, eachWohBaidd 513 @f of aaeymslaﬁe per mﬁ%ﬁaﬂe] &2 Aréalruri 5.?4 al yst

was obt ai ned i n the formof spheror articles havin

mcrons and a P28 ia5°BHf BAtic PEAAL/Zr vas 24‘b'on55|"r?€61?"ﬁ§ 8f ﬁf%‘dzrl and My,
and dii soanyl epietriciias tﬂﬁelﬂébm rfz(.'lJZb(lli\i¢:I’i'§1'1§r'(hln&I’a rpakrt Sle size distribution
ZriMy - 0.04  .ch tha ?lr |§aoc§ /cherll\/g 0.02 - c) Preparation of a
pr epol yner ¥ re star nl ess steel reactor equipped with a

stirrer 20 réiat gneyer e i ntroduced under

nitrogen 2 |1 tar fswal &J}g;aapawlgctafvue fpel,fm b €&he! Qrzé)j[ng{:fxlgcffr&b%n a
m xt ure consrstrn of i atons o um niumas (MAO_ in solution
at a preceding olymerization and which had been stored under nitrogen,

was introduced into a fluidized bed reactor of 18 cm diameter.

20 The reactor was heated to 80°C and ethylene was introduced into it,
so as to obtain a pressure of 1 MPa. Ethylene passed upwardly
through the bed with a fluidization speed of 30 cm/sec.

24 g of the previously prepared prepolymer were introduced into
the fluidized bed reactor and the temperature in the bed was kept at

25 80°C during 4 hours. A polyethylene powder was thus prepared,
having a density of 0.947 g/cms, a melt index (ASTM D 1238 condition
E) of 0.02 g/10 minutes, a molecular weight distribution such that
Mw/Mn = 2.5, a zirconium content of 4ppm, a level of wvinyl
unsaturation of 0.4 per 1000 carbon atoms and a level of vinylidene

30 unsaturation of 0.1 per 1000 carbon atoms. The powder consisted of
spheroidal particles, having Dm = 410 microns and a ratio Dm/Dn =
1.5. It had a bulk density of 0.43 g/cm3.

Example 5
a) Preparation of a support

35 The procedure was exactly as in Example 1.
[
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toncentration of 30% by weight in toluene and a quantity of previously
prepared catal yst corresponding to 2.25 mlliatons of 25 zirconi um

Et hyl ene was then introduced into the reactor at a uniformrate of 120
g/h for 120 mnutes. At the end of this perlod . the reactor was cool ed
at anbient tenperature (20[err]C) and the Eontent of the reactor was
transferred to a rotary evaporator and the sol vent was evaporated off
under reduced pressure at a tenperature 30 of 60[err]C. A prepol yner was
t hus obtai ned and stored under nitrogen. I't contained 130 g of

pol yet hyl ene pe®)ri [Brepattation ofi a coatalystand the atomic ratio of A/Zr

was 160. It consi st edqRint3RPESOpEN iously p@@ﬁéﬂeﬁlﬁﬁ;pgﬁﬁ”ﬁgtmfvr&% m&rryons
and a particle size distribution such he ratio

d) Gas phase [BBV%FEFP%PB’I‘FW 12 H)?péﬁé.llmoles of Mg was introduced at 25°C
22 . undep@aidsdgenhpit@ea 0f1a86 OregcOdr mﬁmlayehﬂsadmy\eomm pivrat i ng
R SR Ly ot AR R BRI ey -
ni t rogen, Was |ntro uced 1'n i Ze reac 'l"*l

di aneter of a heatdng Etdhybmsmtsm r Ste redctont was H@aterhcwo?o’%o 9 to
obtain a 5 PR SsIL sOfuthoVRE 288h 20 &28DP1E RBTEHa! bt 1RIS I07 #1119 ¥hé NG

t he pol yneri zation, Et hgl ene gassed u vvardl% throu%?‘ the bed with a

fluidization speed . e e p ared
&&= Hreoa i, ety dntroduced into the, rogctop Mith St ixFins- HThe)

prepol yner wer e mirtumedugecdthentiept stirkbd alteHl‘,‘tOOEo:al‘ldhbths t ekpehatandeodf t he

fluidized bg 0, houyr

vol yet hyl ene&'p‘g’\?\:@ 5%1}9 thé sPc%E?BIg @Ls %SLS% dd %&'%& d&ﬁd Ola ?y%t é&gs

g/cnB, a melt imbERifeASTA Baglz%sm tlmE%onGPFIil G’H"—E)zoéf mp, °(§2ngle‘1‘9nmﬁut es, a

ol ecul ar wei ghtvodcst fal bw.idoeamyst s&aghoﬂtfaaﬁedvlafhl\the—fans,ofas;me&smmum
content of 3 ppm a.level unsat uration of ﬁg 1000 carbon
00

Q in
atons and a | evdarhicles hvlﬁﬁ%en%‘q ﬂﬁ%‘s”é‘l’ﬁr ang Snr‘btfmomilnﬁer Yar bon
atons. The powd:entained tign el @ientls r aphagei alal dpiydamglerher hiawvithg Dm = 450

m crons and 6, with a bulk density of 0.41
g/cnerr]. 13 f@%l&?jl eratéé’s phase copol ynerization of ethylene with
but ene-1 20 A povvder chén/Ye ©f0-800 g of a copol yner of ethylene with
butene-1, originati ngikbampi13thd.omgdt RYogopol ymeri zation and’ whi ch had
been stored under, nitrogen, was |ntroduced into a fluidized bed

reactor having &£/di 2 2 us mixture of 83% by vol une

of ethylene and 17% intovaliunetod sbairees lsteat reattaxdegeippedtwith a stirrer

20 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 513 milliatoms of aluminium as (MAO) in solution at a
concentration of 30% by weight in toluene and a quantity of
previously prepared catalyst corresponding to 2.25 milliatoms of

25 zirconium. Ethylene was then introduced into the reactor at a
uniform rate of 120 g/h for 120 minutes. At the end of this period,
the reactor was cooled at ambient temperature (20°C) and the content
of the reactor was transferred to a rotary evaporator and the
solvent was evaporated off under reduced pressure at a temperature

30 of 60°C. A prepolymer was thus obtained and stored under nitrogen.

It contained 130 g of polyethylene per millimole of zirconium and

the atomic ratio of Al/Zr was 160. It consisted of spheroidal
particles having Dm = 100 microns and a particle size distribution

such that the ratio Dm/Dn = 1.5,
35 d) Gas_phase polymerization of ethylene
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25 the reactor, so as to obtain a total pressure of 1 MPa and to keep
constant the pressure during the copol ynerization. The gaseous m xt ure
passed upwardly through the bed with a fluidization speed of 30

cni sec. 27 g of the prepolyner é)éepared in the Exanple 5 were 30
I ntroduced into the reactor and the tenpefature of the fluidized bed

was kept constant at 80[err]C during 4 hours. A copolyner of ethylene

with butene-1 in the formof a powder was thus prepared, having a

density of 0.914 g/cnjerr], a nelt index (ASTM D 1238 condition E) of

0.22 g/ 10 minutes, & PeNdesutharsacdtfgfPO & of rd IPalyaihylensh origimatipaviiren 35

2.3, a zirconi UgL&RRLENpoImed 1RBMonahE WREcPhal i ieh 4UB3aE Uikl MY tbgen,

23 0.3 per 1000, carbon atons.and | evel of vinylidene unsaturation
of 0.1 per TEDOTERIBEATAATR FHILTIIAARN EORRT RATIOE & gHEPtidart

particles, havi g dom -EttiyQems emonintanducadr hitioothdrBactor]. £9 awi td odtain abul k
density of 9 35pgés(\sm§§ ot51 MPa and Jt% keep cons]tgnt the pressure during the
poiymerization; Ethylene passed upwardly through the bed with a
£fluidization speed of 30 cm/sec.
29 g of the previously prepared prepolymer were introduced into
the reactor and the temperature of the fluidized bed was kept
10 constant at 80°C during 4 hours. A polyethylene powder was thus
prepared, having a density of 0.945 g/cm3, a melt index (ASTM D 1238
condition E) of 0.02 g/l0 minutes, a molecular weight distribution
such that Mw/Mn = 2.3, a zirconium content of 3 ppm, a level of
vinyl unsaturation of 0.3 per 1000 carbon atoms and a level of
i5 vinylidene unsaturation of 0.1 per 1000 carbon atoms. The powder
consisted of spheroidal particles, having Dm = 450 microns and a
ratio Pm/Dn = 1.6, with a bulk density of 0.41 g/cm3.

Example 6

Gas phase copolymerization of ethylene with butene-1
20 A powder charge of 800 g of a copolymer of ethylene with

butene-1, originating from a preceding copolymerization and which
had been stored under nitrogen, was introduced into a fluidized bed
reactor having a diameter of 18 cm. A gaseous mixture of 83% by
volume of ethylene and 17% by volume of butene-1 was introduced into

25 the reactor, so as to obtain a total pressure of 1 MPa and to keep
constant the pressure during the copolymerization. The gaseous
mixture passed upwardly through the bed with a fluidization speed of
30 cm/sec. '

27 g of the prepolymer prepared in the Example 5 were

30 introduced into the reactor and the temperature of the fluidized bed
was kept constant at 80°C during 4 hours. A copolymer of ethylene
with butene-1 in the form of a powder was thus prepared, having a
density of 0.914 g/cm3, a melt index (ASTM D 1238 condition E) of
0.22 g/10 minutes, a molecular weight distribution such that Mw/Mn =

35 2.3, a zirconium content of 3 ppm, a level of vinyl unsaturation of

I —
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0.3 per 1000 carbon atoms and a level of vinylidene unsaturation of
0.1 per 1000 carbon atoms. The powder consisted of spheroidal
particles, having Dm = 450 microns and a ratio Dm/Dn = 1.6, with a
bulk density of 0.35 g/cm3.
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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-average dianmeter, Dm of 10 to 100
m crons and a particle size distribution such that the rat ho_ of to
t he nunber-average di aneter Dn, of the particles is not hi bgsechz?/nzoma)
the catal yst conpri sing: - a support containing from 80 to 99.9 nol
% of magnesi um : dichloride and fromO0.1 to 20 nol % of at | east
one organic . el ectron-donor conpound, D, free fromlahile
hydrogen, 10 - a zirconium netal | ocene, - and optionally an

or ganoal um ni um conpound. 2. Catal yst according to Claima1l,
characterized in that the organic el ectron-donor conpound, D, is
chosen fromethers, esters,: t hi oet hers, sul phones, sul phoxi des,
secondary am des, tertiary 15 amnes, tertiary phosphines and

phosphor am des. 3. Process for the preparation of the solid catalyst
according to Claim 1, characterized in that: (1) a solid support
(A) containing from80 to 99.5 nol % of magnesi um di chl ori de and
fromO0.5 to 20 nol % of at | east one 20 organi c el ectron-donor
conpound, D, free from|l abile hydrogen, the said solid support
being in the form of spheroidal particles having a nmass-average
di anmeter, Dm of 10 to 100 m crons and a particle size

di stribution sughtat the ratio of Dmto the nunber-average
diameter, Dn, of the particles is not 25 hi gher than 3, is brought
into contact wi tlh Solid catalyst suitable for a heterogeneous processzgor

(2) a zijr?o)ni umpm;:aéﬂieeﬂ@&néa)n ma fél olefins, th@pblmahtylyala wcganaﬁjngnémi um
compoun C pre er um noxane. epol ynet
particles corrprl a%%{ 5o Iye]fﬁ'us r’%vnlengor CSS(‘) vera§e §lametferét Wi 8 e%elrs\'/a\nt?h up
to 10% by wei ghthQf merhea@!}Iﬂ arar€lclep sGHe distr!é?h’pm etclf ithatartdie (F4tioasf

active cat alSySt ﬁrplﬁoatﬂeuﬁﬁmli'—average diameter Dn, of the particles is not higher
than 3, the catalyst comprising:

- a support containing from 80 to 99.9 mol Z of magnesium
dichloride and from 0.1 to 20 mol%Z of at least one organic
electron—ddnor-compound, D, free from labile hydrogen,

10 - a zirconium metallocene,

- and optionally an organoaluminium compound.

2. Catalyst according to Claim 1, characterized in that the organic

electron-donor compound, D, is chosen from ethers, esters,

thioethers, sulphones, sulphoxides, secondary amides, tertiary
15 amines, tertiary phosphines and phosphoramides.

3. Process for the preparation of the solid catalyst according to

Claim 1, characterized in that: |

(1) a solid support (A) containing from 80 to 99.5 mol% of
magnesium dichloride and from 0.5 to 20 mol% of at least one

20 organic electron-donor Compound, D, free from labile hydrogen,
the said solid support being in the form of spheroidal
particles having a mass-average diameter, Dm, of 10 to 100
microns and a particle size distribution such that the ratio of
Dm to the number-average diameter, Dn, of the particles is not

25 higher than 3, is brought into contact with

[
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(*co-)pol ynmeri zation of olef ins essentially containing atons of

zirconium magnesium chlorine and alumnium in a quantity such t hat
t he prepolynmer contains fromO0.1 to 500 g of polyethylene or 10 copolyner
of ethylene per mlIlinole of zirconiumand.the atomc ratio Al/Zr is
from 10 to 1000. 5. Prepolyner particles according to C aimd4,
characterized in that they consist of spheroidal particles, having a
nmass- aver age dianeter, Dn from 10 to 500 m crons and a particle size
15 distribution s)uch that the ratio of Dmto the nunber-average

di aneter, Dn, of(Fhe? FHreenivpsmetaliogens; (Bor 28han 3. 6. Process for
preparing the pr epol yitEbnpHIY b | @gafcOmt 4§ Edmpound @CY| NBréfOfably an
characterized in thaf, t| the solid catalyst according to Claim1 or 2, or

prepared by a process accordl ng to.Cdaim3 is 20 contacted with ethyl ene
or a mxture of %t hyPravelymat narticies compri@ing (i)t polG@thyishna- of ebpelymera

liquid hydrcy:arb&neemrew with! #p 09867 RYaddight ot ﬂt ﬂakﬁrmt%réittrecérom 0to
100[err] C, under a tota pressure f rom5 MPa the presence of

an or ganoal uni nlwa'“eébﬁp’dﬂn&ﬁi)naﬁ akdne |°ta§rals3lf(§hf‘t‘hét ’f‘a‘tté‘ﬁfc ratio Al/ZzZr

is from10 to 25(co-1ﬂ&£}menzauan ofPe1¥¥a 58 a‘_setenpnluymfdnuﬂgngtmdmen@f or
copol yneri zi ng eg.hyl ene with | east__qne a-olefin

characteri zed i n That fheragnesimy chlord 5Ia§7’sta%1?68f"ﬁ? n@n %q&a’éthf‘bc?‘ 2, or
prepared accor dliﬂgltt the prepdaliyaeync@ntainst fieonpPebdloy s gpef tpiodyetchydenoroai ng

to daim4 aqp ,co%lﬁatr BE SRAY EcheDYe 2 o P63 %Q%éjdnrigmtaﬁmqp?% e Sndd €

contacted with ]r'(% ene Oor a m xture of [ ene wt east one C3
to C8 al phaEasierdf2rats fredfetatl9PR- of 10 to 110[err]C, under a total
pressure of 0.1 3.0 5pMpalymdr bbﬂ:il&ll%%&&rdlfngafb @ltgﬁmal Mr@bmlzed in

conpound, in a quyaptjty suc o] atio is from10 35 to
1000. TR tnel consr}ﬁko?a:%ass arc°§ér{c?| a§£ °c}ef) Jfaﬁ'tl?g, cﬂﬁ?sa(?t' 8F48%ed in
t hat the poldismetemat Pon fgpm cl®pbb VAMOr hiraongrenidsa matrtmlraedlzen aliquid

hydrocar bon gl urdeePiputRbfRicAtinat Lik 308508 Ush retaaag number—av daghbymer or
copol ymer powder obtainable by the process according 5 darm7 or 8,

conprising (i) @i#BFRBNPrerE Bhe RIEDLIFIPY S nof higher ét‘m/l:‘"ene with up to
30% by wei ght ofé.at PRasks @ $repa@ifg the prepbidrOphiflesdhavédrding ARNSI Ly
rom 59 0 0 58 T LngBuiHony 1 130U AL AOAIE R o
5 and a | evel fC]@[itqy] o &, or prepared by a process according to Claim 3 is
20 contacted with ethylene or a mixture of ethylene and at least one C3
to C8 alpha-olefin in a liquid hydrocarbon slurry 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 in a quantity such that atomic ratio Al/Zr is from 10 to
25 1000.
7. Process for polymerizing ethylene or copolymer121ng ethylene
with at least one C3 to C8 alpha-olefin, characterized in that the
solid catalyst according to Claim 1 or 2, or prepared according to
Claim 3, or the prepolymer particles according to Claim 4 or 5, or
30 prepared by a process according to Claim 6 are contacted with
ethylene or a mixture of ethylene with at least one C3 to C8
alpha-olefin, at a temperature of 10 to 110°C, under a total
pressure of 0.1 to 5 MPa, in the presence of an organoaluminium
compound, in a quantity such that the atomic ratio Al/Zr is from 10
35 to 1000. '

25
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10 unsaturation not higher than 0.6 per 1000 carbon atons and (ii)

catal yst residues essentially consisting of atons of nagnesi um

chl orine, alum niumand zirconium the quantity of zirconium being
from0.5 to 20 parts per mllion by weighs, the said powder having a

bul k density from0.3 to 0.55 g/cnB. 15 10. Polyner or copol yner powder

according to Caim9, characterized in that it consists of spheroidal
particles, having a nass-average dianeter, Dm from 150 to 1000

m crons and a partigle size . distribution such tha he. ratio of Dmto
t he nunber-avereg'ge ‘gmcesﬁiaé’r%gf%lﬂg &,Jlﬁf'mtfhe&baaﬁaf?ecﬁiggai%‘ E?ﬁ‘t M’@her t han

3. 20 25polymeriza8@on or copodpmerization is performed in a liquid
hydrocarbon slurry or, preferably, in a gaseous phase.
9. Polymer or copolymer powder obtainable by the process according

5 to'Claim 7 or 8, comprising (i) a polyethylene or a copolymer of
ethylene with up to 30%Z 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 (ASTMD 1238 condition E) from 0.0l to 50g/10 minutes, a
molecular weight distribution from 2 to 5 and a level of ethylenic

10 unsaturation not higher than 0.6 per 1000 carbon atoms and (ii)
catalyst residues essentially consisting of atoms of magnesium,
chlorine, aluminium and zirconium, the quaﬁtity of zirconium being
from 0.5 to 20 parts per million by weight, the said powder having a
bulk density from 0.3 to 0.55 g/c¢m3.

15 10. Polymer or copolymer powder according to Claim 9, characterized
in that it cogsists of spheroidal particles, having a mass—average
diameter, Dm, from 150 to 1000 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.
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