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CAEA-,ETqAND PREPCLYMER USED FOR THE PREPARATI ON OF POLYOLEFI NS The present
i nvefitgon relates to a solid catal yst suitable for (co-)polynerizing

ol efins, especially ethylene, the solid catal yst being obtainable by
contacting a particular magnesi um chl ori de support with a zirconium
metal | ocene. It also relates to the use of 5 the cat al yst GaseZ4A2{B298(2)
else in the formof a prepolyner in a heterogeneous process of

pol ymeri zati on or copolymnerization of olefins, especially ethylene. It is
known that it is possible to manufacture polyolefins in the presence of a
catal yst system conprising a catal yst based on a 10 zi rconi um net al | ocene
and a cocatal yst consisting of an organoal um ni um conpound , especially an
al um noxane. However, this catalyst is preferably enployed in a honbgeneous
process such as in solution in a liquid hydrocarbon and is not suited to
het er ogeneous processes of polynerization in suspension in aliphatic

hydr ocar bons 15 or in gaseous phase. According to US Patent No.

4,659,685, it is also known to manufacture polyolefins with the aid of a
catal yst system conprising a solid catalyst consisting of a zirconium

nmet al | ocene deposited on a support such as a refractory oxide or a
magnesi um chl ori de. 20 However, the catal yst thus obtained have a broad
particle size distribution and consist of particles having no well-defined
shape. Furthernore, they generally produce polyolef ins with relatively
broad nol ecul ar wej ght dlstrlbutlon For a nunber of ,ygars attenpts have
been made to devel SHALYSE AND PREUBOLYMER VSE HE ZRERAKS Side : ELNS
zirconium netal |l ocene for [err] 2-a heterogeneous process of the
(co-)polymeri zation of pol ¢fL0%CIRAGIIbL YreShild 0% obiPHabhiALy1:3150!dod
cat al yst whose support can receive a [arge quantity of zirco

sought. Attenpts héses)pebmerigins plafinar mspecialdy rbpELense athaitsel {dcasalxsdd

to the 5 het er Og@m@oa&aqagm.s £ Scdt aPOIng "B Paz 8L d1Ar OHagdk i 8nidkide
ase,

suspenS|on in an aliphatic dr ocar bon or aseo rocesses in
o O T o aHPoRh s ATt Byt Lpfhase, o BIfe ThafiercFe B8 et of
di stribution ahd ttiee retplystogy sothtdreetst dhysite Parnt iof| @ prapoXsiver in a

heterogeneous process of polymerization or copolymerization of

olefins, especially ethylene.
It is known that it i=s possible to manufacture polyolefins in
the presence of a catalyst system comprising a catalyst based on a

10 zirconium metallocene and a cocatalyst consisting of an
organcaluminium compound, especially an aluminoxane. However, this
catalyst is preferably employed in a homogeneous process such as in
solution in a liquid hydrocarbon and is not suited to heterogeneous

_ processes of polymerization in suspension in aliphatic hydrocarbons

15 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
a solid catalyst consisting of a zirconium metallocene deposited on
a support such as a refractory oxide or a magnesium chloride.

20 However, the catalysts thus obtained have a broad particle size
distribution and consist of particles having no well-defined shape.
Furthermore, they generally produce polyolefins'ﬁith relatively
broad molecular weight distribution. '

. For a number of_yearsuattemﬁts have been made to develop a
25 high-activity solid catalyst comprising a zirconium metallocene for
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sape tinme. It has al so been shown to be inportant that any solid 10

catal yst should be able to withstand the growth stresses during the

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

pol yneri zation. W have. found that the growth stresses with zirconium

met al'l ocene catal ysts are generally nmuch gréeater than those of a catal yst
based on a titaniumor vanadi um chl ori de which 15 is less active in

ol efin polynerization. It is also desirable that the solid catalyst be
capabl e of producing an ethyl ene polyner or an ethyl ene copolyner with an-
easily controll ablemvermgeeasmi peedeas ahdha (tar)poiyneteatlion ofeolHflins

diistribution, s0 ahohs 230LEANLS, PRRIRE1ANCORPLUTRL chefs:SIAEdalal0g

i njection and m)u ds now beén found ‘i 'S
to prepare a soli dc%larwgﬂgs Jilametigyantidyi of talreonivpchysc begpSoyaitir-i Abtamphs

of olef ins, prepaRd BVerCRIACELAG ISR, atd \eLY1dY Ghe AMMYSE Qlitdd ZbraRNI um
netal |l ocene with a magnesi um chlori de sup port. In particular, th| s catal yst

is in the form of R§SREPERTGArS ;?éPF?scﬂeés°‘§/\ﬁP&¥P‘e£FEa"sH?Pt‘é% olgfing inygpension
het er ogeneous pol ymalanzatﬂpamcohydoeﬁrm oA ﬁugp@amsqsha@b, | pProgass@U sn WHASE

and which are capajl $ﬁof w.lhst an duidgoel) esﬁth%er%\zﬁfeh a;rggg,zei%:ldu#zgg

impor
the pol ymeri zati on. Bresent | nvenPl on rel a dret

catal yst suitable #@Frabmper%emuereesyff the gotadystipdntdclare abrthepr e
30 olefins, in papki ciear 1€t £NQ, béJ?ﬁsﬁ&%' o Gt %%&Itab@t'ﬁgt PdPREEd DY

cont acti ng a ZI rconium netall ocene with a maq__aem um chl ori de suggort

charact eri zed 10 n 9afaty¥thabewid ge ahls| §o WiFkstap Ahe BT wEthyStregper deging the
conprising: (1) a gdlyméridaggen, ehpscdiably iotled ifiI@AAI£tagh) oL @NE e phage f rom
80 35 - _to 99,3 00l %001 ,{TRIRESIWD £.Eh! akd&eango%t&gghoesgeé Q¢ Mol %

of [err] 3 at Iea one organi ¢ el ectron-donor free from
| abi | e hydrogen, t#ﬁécsmqndmswf}emne( ArtHaEhg) arm ﬁver#blmmmh ephatesi Hhin

particles with a rm&%eaa@raag&ﬂzgmead &m Ot ad fad Qr J«mam&fr Qﬁﬁoﬁ'&d \ﬁnch
particle size |str|3ut|on such that th ti,o of Dnt

nunber - aver age->di atfetl8FS AHIVoHAn; ?l’eefﬁﬁrml@l“‘e‘éiziagl%t H? éﬁe?lﬁ%ﬁﬁs’fable that

preferably not hi giter sbhisin c2tdiyancbeceppdtilal 68/ ptodudingher ethygleng, pdlgmbr @urghi

into contact with ethylene copolymer with an easil& controllable average molecular and

a narrow molecular weight distribution, so as to enable this polymer

or copolymer to be shaped using injection and moulding.

20 | It has now been found that it is possible to prepare a solid
catalyst with high activity in the (co-)polymerization of olefins,
prepared by contacting a relatively high amount of a zirconium
metallocene with a mégnesium chloride support. In particular, this
catalyst is in the form of spheroidal particles which are suited to

25 the hetefogeneous polymerizations of olefins in suspension or in
gaseous phase and which are capable of withstanding the enormous
growth stresses during the polymerization.

The present invention relates therefore to a solid catalyst
suitable for a heterogeneous process for polymerizing one or more

30 olefins, in particular ethylene, the solid catalyst being prepared
by contacting a zirconium metallocene with a magnesiud c¢hloride
support, characterized in that the solid catalyst is obtainable by a
process cdmprising: : -

(1) a first stage, wherein a solid support (A) containing from 80

35 _ to 99.5 mol% of magnesium dichloride and from 0.5 to 20 mol% of
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atgleagt one el ectron-donor conpound, D2, containing |abile hydrogen, 10
(2) then, a second stage, wherein the solid support resulting fromthe
first stage is brought into contact with a zirconium netal |l ocene (B)
optionally with an organoal um ni um conpound (C), preferably an al um noxane.
The contact of the solid support resulting fromthe first step with (B) and
optionally 15 (© may be perfornmed in various ways, for instance by
contacting the solid support resulting fromthe first step with (B)
followed by (C) or vice versa. In the process for the preparation of the
catal yst, a particul aratigasssionen @igaoid @destnppoddnof/gonpoundedl, cloeeaframg

an 20 organic el ect rPaﬂ:i‘i'QWdrS?éﬂf’oUﬂéLsoP%d s'uEpc?rtr }""tb'e‘ifré Yin! Bd%orm of

quantity. The support conprises Trom 80 preferably from80 to
95 nol % and especi al | yslfl%eéﬂ?% pPeridglem wighra ﬂ‘ﬁ@ﬁf@é’PEﬁﬁedPéﬁ'feGPFdé’man‘éF 100k

0.5 to 20 nol % pr ef er atyoy mi & WReSakd a2Partak Yo &adeaﬁaeﬁiwthynfrseam Jfhat 0t 20
nol % of t he cgrrpound D1. ort is b sed ﬁ gﬂent rally
t

25 he s
on magnesi um di chl ori ot ife9f 2BqFe i%ﬁa’ﬁ"\g’g oaﬁ'f%f%e 7"‘8?’"? ni ng
al um ni um derivative, sarthcbess akumtnhigherr tidnl 8y iprefesablyeidt a$gh;p't a2l §

a magnesi um chl oride copt @é crigl nthtPﬁréﬂﬁr thi3 ﬂqutﬁrto\(\g?é (‘51'98 &Qltgéé Qﬁ

cont ai ni ng al um ni um deri va ower than or
preferably 20 nol % or 4te§sa$fe|°as|qﬁ@ctb°rrﬁemrmgﬂmquaﬁwcn h?%ﬁaaeira;éhblal@ 1
to 20 nol % The quantigparBfedyty- C bond may be lower than or equal to 5 rml %

referably 1 % |l ess relative to the ne5|um chlor|

ltohe suppo?/t cgﬁt ((r?fg SH5Re ahHe5PR sﬁﬁgﬁ\fgwhe?gﬁdt °3§° 4 SUPPOf r%sr"‘ag

el ectron-donor conpounthe Pirsti stagendsdbdopghiidnno aontactr with a4zardsm\m:s base
and nust be free frOmJlqugigcﬁr&xd(l?}ggﬁtiéntalf}a%ﬁ’anf Qﬁg&éﬁ@iﬁmp%oﬁ el

fromwater, alcohols or eno an ability to co I um
dichloride. It is adva@ﬁ)agm%ﬁb%%eﬁ‘#“ﬁmaé?her'1'§e %é?*‘s oft 'ﬁ‘PQ)éPFaE# S,

sul phones, sul phoxi dessuppesOndatit g erottRETird€ kb MAtANTB)EEnd IRk Loty
phosphi nes anq phosphofam des,, £l eet 1ol dongr, SOTRIUNdR, Ofde Qi S9P! exi ng
power, such a cycl I C !
contacting the solid support result;ng from the first step with
(B) followed by (C) or vice versa.
In the process for the preparation of the catalyst, a
particular magnesium chloride support (A) is used, containing an
20 organic electron-donor compound, Dl, in a relatively large,
quantity. The support 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 molZ preferably from 5 to 20 molZ and
especially from 10 to 20 molZ of the compound Dl.
25 The support, which is based eésentially on magnesium
dichloride, may additionally contain a chlorine containing aluminium
derivative, such as aluminium trichloride, as well as optionally a
magnesium chloride containing Mg-C bonds. The quantity of the
chlorine containing aluminium derivative may be lower than or equal
30 to 30 mol%, preferably 20 molX 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 1l mol% or less relative to
the magnesium dichloride. Especially, the support contains

substantially no Mg-C bond.

35 The organic electron-donor compound, Dl, is generally known as
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¥
noa-cyclic ethers, are preferred. The organic el-ectron-donor conpound, D1,
i s advant ageously di'stri buted honogeneously throughout the support
particle, formng a 10 honbgeneous conposition of magnesi um di chl ori de
and conpound D1. Consequently, a support of ;this kind cannot normally be
prepared nerely by bringi ng anhydrous nagneéiun1dichloride particles into
contact with the conpound D1. For this reason it is recomended that the
support be prepared by precipitation of nmagnesiumdichloride in 15 t he
presence of the conpound Dl1. The support (A) consists of particles whose
specific surface d EeviBbTje mag misti befirge frgm1tabile hydiroganef & Msnpotr Sar 30

to 60 [err]. It cQaahples & cHebeX Trdp!waar] Iaql.-s&nm%heaafs arpuhstantially
spheri cal shape, in which the ratio D/d e ZO&F gcﬁrtlcles I s cl ose

S g bei LI 8 SPART Saknte et itentridty; £ gp RianhigaonalBahoson
respectively. The firahi ethBksl, iestgenethidethbomesulit@ness seljptadxities,l sbcondary

preferably 1.3 or JG§8, %H&bia@g énlkgs %rxégs[ry Sé&féh?“ %8% p‘ix%&,%ﬁo‘ijaﬁde%f. the

support (A) have a nass-averag Aret er m cfons,
preferably of 15 tEdegbronrdoraypeennsunds xF 1oy Somplexing PovFhic\puphas gqyeidicyor

narrow particle siga-efalici OiHer®N ars febadg.the ratio DrrIDn of the
mass- average di aneter, Dm to the nunber-average diangeter, | S not

hi gher than 3, prefer a"f)'}ey°ﬁ%ﬁniﬁ| PMeSErMTAAne: soupRynds floi if Iaf"ﬁb'fagﬁP&Wr
than 2, such as 1 digtBibudked Hdmogdnebasly Throughbut th2 suppoes et idley forhihg a

1.5. Pr ef er abl; | S.: ' | r
di aneter great ér tlﬁglgg?ée%ug %‘#L&'ﬁg r‘%lcffg&gé%%g&gryéghf){ﬁngg ddCLgﬁptO% eD13| ze
distribution is ufieasequentith, mhaerpest of khir $dod (ppnpelt ngFm#flyth% pyapated| es

of the same singl enebaiﬁmyheyﬁgan%aarnhy&éﬁssmggaesm h@cmw&e PartichQ¥0 irdd
The support may, in particular ared by reac

di al kyl magnesi um CORpBtNFL4f ttlli‘ea?f’"t?f’ P - JIPF F]i"r?erﬁﬁf%oﬁﬁdisl ﬁl‘f‘?‘f’é‘eb‘?*’é’séh‘&"e
of the el ectron- dmmrsxwasﬁawzadpriﬂa,reacﬁyl PgeEip iBatCioAPd L MapgesAgand ichldr idat ims

a reactant in %hl sthgrglpasregg Q- t1|1: con?%ﬁldrﬁpson in this production process,

t he conpound IZS canno osen €l ect ron-donor conmpounds capabl.e
of reacting with orgarBreagnespirin{A) consists of particles whose specific surface

area (BET) may be from 20 to 100 n2/g, preferably from 30 to 60 '
m2/g. It consists of spheroidal particles which have a
substantially spherical shape, e.g. in which the ratio D/d of the
20 particles is close to 1, D and d being the major axis and the minor
axis of the particles respectively. The ratio D/d is generally lower
than or equal to 1.5, preferably 1.3 or less, such as 1 to 1.5, or 1l
to 1.3.
The particles of the support (A) have a mass—average diameter.
25 of 10 to 100 microns, preferably of 15 to 70 and especially 20 to 56
microns. They have a very narrow particle size distribution, such
that the ratio Dm/Dn of the mass-average diameter, Dm, to the
number-average 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 '
30 1 to 2.5, or 1 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 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 Dm#t 10%.

35 The support may, in particular, be prepared by reacﬁing a
4 i
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cgnpoﬁnds e.g. fromesters. The dial kyl magnesi um conpound chosen nmay be a
product of fornula [err] in which [err] and R2 are identical or different

al kyl radicals containing from2 to 12 carbon atons, and which is soluble
in the hydrocarbon medi umin which the 10 preparation of the .support wll
preferably be carried out. The organic,chlarine conmpound which is chosen is
an al kyl chloride of forrmula [err] in which R3 is a secondary or
preferably, tertiary alkyl radical, preferably containing from3 to 12
carbon atons. It is preferred to enploy, as el ectron-donor conpound, [err]
an ether of 15  féakuylaagnesijn jqemppindhvidh amPrEariq chieringcifmpound dp the

different alkyl r3digdles, offREG 1RLEYorCABAGY Bbiduhd pD1] dcxidg @Ambesmpatormy

The various reactants used for the preparation of the, su rt (A ¢
used with: - a aEeHtaAnd A9to8T & FP ‘Eﬁagf‘r’d‘mt%% pf%‘”f%?“g'?g ’ért’g‘él%yr%ogem
from1l.9 to 2.3, aRds -productionlmocesd, ch¢ erompowid Dt cranfot] beocliosen from

preferably frpm O-eﬁeté)rog;-%%nol:hg%ﬁgﬁpﬁﬁéj%ggfmrév@fr}e[a@firn]g @:ﬂgx L?éi‘nlome\%hetgﬁﬁm

presence of the election-donor err] 1s a precipitation
takes place in 25compoundaceg-| £Xpm @strzdi urfhecd R1ky1PaegAF Hh FEPRACAT LTS t h
:Llprp{):"?g P:]erog ?Ib(lr:n)é Zée gn{éfévla&t@E%aﬂFerﬁﬁaOan@?ﬁ tteifnr }vhil'axhnptalaidnnﬁrarexmaalnlteml
CePEn oo dledobohbe AL b 3, P A,
a relatively | ow tapapeiizhui® sbaulsfiengn fuherBFocart®nt wedionr jn whidhethd| y from
15 to [err]. |Brefergblytof NG PheGkBhbAl WP HEaI-a0ll Sa0UL L85 06Re drme
y slowy, OVBT @ period of east 10 hours e.g. 10 to 50 hours,
preferably a peri cdgrairyichloringnforporss yhi¢hy deschosgn s fp P& hi 18T LA Phbl e
fﬁ;ﬁ?f 't Onm?f C; heoafrel,léindurolk dyqtg, whithPRj ]EiisCH|s'¥cohJ&y35r, prasaabip) tekt tardyar ge
Suppor t. The fi 1 Staiep Srea%if%[‘,hg%%%?%? BPaHR T5RR dhyS e rapen Redal® 1e
bringi ng the supparst ptdferirad tocemplag; asi ehectrostdroor orrmgowt, Bbnpousither of
containing | aI]_Isl € g]&égﬁPg?{gORgD%h whith ﬁg‘ a%hcl%hglre ReRPENT! or different alkyl
radicals, especially containing from 1 to 12 carbon atoms.
The variogs reactants used for the preparation of the support
(A) can be used with:
- a molar ratio R3Cl/RjMgRy of from 1.5 to 2.5, preferably
20 from 1.9 to 2.3, and '
- a molar ratio Dj/RjMgRy of from 0.1 to 1.2, prefefably
from 0.3 to 0.8.
The reaction between RjMgRy and R3Cl in the presence of the
electron-donor compound Dl is a precipitation which takes place in
25 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 one with a large quantity of the
electron-donor compound, D1, it is recommended to perform the
precipitation reaction at a relatively low temperature ranging from
30 10 to 50°C, referably 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 to
permit a suitable formation of the solid product, in particular the

35 insertion of a large quantity of compound Dl and its uniform
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5% awprimry amde, a primary or secondary am-ne, a prinmary or secondary
phosphine. D2 is preferably chosen from al cohols and phenols. It is
preferred to enploy an al cohol containing from1l to 12 carbon atons, in
particul ar ethanol, propanol, n-butanol, n-pentanol or n-hexanol. The
conpound D2 general ly has a conplexing 10 %ower for magnesi um chl oride
whi ch is higher than that of the conmpound D1. From0.05 to 3 nol es,
preferably from0.1 to 1 nole of conmpound D2 can be used per nole of
magnesi um of the support (A). If the amount of D2 used is too high, the
support gets nore dﬂsagi:dian Tihehd Ssuppootit act of the conpound D2 with the

support (A) may be br &3 AROY aéetg th'&le[ §£€a]1ysP "}Eﬁéﬁatﬂ'i)!n QualyOc +n%ri

is preferably brought out Wit i tat ng 1 n analp%latlc or
aromatic |iquid h;hfria&m)ahe SyeRests (A2 Man@ Pc% d'llﬁbrﬂi‘ e b/ oR~4RPPF od

whi ch can range frafipdéhdTicoht£1ihg 15bhwm§drdgr¢nprmtwge. ah &1 coREL ,AG! pietidl pe
20 brought about in, various. wa | pw addi t.i on ‘of the

compound D2 t 8 t he® SapPEr: SPA %%igﬁ’é"pé’ﬁs@ﬁnd?ﬁy 2 2P & BYBFEL & bon
under a conti nuoussexgndartyi phosphiinés genisr akéSerhblnchoémt £rostalobhdliveand

conpound D2 used ';ﬁxehbié %Ea&epQSEé}%& Jd éﬁﬁ’l g“aﬁ rﬁcgﬁwggﬂtyﬁkk?%om 1 to
appreci ably nodi fyl ng the norphol ogy of ort

specific surface ate&28ron H@mﬁupﬁb PtarFs""tlﬁEr%éﬂl’aﬁH%'Pé‘l%s %‘G“H%&%& t in
the support a rel ad-ipétandii gh zﬁﬁaxmiolofmel e&aya.uummhgsﬁhﬂanﬁwaenglcmbmmdg

to the support,.., Thus trgated w ound D2, ot
washed one or lr%)repcfweﬁe SRS i h °5’fdm #1 ré?:ahr g‘ﬁ %e grtehaﬁpg%é:gﬁl ng to
t he next stage. Theonpound Hd}id product resultl ng fromthe first stage may

have the general fornmupgy, besd loVWefsbs, [p%Eera%@fi £RndENOLS i lﬂl@le of compound
above-nenti oned el ectron-donor corrpound , X is a nunber rang mgh rom 0. 0005
g

to 0.15, especial |R? 380 be uged @epaoleoch meensiivp 9% the fineBeFt K&gi g Fiom
0.05 to 3, This i saidu@trepbaceseanis o6t higal ethe suﬂpq@argéusulnafd ¥régiad. 0.Thet O

1. The second ls.it ag on(%fac{ hoefl:' E{i‘é %|o¥poun%r FP i%;x qpa sct(xjpi}solri? t(SA) may be brought about
at 0 to 100°C, preferably O to 70°C. It is preferably brought about
with agitation e.g. stirring in an aliphatic or aromatic 1iquid
hydrocarbon such as n-hexane or toluene, over a period which can
range from 10 minutes to 5 hours. In practice, the contact can be

20 brought about in various ways, for example by slow addition of the
compound D2 to the support (A) in a suspension in a liquid
hydrocarbon under a continuous agitation. It is generally found that
most of the compound D2 used in this stage becomes fixed in the
support without appreciably modifying the morphology of the

25 support. Only the specific surface area of the support is increased
and helps to deposit in the support a relatively high amount of
zirconium which is strongly bound to the support. Thus treated with
the compound D2, the support may be washed one or more times with
the aid of a hydrocarbon before proceeding to the next stage. The

30 solid product resulting from the first stage may have the general
formula: |

MgClg, x D, ¥ Do
wherein D1l and D2 denote the above-mentioned electron~donor
compounds, x is a number ranging from 0.0005 to 0.15, especially

35 from 0.001 to 0.1 and y is a number ranging from 0.05 to 3,
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brda ngi ng the support treated with the conpound D2 into contact with a
zirconiumnetal l ocene (B). In particular, the zirconium5 net al | ocene is
a nmetall ocene containing a tetravalent zirconiumwth at |east one Zr-C
bond-which is a coval ent or pi-bonded one. It is also called zirconocene,
whi ch preferably corresponds to the general formil a [err] 10 in which R4
denot es a cycl oal kadi enyl radi cal or cycl oal kadi enyl radical substituted by
at | east one alkyl radical e.g. of 1 to 6 carbon atons, such as nethyl or
ethyl, or by at |east one al koxy radical e.g. of 1 to 6 carbon atons, or a
fused ring cycl oalnestiiewharlyrinep @ lgtogdf. 7 to 14 carbon atons such as

i ndenyl or 15 t et r ahycly QbbiRiN¥tage2BEl tﬁ@cgatﬁfly@pr%aﬁ'%@oxfazohﬁiﬁﬂ in
identical or different_ denotes a cycl oal kadj.en radi cal cloalkadlengl

radi cal substitut RFiB§ing the fAPPOTR tapaEed chagk“of?m@?"d’ﬂpn% igto gontagt, wat
carbon atons, sucha a4 road iyl mea;tatnyéqenaew)oxyxn phhtpeylapy @peX3irebn i OXy, an

aryl radical & g. omat i hydro Qu uch a e. of to 19
carbon atons such %sqag}{"lecﬁff {:san atka(i? a?nf te%rfwa]ﬁngarjbgﬁnglfmoﬁs

such as net hyl or withyat laaeiy@meazncﬂ bqr@dwhmh eSQe ce?alEntmﬂ pdabdndad anens

such as cycl ohexylst 38 Al szneaagi&aho&ng vﬁlfmﬂ PrR£d Satigr EFeBp IR £41GReAS
aromati ¢ hydrocarbyl al kyI such as benzyl, a halogen atome.g. chlorine or

bromi ne, an al koxy2%#8%a1 £8P e.g. of 1 to 12 carbon atoms such as
nmet hoxy, ethoxy, propoxy or butoxy, or ®4RyRER3@en atom Provided that when

[err] represens 6‘1&1 ik QR ka %@Elxd{%g ]fo%lkg:{leﬁy%?% Jazhfe” ﬁXSLﬁ%’d g,gyilenyl

radical, or a fused ring c cl oal nded
to each other eitheadigp} csubeyityied by at |1@aet= 036 alkélllkﬁdéﬁelgﬁ GupOfe lgtodf 1

to 4 carbon atons. caﬂ;tae A6k P HuleA 0d L R¥Eny138E Ceahyi S okl & artabéa)étoaﬂa wuk&ya

conjugated [err] rin ne gr.0 such as a cIo en adlen
of suitable radi cafas‘lq'f’f)* 98¢ r9t 1P [ §9 O] CREPO8r a%emSpF Eohitsednt %“gt §yoLe, i‘g?‘ldﬁﬁyl
atonms and pr ef er abdnoupr e.gyebhyl ¢ycllopenltcadawl sueH lay| indehpheanrt adi enyl, 35

di met hyl cycl opgnt a@é S-QX}QFNHQ&J}X' arfdl BYALREORST RIGDMU! RP beliBf Tient i1 or
t et r ahydr oi ndenyl
dlfferent denotes a cycloalkadienyl radical, a cycloalkadienyl

radical substituted by at least one alkyl or alkoxy group e.g. of 1
to 6 carbon atoms, such as methyl ethyl, methoxy, ethoxy, propoxy or
butoxy, an aryl radical e.g. an aromatic hydrocarbyl group such as

20 one of 6 to 19 carbon atoms such as phenyl, an alkyl radical e.g. of
1 to 6 carbon atoms such as methyl or ethyl, a cycloalkyl radical
e.g. of 5 to 7 carbon atoms such as cyclohexyl, an aralkyl ;adical
e.g. of 7 to 19 carbon atoms such as aromatic hydrocarbyl alkyl such
as benzyl, a halogen atom e.g. chlorine or bromine, an alkoxy

25 radical e.g. of 1 to 12 carbon atoms such as mefhoxy, ethoxy,
propoxy or butoxy, or a hydrogen atom. Provided that when Ry
represents a cycloalkadienyl radical or a substituted
cycloalkadienyl radical, or a fused ring cycloalkadienyl group, Ry
and Rg may be bonded to each other either directly or via a lower

30 alkylene group e.g. of 1 to 4 carbon atoms. The cycloalkadienyl
radical is preferably one with a conjugated Cs ring diene group,
such as a cyclopentadienyl. Examples of suitable radicals for Ry,
R5, Rg or Ry may contain 6 to 22 carbon atoms and preferably are
methylcyclopentadienyl, ethylcyclopentadienyl,

35 dimethylcyclopentadienyl, indenyl, ethylenebisindenyl or

7
—
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The zi'rconium netal l ocene may, in particular, be chosen from

bi s(cycl opent adi enyl ) net hyl chl orozi rconi um

bi s(cycl opent adi enyl ) di chl orozi rconi um and 5

bi s(4,5, 6, 7-tetrahydroi ndenyl ) et hyl enedi chl grozi rconium Preferably, the

zi rconium netal | ocene al so conprises at | ea$t one zr-X bond, wherein X
represents a hal ogen atome.g. a chlorine or bromne atom or an al koxy
group e.g. of 1 to 12 carbon atons. During the second stage the support may
be preferably brought 10 into contact with the organoal um ni um conpound
(O, preferably thetaihydirnindeng] tedéealse t he conpound (C) hel ps to deposit

e Support @ gk XSkl I AIDU f, Sar AL Bh chsliieRost Tongl Y

bound to the support e compoun eatr|alkylalumn|um e.g.
trinethyl al um ni urhisé‘?quPP@!WPa‘H}m WW}"W"&W%PRWI umi ni um 15
hydri de, an al kyl 8&19(féﬂi1uabxaiah@¥zhy€i©dia{10aazﬁ4ckyixﬁd uﬂa ni um hal i de, e.g.

Ty bo o ther o | a4t SbekTireaere oDy H RS o s I or o
[err] 20 i n whi dteeeﬂiblﬁ, dmeozhs:oammknhyilhoadm&:aﬂse cgmpofses ap lgagtaroben
atoms, such as rrey}txg lgordxdegw@érei@qﬁjrgpf eﬂ'té“énnﬁo Eﬁ-nﬂ:'ofﬂge fgr om &1%9119&001'

preferablyfroml cP’al um noxane "Gorr es onding to the
general fornmula 2%romine atom, or an alkoxy group e. %ePlf]l it iCARbeR ahAm$: gre

SS de:‘]I [ nted ab;)\r/]e The ﬁ%ﬂg& r\g,lygaggcdna pg@t,ﬁ{&?lsyp@rm@yibalpmemyebrdught he
econd stage e support resulti rom:t irst stage

the form of a!8usp®8i HIPteht dﬁtﬁlﬁqﬁngﬁ‘ﬂmﬁ umighum coi n’gl%/) PEY omaFy’?q'h
hydrocarbon. The zdlustmitane ieahuscehe c(oapomy(ﬁ)s hgipsl tlondqmit ofmtb¢ a

sol uti on, especl al uéplagk'[ %nrg‘fﬁq@&if h@%r ga%G@l{th@ éﬂ%bnﬁlﬁn &Q:{dhe'ﬁg th-glﬂestrongly

concentration of t ution may | i nol es of zi rconi um
per litre. The or geavadl tarithe Lﬁﬂpeaﬁ?ﬁpouﬁ'éle ceFPIREciF) Bande a frdptkulstymipjum,
al um noxane- nay al&g.berimdthyruibRiniuel & $6idthyDiluninfudl,ebt Jan alkylaluminium

hydr ocar bon, espeC| %lriXe,agnaLﬁ%taigmi Xdl‘ ogg&l%%n SourcQnaaslkgigl.ﬂﬁnqgiml?‘%alide,
e.g. diethylaluminium chloride, or preferably an aluminoxane. The
aluminoxane may be either a linear aluminoxane corresponding to the
general formula
(R)2A10(A1(R)-0)pAL(R)2
20 in which each R denotes an alkyl radical e.g. of 1 to 6 carbon

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

to the general formula

25 —(A1(R)-O)pn4o——
in which R and n are as defined above. The aluminoxane is preferably
a methylaluminoxane.

In the second stage the support resulting from the first stage

may be employed in the form of a suspension in an aliphatic or,
30 preferably, aromatic hydrocarbon.

The zirconium metallocene (B) may be used in the form of a
solution, especially in an aromatic hydrocarbon such as toluene. The
concentration of the solution may be from 0.1 to 50 millimoles of
zirconium per litre. The organoaluminium compound (C) which is

35 preferably an aluminoxane may also be in the form of a solution in a

il




azconcentration which may go up to 30% by wei ght of aluninium The contact
of the support resulting fromthe first stage with the-zirconium

net al | ocene (B) may be brought about in various ways. 5 It is possible,
for exanple, to add the support to a solution of (B), or the reverse. The
contact is preferably brought about in the Ebresence of the compound (C),
preferably the al um noxane. In this case, a solution of the zirconium
netal |l ocene (B) and a solution of the conpound (C) can be added to the
‘'support either sinultaneously 10 or especially as a previously prepared
'm xture. It is ahsstropassainbl espeoialdd aharoustigr hydngcarhonndych e fluehpsat

‘two sol utions. @L,@&Iatg@.ywﬂkapmw ¥ apaiy 36@%1 whip 2 USE @I sh Mk, addi ng

to the support a soﬁ ution o he zirconium netall oCcene (B) and then a
sol ution of the conpofihtl ceafacy pfjthe,purposhegsylbingo L t18 f“§ﬁc§fé‘§§|‘ﬁéf‘y
to the support a ewwf@ozﬂﬁrntmasmuheomoﬁa;( B widughe gbant if vahieusobastsi.on

of (©, and t he renmai of the solutio he_co aye al so
be brought ab% &/%ﬂ P%stSigg i fPT ?ﬁmﬁge’a%so ‘@t ?F(‘)en(sg}p?%) @?oa Ehg‘%iﬁgg%frt, :
and then a sol uti ¢8),0br (tBe. réveriss. 2Che crntecthdsspiriferablyalitoushtt shousujppdhe

first of all am {]%reﬁcgqutglgr%%%ntﬁn(&f EQfe‘%faﬂ; %h@aaﬁhmﬁioﬁahé 39! HhiON

of (B), and then e remain e solution of . These successive
addi ti ons can be efenj accdutiey °5e‘i1}?gz§’éi‘j’ﬂé%é’ﬁt?hlr?§ﬂ1‘%lt(§l)ya’6‘né sglukion Ré
other or else by b REmp&RAr @d)e@aﬁ))bepeﬁdéadﬁort&i&gbﬁh@oi'ﬁmaef Q\imal tunk 66s 135

to a few hours, prefera from10 m. nutes to r I n l, C

preferabl e t hit tﬂ’é e(?Bﬁ‘szfélebees Br%’ffdﬁf’“sallyoﬁfe%rf% ;ié‘? g |0?1‘é ey .gf Psédﬁe
for a total peri oto raddgtieg shpmmtStoritheteixtuve 1@ hhnﬁestwq)rsel@riazwy from 10
mnutes to 5 hours. Dypl %nw& HPLAGH: bd Q@o@gﬁ' bbRR 9; s%ceggmeaﬁﬁtadarwg 8

very fast or slow 30 uni form over period ran g m nutes to
5 hours. The tenpthasyproxtaf’ %fé“’FFQRWFe?’Fe] zf"ff’qnl’l%‘“b‘l? ef‘%rﬁ? r 3y ey e
t he hydrocarbon SQ&M&ﬂBnQ{fpmé'%mbéhﬂdh(ﬂCﬁotwtisoasso @Bdsitﬂeptefaaﬂabl y from

[err] to [err]., Wien the pre ar tion of the.catal yst.is led.o e
presence of tte cBWIFSERY" )E rt eFHBPTT (h 8% um%f;fgne“ g&ion gfd&v?hke’%u% %e
latter is used separtabél shef solnttion off K@bnlamh fhenr $he remginder of the

solution of (C).
The contact may also be brought about by first of all adding a
solution of (C) to the support, and then a solution of (B). It is
20 also possible to add to the support first of all a mixture of the
solution of (C) with a part of the solution of (B), and then the
remainder of the solution of (B). These successive additions can be
carried out by being sequenced immediately one after the other or
else by being separated by periods ranging from a few minutes
25 to a few hours, preferably from 10 minutes to 5 hours.
In all cases it is preferable that the contact be brought about
with agitation e.g. stirring, for a total period ranging from 5
minutes to 10 hours, preferably from 10 minutes to 5 hours. During
the contact, the addition of a component may be very fast or slow
30 and uniform over a period ranging from 5 minutes to 5 hours. The
temperature can be from 0°C to the boiling temperature of.the-
hydrocafbon solvent employed in the solutions, and is preferably
from 0°C to 110°C. When the preparation of the catalyst is carried
out in the presence of the compound (C) preferably the aluminoxane,

35 and when the latter is used separately from the zirconium
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met al 'ocene (B), the contact of the support with (C) may be brought ‘about
at a tenperature other than that at which the support is brought into '
contact with (B). The quantities of the conponents used during the second
stage 5 may be such that: - the molar ratio of the quantity of Zr of
the zirconiumnetal |l ocene (B) to that of themlvg of the support is from
0.001 to 1, preferably from0.005 to 0.5, and nore particularly fromO. 01
to 0.1, 10 - the nolar ratio of the quantity of A of the
conmpound (C) to that of Zr of the zirconiumnetall ocene (B) is fromO to
1,000, preferably fetadidcane 6RO, thegontadt 9f fuhonsuppost 2GGh (¢ pay thechreneht

the quantity of thgZicr 60N VEIREAI060RE (Rln $Rat 4SPShRUERNGubBEtSEGONd
stage may be such that the nolar ratio of the quantity of Zr to that of the

conpound D2 used i Prauglt fintetcantagk withi®dm 0.01 to 2, preferably from 0.05
to 1. The second stagerné @bﬁtﬂﬁbalqsthpreemwmitemséaydmngaurei eeccandt stage
the presence of an organl C elceq;tron donor conpound, free from 20 | abil e
hydr ogen, added wh Y tRe%t corrponents are brought into contact, it being
possi bl e for this el ectrontdermmlacorasdanef tbe [swaptihyt pEAr p§ ‘the different

fromthe conpound D1 Drese%ré&lhﬂ‘%néiuﬁp&rehee(ﬂ)| oY QGhat | 42 HRY lﬁddftﬁlﬁna‘hﬂp)brt
be chosen fromorganic silicon conpounds such as a silane conmp t Hd‘rl havi n
qent

the general formuia 25 [ d&friramhBrinte dor prefitaapit Fromd HE)S ’céFd
di fferent denote an al kyl, payei@ahkw ,fraiiml Bylto ort,aryl, radical e. g of

1to 19 carbon %Oms and n I?‘ﬁo@&r}a& atlo o t%et%aﬁfitgt ngAl ?eth(éoga'iﬂa

be the cycl ohe | met hy[di me ane. I s obtalne
formof a solid which can H€)3® thas@faiedtbihe emmgmtmahme%a@doﬁs trom

sol vent (s) enpl oyed during ¢ bg Pb@@afﬁkkmm?h&oﬁq Vc%nsdds) eBPeeiallOf £from 5 to
exanpl e, be evaporated off at atnospheric pressure or a |ower pressure. The

solid catalyst may al so be 2shed with a |iquid hydrocarbon, preferably an
al i phatic hydrocarbon SHCﬂi'thSctﬁl'af}eXﬂﬁeqﬁinﬂith&ﬂT ahe. zfﬂil@uﬁh&tﬁt}é&ﬂ.oéaei (BX he

35 form of SPShergéeddaduP?rt !tﬁc-lz es%cgr@ Ss age m yobeogXéh %i’l t%gd %rrt :Icg’l!i% LP rh]a
quantity of Zr to that of the compound D2 used in the first stage is
from 0.0l to 2, preferably from 0.05 to l. '

The second stage of the catalyst preparation may be carried out
in the presence of an organic electron donor compound, free from
20 labile hydrogen, added when the components are brought into contact,
it being possible for this electron-donor compound to be identical
to or different from the compound Dl present in the support
employed. It may additionally be chosen from organic silicon
compounds such as a silane compound having the general formula
25 R1°4_nSi(OR11)n wherein R0 and R!! being identical or different
denote an alkyl, cycloalkyl, aralkyl, or aryl, radical e.g. of 1 to
19 carbon atoms and n is a number from 1l to 4; the silane compound
may be the cyclohexylmethyldimethoxy silane.
The catglyst is obtained in the form of a solid which can be
30 isolated by removing the hydrocarbon solvent(s) employed during the
preparation. The solvent(s) may, for example, be evaporated off at
atmospheric pressure or a lower pressure. The solid catalyst may
also be washed with a liguid hydrocarbon, preferably an aliphatic
hydrocarbon such as n-hexane or n-heptane. The cataiyst is inffhe

35 form of spheroidal particles whose morphology, size and particle

‘10
' Has Been Reﬁaced

\\\\\\\\ i



si,ze distribution are substantially identical with those of the solid
support (A) enployed for preparing the catalyst and are otherw se descri bed
above. It has surprisingly been found that the catal yst nay conprise 5 '
relatively large quantities of zirconium |t is thought that this
surprising result is due to the fact that the solid magnesi um chl ori de
support enployed is of a particular nature. It conprises, 'in particular, an
el ectron-donor conpound D1 free from |l abile hydrogen, which is dispersed
honogeneously in the support and 10 initially present in the support in a
rel atively |arge sirendistribetion sxppuobstangiakly tdemntipelvithifjbose exf the a
treatment with ans&'iﬁcﬁﬁﬁ%rgoﬁ'h@r r&ﬁ@@&’%rc%@k Qhé Q:Q'tla?yél:ygﬁ&%@ D2.

The solid catal yst nay_ be e directly in a (co)-polynerization of
olefin, e.g. C2 t%“’[eé?’?‘ie éFﬁ‘h%bef‘e?‘Pﬁe such as 15 ethyl ene or propyl ene,
prefer abI y et hyl ene, It HdiesinpriengAyObech EGwdl ahgastthermenys‘tr may tdomprise

or ganoretal |16 CoppalRle 0% uf "5k RELOU! DELALG 0B Itk Blodshl. Blas! e

Periodic O assifi elg) n particul ar §cat a ys nay
be one or nore orguPsaFing mpswhtc daplventis thackreisthatt thelseyidinsghesivm an 20

or ganoal um ni um hmrdr@@e s%B SHORRPAIyel! 1 ¥l @Iplsm&qaprna%ar@r an@adﬂméu um
hal i de, e.g. with_each F group of 1 to 10 carbon_at ons,

ch
tri et hyl al uni ni uf® pPFFH’cWFaIW <i.]"l"?f""fdr"in°ﬁ -PBRY S Bf‘nfﬁ'eﬁnfmm Tabile
tri-n-octyl al um nhytmogeii drheémstahwpeasameMmedglybm t}héeéxq:rpabt yandn

al um noxane cgyres o) t f Qr t The
al um noxane eanpI oylgg ag{]’g ?etg' ‘hpd’ ?F‘u in 3 lmr#é?f'za 5‘9 93%0“%’
identical to or dthisesemorﬂ:rmmbathenhbm ssbbptce@rral aytr@wpmweuitm anhe

catal yst preparat éﬁlztrmf‘do%l—'rﬂoﬂ%@{aecgﬁé’aihﬁngeri%?%eﬂy&%g%ﬂ vmth an
or ganoal um ni um conmpound such as th descri bed aboyve,

trial kyl al uni ni um sucfhhasodsd °attF?'¥Fé"t RoY euriogpd dfﬁ%“*q‘i?ah{‘lat y of

cocat al yst enpl Oyed))l—popﬁde).‘ﬁrﬁﬁibatd:ﬂ)laléﬁirﬁusf'g tbattd bg dampharoledinp sdbhtde
gquantity of al j.n the cocat aI yst to ni n talyst is
bet ween 1 ang&tlo, ,1 preqfrePa‘Eﬂ 1[:’)ee’t \Réeéerfél &?1{{%160 :Hul'r'f(&e1 s%ﬁelgag%’a?’al

may be enpl oyed ascwarehystn cpa*snrrémnz&be orgenom@R all iy eprpaupfy dfn atmaﬂor m of
a prCF“ﬂ yner of 0Léidn@§ng t% &fﬂﬂb]II or III of the Periodic Classification of the

elements. In particular, the cocatalyst may be one or more
organcaluminium compounds such as a trialkyléluminium, an

20 organcaluminium hydride, an organoaluminium alkoxide or an
organoaluminium halide, e.g. with each alkyl group of 1 to 10 carbon
atoms, such as trimethylaluminium, triethylaluminium, _
tri-n-hexylaluminium, tri-n-octylaluminium, or diethylaluminium
chloride, but preferably an aluminoxane corresponding to the general

25 formula mentioned above. The aluminoxane employed as cocatalyst
during the polymerization may be identical to or different from that
which is optionally employed in the catalyst preparation. The
aluminoxane may be employed mixed with an organcaluminium compound
such as that described above, e.g. a trialkylaluminium such as

30 trimethylaluminium. The gquantity of cocatalyst employed in
polymerization is such that-the molar ratio of the quantity of metal
in the cocatalyst to that of zirconium in the catalyst is between 1
and 10,000, preferably between 10 and 1,000.

The solid catalyst may be employed as such in polymerization or
35 preferably in the form of a prepolymer of olefins. A

///'.
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12 prepolynerization step is a preferred nmethod in a heteregeneous process
for polynerizing olefins by nmeans of the present catal yst, because the
zirconium netal |l ocene of the catalyst is nore strongly fixed in the support
than a non-prepol yneri zed catalyst and it is_b5 | ess capabl e of being
extracted fromthe catal yst and produci ng f ithe particles of polymer during
t he pol yneri sation. Another advantage of transform ng the present catal yst
into a prepolynmer is the inprovenent of the quality of the polyners
obtained therefrom in particular a polyner powder with a better

nmor phol ogy, hi gherPrgpelymepizatdensitep ih@ prafesvet merlrd Ag HheperagereousThe

prepol yner is obt rGSE’ssb)EoprﬂdithélﬁzmQ Aekink eatrlayistiod Bhe ﬁ@l&zﬂctcawﬂylatat
| east one ol efin, eH%err ﬂ%@ﬁ ol efin uch 23 tf}é {
propyl ene, prefer abﬁl"gu%et iis AP eSS °%t'1%\?l e 571% tm?r§a§ TohgeY

al pha- ol efi n cont digeaginf thensdpportS than RonorprepaliyoprsizedToatalyst and it is
prepol ymer i zaty 0” 1@%¥ 05 aB8L T} BB Bx a%k&{ er»o:hth@ #A&‘ig?: %ﬁr&&%{;@ﬂ& @ine

in a gas phase ate erature rom , prerera from?2
[err] especially fwmwﬁ ef [valrrreraﬁarmdébe Q#m%iSﬁ?%gsur@¢Pﬁn%Vin%e
MPa. The prepol ynegd zaddszorifig Ofe @@aéaftrredtamst fentpr £ 90861 yakrais the

cocatal yst, such as that desc ove, her add n _
prepol ymeri zat i on RarYneehe° {5B5tqé‘|“3§'fy °g 7 A A um nog%ﬁlegr%’ an
m xture of an al unpartxewiarwa tivlzme o pgedealvith m bmt@@mmwhdlwchhmlea bulk
Lriabkyl &l um N adlesby dis! ifhebbés GbaloeshehRBLA N @ suf i cl ent

quantity of the organoal um ni um conpoun % referably an al um noxane,
by a 25 conbi nati on B#e tPHePQWeﬁe‘tshBH"samF %’uéﬁ%iﬂ&fhﬁhﬁ?hﬂh%att%?&'f ‘into
atom c ratio of Aldogtat® WilR 4Y¥ epadty BRE Io?.latw,n e@d@ﬂtd» Tgf 41RalO1dfAn] OHh

ferably from50 to 500. Th t L%
Tedi om 11 any. nedf BERTARRRL TEAFOBE AP MEPERTLT GTYVRSIS Ryt YRS PEng  he

pol yneri zati on. Thethylempolapdeat ZaasmnnﬁealpB@-olelﬁen wopyednmmtheto 8 carbon
prepol yner  conggai nf:otngoma% p,teq,é%riszs@,he a@xefﬁé}%;&é ¢ 40210r&f in a

pol yol efi n per mol e Of ZiFconi um prepol ynmer constitutes ‘a further
aspect of the i nveh’tqueﬁ hydgoptdrerablip T&ISi Bhasepfatpartemppestyye from 0 to

pol yet hyl ene or Comd%nﬁgrre%rﬁilbykﬁﬂﬁzwﬂohgum t espdiubyy web@H0 06 smtc| east

(r)rgtealclgof:gm?cg?al ytért eF-:? :,)t%o allpq':essure ?es grh}‘.aaCt Ii(ee %Irglgo ymern%zation may

be performed in the presence of a cocatalyst, such as that described

20 above, either by adding to the prepolymerization medium the
cocatalyst, preferably an aluminoxane or a mixture of an aluminoxane
with an organoaluminium compound such as a trialkylaluminium, or by
dsing the catalyst céntaining a sufficient quantity of the
organoaluminium compound (C) preferably an aluminoxane, or by a

25 combination of the two methods, in such a way that the total atomic
ratio of Al/Zr in the prepolymerization medium is from 10 to 1000,
preferably from 50 to 500. The cocatalyst added to the
prepolymerization medium, if any, may be identical or different from
that employed during the polymerization. The prepolymerization may

30 be stopped when the prepolymer contains from 0.1 to 500, preferably
from 10 to 400 g of polyolefin per millimole of ziréonium.

The prepolymer constitutes a further aspect of the ipvention

and preferably consists of particles of polyethylene or copolymer of
ethylene with up to 10% by weight of at least one C3 to C8

35 alpha-olefin, and comprises an active zirconium metallocene catalyst

12
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13 for a further (co-)polynerization of olefins, essentially conprising
atons of zirconium nmagnesium chlorine and alum ni um and being preferably
free fromrefractory oxide, such as alumna or silica, the prepolyner
containing fromO0.1 to 500, preferably from 110 to 5 400 g of

pol yet hyl ene or copol ynmer of ethyl ene per nf1inmol e of zirconium and
having an atomc ratio of Al/Zr from 10 to 1000, preferably from50 to 500.
Advant ageously the prepol yner nay consi st of spheroidal particles, having a
mass-average dianeter, Dm from 10 to 500 preferably from30 to 300 and
especi al |y from 560t @ forthexsfcarepbmerizatign efr cbef ings t §39ept 5311¥ comprising
di stribution suchthad obNgidcdhih,ChaddBskh,! BR1SMADEL4AY BirAGCuS i AEESAIng DN OF
the particles is not_higher than 3, referablzinot hi gher thaﬁg%tSsﬁﬂq

especi al |y not hi §hgferaply free hrom-relractary pxidta Fdh8P HEPLD ca,
particul arly suit ahéeprepblymetScontlach RigogesneOus oo590e prafirnabhy Aromeds to
ei ther in suspensi I n.a t t i ' r r i s’
phase in a fl gi di fgg . é’é,."iﬁag{‘ﬁéﬁ?o@a|°8€‘?l sgﬁpééd%%.e?g%a%m aigg%g%gt a
tenperature of 10zfipcdndup] dnd hawingran epemicorapios € AldRy stromsif ($0a4000mat

described above, pEef&fadRyYerRR ST E8NSYY.UNAdvialBageRiPOr Rile PYpEERRE Ady. Y an

20 al um nox i 1 Nni ]
ane or a m xture of a_trial ki/l al Em niumwi th an al %g\ n?(?ﬁé%?enm’

such as that descrPPEiFtagbviPheridsl Rantiriss sBEHREN MR 58S
ratio of Al/Zr infirhe 10coe)j00| prefeirably dpnonddi tem308 dndopspedinblyl @@6n 50 to

preferably f r‘i’ﬁ“ 595hgm1 Q*gnT Tabxﬁ gqltagk'g@tpa?’l;ictlgesfyeegﬁéézéggﬁtio% Qﬁﬁi %%#lj!t‘ée

used in a gaséeous phase pol ymeri zati on process, suc as In a Ji zed
bed, because the pFotjorefsDmrtoc b npmersaperagehdiamgier Pasobithyi prstigtatedsl |y
consi st of powder sioBaighgri tHANOY LG rEEeviiblly HPtORAIHek CEhaang. Hisghedsplbidily not
density in conpariso wiilh those obtained in a slurry process. The pol yners
or copol yners of é’t‘ﬁBT’ér’f BBt ai nabl e according to 30 the present

i nvention, preferably The sagglyebusr phageepekymppoisy periicalavly prioblie for a

I ] e e Tl
condition E) froms3tBiated sbirbgtiq &FdrpcprPebroin egseoy ghrasy Ap ayfduidized
mol ecul ar wei ght 3324, €Hdekra MéhDpresxeess ad 1byo MMBA )anfir fMa’témpebature of
pr eferabl y from2 fOOtLefllbLC, in the presence of a cocatalyst, such as that described
above, preferably an organocaluminium compound and especially an
20 aluminoxane or a mixture of a trialkylaluminium with an aluminoxane,
such as that described above, in a quantity such that the total
atomic ratio of Al/Zr in the (co-)polymerization medium is from 10
to 1000, preferably from 50 to 500. The catalyst or the prepolymer
is preferably used in a gaseous phase polymerization process, such
25 as in a fluidized bed, because the polymers or copolymers of
ethylene thus obtained generally consist of powders having improved
flowing properties and higher bulk density in comparison with those
obtained in a slurry process.
The polymers or copolymers of ethylene obtainable according to
30 the present invention, preferably in a gaseous phase
{co-)polymerization process, constitutes a further aspéct of the
invention and may have a density from 0.89 to 0.965 g/cm3, a melt
index (measured according to ASTMD 1238 condition E) from Q.Ol to
50, preferably from 0.1 to 20 g/10 minutes, a molecular weight
35 distribution (expressed by Mw/Mn) from 2 to 5, preferablflfrom 2'to
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14 4, catalyst residues free fromrefractory oxi-de, such as silica or

al um na, essentially consisting of atons of magnesium chlorine, alum nium
and zirconium the quantity of zirconiun1being 0.5 to 20, preferably froml
to 10,: especially from1l to 5 (ppm parts pﬁ mllion by weight, and a:
| evel of ethylenic unsaturation not higher ﬁan 0.6, e.g. 0.1 to 0.6 and .
preferably from0.3 to 0.5 per 1000 carbon atons, in particular a |level of
vinyl unsaturation not higher than 0.5 e.g. 0.1 to 0.5, preferably fromO0.2
to 0.4 per 1000 carbon atons, and a | evel of vinylidene unsaturation not

hi gher than 0.2 16, catadys®, I@!lQlGSOereaﬁdm pegrantapy wxideymsgcn s sibice per
1000 carbon at ons g1udiifa, Camhxmr gof:or?stiQYir%nSf NRYmS Qi ﬁhéheléliufbo cB8e fne,

wei ght, e.g. fron1about 0.1 to, 25%

referabl 5t02%b
wei ght of at | eastlipiries ‘E’U EB"“&”]SF%' 5F‘%f‘#"ﬁ‘n ittj' °br Gﬁ%f’%{?@%ﬁ’(ﬂgeﬂe it o,
hexene- 1, nethyl - $rpesvadie-£firomr 1 emt em,eei;peodid\taﬁtfargﬂousbys (bbm) galres p@ryners

I f le f
from0.3 (o 0555, BBPEE Bp Y ipbbreif o SpEhE og  BOMHRLe MG Bal by G98RLL Y

consi sting of sphahek dal6, pane-i Blleso hdvang Pa’eMlHMEg% JtankiSeper (3900

from 150 to 1000, ca£€érﬁ&em§/ fl.ﬁogmr%Qg.lltaQ 80Qvei Corfooﬁnyandns?atumm RSY hiighér
size distribution such that he 20 ratio of Dmto th gbgr-aw;h&gﬁérbon

di aneter Dn of th&PparQ- c?é’s‘ Pst 6t O g REFEQTRRY Sf,r°'bre
than 2.5 and espeajtafné,y andta hbgéneroftMylideﬂéhensattheaw&mth adighiergehan 0.2

mol ecul ar wei g?heenﬁf Lo tbo 922 merg% = Spglkgm%sw emylpspdldoa um)l 5

to 3 x [err], ution (expresse
is very narrow, pateheyl SM yeopplymes of e4by¥ensnpsy conteinpyrfter A¢H }’Yf Yohehds t o

3.5. Method of deteemeyoagaGJae OIS S0 Y aga,e(lgm paeéemwegmaverﬁgesi [2y)
di aneters of particle he mass- aver 1 gber-avera&glgl

di ameters of the 36§i8b%ehpdt (LeaFt ©3E ‘?%lgg'f’ @ﬁl?}ﬁ é’g *iadip At he :
basi s of m croscoutendrdgr katenens, mbyhyiearsensene-He oOxicdra-l.moddvaatatesisily,
(M cro- Measur g Eentaiewjfymas% E%gotl s oIg{mpu&c'apé &rO0tnd %murgaaae}

consists in obtainin riment St ud opul ation o

P
particles using optavies *WPEH)%BWY &r9n Qediciec §- -’t%b?éef:%ab Srem Gidvele One
number (ni) of pard/cadeande) eyl BoAebing 38 Ssphleyo{dll particles, having a

mass—-average diameter, Dm, from 150 to 1000, preferably from 300 to
800 microns and a narrow particle size distribution such that the

20 ratio of Dm to the number-average diameter Dn of the particles is
not higher than 3, preferably not higher than 2.5 and especially not
higher than 2.

When the weight averagé molecular weight, Mw, of the polymers

or copolymers of ethylene is from 10% to 3 x 105, the molecular

25 weight distribution (expressed by Mw/Mn) is very narrow,
particularly in the range from 2 to 4, preferably from 2 to 3.5.

Method of determining the mass-average (Dm) and number—average (Dn)

diameters of particles.
The mass-average (Dm) and number-average (Dn) diameters of the

30 support or catalyst particles are measured on the basis of
microscopic observations, by means of the Optomax image analyser
(Micro—Measurementé Ltd, Great Britain). The principle of the
measurement consists in obtaining, from the experimental study of a
population of particles using optical microscopy, a frequéncy table

35 which gives the number (ni) of particles belonging to each class (i)

14 - This Sheet Has Been Rep
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15 of dianeters, each class (i) being characterized by an internediate

dianeter (di) included within the [imts of the said class. According to

t he approved French Standard NF X 11-630 of June 1981, Dm and Dn are given

by the follow ng fornulae: 5

[err] mass-average dianeter: Dm- [err] [errl]5 nunber - aver age di aneter: Dn -

[err] The ratio Dm Dn characterizes the particle size distribution; it is

sonetinmes called "width of the particle size distribution”. The nmeasurenent

usi ng the Optonmax inmage anal yser is carried out by neans of an inverted

m croscope whi ch pefi diiametiehre, eaghi ¢lass ofi)obeingechdracterizsdnyt gnsinternedisse t

or catalyst particifmeVdd Qd%hfﬁgméédcaiﬂrﬁﬁ ofe Behiveedr lheahsia?@Padd.Mmes. A -

tel evision camara‘gclcks u e images given by the mvertgé éygcrosco e and
[

transnits themto ?BW & thei e PPré’ﬁa 3}?&3"11 ﬁéa?‘}?éée{? e dof i4e® p?sL,
| i ne and point by moiaRd D ae&Gliven by, thd) fOLDeing Cfcdmibad¥l Nne t he particle
di nensi ons or 20 di aneters, and then to classify rg( g/ggaisurement of the =
nol ecul ar wei ght di stribution. The nol ecul ar wei ght <ai'stri ion of a
(co)polymer is cal cul at ecrasscavedrgry diemdtieg: r abmo=of tTre—Wwer gt - aver age

nol ecul ar weight, My, to the nunber-average nol ecul ag vgic@hj3 Mr, of the 25
(co)polyner, froma nol ecul ar wei ght distribution curve obt ai ned by neans
of a "Wters"(Trademark) nodel "150" [err] perneatlﬁ—'bihf’bmat ograph (Hi gh
Tenperature Size Excl usi Ghmbér-Qrrat4p@r apdigetbhe paper ati ng _condi ti ons bei ng

the foll-ow ng: solvent: 1,2,4-trichlorobenzene - sol vent
flow rate: nJ1 / m nute - t hree "Shodex"[err] (Trad rik) nodel "AT 80 M S
" colums - t enper aThy eatjedrlDn charartgpizesc bhe eart inlieomize) d19briputiong ht

- i njection vol ymgy- é&n@tﬁg QhifddeSyfth of the particHP:§ed iddQtPdbuRion".
refractometer integral wth
e measurement using the Optomax image analyser is carried out by

‘means of an inverted microscope which permits the examination of the
15 suspensions of support or catalyst particles with a magnification of
between 16 and 200 times. A television camera picks up the images
given by the inverted 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
20 diameters, and then to classify them.
Measurement of the molecular weight distribution.

The molecular weight distribution of a (co)polymer is
calculated according to the ratio of the weight-average molecular
weight, Mw, to the nﬁmber-average molecular weight, Mn, of the

25 (co)polymer, from a molecular weight distribution curve obtained by
means of a "Waters"(Trademark) model "150“®ge1 permeation
chromatograph (High Temperature Size Exclusion Chromatograph),the
operating conditions being the following:

- solvent: 1,2,4-trichlorobenzene

30 - solvent flow rate: 1 ml/minute

- three ”Shodex“(:)(Trademark) model "AT 80 M S " columns

- temperature: 150°C

- sample concentration: 0.1% by weight

- injection volume: 500 microlitres

35 - detection by a refractometer integral with the
/
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[err] 16 chromat ograph - calibration using a high density

pol yet hyl ene sold by BP Chemcals S.N. C. under the trade nane "Ri gi dex
6070EA": Mv 65,000 and MM Mn - 4 and a high density 5

pol yet hyl ene whi ch has Mv = 210, 000 and Nga’ - 17.5. The follow ng
nonlimting exanples illustrate the inventi B, Exanple 1 a) Preparation
of a support 10.2 litres of a m xture containing 10 noles of 10

di but yl magnesi umin n-hexane, followed by 6.45 litres of n-hexane and
finally 1 litre of diisoamyl ether were introduced in the course of a first
stage under nitrogen, at rdsarategpePature [err] into a 30-litre stainless

Stee: rsaactor1 5equi pped vw'tdmabﬁrjlbﬁgfsihgtaam@m dehsﬁcyspeﬁfbga;lémso% by .

revol uti ons per te a cket a cond s ere e

speed of the stirrer was r‘PEl ﬂF%ﬁ.jﬁég N6 'o“P%%FHFi‘(fﬁ p‘e’r“‘em 8eXnd the

reaction tenperature at [ cO7DEAL" :Mwl= 5,0Q0 tandbmwnn@hllroammla hegte dasisiag t o

the m xture t_t)us obt ai ned, oq},e&ygggg%qgh HaQW, rM@te Wb&g g‘ BS t the
ct ai ne

end of this period.the re xture was’nmaln err]
for 3 hours. The preci phe dicd lewingi mrellm‘smaas*mlaﬁ tidlystoate rhe ellquiﬁlelx-ane
at [err]. The sol 'Eﬁig%ilgdpct obt ai ned constituted the nmagnesi um di chl ori de

support, containin ) nol es of diisoanyl ether and | ess than 0.0001 nol e
of My-C bond per fdl emﬁ#ﬂﬁggi de. When 25 exam ned with
a mcroscope, the support Mag iitrebefshapixtote phedsinidg! 1qoablészloes whi ch

had a mass- avgﬁ age di %hqgter %%e'iib%%]g qul, af%tlﬁ&edagfléllaes {24 ea,r.rtlcl e

size distribu suc qual to
1.4. The specific " sur abexase akk féppldor L x/me aquﬂb;@mrble}thqs W®ge introduced

[err] (BET). b) Pregar @Ke‘ @Bufte 8f C@Tfillcé’tﬂst@ uHhexOfniéfngnheaﬁ;a@Qom
suspension of the preV|ou repar ed port caqontaining 100 mllinoles of

nmagnesi um were i nt rodGE@EF ure (2p° ‘(?ndé? hizt P Ggehratsiad Fes'i""ﬁtlor%l“éf’ﬁss

equipped with a stirrer rotating at a speed of 600 revolutions
- 15 per minute and a jacket. In a second stage, where the speed of
the stirrer was maintained at 600 revolutions per minute and
the reaction temperature at 25°C, 2.4 1 of tert-butyl chloride
were added to the mixture thus obtained, at a constant flow
rate during 12 hours. At the end of this period the reaction
20 mixture was maintained at 25°C for 3 hours. The precipitate
obtained was washed with 15 litres of n-hexane at 25°C. The
solid product obtained constituted the magnesium dichloride
support, containing 0.12 moles of diisoamyl ether and less than
0.0001 mole of Mg-C bond per mole of magnesium dichloride. When
25 examined with a microscope, the support was in the shape of
spheroidal particles which had a mass-average diameter of 35
microns and an extremely narrow particle size distribution,
such that the Dm/Dn ratio of the particles was equal to l.4.
The specific surface of the support was'approximately 45
30 mp/g (BET).
b) Pregaration.of a catalyst
285 ml of an n-hexanhe suspension of tﬂe previously
prepared support containing 100 millimoles of magnesium Qere
introduced at 25°C under nitrogen atmosphere into a glass

35 reactor with a capacity of 1 litre, equipped with a stirrer

16
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35, reactor wiwth a capacity of 1 litre, equipped with a stirrer [err]
17 rotating at 350 revolutions per mnute and with a heating and cooling
system followed by 20 mllinoles of n-butanol. The nixture was kept
stirred at [err] for 1 hour. At the end of tlﬁls period the support is
washed tw ce, each with 200 mMl of 5 -hexane at [err] A 100 m

n- hexane suspension of the previously washed support, containing 100
mllinoles of magnesium was kept at [err] under a nitrogen atnosphere in
the sane reactor. 100 ml of a solution of . .

bi s(cycl opent adi enyl ) FRRE O 2L r TnFeFALREiens Rer minute apd, wigh g heating and
E:ont ]ai ni nﬁ S mllinol Qﬁ)ﬂingrsyﬂeé’xﬁ Ehﬂ}]waﬂLHWQNQﬁdlimli[lastmnF—Wnel ahe

err] with stirring. The reactor s_then a 0 rr nd .t he

was then kept stirred HECPES Mo 16 g %E%tefménld%o?l %t theerenod’)%t E{’Ps
reactor was cool ed to gearipd mdsumrtaisawstedt s e be achneit h\360 wdshéd f our
tinmes, 15 5 each'ﬁ(mhtegagé)gtnis.@f' n- hexane at [err] and then tw ce; each
with 200 m of n-hexane atb$err whil e coollng the reactor to errl3 A SO|Id
catal yst which was ready 4f 50 §denhesanps S4sPRAFIPH afhEhe Frayisusiyikasbed
particles which had Dnsupp35t,mceﬁmiﬁ@doa hI01DRoTedt b mhgdes iuln, Ot Réﬁlﬁdtt he
elenments Zr and My in

t 0.7r
Pol yneri zati on of et hy#95 % “’?"r?rsﬁs'biggﬁed‘na sﬁhﬁexgﬁeﬂ?oﬁamrﬁ refcg“he)l(%onénl of
wer e introduced under a soilttizgent Higbsyilepentiadienyd )dichiloresigconbm (CpaCd?)
Wi th a capaciy of 2 '1& rtsﬁuen%quamqguvg %hmﬁﬁwersesf At a&wgh@ﬁ 132PodiRed

revol utions/ mnute and heati n cooling system The reactor was
heated to [err] and a #tF@nthe yeaetas é?l"’or‘ugi Wish Fétf‘é’ca'l'-'%? yepctfyswas then
introduced into it, cokdRepoidi7oer tad OcHIOR Bxtiiirk | w0t Rén REpw istEorddl gt arodc25

mlliatonms of alum niuma hyl an Iuto at a
concentration of 30 £or’3 gd%"*/: byﬂwg#p )é Ptg‘ é)erm e®sol? ?f)rYa(s)ch’l\liﬁf))
bei ng sol d by Scheri ngta88p@rapd( Ger namcl)ystﬁthusl ol inéd %smasmed HBoakr otfee s,
measur ed under, snor rral mdwhogae a5 Ll1ERxdd! b0 se%eedaddnmeg RG14LACLAH with

foll owed by ethylene ai a stea ow rat
200 ml of n—hexane at 25°C, wh11e coollng the reactor to 25°C.

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 ratio = 1.4. It contained the elements Zr and Mg in a
20 molar ratio Zr/Mg = 0.0113
c) Polymerization of ethylene in suspension in n-hexane

500 ml of n-hexane were introduced under a nitrogen

atmosphere into a stainless steel reactor with a capacity §f 2
litres, equipped with a stirrer rotating at 350

25 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 to
0.0025 millimoles of zirconium and 25 milliatoms of aluminium
as methylaluminoxane (MAO) in solution at a concentration of

30 30% by weight in toluene, the solution of (MAO) being sold by
Schering company (Germany). A volume of 50 ml of hydrogen,
measured under normal conditions, was then introduced into the
reactor, followed by ethylene at a steady flow rate of 60 g/h
during 75 minutes. At the end of this period thg polymerization

35 was stopped and after the n-hexane had been removed a

17
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guring 75 mnutes. At the end of this period the polynerization 35

was stopped and after the n-hexane had been renobved a This is the

repl acenent sheet [err] 18 pol yet hyl ene powder was recovered, which had
a nelt index of 3.9 g/10 m nutes, neasured at [err] under a 2.16 kg wei ght.
The MV Mh ratio of the polythylene measured®by GPC, was 2.3. Exanple 2 5
a) Preparation of a support This was exactly identical with that of
Exanple 1. b) Preparation of a catalyst The preparation was carried out
exactly as in Exanple 1, apart frommaintaining the reactor at [err] and

the m xture 10 polyethydend ppeder] whnrreovreds wifichrhadhe meitr bafiest ¢HN
of the zirconium coMpaugc ) hitfiekEaGhRburehEy G303 Yithet W13, PPYA! RSN,
t hen washed six times, each n- hexane at [err

catal yst which was redtfMs dfratﬁ%é’fv\é%e @Bil%f‘rtﬁéd“?’nmf?@r%r‘?ﬁ & Csﬁﬁ‘ér%ﬁdal
particles which hagd g@ﬂ_g 235 microns and 15 a DnDnratio- 1.4. It
contai ned the.el en Zréraz%qgl in.a m)l ar ratio Zr/M - 0.01. ¢)

. . 5 re n su
Pol yneri zati on of thY|“E‘PI‘E“I"I‘I‘SU‘S‘p‘E‘I‘I‘STE8'I'I"‘Tn n- hexane A pol ynerization was
carried out exactly as in ¥ianpds exactdyaidentiorh uitihnghatieofpExanpdesl y
prepared catal yst 41320 preparatibn 2 ¥eddigh powder was recovered, which had
a melt index of 2g/10 m nutes neasured at [err] under a 2.16 kg weight. The
Mv Mh ratio of the pol yet HiecREEPaFaEAqR: Wes [FRrEfRd oYk exockly g% oipFrampls)l,
Preparati on of a suppGiplar®®rom maintaining THHeS ré@toexac 263C Idiﬁnﬂld)ﬁh.xwrbh
t hat of Exarrpkg 1. b) st Pre a;_a,g QN S of 2ahcart aL st i],'k(l)eoing ) snuso etrhsmn in
n- hexane of the previ ous repared su cOntai nin fﬂj‘ ‘T nol és of

magnesi um wer e i nt rodm,ie'domﬁtwn[ eqmp]ounmder tlm re agfoy . at’lfmsfa#@rlaflt mhssaolglaas@

30 reactor Wth,3 cdghdnedobisl thihdd, eeeau lw@p@%w A oadﬁlﬂe&sﬁé at

rotating at 350 revol utlons per mnute and ‘wWth a heating a
5°C. A solid catalyst which was ready f£or use was obtained in

the form of spheroidal particles which had Dm = 35 microns and
15 a Dm/Dn ratio = 1l.4. It contained the elements Zr, and Mg in a
molar ratio Zr/Mg = 0.0l.

c) Polymerization of ethylene in suspension in n-hexane
A polymerization was carried out exactly as in Example 1,

apart from using the previously prepared catalyst.

20 . A polyethylene powder was recovered, which had a melt index of
2g/10 minutes measured at 190°C under a 2.16 kg weight. The
Mw/Mn ratio of the polyethylene, measured by GPC, was 2.3.

Example 3 -
a) Preparation of a support

25 This was exactly identical with that of Example 1.
b) Preparation of a catalyst
100 ml1 of a suspension in n-hexane of the previously.

prepared support containing 100 millimoles of magnesium were
introduced at 25°C under nitrogen atmosphere into a glass

30 reactor with a capacity of 1 litre equipped with a stirrer
rotating at 350 revolutions per minute and with a heating and
cooling system, followed slowly by 100 millimoles of n~butanol
over 2 hours. At the end of this period the support was washed

once with 500 ml of n-hexane at 25°C.

35 A 100 ml n-hexane suspension of the previously washed
18 f This Sheet
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cooling system followed slowy by 100 mllinoles of n-butanol over -2
hours. At the end of this period the support was washed once with 500 nl of
n- hexane at [err] 35 A 100 m n-hexane suspension of the
previously washed [err] 19 support, containing 100 m|linol es of

magnesi um was kept at [err] under nitrogen é?rmsphere I n the sane reactor.
14 M of a solution of (MAO in toluene, containing 25 mlliatons of

al umi niumwere then introduced at [err] into the reactor with 5

stirring. The reactor was heated to [err] and the m xture was kept stirred
at [err] for 2 hours. sthportgactrdainig ¢00Imdl inplperaf] magnesie wagl kept at
obt ai ned was washed fQ@‘CtLﬁE&? ni%@gébnwahtbs%ggrem:.noif.hens%%ﬁc@r [ 84w 88

then twi ce, each with 200 hexane [err] t he reactor was
cooled to [err] 100 niso}gtion of (Mé?) ai“sb?’d’te%n °8P"'T’é’rif‘f ?%m?b]ritfé?ﬁ’és of
containing 5 mllinDl @lulinitnrwami than Wt Hduben atn25adised thateacher maant or

at [err] vmth stirri ngttor % regetor vg%sr Qéasagiegtédotgelro tS{’ &geuggf

kept stirred 3t [err] Bholl's reactor was coole err
solid catal yst obtai n & st inmeth adt TQ)"@r fox ehourps The reactmycWasiicopledond

of n-hexane at [err] %dctnﬁntﬁws%m %@Qm&was?@@sxmd ebuNthReANadl Wieh! ]
whil e the reactor was cooled to [err] sol id catal yst, whi ch, was r?(g(ili/,llfor

use was obtai ned, contZQPn‘Phg’fthé‘eé‘PEﬁé‘ﬁt 0% an‘l/ﬁ"haﬁchAFear‘chPh'éuﬁ‘u
radical in 20 thipekarld awi 257CHOMALe ridiel BSdctdr /wdg=col@d1do AS5,Zr 1009ml

I B i S R
apart from using the mfesimmeniympwepe rtdgncintapduned #%F%tmﬁ‘eﬁ’e ap
was obt ai ned whi ch had,ann®d frri REenOfrelc oI H¥abEd &% mﬁsuﬁeohhatm{:&m;
under 2.16 kg The Ww'\ﬂ lrcgigtl c:)tic.)rrettht p7%| (\./e:!:'torll'y£ ehrcla?lrgva%he reactor was ccr;gj.l.leg to
50°C and the solid catalyst obtained was washed four times,
15 each with 200 ml of n-hexane at 50°C and then twice, each with
200 ml of n-hexane at 25°C while the reactor was cooled to
25°C. '
A solid catalyst which was ready for use was obtained,
containing the elements Zr, Mg and Al and the butoxy radical in
20 the following molar ratios:
Zr/Mg = 0.0111
Al/Zr = 9
Butoxy/Mg = 0.88

c) Polymerization of ethylene in suspension in n-hexane

25 The polymerizétion was carried out exactly as in Example
1, apart £rom using the previously prepared cafaljst».'
A polyethylene powder was obtained which had.a me}t index
of 6.8 g/10 minutes measured at 190°C under 2.16 kg. The Mw/Mn
ratio of the polyethylene was 2.1. .

30 Example 4

a) Preparation of a support
This was exactly identical with that of Example 1.

b) Preparation of a catalyst

100 ml of a toluene suspension of the previously'ptepared

35 support containing 100 millimoles of magnesium were introduced

19 —
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a). Preparation of a support This was exactly identical with that .of
Exanple 1. b) Preparation of a catalyst 100 ml of a toluene suspension of
the previously prepared 35 support containing 100 m|linol es of
magnesi um were i ntroduced This is the replagcenent sheet [err] 20 at
[err] under nitrogen atnmosphere into a gl as€%eactor with a capacity of 1
litre, equipped with a stirrer rotating at 350 revolutions per mnute and
with a heating and cooling system followed by 20 mllinoles of n-butanol.
The m xture was kept 5 stirred at [err] for 1 hour. At the end of
this period the supporat 95 weddreditivigen, atmasbheget fntP0@ gHasgfreastorfdthia

[err] A 100 m toluen n h
containing 100 millimg aﬁﬂéﬁﬁnﬁfa °1n é?ffm s%ngsp%xa Qu%hya \mr.szﬁqﬂl ﬁ&f&%& ,at 350

reactor under ni trogerFeé{Ph%ﬁH%rRSr DELA| angs "1"6‘ a’hes ing qRdy R 7P nsytsaF’El‘Ene
containing 10 m|1inolg316ked 6y rdo ﬁnmﬁsﬂesrblfln-amemlof PHeu i xiure wss KBEO)

in solution af a concent rat%gg %)J tiyh(\,l\llgl ght, tF‘e tQly ngq:hfiggq’l&%&‘ the

previ ously prépared i PtA*E% Lsel "Uhder Fogen at mosphere
contacting [err] and [swpdrinweb vashett itwiceit epeh rvv]lthowolmll@f t°1uenehﬁuﬂ5 c.
The mi xture was then introgyegd,j %Puédaes&s%%ﬁw&n 3k el plewohibn s Wkkddng.
The ractor was heated to [err] and the m xture was kept stirred at rr
for 2 hours. At the erf#Pefrihrentadping) 100 Heild ipoles ot magnesipry;Fasqk %ﬁ
washed ten tines, eaChzswctth 2@9 dlmeOfedttbeXAker afitk6gdn] a¥maspheck.ca2sd wdt of

whi ch was 20 read S_obt t 0of =S I
particles whi 3R had Drﬁ gtr?\sﬁagned °°!?B"r?‘%ﬂ o Qﬁngl’imf foF @g%?%l%geand
the elements Zr, My ar&BOAinlllriathas b@l#bwingmmﬁaqm%ti!b@l%rwwg“-ao 04 25
A/Zr = 0.16 )  Prapacati®ioRfora3oh SHOKMIRE I1k01@n5 hid beesprbhl RSy
steel reactor equipped with a stirrer rotati ng at, 500, revol utlonﬁ_{mm{,te
were- introduced prepared in a separate vesse under nitrogen atmosphere
contacting (CpZrCl2) and (MAO) with stirring at 25°C for 1
15 hour. The mixture was then introduced into the reactor at 25°C

with stirring. The ractor was heated to 70°C and the mixture
was kept stirred at 70°C for 2 hours. At the end of this
period, the catalyst thus obtained was washed ten times, each
with 200 ml of n-hexane at 70°C. A solid catalyst which was

20 ready for use was obtained in the form of spheroidal particles
which had Dm = 35 microns and a Dm/Dn ratio = 1l.4. It

contained the elements Zr, Mg and Al in the following molar

ratios:
Zr/Mg = 0.04
25 Al/Zr = 0.16

c) Preparation of a prepolymer
Into a 5 litre stainless steel reactor equipped with a

stirrer rotaﬁing at 500 revolutions/minute were in;roduced
under.nitrogen 2 litres of n-hexane which were heated to 70°C,
30 then a mixture consisting of 260 milliatoms of aluminium as
(MAQO) in solution ét a.concentration of 30% by weight in
toluene and a quantity of previously prepared catalyst
corresponding to 1.3 milliatoms of zirconium. ZEthylene was
then introduced into the reactor at a uniform rate of 133 g/h

35 for 90 minutes. At the end of this period, the reactor was

//
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under” nitrogen 2 litres of n-hexane which were -heated to [err] 30

then a mxture consisting of 260 mlliatoms of alumniumas (MAO in
solution at a concentration of 30% by weight in toluene and a quantity of
previously prepared catal yst corresponding to 1.3 milliatons of zirconium
Et hyl ene was then introduced into the reacdr at a uniformrate of 133 g/h
35 for 90 mnutes. At the end of this period, the reactor was [err]
21 cool ed at anbient tenperature [err] and the content of the reactor was
transferred to a rotary evaporator and the solvent was evaporated off under
reduced pressure at aobdedatasmirientftemperdtuse ((2836) yandr thes copiantopt fbsed

and stored under. 5  reactor WabQQ8Bserrbl PRl ArARY hagosatdr R ek yd108st -
per mllinole of zircontumand the atomic ratio A/Zr was 200. |t consiEted

of spheroidal particl%8 PEARCREEThPES 9dAT cegheehRErFsartY & kempezgture o

d} st{lhb:Jt ion SUCh t hagoethe A phépb1pEéPRrs- tHusSobthined Gas phaed waleyneri zati on
of ethyl ene A powder .char of -
originating Prom a prtERssty pgtf fﬁ%r?iznggi%% nf%}'%?%ké%%g%%%?%%@%u%ﬁer
nitrogen, was introduciedonivmard fthai atioméel dasdo rAd48r orasha®-ngle @raHitedr obf

18 cm The reactor was,Re8fdHd %&t[i.@iég h@Pthee bV 90 En @S NinbOS Y2@Eid 1! Bidd |
so as to obtain a pressure of 1.0 MPa. 15 | ene_ passed upwardly

. . Eth
through the bed with Hstribuhisntsish Hiiethoratiy Pﬁ}%‘éf 1o% g of the
previously prepar@®d REPEhILEEpoiieeitdtiibn BECethilehe t he fl uidized bed

reactor and the tenperature in the bed Vs o<EPLe at ri s. A
pol yet hyl ene 1ﬂpvvder was 20 Poveer ‘S‘Pﬁ%es °prep9§?e%f ahgéﬁkéh%ﬂggngﬁgyng?%. 95
g/cnB, a nelt index (#¥Sh\Valpre2é8ingopeliymepirationfand whighiadybaen &fored under

nol ecul ar wei ght di sttfftQUEéarw§é’qlﬂt}g@ceWM a fAuddiRdZbéL @BhNBCARN @]t a Of
5 (ppm) parts per million b |

| y weight, a level of vinyl unsat ion of Q.4
per 1000 carbon at onsdigmgter P&viY <gr e re“t“\ﬂaﬁy\\{‘?a&éﬁe‘:%%g% Lﬂngtf%hﬁ(z(%?e
0.1 per 1000 carbon a¥s¥TEntrolieed dnderit;ossiast ta obtabplhepoisdake pefr L1 ¢ MB9;

BfaZi; ng Dm  4Q0 m cr_oaalngge 32k80d QoYY Shrbugn the HdweW k10RASEE JonOf

speed of 30 cm/sec.

25 g of the previously prepared prepolymer were introduce@
into the fluidized bed reactor and the temperature in the bed
was kept at 80°C during 8 hours. A polyethylene powder was

20 thus prepared, having a density of 0.95 g/cm3, a melt index
(ASTM D 1238 condition E) of 0.1 g/10 minutes, a molecular
weight distribution such that Mw/Mn = 2.5, a zirconium content
of 5 (ppm) parts per million by weight, a level of vinyl
unsaturation of.0.4 per 1000 carbon atoms and a level of

25 vinylidene unsaturation of 0.1 per 1000 carbon atoms. The
powder consisted of spheroidal particles, having Dm = 400
microns and a ratio Dm/Dn = 1.5. It had a bulk density of 0.45
g/cm3.

Example 5
30 a) Preparation of a support

This was exactly-indentiqal with that-of Example 1.
b) Preparation of a catalyst

The preparation was carried out exactly as in Example 4,
apart from preparing 250 ml of a mixture in toluene containing

35 5 millimoles of (Cp22rCl2) and 125 milliatoms of aluminium as

as Been Reﬁaﬁed
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[err] Exanple 5 30 a) Preparation of a support This was exactly
indentical with that of Exanple 1. b) Preparation of a catalyst The
preparation was carried out exactly as in Exanple 4, apart from preparing
250 m of a mxture in toluene containing 35 5 mllinoles of [err]
and 125 nilliatons of aluniniumas This is t3%e repl acenent sheet [err]

22 (MAO in solution at a concentration of 30% by weight in toluene, and
apart fromintroducing the mxture into the reactor. A solid catal yst was
obtained in the formof spheroidal 5 particles which had Dm = 35

m crons and a Dm Dn r af¥A9)- in sglutioncathtaacenagnt hatioheofe 30% 13r weddhtadl Al in
the follow ng molar ragdRene Zanhdbapart :dm Bt rbhddng tie hixtdle iftdo the
Preparati on of a Prepol yner The preparation was carried out exactly as in
Exanpl e 4, apart fromXR3°h§Tthe previously prepared catal yst. d) Gas
phase polymerization of ethyssine cddtalpel yaerdbtained inaheCHiérn 68 spheredat |y
as in Exanple .15 artye BRI O YRl 0% e previons! v Aepared. ) 4
prepol yner. ATpol yet hy?ene povﬂer was™ thus prepared, Nali 1Y 2 density ‘of
0.947 [err], a nelt intexopWEnkt >he?8Bemeghsiar,olg Epdofl Gnlithy £0llvwing ewlan
mol ecul ar wei ght di strifjypien such that MV vh = 2.6, and a zirconi um
content of 4 ppm The powder consisted of 20 spheroi dal particles,
havi ng Dm = 450 nicrons an@/2%®rati 9P Dn = 1.6. It had a bulk density of
0.46 [err]. Exanple 6 a) aPrmpasato.pn of a support This was exactly

Identical wt tlot hact) ofPrEex%r tli%nléf ZaS re l%)l erPrepar ation of a catal yst

The preparation was carried out exactly as in Example 4,
'apart from using the previously prepared catalyst.

d) Gas phase polymerization of ethylene

The polymerization was carried out exactly as in Example
15 4, apart from using the previously prepared prepolymer.
A polyethylene powder was thus prepared, having a density
of 0.947 g/cm3, a melt index (ASTM D 1238 condition E) of 0.1
g/10 minutes, a molecular weight distribution such that Mw/Mn =

2.6, and a zirconium content of 4 ppm. The powder consisted of

20 spheroidal particles, having Dm = 450 microns and a ratio Dm/Dn
= 1.6. It had a bulk density of 0.46 g/cm3.
Example 6

a) Preparation of a support

This was exactly identical with that of Example 1.

25 b) Preparation of a catalyst

The preparation was carried out exactly as in Example 5,
apart from maintaining the reactor at 25°C and the mixture
stirred at 25°C for 2 hours after the introduction into the
reactor of the mixture containing (Cp2ZrCl2) and (MAO).

30 A solid catalyst was obtained in the form of spheroidal
particles which had Dm = 35 microns and a Dm/Dn ratio = 1.5.l

It contained the elements Zr, Mg and Al in the following molar

ratios:
Zr/Mg = 0.034%
35 Al/Zr = 0.15
P
22 This Sheet Has Been
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The preparation was carried out exactly as in Exanple 5, apart from

mai ntai ning the reactor at [err] and the m xture stirred at [err] for 2
hours after the introduction into the reactor of the m xture containing
[err] and (MAO . 30 A solid catalyst was obtained in the form
of spheroidal particles which had Dm= 35 nf&rons and a D Dn ratio = 1.5.
It contained the elenents Zr, My and Al in the follow ng nolar ratios:
Zr/ Mg = 0.034 35 Al/Zr = 0.15 [err] 23 ¢) Preparation of
a prepolymer The preparation was carried out exactly as in Exanple 4, apart

from usi ng the previ olskeparatdomrafdacprtepbiymer d) Gas phase pol yneri zation

of ethylene 5 Th-EhE ARYERN ¢l 'cQQri’ﬁSo&@reEzhéﬁjlyO'alL ﬁ%%ﬁiﬁp\ie% in
Exanpl e 4, apart from usin e previously gyar ed prepolyner.

pol yet hyl ene powder \/va?af'f'ufé’%r‘és&&i!eﬂ‘e H’é‘%ﬂiﬁ@’ BEPRIEY ‘EJ“I‘“éY@’ZlG g/cnB, a
melt i ndex (ASTM @)123fscplivdet pelymEy izt idn Zafgéﬂglahé\ut es, a nol ecul ar

wei ght distri Qutl on such that I\/Qilemn was. cacrledh ut,'a %Icl’t(ionl um Th o8l 8
of 5 ppm Thé powder consi St By 0F spaheroi GEd parfl C avt ng aﬂ’B
m crons and a rati o Df,Dapart]fiom usitendhe mwkowémswtgpaoéd @mﬁol[mr] 15 .
20 25 30 35 [err] - 24 [ € r;Jolyethylene powder was thus prepared, having a density

of 0.946 g/cm3, a melt index (ASTM D 1238 condition E) of 0.2
g/10 minutes, a molecular weight distribution such that Mw/Mn =

10 2.5 and a zirconium content of 5 ppm. The powder consisted of
spheroidal particles, having Dm = 400 microns and a ratio Dm/Dn
= 1.7. It had a bulk density of 0.46 g/cm3.

15
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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 being prepared by
contacting a zirconiumnetall ocene with a magnesi um chl oride support
characterized in that the solid catalyst is obtainable by a s
conprising: (1) a first stage, wherein a solid support (A) . ccﬁ?ﬁ&?ﬁ 4@ ‘?q'(&)n
80 to 99.5 nol % of magnesium dichloride and from0.5 to 20 nol % of at 1| east
one organi ¢ el ectron-donor conpound, D1, free fromlabile hydrogen, the
solid support (A) being in the formof 10 spheroidal particles with
a nmass-average dianmeter, Dn of 10 to 100 mcrons -and a particle size
distribution, such that the ratio of Dmto the nunber-average di aneter, Dn,
of the particles is not higher than 3, is brought into contact with at

| east one el ectron-donor conpound, D2, containing |labile 15

hydrogen, (2) then, a second stage, wherein the support resulting fromthe
first stage is brought into contact with a zirconiummetallocene (B),
optionally with an organoal um ni um conpound (C), pr eferably an -al um noxane.
20 2. Solid catalyst according to Claim1l, charac t hat t he
organi c el ectron-donor conpound, D1, free from | abi | elﬂmﬂﬂﬂ mg mw
fromethers, esters, thioethers, suI phones, sul phoxid des,

tertiary amnes, tertiary phosphl nes and phosphoram des. ) Solid
catal yst according to d ai ml characterized in that the [err] [err]

el ect ron-donor conp i%qra cont ai ni ng | abile hydrogen is chosen from

al cohol s, phenol s, 8 ry am des, primary or secondary am nes and primary

or secondary phosphl neSplid. cataPysic subtabde farepratagoganeouynracesst 4Py st

according to any g: ngmerl gll:g'o% dr hgrgrolgpﬁfsaCEﬂ isgBfl icBtdRAk: being pidpakbe
first stage, the ound is used in an anount such that the cgﬁl a{dratlo
n

of the quantity oftYDPort@cting aorisreegiws mghtllocens, wiph (f5magnes vy

support, characterized in that the solid catalyst is obtainable by a

5 process comprising:

(1) a first stage, wherein 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 organic electron-donor compound, D1, free from
labile hydrogen, the solid support (A) being in the form of

10 spheroidal particles with 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
parficles is not higher than 3, is brought into contact with at
least one electron-donor compound, D2, containing labile

15 hydrogen,

(2) then, a second stage, wherein the support resulting from the
first stage is brought into contact with a zirconium
metallocene (B), optionally with an organoaluminium compound
(C), preferably an aluminoxane.

20 2. Solid catalyst according to Claim 1, characterized in that the
organic electron-donor compound, D1, free from labile hydrogen is
chosen from ethers, esters, thioethers, suiphones, su;phoxides,
secondary amides, tertiary amines, tertiary phosphines and
phosphoramides.

25 3. Solid catalyst according to Claim 1, characterized in that the

24
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-., In the second stage, the anounts of the conponents used are 10

such that the nolar ratio of the quantity of Zr of (B) to that of My is
fromO0.001 to 1, and the nolar ratio of the quantity of Al of (C to that
of Zr of (B) is fromO to 1000. 5. Prepol ymer particfes characterized in

that they conprise (i) a polyethylene or a &bpol yrrer of “mmm mmnum
10% by wei ght of 15 at least one C3 to C8 al pha-ol efi Ive
catalyst for a further(co-)polynerization of olefins esséntfial'l y "conit al ni ng

atons of zirconium magnesium chlorine and alum nium, and conprising an
or gan?aICIum ni um celreénmd @noO€dipaliy®, pDapckonkeimiagi Thbdae Mydsdgexc doratiosgnt 0
any o ains 1t r _prepared accaqrdi . {J_ai | : ]
such that the pre%('j’f’ﬂf/rf%rc °§%1nste heno rbrﬂrgl.n%g/t t(a)gg% ’gﬂll ()1?&5%%;&%{%%%%’%&%&&’
copol ymer of et hylasdepgi@aryriar] smvlnéauf pRPsRYRLEM and the atonic ratio A/ Zr

is from10 to 100Q, 6. ProcEé@&QLYﬂﬁbapﬁgt thd @31 8F Catslyae Lo 8AdtB, any of
characterized in that they consjst of spher0| dal particles, having a

mass- aver age 55 Clpimetleo dpnfhanaghesiFet olsEB2%i crons and a particle size
di stribution such- hatid Inae redrs® safagémthe ctdn@ommerxsaueeagg an cametuey subm,

of the particles is nof, gh @%agféio% the é@&%&% fgr n@r&oeﬁwg,ft@&nesm

prepol yner particles accor arm characterized 1 n that
solid catal yst accordlir'ﬁgf!-”eﬂlig’(B05 oy ofndC al nms 1 to 3 or prepared by a

process according 1o QAich 4se|c§n&ch'1ta€€t Q8e Virlolin&d h&' ﬂf&c@xﬁpo’iefﬂ:%tﬂéé& ﬁfe
et hyl ene and at | east one

h
slurry or in &%as pha¥¥h ElfatatP%r’Fﬁéf’ trL?Fé°f‘1’foﬁ£?) qf’S’?Tithué %r er(%ga{ %}Ft
pressure fromO0.1 to SofViMg, is frome.pobsente anfl tire opgm@atmﬂomtlm avapdand
ina35 quantity sucfy thate 9L thaxg] @ A /gr By sErAGR10 d0186W0. [err]

[err] 8. Process for polynerizing | ene or copol ynmeri zi ng ethyl ene
with at |east one %3 tbrmlmqahaaﬁieieii ﬁhaéﬁeaé%%‘r i3 ddat ntheya ponntdse i) g2

catal yst accordi ngdigetripient dd @i é8polyhdr 3t dthpLaaketh a@c&r dnmgb;t eefah':u BE

4, or the prepolyrrer artlcles accQrdi or or r
according to Gfai % lg‘éﬁte BB rit3abP ¢ @%‘ 8??&% eﬁ‘gg 31“ ) o x‘f"hlrvéa Lo ﬁ‘?ﬁg’ﬁea
with at | east one fidthér (Boa)yigmertizhtion oatolaftmrpssattl}laélnfcom@aimng egtops
under a total pres§¥1 ?régnlgm]'ﬁﬁgngglum, chlorine and aluminium, and comprising an

organoaluminium compound as cocatalyst and the solid catalyst

according to any of Claims 1 to 3, or prepared according to Claim &,
20 in a quantity such that the prepolymer contains from 0.1 to 500 g of
polyethylene or copolymer of ethylene per millimole of zirconium and
the atomic ratio Al/Zr is from 10 to 1000.
6. Prepolymer particles according to Claim 5, characterized in
that they consist of spheroidal particles, having a mass-average
25 diameter, Dm, from 20 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. )
7. Process for preparing the prepolymer particles according to
Claim 5 or 6, characterized in that the solid catalyst according to
30 any of Claims 1 to 3 or prepared by a process according to Claim 4
is 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 organcaluminium compound in a
35 quantity such that atomic ratio Al/Zr is from 10 to 1000.
___________~___________
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MPa, |n t he presence of an organoal um ni um conpound, in a quantity such
that the atomc ratio Al/Zr is from10 to 1000. 10 9. Pol yrer or

copol ymer powder obtai nable by the process according to Craimr7 or—38

conprising (i)a polyethylene or a copolyner of ethylene w ,]
wei ght of at |east one C3 to C8 al pha-ol efi2$, having a den mm"l& Ha m",
0.965 [err], a nelt index (ASTM D 1238 condition E) fromO0.01 to *
m nutes, a 15 nol ecul ar weight distribution from2 to 5 and a | evel of
et hyl eni ¢ unsaturation not higher than 0.6 per 1000 carbon atonms and (ii)

catal yst resi dues.esskrriceas | forcpelynst izigg ofthylans oof capayymsriining @hhﬁl’dnlae
al um i um and, 2% SRS Wbl QYA kb YCA bagd GR0EMM BRI it che: TR

parts per mllion by wei e sal avi i
from0.3 to 0.55 i°é|1¢]cati!@YSWDGFWIinG)rtOCelpﬁbloﬁn%#alpemb@ &c@bpmmeﬂo CI aim

9, characterized dc'&ohhﬁk té aneisSt sr theSPhRLOYEY pPAikh €4 &3 coBNENEo @1aim
Mass- average . di a[?ter from 150 to 1000 mcrons and a particles size

di stribution’suct® Phal c'lthrerpé‘FF% FOTHPE ot ﬁéamﬂbe?reaﬁg?%?g’éeﬁé’ithd?*éﬁ‘éf’é?
Dn, of the parti clres mixtnoé dfi gtignendanitB. at3Qedt pae rd3 or 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 ofganoaluminium compound, in a quantity
such that the atomic ratio Al/Zr is from 10 to 1000.

10 9. Polymer or copolymer powder obtainable by the process according
to Claim 7 or 8, comprising (i) a polyethylene or a copolymer of
ethylene with up 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 E) from 0.0l to 50g/10 minutes, a

15 molecular weight distribution from 2 to 5 and a level of ethylenic
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 quantity of zirconium being
from 0.5 to 20 parts per million by weight, the said powder having a

20 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 1000 microns and a particles size
distribution such that the ratio of Dm to the number-average

25 diameter, Dn, of the particles is not higher than 3.

30
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