P S T
SBPPORTE!‘ECLYCLEFIN CATALYST FOR THE (CO ) POLYMERI ZATI ON OF
ETHYLENE | N GAS PHASE The present invention relates to a solid
cat al yst of Ziegler-Natta type, suitable for the polynerization or
.copol yneri zation of olefins, and to a process for the repara i on of
the said catalyst. 5 It is known that oIefinEEﬁ“Vr‘f@ B23{ (dh
cat al yst systens of Ziegler-Natta type consist of a solid catal yst
conprising at |east one conpound of a transition netal belonging to
group IV, V or VI of the Periodic Classification of the El enents and of
a cocat al yst conprising at | east one organonetal lic conpound of a netal
belonging 10 to group Il or 11l of this Cassification. A high-activity
solid catalyst is preferably enpl oyed, which conprises at |east one
compound of a transition netal such as titanium and a nagnesium
conpound, such as magnesi um chl ori de. The cocatal yst is usually chosen
from organoal um ni um or organozi nc conpounds. 15 Eur opean Patent '
Application EP-A-O 133 383 discloses a supported pol yol efin catal yst
for the polynerization of ethylene at tenperatures greater than
150[err]C, such as in a solution process or hi gh pressure process.

The catalyst is obtained by treating a drat ed artlculate support
material with (a) a di hydFERROREED P?D“W%é’sﬁ'ré ST 59R§ ransition met al

conpound and (c) ethyl (d)-yporviMeRIzaTION GFChIIYLEMNE INTEAS @akse yst thus
obt ai ned may be prepol ynmerized with at | east one al pha-ol efin having
from4 to 18 carbon atons. Furthernore, a nethod for the
preparati on of a sol fbe present invention relates to a solid catalyst of

Ziegler-Natta type, suitable for the polymerization or
copolymerization of olefins, and to a process for the preparation of
the said catalyst. ' '

5 It is known that olefin polymerization catalyst systems of
Ziegler-Natta type consist of a solid catalyst comprising at least
one compound of a transition metal belonging to group IV, V or VI of
the Periodic Classification of the Elements and of a cocatalyst
comprising at least one organometallic compound of a metal belonging

10 to group II or III of this Classification. A high-activity solid
catalyst is preferably employed, which comprises at least one
compound of a transition metal such as titanium, and a magnesium
compound, such as magnesium chloride. Thg cocatalyst is usually
chosen from organoaluminium or organozinc compounds.

15 _European Patent Application EP-A-0O 133 383 discloses a
supported polyolefin catalyst for the polymerization of ethylene at
temperatures greater than 150°C; such as in a solution process or a
high pressure process. .The catalyst is obtained by treating a
dehydrated particulate support material with (a) a dihydrocarbyl

20 magnesium, (b) a transition metal compound and (c) ethyl aluminium
dichloride. The catalyst thus obtained may be prepolymerized with
at least one alpha-olefin having from 4 to 18 carbon atoms.

Furthermore, a method for the preparation of a solid
catalyst is known accofding to European Patent Application

25 EP-A-0,014,523, which ¢Onsists in reacting an orgénomagnesium
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[ vone
cat al yst "™ known according to European Patent Application 25
EP- A: 0, 014, 523, which consists in reacting an organonmagnesi um
2 conpound in a liquid hydrocarbon nmediumw th a support based on
an i norgani ¢ oxi de, a "hal ogenating agent” and a conpound of a
transition netal, in the presence of a Bewi s base. The “hal ogenati ng
agent" is chosen froma very wide variety of products conprising 5
hydrogen hal i des, silicon halides, carboxylic acid halides, phosphor us
pent achl ori de, thionyl chl ori de, SUIphuryI chl ori de, phosgene, nitrosyl
chloride, hali desmppund daralligeidbydedvaghémaedium vikloni supporh| ased e dn

pol ysi | oxanes, hygeoeaibyksql um 'rﬂalﬂgémlth%e§gent" aﬁ?& l&”b&hdéﬁh&mf%' de,

amroni um hexafl uorosi|icate and drocarb des, such as_car bon
tetrachl oride, ciiagebtignnpetalyyin (FHF drrea&ncelef ”etLﬁV’rser‘?és?j'l Che oriadesengting
|, 1, 1-trichl or oeddeas®. is bhodtaseh@ea Feryndide varidnpv&/@todadtatcwpensmgch

haI ogenatl ng age}pt S arnehg?PJ Qye %n}:he S?k&es ?arbox XS{dS h??ﬂﬁral |y

exhibit a nedlocre e ad al so been
observed that cephogphotval Bgrénammj,de, thla@éntcblomiéh, aylhlmeég@rhhém,des are

extrenel y corrosgﬁs%gswvawémwl dHbAl &, 2R ae e W ﬁiﬁmluwdgf &heeial, and
costly equi pnent. Furthefmore, it _has been found t duri ngﬁt he

catal yst prepar RFoBfne, chlerinated, solyshlgrenes, bWrﬁE\%ﬁ‘Uh %]é‘l‘luﬁé‘"‘b tideemat ed
by the hal ogiaah i uk) cRDRIIde P MeRMOY Rith, hekdEl@srdaetsimne ithh}rd&dc@.E'by]S not

consuned conpletely during the act hecau resul t he
formation of new TAFOT negltl:ont 5?& l"&' acg{ordge’\/\/r?ﬁ%r fPEs § L’Eﬂ °5]‘1°”de'n

this nmedi umidnd ethylend idichlaride, mphrlatletlfMMItmh#@t t eIt hlats been foundp

becones necessaryoyfeQe APRMYL %uéﬁe&icfh' RaldpERILTRB! agtthQ Wl Xm&l@?ed the |dAWh d
hydr ocar bon nedi um at each cataly Erepar ation. he cat al ysts of

EP- A- 0, 014, 523 af¥3dEs' S BpRFaldy ﬂi@é i agmegigcere actb‘h‘&gei%l%ﬁﬁfl

pol yneri zati on ppsigmesiza®ion. lly WA assdbeen observeldUtihitZ eelrtadd KAdGENAting

whi ch the pol yner rtic fo are ke in the fluidized
state by neans o?geg%?e%uézlth asggm {'gﬁqes are %%trfte'ﬁeira?' ﬁﬁr'f%é"%lte m{s) to

be pol yneri zéd ametalsaarsl Ir¢<nglrastmuse ofupmerridl sAndeeontdy equipmérdsi ty which

is sufficiently ﬂﬁhel‘r&)re, it %fag%tthPJ%drﬁ[H%VﬁuxfﬂE hf‘e%a@ilyl@';y 51-%%%0“
and to maintain the bed in the fluidized state. However, been

observed that whikf liquid;hgdracarbgn. mpdivum,gan peqcontpminated by §r§fs produce
pol ymer parti cl eﬁalogenawﬁigci‘genab&btﬂoﬁed:,eélﬁidi- Bédause Ofhed DR rai€ @bt ai n

329{ e gfs o 00" €3 shstned YonBPloaT} dAht Ve FSUUL:50 BEGRKAND X' 2LAHDY 1n

20 the formation of new chlorine-~containing compounds which are soluble
in this medium and are difficult to separate from the latter. It
then becomes necessary to apply a specific treatment to purify the
iiquid hydrocarbon medium at each catalyst preparation.

25 The catalysts of EP-A-0,014,523 are described fof use in a gas
phase olefin polymerization process, e.g. by means of a
fluidized-bed reactor in which the polymer particles being formed
are kept in the flﬁidized state by means of a reaction gas mixture
containing the olefin(s)_to be polymerized and travelling as an

30 upward stream at a velocity which is sufficiently high to
effectively remove the heat of polymerization and to maintain the
bed in the fluidized state. However, it has been observed that when
olefins are polymerized, these catalysts produce polymer particles
which, above a certain size, or above a certain degree of progress

35 of polymerization, tend to break up, yielding particles of
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3% undesirabl e shape and size, and of relatively |ow bulk density.

It " has al so been found that this phenonenon is still nore pronounced
when et hyl ene is copol ynerized in-gas phase with an al pha-ol efin
containing, for exanple, from3 to 8 carbon atons. 5 Anot her maj or
di sadvant age of the process of EP- A- 0, 014,%23 stens fromthe fact that
in the conditions for gas phase copol yneri zation of ethylene with an
al pha-ol efin containing from3 to 8 carbon atons these catal ysts
require a relatively high partial pressure of the said al pha-olef in

in the reaction wessihrsbilarshaperangd $ize,qenvkigrelrtiveiyolown byhl-deneity.nIto be
fixed in the copalyydBls vhedt3lnd that Wh@ﬁsﬂ{eﬁoﬂén&xhisg st PP @ro9b §frohBurcedt he

reaction gas m xture Increases | osses in particular_of this costly
raw material whefhephgthylene éﬁp&‘l’%ﬂ’rﬁ’i‘e"d&ﬁﬂle‘r“ pes Phasy ER amalrRagately
outsi de the cd@b yHEig), Zedx eﬁaﬁpaactﬁrom 1&0 8 carbdhertemlas now been found

a process f the pr ation of sol id_cat aI | I ta
type, suppoO{ ed on aglfatfbfac"fad“ disadvantaﬁe of ﬁ |b|8% séag%é?’;z’f%h

activity in ol efstens fromptalls/tfsct Zaat oin th'%quohéimrle fotrhgss Phe yst is

prepared in suchyypoy m&qggf::t.dnog§ ettﬂi}"ier{eh@l@pq}{eal%ﬂlél@@gﬂ oREMNSE £rom 3
production 20 di sadvantages can be reduced In particular, the cataly

can be pr eplt &dcaxPoneatr@s thesenrahalEsta ﬁﬁ‘é‘f?treaﬁo‘ellﬁt’c‘?‘i’éypl?iéé‘eﬂ%‘"élﬁ} a
li qui d hydrocar bgresaRed on vy ebldmshmefﬁquhrmearwﬂiancgﬁsl @lxture for a

treatnment after ch cat Qn repver., .t he cat as
a structure ]souchg q‘fa}?gié% g% y%eff‘?Mz%aUPlé‘r?do é:gﬁ ﬁ°€g!<ley Achéﬁnbe
conduct ed up to presisghe @cﬁnvmssabphamotéﬁmedmdéld reagkiomigas mlxtb{ﬁ dnerepsehe

pol ynmer particl e&@ﬂgsé&m‘%ﬁ'ﬂm’tiaﬁagwﬂ( tﬂ@@%o‘él{lyofra{vh@aterlal RRLY TRE powder .
Furthernore, in the conditions of a gas pha copol %/rrerlzatlon of

ethyl ene with atCcPROIFReHRAVIGLHE - TAcETTPd and d&SFﬁs&Fn‘i’"ﬁ@ $dMe3 to 8 carbon
atons to produceparyme}twalt&aﬂ x@aeahymer 30 of a gi ven content of the

al pha-ol efin(s), the ?J this

kes si pl e
when conparet? with tH e’i: 5’F>}§’f'sb‘f<er?of°und 2 prﬁ’rcg?/s 3@%: trH%P parag%e f’ﬁ e

r emar kabl e rrannesol:ldecpfarlwalofpmeg-wd‘!ma type, t*uppgatedl ah[:matei)t@ﬂipm( s) in

the reaction gascfiql WitkonTBkiindey 3NEHF nigh aclBbsedNh JTRkES 1t possible to
I nprove the i ndusStri al operating 3 cond |§|ons of "a gas phase.

copol yneri zat i Onpg}mésgatigat Fé}rglepxpere, this catalyst is prepared in such
conditions that the above-mentioned catalyst production

20 disadvantages can be reduced. In particular, the catalyst can be
prepared by means of common equipment and in the presence of a
liquid hydrocarbon medium which does not require a purification
treatment after each catalyst preparation. Moreover, the catalyst
has a structure such that the gas phase polymerization of ethylene

25 can be conducted up to a high conversion with reduced risks of
bursting the polymer particles and lowering the bulk density of the
polymer powder. Furthermore, in the conditions of a gas phase
copolymerization of ethylene with at least one alpha-olefin
containing from 3 to 8 carbon atoms to produce an ethylene copolymer

30 of a given content 6f the alpha-olefin(s), the use of this solid
catalyst makes it possible, when compared with the catalysts known
previously, to reduce ih a remarkable manner the partial pressure of
the said alpha-olefin(s) in the reaction gas mixture. This advantage
not only makes it possible to improve the industrial operating

35 conditions of a gas phase copolymerization process, but also to

This Sheet Has Been Replaced

LT




w
ps-oduce et hyl ene copol yners which have a density which is nmarkedly
reducéd for a given proportion of alpha-olefin(s) to ethylene in the
reaction gas mxture, conpared to that for catal ysts known previ ously.
5 . The subject of the present invention is a process for the
preparation of a solid catal yst capabl e*of bei ng enpl oyed for the
pol ynmeri zati on or copol ynerization of olefins especially ethylene,
said catal yst conprising atonms of nagnesium chlorine, titanium and/ or
vanadi um and a solid support based on a refractory oxide, 10 which
process i s char aptodnee edhyreneheepalymezpombidhs bgve a densipy whighalis mprjedly

stage, bringing ?e:ﬁ%gui Go2UPRAVEN B39E61Q8n %of alpha—olefirnQEF %t QERy1@%é R the

cont ai ni ng hydr oxy roups, Into contact with di al Kyl magnesi um
optional ly m xedr‘iﬂcté‘b‘hﬁlaé%‘éid‘tb\ﬁ'h cgmpared to that fog, ‘k%}"laé?'iﬁﬁ aia 15 b)
in a second staggreviibadigi.ng the product resulting fromthe first

stage into contact h a. ponoc ani £ conpou gcted
anongst secondary o\er ers'PP%lry a?ky %res%ygllggfﬁé? B s procesg fn':’orcszlgl*lorl des

containing 3 to fpeastion of arsokiddcaralygticapable of belpgnemplaried 6Pr géwer al
formul a Rierr] Rigiynk Hl856d o(;céopdl 20018 8 d1elESnfRagbbially ethfiete,

radi cal containihg from6 to 16 carbon atons, and Rerr] and

Rlerr] are ident#&id °6?315FFf‘éﬁ'“@ﬁ%sﬁnéd?"t?&’ﬁs°%ﬂ’6§%erfif‘?‘orﬁ OH5gehitaniva
al kyl radicals cef/airnvai@didmmaid teD s61 DR ELEFLrat Basedandl aakytractory oxide,
radicals confaining.from6 to 1 ar bo to I,.ch

| denti cal tofogr it e?enctes"r'rigsmcgéﬁr ﬁgr{]ze% 1ﬁhag\h or%(qu?age bringing the
product resulting)frdéma fdrst stage, brsusj@ada wégvb SNHPQrtchQQanvﬁ th at

| east one tetraval em:::efra.ctory OXl&é tc%ﬂ’cm:l.ﬁﬁ ﬁ%@@:ﬁylugl'&%pom Oéntdct with

trival ent vanadyl conpound, d) in a_fourth stage,
bringing the product a alrinagnes Hm SB"’““HY mixed OFi $EPLEERFeVith & cont act
with ethylene or ethyleskylhXainium, wi th an al pha-ol efin containing

from3 to 8 rb atoms in t he pr.esenc f S n
activating aggnt gge B2 Fegpuhgipee, brineine 'ihf? lE’r°d%§1‘(r?10a s&%ﬁnl%u%ﬁ:& She
or ganozi nc conpounds, flrﬂ‘- Stege mto contactqwabh iat m@pcbéonbpaswmh@!@ewubl

catalyst in the form gie@ce§5amongst seRbARAYYOF et OIU 81184 bf QFbiod12y200 g
preferably from10 to
monochlorldes containing 3 to 19 carbon atoms and amongst

compounds of general formula RY R10 grll CCl, in which R? is an

20 aryl radical containing from 6 to 16 carbon atoms, and R10 and
Rll are identical or different radicals chosen from hydrogen,
alkyl radicals containing from 1 to 6 carbon atoms and aryl
rédicals containing from 6 to 16 carbon atoms, which are
identical to or different from R9,

25 c) in a thifd stage, bringing the product resulting from the
second stage into contact with at least one tetravalent
titanium or vanadium compound or a trivalent vanadyl compound,
and _

d) in a'fourth stage, bringing the product resulting from

30 the third stage into contact with ethylene or ethylene mixed
with an alpha-olefin containing from 3 to 8 carbon atoms, in
the presence of at least one activating agent selected amongst
the organoaluminium and organozinc compounds, in such
quantities to obtain the solid catalyst in the form of a

35 prepolymer containing from 1 to 200 g preferabiy from 10 to 200
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5 g of (co-)polyner of ethylene per mlliatomof titanium or
vanadi um or titanium plus vanadium and that the nolar ratio of

the quantity of the netal (s) (Al and/or Zn) of the activating

agent to the quantity of titanium or vanadium or titaniumb5 . pl us
vanadiumis from0.3 to 10, each of the four stages being

performed in a hydrocarbon |iquid nedium The first three stages
produce a particular catalytically active internediate solid product
especially conprising a nmagnesi um chl ori de conpound obtained froma
particul ar chlorine smf ecamdlinggr aof svhutenecpert mdhbiatompefutdtafivej tegni um

or vanadiumat its NRuiddiGh, or ti/taaln%‘i}mblgi AnQ«huYnaQﬁ’rﬂ'tHH’c %e':ﬁo?la'?ai‘ét%%f
val ency 5 in vanadyl group hese el enents being fixed on a solid

support based on a ré& ?é&‘%’ﬁ'i}y of thﬁﬂ%}él(%\ﬂébeﬁnd/?%@h?ﬂ EheeAfitivaFias) i d
product exhibits agélits 86\t aoa% i0f o@afﬁia)isﬁrs Sk PRMat O, Oara:a.lt@ﬁi’\ﬁd:t ory

oxi de such 15 givin o988 has risati-g [ocess
density a"s(co )poP%/urrerv%m’m;i t’hs 5?1% buratch t{]ggee O} tagﬁ gb(?égé of
t he present i nveetfiogmeddnsa shyslrwnr@cm\ﬂélqtlmgaeﬂhm di sadvant ageous

intermediate solid prRAYGlei HhPed RaEdd GYbRIceCh fbﬁ'r@i‘&ﬂ&%‘a!?ﬁ’ aéizfyd
catal yst, having substantial inprovenents in a gas g’pase et hyl ene 20

(co-) pol ymer i sat fivei iptsarediate A0lig, RFSBB‘F*}/H%??%"H r?BF‘%“é&% |8 magnes ium
al pha-ol efins C Ot 1Dir 1 e G oRpdumdSowtarihen fab@ e pait feubhthedfine source and The

solid suppor{, baged op reakragtory omg scpntains Qy?r’géxum at tfunc | onal
groups and nay have a specrfrc SUPPace %r en Pé\‘:"h f
mMerr]/g e.g. 100akepcBCE A er vphagdiymdata ipe rmexioim yelexfcyQS Sin Uaﬁa% grdupg

e.g. 1 to 3 mM/ggpese elements ﬂé@nglﬁ%& toh Qfschxgr%%%ﬂg'tgyaﬁ ohNa tﬂ?r%ﬁ?? rt
depends on the ort engﬁoye onits s?e0| ic surface area, on

su he
physi cocheni cal ?¥¥4&t "&ﬁd s tindemmediate #0Lithipepdyct ARRIbALS e been
subj ect ed bef or ebssudvarkt sxep e 'E:atMlJyebs | upp @ &ora HSﬁa390rygeﬂﬁIeabhg’h as

h;g}[, g;(;ls ];]II: g{lgpopén;igga r ﬁgéser % Iptoiwer(.%ﬁatlog %rocess lowI Lu riQIDI 3611881
-pref erably devoi ﬂcqaf)Pblmrﬂmfeletmlenhe ﬂmﬁequtﬂ'th tss*-als@f the plrncqsweotathal yst

preparation. Forptdiedt PiHvRAEEon e3nsc1§esbﬁ Q&%ie%egsxhe disabiddht@fedusce water
by neans whi ch are known per se, such as a heat treatment ranging from

100 err] C to 950fBf4Pedinty. sakid] BFadpet (1pto0p[PaFF {xuler |dylene prepolymerized

catalyst, having substantial improvements in a gas phase ethylene
20 (co-)polymerisation, in particular in copolymerising more easily
alpha-olefins containing 3 to 8 carbon atoms with ethylene.

The solid support based on refractory oxide contains hydroxyl
functional groups and may have a specific surface area (BET) of 50
to 1,000 m2/g e.g. 100 to 600 m2/g and a pore volume of 0.5 to 5

25 ml/g e.g. 1 to 3 ml/g. '

The quantity of hydroxyl groups in the support depends on the
support employed, on its specific surface area, on the
physicochemical treatment and on the drying to which it may have
been subjected beforehand. A support which is ready for use

30 generally contains from 0.1 to 5, preferably from 0.5 to 3
millimoles of hydroxyl .group per gram. The support which may be
granular, is preferably devoid of free water at the time of its use
in the catalyst preparation. For this purpose, it can be preferably
rid of free water by means which are known per se, such as a heat

35 treatment ranging from 100°C to 950°C e.g. 150°C to 700°C. The

\
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6 ' support may be chosen, in particular, froma silica, an alum na,

a " silica-alumna, or a mxture of these oxides, and may consi st of
particles which have a mass-nmean di aneter ranging from20 to 250 _

m crons, preferably 30 to 200 m crons, %specially 50 to 150 5 m crons.
The use of a silica is preferred, especially ones sold by Crosfield
Conpany (Great Britain) under the commercial reference "SD 490" or by
WR  Gace Conpany (USA) under the commercial reference "SG 332" or a

m crospheroidal silica sold by WR G ace Oorrpaél USA) under the
commer ci al ref er e4rport IBy3pd Thosqy in partiqyar;|frem atsidécdf aphglumina, a

preparation of the 3qlitiniak aloysh mixturé:@a%rfetsa 4145 | NGl Ngayt hemﬁ@luaf
support into contact with_a 6g/l magnesi um of gener al % g
et 50

My Rlerr] R[err]Particlggmnieh haye rﬁ xa sHPeseEd T i iRe oL rom

trial kylal um ni umafongﬁrtﬁ“eaéra]ﬂy 30 @bn2dtamicrons, especially 50 to 150

Al
Rlerr] Rer I’; e{cxlons The N, Vt\ahlP ha fs?i{ng ggﬁ%%érle’d clallﬁ[ gﬂés] soﬁi r%%rm] 1

and Rlerr] are i defiti cal r-adi cdl s contal ni ng
to 12 carbon at offesfjedd é’loab#ry Kﬁmt Britajn) o‘nsetéﬂlbmwmﬁeﬂ refergoemt"sPy

of trialkylalum mdmyseydeﬂ Graééfc%rnamyy (0SH) 8X&RLEhd GorndRI1al fe&em,&f
1/1 relative to the | magnesium _jn particular tg’sﬁcnﬁéf rati o

being 0.01/1 to 'i?"i 3320 o é 'bi"rﬁslilf"’f°f“balos%3‘jfa BP Wby iy ompany
di hexyl magnesi um(usA) undutt yhetdophemdak stefaremdehy$haé2y?ragnesi um or

butyl octyl mWeSI um ITﬁe flrsiapé’tggﬁroatbltﬁe g:{lgb?nyQOn 2Q§ the solimggaf &

di al kyl magnesi um i s énploye q-am ni ition
conpound of geneFﬁ#Sl{séFmﬂ jringing the solid support 1nt° WRFEF r‘ﬂiRPeiFr] X

AlR[err] Rl err] Rl gidikyimagneS@in B2 gdRRal adri@iOLr ehand; in which formul a
Rlerr], Rer], R[err]y err] and R[err]% 2 are defined as above and x is
a nunber equal to or | ower than 1 30 anartlcuI ar from0.01 to 1, e.qg.
fromO0.01 to O. SDpﬂ':‘maam:bduﬁixm or compaenqmumth |astpraa|kaleld1mani1mr df rgyan’eoaknovm
nmet hods, suchyas pgahi.ng a m xt ure of di al kyl magnesi um and
trlalkylalumnlumln solutlon |na 3 Aqg%d hydr ocarbon nediumto a
‘tenperature ranging, preferably, frdhmR" R to 100[err] C. A conpound of

addi tion of di buty!/Renesd a1y tnh 32, rY, iR8tind 8P WHeNidhti051 FrS@ifferent
dl|1exy|rnagneSIIJWLMA;J1rgéiéﬂigyééytggling Q}om 1 to 12 carbon atoms, preferably from

2 to 8 carbon atoms, the quantity of trialkylaluminium used

20 preferably not exceeding a molar ratio of 1/1 relative to the
dialkylmagnesium in particular the molar ratio being 0.01/1 to 1l/1,
e.g. 0.1/1 to 0.5/1. Dibutylmagnesium, dihexylmagnesium,
butylethylmagnesium, ethylhexylmagnesium or butyloctylmagnesium is
preferably employed.

25 When the dialkylmagnesium is employed with a trialkylaluminium,
an addition compound of general formula '

MgRIRZ. x AI1R3R4RS

can be prepared beforehand, in which formula Rl, R2, R3, R4 and RS
are defined as above and x is a number equal to or lower than 1l

30 in particular from 0.01 to 1, e.g. from 0.01 to 0.5. The addition
compound is prepared_according to known methods, such as heating a
mixture of dialkylmagnesium and trialkylaluminium in solution in a
liquid hydrocarbon medium to a temperature fanging, preferabli, from -
30 to 100°C. A compound of addition of dibutylmagnesium with

35 triethylaluminium, or else dihexylmagnesium with triethylaluminium,

-
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7% or else butyloctyl mgnesiumw th tricethylalumnium is

pteferably enpl oyed. In all cases the dial kyl magnesi um and,
if present, the trial kylalum niumor the addition compound is
preferably added in 5 the first stage |n the formof a solution in a

| i qui d hydrocarbon e.g. al kane or cycloalkane such as n-hexane or

n- hept ane. The first stage, |like the other three stages of the
cat al yst preparation, is carried out in a hydrocarbon |iquid medium

consisting of at |least one liquid saturated hydrocarbon e.g. al kane 10 or
cycl oal kane, haviengelfseobwtylpotyllpageastion witbnbrieghylalyniniug, ci#r posferably
atons, such as ne ﬁiﬁq n-pentane, isopentane, n-hexane n-heptane or
cycl ohexane this rocarbon being inert towards the various

conpounds i nvol ved i ant akl seresmthe i bialkyinagresiym, pndat if presentycthe

hydr ocar bon | i quitgismgieiodiajubert tie aadyioh ehniaﬁemerits prefepdlysaddgd b of .
t he catal yst 5Prepar I_an. . first, st

di al kyl rragne5| qu'g Séjtrﬁg stage i ?k%lml %anf?ilr‘ﬁumf iz aal b’dé q‘\Xnd ?caﬁbo?l xed
on the solid suppoeet .alkane ofh¢ycliorikang, nsuchr esull-tle:annublt ambmlzahy froma
reaction between the gne £5,dEQpu) PhRUBR. gthélh%h%& Isqaweeréhea@&atlp&

organonetal lic 20 conpounds, and froma 1;IIS| cochem cal absorption,
probably partly Preparagicns ipirargiedh syfeime Prarogarhonniauid; priiEBpl exed by
sone oxygen caheﬁtmé deheat rrfaka.cdner yimad&tuw&aeh@d@aam algJ @ikane
conmpounds can ves Dbecone, fix op, the, support in a,c

form in loparo % Fkane haVJ.n% forlpmt€qm P2 ca]: Qﬂn % p%rt g‘g_? Baxgbon
general ly 25 e\ﬁab!mat @dclusalsng-bUttsnaver-amtaeapa@ppgntfam. m—mmglean-heptane

di al kyl magnesi umyy cyc13R6kdNRt | AN hyaBchiiaAl Ké/in%l SR oarkh ScHEBXA AT

fixing capacity depends_on the nature of the support, on its specific
surface area, comppndR cinyRyE§d dRHEH 857P¥Péﬁ%ﬁtth§nﬂ°m EHELAFYi nght o
whi ch the swaﬁddaraa:y 1hqum heetuns nby aet ek hahoroehargterddie iFbaddRUS age

fixing 30 paCIt uppor nhe generally from1l to 5, preferably
from E? ]Yife ca? lsgs r(fltpﬁf%r% ?ragnem um e.g. dibutyl magnesi um or

trial kyl aI um n| um perD‘gﬁBBnt@fe %imspoﬂage, the dialkyPpeengeivm apdiddeity of

di al kyl magnesi umanghi18AtiaNalily, Qk employid, Fhiy vl #4Heai sMthe &aiuss%psa@ be

| ess t han, |dent|cal to, or in 35 an excess relative to the nunber of
mol es of hydroxyl Q]? O{H%n%”x@ge{:ﬂsult simultaneously from a reaction between the

8 hydroxyl groups of the solid support and the organometallic
20 compounds, and from a physicochemical absorption, probably partly
due to the organometallic compounds being complexed by some oxygen
atoms of thg refractory oxide. These organometallic compounds can
themselves become fixed on the support in a complexed form, in
particular in dimeric or trimeric form. A support can be generally
25 evaluated using its overall capacity for fixing a dialkylmagnesium
and optionally a trialkylaluminium. Its maximum fixing capacity
depends on the nature of the support, on its specific surface area,
on the physicochemical treatment and on the drying to which the
_ support may have been subjected beforehand. The maximum fixing
30 capacity of a support can be generally from 1 to 5, preferably ﬁrom
l to 3 millimoles of dialkylmagnesium e.g. dibutylmagnesium or
trialkylaluminium per gram of support.
The molar quantity of dialkylmagnesium and optionally of
trialkylaluminium to be used can be less than, identical to, or im

35 an excess relative to the number of moles of hydroxyl groups present

-
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i+ the support. However, in order to avoi d usihg an excessive quantity
of di al kyl magnesi um and optionally trial kylal um nium the quantity of

t hese conpounds is generally slightly higher than the maxi mum quantity
capabl e of being fixed on the solid support. Thus, 5 in the first stage
of the process it is preferred to contact each gram of support with a
quantity -of the dial kyl magnesi um or di al kyl magnesi um pl us

trial kylal um nium corresponding to 0.1 to 7.5 mllinmoles, preferably
fromO0.5 to 4.5 mllinoles and nore particularly from1l to 3.5
mllinoles. 10 in the BhpPqrt. sHowevere i8aPrdse tavpidi vsine 37 XReFBHE ways. |t

It?] t ka>3|$| Fl quaﬂ@fty?&ﬁ@'a@kyl&ﬁgﬁéﬂiuh%dd\?ﬁiilﬁ)ihﬂﬁgmes&mﬂgtlﬂuﬁmm ,06Rd | y

e trialkylalumniumto ppQrt | 4 een

suspended bef or EWaRH5°F ﬁé‘eﬁﬁ/cﬁ"B‘Bﬁ‘F’%Sn T i8§0F ¢ qﬁ%asaﬁﬁ\g{]e?h?%a}é Fn she

can be carri ed osxisinowhyntittgrcapabhplof bedog Sixedr omdhsfsmdtwpfbcﬁt -1Zhus, g.

.30 to 120 m nUt é[sn X\%g}rg‘glsttgé%% @%ég rééisrsr !I.‘E'Qsaﬂpef@i'régd to cor&ggp%ra@ﬁure
err to

of O[err]C to 8 err When a di al kyl magnesi um
and a trial kyl alapsmneflsepparthwitth engianhéty of hehe dialkylpagpegéymaPth t he

solid support caf}aRRy @M umdPRI&t t?iil'ﬁ?l[all%ﬁlnlum c&ﬂ:‘éﬁﬁ&ﬁh&i@ wddif iwen7of
the two organorretalllc con% ounds .i n_an ition of the

0
m xture or conpl®R{BIeEd Br I ntr sy © %é:é’el’zs mi”tj\%%ﬁ‘ difétal lic
conpounds, to thearyculaeay xom| I qoi 3l. STedillimoles. cont ai ni ng the solid

support. fol xed i ﬁ‘ﬁ%’eh?ig@ s£§€emca§ e§§r1q dog a@ﬁ) tr@!nhé Q:a&&”ﬁ@uﬁd whi ch

I S not € support can be renobve tration and/or by one
or 25 nore wasHiargible.t Fom eﬁyﬁ?@oa'f-?)cﬁ#dl?ltmidﬂalky ‘Paﬂ’i'&§i‘5'ééﬁdf‘m§h6“ally

however, that i ttHeStPPa?ﬂt biﬁlm&ﬂldﬁﬁeo&ﬁﬁog@lidqy@ﬂﬁoh'E.WMEh has preferably been

di al kyl magnesi um and o t| onal I of, trialkylalu

to 1.5 tines the"HRAMITY JoHire8 ’bdar}Bn’étie F‘ﬁy?"%‘%bhg‘b‘? :{1 o%hgl n@éghtwn
t he maxi mum fi Xi¢xh bapaarrlrtgﬂ ot tdlewtypor texampldouer id pbeiOtdgoiB0.0 to 300
SUbsequent ! yl necessagy %‘}%X&el%y mhhé(]%}tgm eécesislrping and at a

organonetal I'i'c co oun re not fi In th ggort
surprisingly bee??!@eawrﬁh‘aﬁ 0@ %hE8QEC,comeli t10oFs GPﬁ‘é pdser 1 e smal I

excess quantity ofa10yfaResBiw bhd € OFRAUPUS DL Gl aF& OOk dmpX&fbd,Ntheir the
AN SN A T SR ORI NG e
9 successive addition of the two organometallic compounds in any order
20 or by addition of the mixture or complex formed beforehand by these
two organometallic compounds, to the hydrocarbon liquid medium
containing the solid support.
Any significant excess of organometallic compound which is not
fixed in the support can be removed by filtration and/or by one or
25 'more washings with a hydrocarbon liquid. It has been found,
however, that it is possible to use a molar quantity of
dialkylmagnesium and optionally of trialkylaluminiﬁm which can go up
to 1.5 times the quantity of organometallic compounds corresponding
to the maximum fixing capacity of the support, without it being
30 subsequently necessary to remove by ﬁashings the excess of
organometallic compounds which are not fixed in the support. It has
surprisingly been found thét in these conditions the possible small
excess quantity of orgénometailic compounds which are not fixed in
the support does not in any way interfere with the catalyst

35 preparation and that substantially no fine particles can be formed
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auring the subsequent stages. The second stage of the preparation
of the solid catal yst consists in bringing the solid product resulting
fromthe first stage into contact with a nonochl oro organi ¢ conpound.
Thi s conpound 5 may be a secondary or preferably tertiary alkyl

nonochl ori de containing 3 to 19, prefgerabl y 3 to 13 carbon atons and
havi ng t he general fornula Rlerr] Rerr]
Rlerr] Cderr] in which Rlerr] and Rlerr] are identical or different
al kyl radicals 10 containing froml to 6 e.g. 1 to 4 carbon atonms such as
met hyl , et hipring the psubgydueatidsteerr] i s a hydrogen atom or,

preferably, an al kylppe gecdndditdle 601hal preRdritiO df Qe 218 .catalgstd carbon
atons, identi cal to or different fromR6 and R7, ,suizﬁ} as ma%rﬁyl, et hyl
or n-propyl . consbstsn 4B rBF 18 gy Fhe 1o 1] PEodushc SRfhr 28, FE9P ™ dHi%Fe, but
especially 15 tstape bitityl canthet iwdeh ad @opsatilers edganic compound THhisDrempbiig 0
organi ¢ conpound nay al so be a_ secondar s .Dr Lary

cycl oal kyl nocHY¥ o\P!T de s%‘-f“,‘gé‘ﬁ’éféi p?%%rlﬁxﬁ%r tereiar] 1G] Wnbohfi:ibé

[err] 20 i reonha Bting] Bro] 19 & paefanabdy ch tat Bhrearbonpatans, apd \paving shgy|
radi cal con%eqlgpgpgoi.,g@lrgl to 6, e.g. 1 to 4 carbon atons such as

nmet hyl or ethyl and nis a nung)er7 fgom4 to 8, e.g. 5to 8, especially
5, such as cycl ohexyl chloridB® &t R¥-fefhyl -1 chlorocycl ohexane. 25

The nonochl oro offyaRich RENBAMRE HaNiddntackle o2 CiPFpHentdalkyl redivadsni ng at
| east one aryl radical, o eneral. formyl a: Rlerr r ] CC1,
r ?o§tghnigxrgy%r$naé {o 6 e.cﬁ_l.m]!. é‘o 4 c?rbon %Jq[m]g ﬂc% L%gﬁ%ﬁ;gf, 6

in which R | Cal” cotit di hi ng Trom to
10 carbon at onsetdnd &F erpiomyddand 8Pris arkydrdeen jatom asn preferaflyf ofm flkyl

radi cal s chosen ;Jﬁ%bygﬁggﬂlngaféﬂﬁl 1 'dbCallgS £Qidt B dlrden oms f r1@ERYica® 6
e.g. 1 to 4 carbon atons such as ngth and ?ryl

yl . ,ethyl or n- prapyl ,
radi cal s cont ai n¥h@rf $HiFe6eRto f1gn & gand R] ¢, stigh as meWIlboﬁagtloﬁ% PPER T cal
to or different §scomui: pFogylacylorniaelj Gakéndary butyl ¢lerids, Bierespeatadipr
Lo S SRR A Bt such | s prenyl oty
preferred. The monochloro organic compound may also bgQa secondary or
' preferably tertiary cycloalkyl monochloride of general formula
Cl
(CHp)p C
20 R
in which R8 is a hydrogen atom or, preferably, an alkyl radical
containing from 1 to 6, e.g. 1 to 4 carbon atoms such as methyl or
ethyl and n is a number from 4 to 8, e.g. 5 to 8, especially 5, such
as cyclohexyl chloride or l-methyl-1 chlorocyclohexane.
25 The monochloro organic compound can also be a compound
containing at least one aryl radical, of general formula:
R? r10 R11 CCl, in which R? is an aryl.radical containing from 6 to
16 e.g. 6 to 10 ecarbon atoms and R10 and R!! are identical of
different radicals chosen from hydrogen, alkyl radicals containing
30 from 1 to 6 e.g. 1 to 4 carbon atoms such as methyl, ethyl or
n-propyl, and aryl radicals containing from 6 to 16 e.g. 6 to 10
carbon atoms, identical to or different from RY. The aryl radicals
for R9,R1.0 and/or Rl are usuélly aromatic hydrocarbyl groups such
as phenyl, totyl or naphthyl. Benzyl chloride and
35 l-phenyl-l-chloroethane may be preferred.
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4 has Surprisingly been found that the chlorination of the

organbnetal | i c conpounds fixed in the solid support is considerably

i nproved by the use of secondary or tertiary al kyl or cycl oal kyl
nonochl ori des or the use of nonochl oro or gnic conpounds containing 5 at
| east one aryl radical conpared to the usg of hydrocar byl

polychlorides in particular carbon tetrachl oride. By virtue of
~its unexpected behaviour, the nonochl oro organic conpound can be used
~during this stage in a relatlvely | ow quantity nevert hel ess nmaki ng

it possible to form¥ betisyrprisdoely been foyad aF#PF diheychlordnatiom phdhe

functional groupsg¥fireRafii® 63L& Ffixed in Mseﬂuﬁlﬁﬁpbrtefh«l@bﬂﬂl&rably
conmpound of a transition netal such as aI en#kyﬁl t ani_u éoy ed

during the third™8¥agse. by e phsh 8F t Fa5qRdary °’6ft°f HJudt el Y’ \rl;n%a
functi onal grouf®nbshidutdes battHeEGSe toifamonochlorbOodganic edoppatrids Losminfen 5

soof the L1ansitdon ! ghe Aleyl Nhatar chibdteliP 3he 8! b HhlaPsldrbyd esul ting

fromthe thi'rd stage I's | state. The™ pr oduct
resulting from tméyqihmd%q ag@em*fycwrce#ﬁbam"eﬁ}rachhrém-h t he nonochl oro

organi ¢ conpound in g QYpild bY ReChnddpattdd BenavioufPlthié noabewldeb M‘g&nlc

quantity of nonochl oro organic co ound to the 2 uant.i f

nmagnesi um or neARSRh© b‘?l}? 'é?‘i?md Fing B éf'?‘%edqf‘n te fl&’tvf"ig" §r°3d%|%atntity’
resulting from tﬂb@ei‘tﬂeﬂbsshﬂgeng dtf peewibld dxo3fdrm a soliprmfodnatbly 1.5 to
3. 0. @ant%.uﬂ)r If% Qgér%m%a f%@gi dﬂqt %mgrgovghcﬁ %Eh&é’“l@rof

quantity of m)noéﬁforo or gani ¢ conp oun i's use uct resul ting
fromthe second sybageuensny ceeduaing Pe@!@eﬂmhl?ﬁuﬁt@%ﬂitﬁasl‘@tal sucflu?ﬂ:t i onal

groups capabl e Oltet'ig'déh@n@gtﬁaﬁﬂﬂp@ﬂﬂﬁy@ﬁ &ﬂlh@rﬁiet t®ird stageleld p%pdrﬁ:ﬁon
maxi mum val ency or even dly any_or ci.a none fo Lt he
use of correspor ﬁﬁs%ﬂﬁ’ﬁﬂln’fesduﬁfl‘ffyaf‘%’c‘a;g%“°na 58?Vcﬁ?osf‘1°§e£g)%T§%ss

resi dual quantityo @, fpﬁtys)-amfy mmchhmﬁo;m@ane crafsitioomedahdofatthe he end
of this stagg is;qencrall e{)ﬁ %rg,gue/ Bsb1edhe £ron BROLLELL K @ag@qsuw?hgy

does not exceed approxi ma parts per 't on y wei ght
in the liquid hyordyced Fdateredi um IS thus therefore no | onger

necessary to wash tige g,%aatpwm@ang QS Uh tdnaYEirst siargemmesmadta age
and to purify the I |9 ghrl(g(l:’grobron [’LEdI um 3 after teg}? ucgt%la)ésé o
preparat i on. ith the mon BFAY §8‘B%‘H’G sthSeTfantity SUeh B I  he
hydr ocarbon | i quhdllar ratio of the quantity of monochloro organic compound to the
20 quantity of the magnesium, or magnesium plus aluminium contained in
the product resulting from the first stage is from 1 to 3.5,
.preferably 1.5 to 3.0.
It has surprisingly been found that when this particular
quantity of monochloro organic compound is used, the proQuct
25 resulting from the second stage can contain reduced amounts of basic
functional groups capable of reducing a compound of a transition
metal at itslmaxihum valency or even hardly any or especially none
compared to the use of corresponding amounts of hydrocarbyl
"polychlorides. The residual quantity (if any) of monochloro organic
30 compound at the end of this stage is generally practically nil or
negligible and usually does not exceed approximately 1,000 parts per
million by weight (ppm) in the liquid hydrocarbon medium. It is thus
therefore no.loﬁger necessary to wash the solid product resulting
from the second stage and to purify the liquid hydrocarbon medium
35 after each catalyst preparation. |
\
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nedi um by bringing the nonochl oro organic conmpound into contact with
t'he ptoduct resulting fromthe first stage, at a tenperature ranging
fromJerr]Cto 90[err]C, preferably from20[err]Cto 60[err]C The

operation can be 5 carried out in various ways, for exanple by adding
- the nonochl oro organi ¢ conpound to thd product resulting fromthe
- first stage in suspension in the hydrocarbon liquid nedium This
addition is carried out, preferably slowy, for exanple, over a period
. of 10 to 600 mnutes e.g. 20 to 300 mnutes and with agitation e.g.
stirring. 10 Tiee skbivndd stdgegds ofarrhed pokpar dbe drdpdcarhen ddnid
catal yst CORSH15h Shy grP:LéiH?'tPQ &&%cBEWQLgJﬁE%MpGGnJ RES (ARt SACRDCh
st age into contact Wt ast one comnpoun titani umor vanadi um
at t he naxi thenrpyedushicyesgitineg Sromithp &ix ngn%fﬂﬁF Ehnp JiEmae TRtURe VT8 1T um

at the valency Ofrom osrdmsegdﬂc:‘ga,suaakwwvaﬁadaum &enwmdmeabgeﬁaﬁipn efaar sl y
soluble in the h dr qc rb n | i d nediu h at
Iﬁ is ad,»6§§$ gﬁ%oqssewaxsn or examcl ]i: dd ing t?n n%ngg lor%

pr epar ed. artre traval ent
titanium corrpoundrg;hlge:wpakndf 0o rableaproduct result:mg from the first stage in

(OR)[err] Xerr] ra\a d (eTyno¥e]¥Tale! grmul a 20
V (OR)[err] Xerr SlTSPenS?on %a&éairl]}gdpyc}{%%p%tar?égof ggﬂeriglfis%r'a%fdg :

VO (OR)[err] X[ eeayried out prgipeaplpofiafilie fRr exampley Ioyer (2 @PEd 860 tRi ng
froml to 6, 6003mgnut?est .4 SUCth) 360 4AibhGtes Gad bﬂlﬂhaégﬂlﬁstﬂmge dresbidring.

et hyl , propyl 25 is | or but X is_a.chl orin or atom mis
a whol e or fracﬁ‘) %r‘h (fitBe? ‘équlé ptr?)p%rra%é?réé’ er dg g %‘ml | er
than 4 e. g. céhstigtS inghrlinging @emd@cbrreﬁsnh@tnmmm hbﬁrbepor@qamget 0 or

greater than 0 a gﬁ-“. ke H‘éﬁ”a@ le‘isg ong &an%und of t:.taniunTQ@ 'Uéﬁd@tfxm at
titaniumtetrachlo Is preferred The contact is_brou ht about

in the |iquid hy‘éﬁ‘?)(‘,"é?‘m FetfngH, of 4, °1”sUlPlhzft vanadaki FRARPERALME R yappdiue
titani um and/ or Yanadi ¢iMeaeFTBIUBAS These tGdAniMd bi x@dadyunm &Gupegndd a8 i n the

support, pre erabl ny r.eduction of..these Lian |t|on
S Bjé F&F*%/ solubleI é‘é&’g‘ nl%rd%géarbonaczﬁuld medi %

nmetals, as t tce AT R RS al Y5t in
et hyl ene 35 ( coadqiyky ey pregared. Hor id Ipossitdastm chbhesepr dpartiadakt iang

fromthe T:trava ent tita 1um ?ompoux%d of general forrlt?l _SGCOHd
stage is preferably substantia ree romany basic functional group

capabl e of reducing a titanium and/"Hf (OBdmra §é-tnm
a tetravalent vanadium compound of general formula

20 . V (OR)py X4-m
or a vanadyl compound of general formula
VO (OR)p X3-p
in which formulae R is an alkyl radical containing from l to 6{
e.g. 2 to 6 such as 2 to 4 carbon atoms e.g. methyl, ethyl, propyl,
25 isopropyl or butyl, X is a chlorine or bromine atom, m is a whole or
fractional number equél to or greater than 0 and smaller than 4
e.g. 0 to 3, and n is a whole or fractional number equal to or
greater than 0 and smaller than 3, e.g. 0 to 2.
The use of titanium tetrachloride is preferred.
30 The contact is Brought about in the liquid hydrocarbon medium,
so that a maximum dquantity of titanium and/or vanadium compounds
can be fixed by impregnation in the support, preferably while
avoiding any reduction of these transition metals, as this generally
leads to reduce activity of the catalyst in ethylene

35 (co-)polymerization. For this reason the product resulting from the
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conpgund. It has been surprisingly found, furthernore, that the pr oduct
obt ai hed under the particular circunstances of chlorination 5 during the

second stage is particularly capable of fixing a | arge anount of
titani um and/ or vanadi um conpounds. This nakes it possible to contact
the product resulting fromthe second stab% with the titani um and/ or
vanadi um conpound(s) in a quantity which is substantially | ower than

t hat enpl oyed during the inpregnation stage 10 described in

EP- A-0,014,523, in particular a quantity such that the atomc ratio of

the quantity of stédminstage ds prafexhblm substantiadiy firee frop| apy bagkedi umto

the quantity of fLQ&Ii%BgP Lh’;mcaELbl@QPe:%idH@lr@ WSt itaniufladd}d¥ YEh&QRRAI ned
inthe product resulting tromthe second sta is fromO0.1t

e 0.0.9,
preferably 0.2 rcemppupd. At hag degp tsuspPritingly %‘mﬁ‘mﬁ‘,"“ ALt PRt Y8 the
quantity of titapbdibtapstalhed ARAGE Whe partiCOTFIOUNEHuRptatned of chbarigat tonbe
fixed in the support Qgeferabyw’t o

' a chan val st gt It is
found that at t Q8T HE BF steﬁ?’%‘l stage g’faﬁaerttiﬁ‘gl dﬂgﬁn‘ﬁp gg%f z-tlt ?P%%Fu%qéi%%?or :
vanadi um conpounsiésit péneitahfign and/ori mandddush reompeundise Thisthekelsi §ipgssible

hydrocarbon mditH”l&ﬁQcpeth'ée{)ﬁatdhxglﬁésgptingl %&En@%ﬂk&ﬂi lQll:ﬂge with the
Advant ageously, 1 n certain cases It appears. to be no Io,n%egsl necessary

to wash the sol tdtarizmyend/pesyaneiinge CPBRAUPALS) in a [Gyaptity; ¥R
The third stage subs@aResfly Yowa' Eh&dl taut edpléyedeameingt thee impregnativgi Byagder om

0 to 150[err]C, preferab r tQ.120[err].C. . 1N practi
operation ca béeﬁ‘é’Fiﬁﬂegd’{%&E'g—?'\ég‘F’isgas %ﬁgfdiﬁg%axéfaﬂ%n&igfh%éh fHi% ene
titani um and/ or atemadiretic ofipthendgaiticarefboitaided, tar veradjppd@st titanium

resulting from | BuSiHSPENT ORe mdeidiSullY HrORAEA2AR 1
i quid medi um h?gggd%g??ﬁ%a?%ep?%f ergﬁl erfo%rred SYOV\A % o peus

, for
exanpl e over a pERERivBfcopdaireddp thenprytuc .’@?suéf)i”cgofmtﬁii fifice8d sig8e ang
with agitati on esgfr&t OLIiteg0.9, preferablAQCAr€l 097t 0Aa prrekelt ed this,
enbodi nent, the third stage.can carri . Y \ i
advant ageoudPy r?’é’l?«gs 4% "%gsa%?bﬁefb?%e Vi e °Pq:§9§%jlu:mda€da)tﬁgl ‘{/%,s}{ld%%?/i ng a
particul arly hi glompctrid(is) yused &% fpimhdo be fiped \inetles guprartopreferably with

copol ymeri zat orsnangc%gg& WLEHHC §8ad.NYL BRC£Rha thfOat PHeY URE DEWERTE @

narrow nol ecul ar wei ght “distribution. It
13 consitege heparantity qfntLrandpp mpdl e vIPeHTR: coPourd (R gT IR the
second stage inti ¢petfaet dvatstimhhalliquid hyatodarbsi nedfum can Healkrelmrivelyh

oo O AT SRRy, A, ol e canes?BE il U8 O
be no longer necessary to wash the solid product resulting from the
third stage. ‘

The third stage is generally carried out at a temperature
ranging from 0 to 150°C, preferably from 20 to 120°C. In practice
25 the operatioﬁ can be carried.out in various ways. For example, the
titanium and/or vanadium compound(s) can be added to the product
resulting from the second stage in suspension in the hydrocarbon
liquid medium. This addition is preferably performed slowly, for
example over a period of 10 to 300 minutes e.g. 20 to 200 minutes,
30 and with agitation e.g. stirring.
| According to a preferred embodiment, the third stage can be
carried out in a way which advantageously makes it possible to yield
a solid catalyst having a particularly high activity in ethylene
polymerization or copolymerization and which produces ethylene

35 (co-)polymers with a narrow molecular weight distribution. It

—_—
This Sheet Has. e

e

12



A “pref erably at |east one al koxide-rich titanium or vanadi um

conpound. The hal ogen-rich titanium or vanadi um conpound i s chosen I n
particular froma tetraval ent titani um conpound of general formul a

Ti (OR)[err] Xerr] 10 a tetraval ent vanadi um conpound of general

fornul a VO (ORP[err] Xerr] and a vanady!|
conpound of general fornula VO (OR)[err] X err]
in which fornmulae R and X have definitions identical to those above, 15 p
is a whole or fractional nunber equal to or greater than 0 and smal | er

than 2 e.g. O taohsbstsObsfediallly dndbringsnm thbiredast resultfipgchriopnttie nunber
equal to or greate%lémé hs%FF?an.tg co@LJ:terfJ.Lg@%f aIE‘l with at- ﬂzas@ &% lor Oto

0.5. The hal ogenh-Tich ni-um or vanadi um npound {)referablg
titani um tetr actiadpgererightddaninm or vapeﬁva!ch?renopa@ GF‘dvfé}?&dV th pt eiesti de.

The use of titani M s¢aniuh &y §&HdHh ARmbSurdr egﬁaﬁﬁﬁmg little or noﬂi@logen
al koxi de-rich titanium or vanadi um conpound cont ai ug H]'I’ﬂl e or
°F {Y23A

hal ogen i s Ghoserrefarghdyt pedeast ﬁ“&n?lémf‘é‘fer'ﬁ%ﬂ é"r’lFam corrpound
of general for ml&o?npo&ﬁi The halogen-rich titanium orTwai£dR)p arompoufdcis|chosen a

t etraval ent vanagdi me of menera
vV (O?;/[ err] \>/<[ erJfri B ipcnR r}qovanagpfgv%llext Ou%]é'irﬁ%mg omg xrd { grgmj 1

VO (OR)[err] X[ efarpul80 in which forrrul ae R and X have definitions
identical to those above, r R\ynoie or fractional nunber equal to
or greater than 2 and smaller t an® or uaI 2.5to 4, or 3

0 4 and s iX9 a ufGteavalent vgpadium coppoypd af %’feréa]tfeﬂmﬂb or greater than
1.5 and smal | er than or equalvot(DR’S &Qgp 2 to 3, or 2.5to 3. In

ipgr':)irg?la?;bl ;he BnSd a galmlg(axi dceom%&nta cgr&ggnﬁ ggp‘;lﬁl ning li t'ELI4e or no ha;ogen

titani umtetraal koxi de, a vanadi um'PefdRagl ¥®xi de and a vanadyl
trial koxide, espggi@liby folchibeUR M ¥ H:Adi dBih &t TRk SRIIN@ PSR 86, those above,

15 p is a whole or fractional number equal to or greater than 0 and
smaller than 2 e.g. 0 to 1.5, or 0 to 1 and ¢q is a whole or
fractional number equal to or greater than 0 and smaller than 1.5
e.g. 0 to 1 or 0 to 0.5. The halogen-rich titanium or vanadium
compound is preferably titanium tetrachloride, vanadium

20 tetrachloride or vanadyl trichloride. The use of titanium
tetrachloride is preferred.

The alkoxide-rich titanium or vanadium compound containing
little or no halogen is chosen.in particular from a tetravalent.
titanium compound of general formula .

25 Ti (OR)y X4or
a tetravalent vanadium compound of general formula

v (OR), X4y
and a vanadyl compound of general formula
VO (OR)g X3_g

30 in which formulae R and X have definitions identical to those above,
r is a whole or fractional number equal to or greater than 2 and
smaller than or equal to 4 e.g. 2.5 to 4, or 3 to 4 and s is a whole
or fractional number equal to or greater than 1.5 and smaller than
or equal to 3 e.g. 2 to 3, or 2.5 to 3. In particular, the

35 alkoxide-rich compound containing little or no halogen is preferably
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t4 tani um or vanadi umtetra-n-propoxide, titaniumor vanadi um

t‘et rabut oxi de, titani um or vanadi umtetraethoxide, vanadyl 5
tri-n-propoxide, vanadyl tributoxide and vanadyl triethoxide.

The proportion of al koxide-rich titaniun1q& vanadi um conpounds

containing little or no halogen relative to the hal ogen-rich ones

which is used during this stage can be such that the nolar ratio of

the former to the latter is fromO0.1 to 3, preferably 0.2 to 2. 10

The conditions in which the two successive contacts are brought about

correspond to thoddtepitmbeFrapbiaxife,r a3vanajum tesrealkexids, and a vguaqyle | oy
the total quantigpsa®kodiideandspat 2d1d4Of i taabasl iod v aREP@L RESraisopripoxsdeh t hat
the atomc ratio of the total ,quantity of titaniu or, vanadi um or
titanium plus varddrii ©5 .YW@“%‘&%&FH%‘“GP"‘E&%‘@% ripin%‘af'gnr?‘e"s“ i°urmva%arﬁ%gnesi um
pl us al um ni um cistirabuieckide, ttheampinader tvanad iunr behraethrgifie ovanadylsecond
stage Is fr O'Qrit—g-%o?:ﬁ:épz{eﬁ,{ ?%?43% Q:'i%utoxi_det&dovZnadyl triethoxia¢ solid

product resulting fro ?e conprises a support based on a
refractory oxi de contkg mrapeTdPe Rfnatikaxiderrishntitaptpm ogfvanadiwscgppounds
tetraval ent titafdnt@idiy Qitt13Na#lindMhAIvgen rellat 4@l €dtthe haloganafiyh. onkhe

atomc rati o between {he antit f nesi um and uant i ty. of
titani um and/ or Qdf%ﬁsgﬁ “ﬁén%&?‘flﬁr%gﬁﬁuccaln%fuﬁ%m%at R AT Ir?/ty’for 8 2
to 8, pr _ef er abl ytHer Gtrrn_ithtb Cthe. latter is froxﬂ'_we 1f'g:yr3t. mxgetfa_geblar 0thdao 2
prepar ation the- S‘BLA oﬁ@%ﬁ]o%‘%tixgahicsrfgﬂilt%gsd&epéivggkmat:bg a’i’Ql in%ught .

product resulting fromthe | ge, also called internedi ate solid
product, into cofhodtceoynerpond todilesp nfined #bpya £AE Fristeglancortagh- In

al plha- ol ef in Coﬂixa;iilE!&ﬂg.- th&BoBal QuantityBof AikeRiud @RBYori VaradEucofpdmas Of
at | east one organoal uniniu Or _organgzinc,_conpound.. The gontact nay
be carried out ih® £95B thaﬁa{?ban\ﬂf%"émofa n??%Sugﬁvgﬁ%ﬁg§F%r°gf%:ftaaﬁ'lnflm’ oF
brought about byvaddimg, or tittapitielss|vagapiundbettheegudntityy offrtm t he third
stage, in SHARRBSION of NydellEs ML AGALRAR: bl Woilt FBAGUR 18k hydcane: and
optionally 13 a%g%aPpﬁg’- gkgﬁgn Cont gi ni r?g _C%ntlo 8°car bon at omsf]lyé). g

propyl ene, prAvdféngl frpmtdgesacond nghage| im £5emOe heto Opf» PEeEsrably 0.2
preferably at a 89 o.7steady slow flow rate and over a period such that the
solid catal yst

15 .
obtained is in the f&PMmHi4 BFPERST FREM S8R HOR Y FPEW THi8 Sopegses @
preferably from &épgodt ZMzed, orc agrefZ@ctoryl 08idp obntpdhjmee hapegenated gphpumdeom

of i[i tani um 2(pr X@gﬂ%ﬁ% Ortt{:::irgﬂmeﬂm piéiﬁ:.%@%ﬁ&'}%arﬂﬁum and?LP@'iQLf‘Jnitn
optionally enpl oye xed With the ethylene is used In
vanadyl. The atomic ratio between the quantity of magnesium and the
quantity of titanium and/of vanadium in the solid product may be
generally from 2 to 8, preferably from 2.5 to 5.
The fourth stage of the preparation of the solid catalyst
25 consists in bringing the solid product resulting from the third
stage, also called intermediate-solid product, into contact with
ethylene or ethylene mixed with an alpha-olefin containing from 3 to
8 carbon atoms, in the presence of at least one organcaluminium
or organozinc compound. The contact may be carried out in a
30 batchwise or continuously and is preferably brought about by adding
to the solid product resulting from the third stage, in
suspension in the hydrocarbon liquid medium, ethylene and optionally
an alpha-olefin containing 3 to 8 carbon atoms, e.g. propylene,
butene-1, hexene-1, methyl-4-pentene-l or octene-1, preferably at a

35 steady slow flow rate and over a period such that the solid catalyst
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5 a mnor quantity conpared to ethylene, preferably such that the
proportion of copolynerized al pha-olefin in the prepolyner is not

hi gher than 10 % by wei ght and preferably fromO0.1 to 7 % by wei ght
relative to the ethylene. The ethyl ene prg ol yneri sed catal yst thus

obt ai ned at the end of the fourth stage c ﬁpri ses a (co-)polyner of 10
ethyl ene having a relatively high crystallinity and a | ow solubility

in liquid hydrocarbon and presents a particular high capability of

i ncorporating C3 to C8 al pha-olefins in an ethylene copolynmer durin
copol ymeri sat i oPtainedcbntiacthd formeff s rreRoDimggecdniving from geﬁeﬂgplgh _
brought about wipl-Br&Qibl At:RR, 1 £d. 200t grre 139, 2t 8 1305 g LEpeIAed! Fethi ch i s
general ly between_10][ err'lC and 100][ errL r ef er abl bet ween 40[err]C

and 90[err]C, afdlitatom ofdditgndugy,v %addg'ﬂer”él H/tﬂ’?rltj‘ﬁéﬂlus vanag{ug,
at rmspherl c pr e&syne-oaadid @peiodatnaﬁ e&pmdemgze.d 9ith the kethbene is uséhein

duration of cthis gont a 600
m nut es. 205 2 i ga%no(\tﬁt@ %C‘iom ‘§FJ“8 (f%g age ;e eraﬁlr’g %? t'-'rél'gi(:)utthei n the
presence of hydm@‘gmtimmQﬂnCﬁmﬂmer%de@ﬂpthe-ﬂﬁéineiactthemmﬂmee is notonce

at the beginni ngligfnext REak QB 8Chy wQ.{gtﬁl 8hd ProEdlBiy C!froﬁz'drqstoof Z by we@kl'ﬁo
slowy at asteaé | ow rate while the _contact is broug about .

quantity of hydr§d8HvEsEY tﬂ'ﬁr?tﬁ’dl??ﬁ s Theg&by Jse"§uE’Ff"PPﬁ8‘Eer253d t"ﬁ‘Ea]p%%tt F%Hs
pressure of hydrobgeine@ayt el éx106. £k FourkhMRoage. gompﬁhﬂfs a (co-t)poﬂmiirM;ﬁ
The presencg,of Qge yrin his ven r

quantity, ngﬁes %%)%‘%S?%‘Fie su%setéqtlevr?tﬁ?a}g% jtnq% and ael°¥' g{?binty
pol ymers or copdinykiruidnhydrogarhenf sad lpyemmsgemnécular h%bmbﬂlm of n

particul ar ones 1fnee§prra9mggegsto %9 alpha-olekifs qan@%tthmnteheoJoq%w st age
I's brought about in the presence of an activati ng agent chosen from
u

or ganoal umi ni um?® °°p°1€B‘ﬁ55cﬁfﬁdl%“'su3’he £t iR AbS SRR P LT8R 8% PP al umi ni um
hydri des, (déln@fd]d.qsbﬂﬂ@hmdebﬂlvﬁitﬁSaglmﬁtm’rgaE@I Iﬁ:l.lﬁ:(ii’@pLthS such as
diethylzinc Th actl atin ed to s he Li |

hydr ocar bon rne*detump ué? oﬁgg at 8th ragg’bapr?gw?\en 9? ‘?he clgblr(#t at:tprefembly

16 nunbéqetu#ert AAES agiisQ°iChusndd abet meessurhevlbeyi imniengeraidy tighend

whi | e the caafCitmospitratYiesdRAl tand TR HUARLI 3 Yiraf e aggthﬁttiong Mpgent
used duri ng this stage is such that the atom c ratio between the

quantity f Thmedyratieny OF this ﬁﬂ‘b*iaﬁ?: 94D berof AR tecPPY Airntesagers-. 3AnkP

the 5 quant | tepoohidutes&ni um or vanadium or titanium plus vanadiumis
from 2% to 10’Tﬁ¥;e£g¥€%QL¥nay be Qavaﬂtagegusly groughg about in the

presence of hydrogen, which may be added to the reaction mixture

a

once at the beginning of the contact, or else a number of times, or
also slowly at a steady flow rate while the contact is brought
about. The quantity of hydrogen used during this stage is such that

25  the partial pressure of hydrogen may be from 0.0l to 1 MPa e.g. 0.05
to 0.5 MPa. The presence of hydrogen during this stage, even in a
very small quantity, makes it possible subsequently to manufacture
ethylene polymers or copolymers with a perfectly homogeneous
composition, in particular ones free from gels.

30 The contact in the fourth stage is brought about in the
presence of an activating agent chosen from organcaluminium
compounds such as trialkylaluminium or alkylaluminium hydrides,
chlorides and alcoholates, or organozinc compounds such as
diethylzinc. The activating agent may be added to the liquid

35 hydrocarbon medium either once at the beginning of the contact or a
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An el ect ron- donor conpound such as a Lewi s base can be enployed during

dny onhe of the four stages, but is not essential. On the contrary, it
is better not to enploy a conmpound of this type because 10 its presence
rapi dly decreases the activity of the soI*Q catalyst in et hyl ene

(co-)pol ynerization. Preferably the el ectton-donor conmpound is
substantially absent. The quantity of el ectron-donor conpound added,
if it is used, in the preparation of the solid catalyst may be limted

to a very small proportion, in particular 15 such that the nolar ratio of
the quantity of @P@@Fr?fn-télmldié’bﬁﬁﬁﬁ?ﬁj between; the hesifpingidng bre ept Milden

or vanadi um or Eli&-imeﬁtdw Pé WSought avmdtmusnﬂﬁwf tab@ivatihg eaggnt fusean O
to 0.2, preferabl t hat the

t ha n a
ratio of the quafl ‘Tif‘ﬁ '%}fi' Stageef‘%cﬁuf’gnuﬁ&{(}]} S%rﬁ)iguﬁ%j“f’ g?weeﬁutahr?t q‘t‘antlf['y
t he magnesi um oof Xbe maahgnés) WAL pdndgon|Zm)i off he i actiivetEingt #mtlﬁr@tbeg from

0to 0.1, p&xﬂn%r &f L%’iuﬁh%'} ‘Mn?agiﬁn gor 1% Bond 9195 Qanadiif is from
el ectron- donor ound % be an organic electron-donor conmpound free
fromlabile Ohi/GPO nprefeya kiéloe&t'i'-ﬁjsan‘b‘rﬂgs? -&fEAet. thioether, anine,
an de, phosphi ngy §1lé|ct%—denoﬂ3|&6§ﬂiﬁﬂaéﬁc@eas S t.asﬂﬁ bRde RShWe emfloyed

The catal yst obtained after t st sta id eth e

prepol ynerised cAtEPsEPHPRY] gFB‘? %Hft%“gﬁ)’eiﬁgs dn H etsfflgtn"agmo.n the and/ or
vanadi um capabl eomtfralpej rig esHedyed nbbrtd keplpyl ¥ wmpoutd ofi Wyis type because
COpOl yrrerl Zaié Onlgé quegéx{c@sraﬂl é9°&9?:§.—h§§e% H;@ a@%ﬁﬁﬂ:&' é‘é tﬁLegIﬁrihscatalyst in

already existing rn‘the 1nternediate solid product Obtained at the 30 end
of the third stag‘éhxlr?n9|¢ﬁ°r'éi’°1pmef)¥ﬁaﬁ%s Brefegably &he glegtron-donqs r actory

Oéhde a“dl ?t ons Qfamp“&ﬁh@rweubmae&u@n&b@n&ammm QREL Oty of ele¢8hatHdomdr and
addi tional |y conprises an org | und ni u
or ganozi nc conpo&ftR® “%r%ddﬁfle?:il s&f yi® PAT 'é'[% yg’feparat‘“@oﬂé Iilgess°nper

'mlliatom of titaatalystotayy deddmiited ap 4 ivieayismal bl prop8&k iovaniadparichtom 1
to 200 g, pr ?{: er %EJ:I%/ tfhl;zgr@h:ko?léﬁrzp&ﬁg Qé the quantiTy of electron—donor compound

17 pol yet hyl ene or copol yner et hyl’ene with a m nor anount
of " an al pha- GPe‘th Auendritdiof fitanipe, 8°rc&¥43"6ﬁ“'&»t SsmegnesiNmPpug o 15 g,

pr e]t er ag: y ]1: rom ?aﬁaél%éps _glofla;r anbef1/78ct Gy ££orl deto for @Mpkekorably than 1/10
preferably from to t ons nesi um

preferably from §:8 tf5oR rﬁ°l+ﬁat S%ngggiqﬁn’f’?ﬁaﬁnf“i& g ;}8 qu&l’lgity of

al um ni um pl us ziefegtrandddnornednpbond) twathee qhassity hefn tbBe zh;agpesaifues adxt y

from0 to 0. 4se. I 100 e 1138 B/ RCEI LN IGRY 1o 0.1,
conpound. Th%s so F% Q% l}l&gtaﬁ%lg}l gD40orem o I’IO)I”I stlégky partl?:l es
preferably lower than 1/20 e.g. from 0 to 0.05. The electron-donor

compound may be an organic electron-donor compound free from labile
hydrogen, e.g. selected amongst ether, thioether, amine, amide,
phosphine, sulfoxide, phosphoramide, silane, or ester.

25 The catalyst obtained after this last stage is a solid ethylene
prepolymerised catalyst of Ziegler-Natta type based on titanium
and/or vanadium, capable of being employed for the polymerization or
copolymerization of olefins. It comprises the essential elements
already existing in the intermediate solid product obtained at the

30 end of the third stage in similar proportions, in particular a
refractory oxide and atoms of chlorine, magnesium, titanium and/or
vanadium, and additionally comprises an organoaluminium compound
and/or an organozinc compound. More precisely, this catalyst
comprises, per milliatom of titanium; or vanadium, or titanium plus

35 vanadium, from 1 to 200 g, preferably from 10 to 200 g of

i \\ﬁ““
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whi ch _may have a mass-nean diameter of 50 to 500 microns, preferably 10
80 to 400 nmicrons, e.g. 100 to 300 microns and a bul k density rangi ng
fromO0.25 to 0.60 preferably from0.3 to 0.5, e.g. 0.4 to 0.5
g/cnerr]. The solid catal yst obfmined at the end of the fourth
stage may be advant ageously washed one or nore tinmes with a liquid
hydr ocar bon 15 e.g. an al kane such as n-hexane, and can be enpl oyed as
such, directly in a gas phase ethylene pol ymeri zati on or

copol yneri zati on i n.p r n_be
I solated, if pol& ethjfle&e ?&I %I i regcétgr %gﬁ}fgﬁ@ @ﬁﬁl 53,?1%9 i t O% at?
was prepared alm—mqmnmn@mﬂnmést%ésmmmeExaFmS!neD l?yt'e\ﬁépSr at i ng
the latter 20 @éefertﬁypetaa o 8 %hustg @2Na rﬁmgscﬂépyt&uwo[mrn]ﬁe g, 10 to
80[err]C and tlonalla/ 3ng lg rtial % The SO|Id
cat al yst prepar el 856‘?18' A5eR S r’tf‘t‘?“ﬁvg jagpesium, from Q.Lite 4%y
sui tabl e for5thepgeferpblys €r@oloyfetd 2atnidiigfons of adthidieme cxndimspeci al |y

for the gas phas?n&&ﬂ%&’ 1'}3{;& Zzgﬁuh rkét‘&f ££5h 0 é‘qbQYJzaet’&% Yidh tﬂénp'oeé‘StprQE'&ably

al pha-ol efin contarnin on atons e.g
but ene-1, hexenefdom ﬁet-qn;ﬂl -14e 48enf 49d- o 0. 03 nidligpdecek-ap, elqetpontdones ar

hi gh density pol y&tﬂaﬁh@nehtslemtaycatgl% is 1n tﬂe QGoPd & ﬁmsuéwi patHRAks
| ow density pol yet’eﬁ)“lr ene or very oI yet h‘ﬁ)ene denaﬁi
0.88 to 0.94 g/ cHrts? p§y ﬁ’év?rfg'“ﬁ?%meént‘l}a%t“ SF)O/% et 08 piFroBs, Rye % 114
of C3 to C8 H phée doctidhmictars,caagnplled to 30Mwicmmssanf aabtilmnelmszied bed

reactor, at a tegpﬁ;ﬁ%ufr%mos Z?SOE:grd ]66: 61%ferab1glgp+ue6rg Qo 9r§f |0y441% and

100C, under a to sure which can rom0.5 t0
rati o of the parPrfaIE/p? sure of the al pha olefin(s) to that of

et hyl ene being of 0. Qtetébl@d%atatfétebabime&t tHe Qadat ¢ Qh45fdi‘1r9h &agé a9
0.43. The solid catal refera

|
conjointly with 8 ecadlc‘,’ég%ﬂgfg’t‘s yriasheg; P%“r fefri5e t LIS BHER & llrg)“r%rﬁydmcarbm

or ganoal um nium ang. a@hgariank NGichOa dthéeksanieqleaidi ead bet empubyed as gudhf,er ent

from the actival L a95ntn USEfh BHANSehPRal G A0 D: sopotblliization,

preparation of g cat ntro
pol yneri zati on neﬂlmtSWﬁ}Irt mtéoﬁéttsdimtﬂeérr@epm -aflél senf Pemsmeted: ifsolid

catalyst in an agpsitedsUthom! B nYifocatodd Qig@dd Qe&ifumt B which iEYad ESpdrl
and/or Zn) of the cocat al%lzt to titanium_or vanadiu or tltanl um

pl us vanadi um i s°F f¥dh Brieh & ¥es yasbedr zfl?l"ye’fj‘mﬁl‘t cPYSe"ap“atWet@'a aphefse
et hyl ene pol gorer iaz ad itemperatanp ey ok rdanatdngs wartoi Hb°E0e.goull itd 8He pnesence

of the solid catglysh piFRAGEH L&A L0 NPl NE
The solid catalyst prepared according to the present invention

is particularly suitable for the gas phase polymerization of
ethylene and especially for the gas phese copolymerizatien of

25 ethylene with at least one alpha-olefin containing from 3 to 8
carbon atoms e.g. propylene, butene-1, hexene-l1, methyl-4-pentene-l,
or octene-1l, in particular high density polyethylene (density: 0.94
to 0.97 g/cm3), end linear low density polyethylene or very low
density polyethylene (density: 0.88 to 0.94 g/cm3) having from 3 to

30 30%Z e.g. 5 to 25% by weight of C3 to C8 alpha-olefins, for example
by means of a fluidized—bed reactor, at a temperature of 20°C to
110°C, preferably 40 and 100°C, under a total pressure which can
vary from 0.5 to 5 MPa, the ratio of the partial pressure of the
alpha-olefin(s) to that of ethylene being of 0.01 to 0.5, preferably

35 0.02 to 0.45 e.g. 0.03 to 0.43. The solid catalyst is preferably

\
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present invention has the advantage of progressing to a high

conversion w thout a substantial drop of the bulk density (0.32 to

0.45 g/cnferr]) of the polyner or copolymer powder produced which may

have a Ti and/or V content from1l to 15 pp preferably 2 to 10 ppm 15
Furthernore, for manufacturing an ethyl ene copol yner of a gi ven

al pha-olefin content, the solid catal yst prepared according to t he

. present invention requires a relatively | ow proportion of al pha-ol efin
‘relative to ethylene in the reaction gas nixture npl oyed for the gas
phase copol yrer i eeploged cPRECNSLY itht dIopestyFspo The Hé‘tb?’éé‘\éﬁtbel Y%A on
has the specifi cfwrpaegan»ammﬂnm&@rdaar&tgaagzalc compoﬁﬂ:[i uaemﬁrclay du gh cont ent
of a C3 to C8 al {}afaole ent i '

ip an
et hyl ene copol y 6?’?*?151’3'“3;5’% pHad épmg agecnécp%TedngE t'l:t(’)en Wit er a of gl
pressure of 1.5 diRapreparatéerd of the patglasty Ibimay bxpm@ss@d:ebyi!mo teast one
of the foll OW ng ﬁﬂﬁﬁ@i’i%ﬁon gédiun( b@’tmuﬂane@us)i]y(ﬁ% Qp[s%E)E}Qtely from the

wherein Ais the tene-1 content by we

et hyl ene/ but ene- 3°X6petiatErt Hine paragquak 595{‘ dhat thenatpmigsrafiqsef the

P0p0| yner i sat i gnm&ﬁlKE?CkAQuind%Emﬂ)th GleatdctaDfstt & it@SRA, or vanadium,

i nvention in the presen a reagction gas m xture.containin

et hyl ene and but SheiEangpon ey tap e 125 §-5it4 fo” Hefedeld o co 5.
pressure of but efies ascpltasatethiyletdpbiymerizatiics waicdrolometizafion carried gas
mxture rangifg (OO erég%’cep&‘.EftﬁE a@ﬂd fJan.&togrrélﬂred accordingotéa@.h@ g.

0.01 to 0.1, and a is a nunber fromb prefera ¥l60to
70; 35 (2) B prqjsekt(mpbm has the advantage of progressing to a

19 cObRreish Rithouthe sudkbadtid: pﬁ:labedm%tﬂxe sk eddnsyy Wei. ghttoof

an eth pentene-1 co repared at 7Qferr]Cin
a gas éhgg](g/% p)o?%/rrté‘rei grﬁylmgﬁ Car? &Jx tp°8d?'ﬁpfﬂ%u°€gtvéql&§t Jgf t he

present inventi ohave at Be gadéseiVceonsfenty frugact itonlyapmiripreferatdy 2 to 10 ppm.

cont ai ni ng eilbyl ene Q‘ﬂgtt{gﬂngi@ éopmrnﬁf'@c'tarir(gogﬁ/&%ieﬂes cb ymer of a
ratio of the partial pressure of pentene-1"to that of

ethyl ene in the &iveP Pé&‘&‘Pbﬁf’g‘a§°‘fﬁe}3¥urt@er%ﬁ1‘anﬁaW8ﬁ @repared accordingytg

preferably from thprhee& Zﬁva;tgon&eaﬂ;ﬁa Q. ﬂalaamblb 1@ @roportlon of nunber
from 80 to 100, ree onllmtlng

exanpl es illustr# %hat ﬁij €4"y§%gattive to eﬁl\‘/y(]elﬁf‘ ot rteﬁ j'f’ab'Fes % Y% eand 3,
t he productivityemplayeprixgséble gas phasegeepedyrdfrigaionpol| Eheesolddr cmalllys'atqu

of Ti or V, 5622 lﬁeiﬁ%eggﬁ¥ invention has the specific property of incorporating a
' particularly high content of a C3 to C8 alpha-clefin, e.g. bupene—l
or methyl-4 pehtene—l, in an ethylene 6opolymer during a gas phase
copolymerisation under a total pressure of 1.5 MPa, the said
property being expressed by at least one of the following equations:
25 (1) A = a x (pC4/pCy) '
wherein A is the butene-l1 content by weight of an
ethylene/butene—1 copolymer prepared at 95°C in a gas phase
copolymerisation carried out with the catalyst of the present
invention in the presence of a reaction gas mixture containing
30 ethylene and butene-1, (pC4/pC2) is the ratio of the partial
pressure of butene-l to that of ethylene in the said reaction
gas mixture ranging from 0 to 0.43, preferablylfrom 0.01 to
0.36 e.g. 0.01 to 0.1, and a is a number from 50 to 70,
preferably 60 to 70;
35 (2) B =1b x (pC6/pC2)
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mel t i ndex of (co-) pol yner measured according to the standard net hod
ASTM'D- 1238, condition E; BDis the bulk density of (co-)polyner 15 powder

at rest; pC4/pC2 is the ratio of the partial pressure of butene-1 to
that of ethylene in the reaction gas m xt Example 1

- Preparation of a catal yst A sup 3rt was enpl oyed, consisting of
an "SD 490" Registered 20 Trademark silica powder sold by Crosfield
Conmpany (Great Britain) - which had a specific surface area (BET) of 300
n2/g and a pore volume of 1.7 rﬂI? It consisted of partjcles, haV| ng a
mass- nean di amethereds Bl thecheihyl-4pepbanedl| (ARteBY BY Foight of an

S500[err]C, in an etlﬂhén%@ﬂ%ﬁhﬁr ntEQeilealbdlyﬂeﬁIﬂrbﬁﬁrdﬂOﬂd%‘Cl ih afgda ee
wat er and 25 cont ai_ni ng

.o ram. ALl the
subsequent operat i on%ha\ﬁér"e°p8é¥’?‘iré5a‘b’£?{‘ ﬁ?‘fd%/i ﬁgtrht %ﬁ? tcra(%ag"sq' of the
at nosphere. pre@efit ninvedt ionhibxx ahe mdem gfoﬁ I'Bhetld’ﬂll 23k giktura were

introduced o into g,tai.gisng' s:éﬁ@,ﬁ;.sednd%néehsie:, pgﬂeé,guf Iept«.egpcmtm &he

stirrer 30 rotatlng l'ut i ons pef m nut sl ow y over 1
hour by 190 mi | ¥étiol ef the rArBiel IPFASFIES| efmmealeﬂa‘*t %?P&éﬁaﬂurte giat of
ﬁo[ err ]Tﬁ Thf_ g nlﬁﬁy'igﬁe tihU@h@latﬁm nedcVn §dd migehrat raliag rironf®reol )
our. e soli roduct thus obtai ne ree ti eac
with 600 m of f= %eka?férél’ HEFLR O E:iatﬁ’d ﬁl\grgmﬁ)éggqiﬁaghlﬁngs ﬁesﬁ 2
~contained 1.7 35 m hinbekofRn080 taghehi prefeerably &M of 1901 ca.
20 ek 86! lyif@ ot Mhfnl NErah do [-LP{\&%Qée CA jrssaispensi on

I n 60010n1 of n-hexane err| m || inol es_of
tert-butyl chl orinyentiane In rtBEIlR?é‘éle’F o2 t 4 ?e%ﬁoﬁ’r%lf‘ﬁwr‘?tbv’esr expressed
hour with stirrifgréhs rohe(&ﬁdp@lfym'bhlﬁert in{F1 itaB6m ras\fx-ruroe vauIst g red the  at

SO[err]C for 1 hour and wa oled to r omte aLure rr]

The solid producteitsiod 3? n@ﬁ'?&g‘y{%‘é FEASHiTFre®® Y eac gg?fki% hod
of n-hexane at ZAHMD-}rzsaAfct@ﬂitimE VEDs 6 rie bttlkcématne‘?f Ici7-)P°1ymer
mlliatoms 3k U 308 2. . gk ? Al QEE Qi 16N0thd§aRPEla10pRMRke of
silica, and subs antially no unctional group reductive 10 t owar ds
titani um tetrachbwengel to that of et}lnéer}eeamféﬁe E?Pr?ttéi”i‘ngﬁg '&’ﬁﬁa‘ht ity of the

solid product ( BYxample xcOntaining 30 g of silica in suspension in 600 M of

n- hexane was
Preparation of a catalyst

A support was'employed, consisting of an "SD 490" Registered
20 Trademark silica powder sold by Crosfield Company (Great Britain)
which had a specific surface area (BET) of 300 m2/g and a pore
volume of 1.7 ml/g. It consisted of particles having a mass-mean
diameter of 100 microns. It was dried for 5 hours at 500°C, in an
air atmosphere, to obtain a silica powder rid of free water and
25 containing 1 millimole of hydroxyl group per gram. All the
subsequent operations were carried out under an inert nitrogen
atmosphere.
600 ml of n-hexane and 60 g of the dried silica were introduced
into a stainless steel l-litre reactor fitted with a stirrer
30 fotating at 250 revolutions per minute, followed slowly over 1 hour
by 190 millimoles of dibutylmagnesium, at a temperature of 20°C. The
mixture thus obtained was stirred at 20°C for 1 hour. The solid
product (A) thus obtained was washed three times, each with 600 ml
of n-hexane at 20°C and after these washings it contained 1.7

35 milliatoms of magnesium per gram of silica.

This Sheet Has Been Reﬂlaced ) 19




t hen heated to 25[err]C. 15.3 mllinoles of titaniumtetrachl oride were
i'ntroduced into the reactor slowy over 1 hour with stirring. The 15

m xture obtained was stirred at 25[err]C for 1 hour. 15.3 mllinoles of
titaniumtetrai sopropoxi de were then intr%duced slowmy over 1 hour

wWith stirring into the reactor, which was 2kept at 25[err]C. The m xture
obt ai ned was then stirred at 25[err]C for 1 hour and was then cooled to
roomtenperature (20[err]C). The solid product (C obtai ned was washed 20
three tines., each time with 600 m of n-hexane at 20[err] After these
washings, it contai nBe¢ reFcter| F?’é’@bﬁ’s“gofhwgﬁe%lpﬁﬁ?u‘%: éA}n‘F‘I pugRshgion in f

chlorine and 0. 4@0”’!ni|dfah0ﬁ’65:aﬁé wait El@éﬁaheiﬁedt té BOPOM2PEr mY1aAMOYYs of
silica, and substant Erlva en

2 litres of
n- hexane, 10.8 n¥S5t Vés #¢ M§TRC ’VF& %ﬁdn%& bhe re%ﬁcﬂa#ﬁéﬁt??f ot
solid product (Qourowithi sthgri6e At tid epd off this tipe tthei wintwee ovasnstiggaded
into a stairn ess,Skeed Ryl | WoGe ! agfacwg then coué& &g meht&np%trhwz%r ¢ t'2n9 |

at 750 revolutions per m nute an eated to 70 r]C. A vol une
n of hydiogen, Theagolidraedpst (B) obiaingd|vasoveshedo eemh%meehe%qhnv%féue%d

therein, foll owegh Ry @iﬂ&khweﬁfb c.akstRrstiadywdshlifgHfit 166 HalindOn . hours
At the end of this._.tinme

react or t t ent
transferred to &¥3dares O maghetiaPatnst zmm'}légt%Z’iﬁe%efgﬂ%flﬂkgs&gég%? & d
off at 60[er r] C silder, and subspant iadlly wac bastc Twetdohald geadmirgdtctiy which

was ready fofy USE, MA8s tit nid?n“i?e %1 %q ein the formof a prepolyner powder
consi sting o 35 particles whic a mass-nean di aneter of 250 nicrons
and The reactor containing a quantity pf the solid pgeducti (BH 80 g

o; pol yet Ihyl ene gsitafhidg 30 CﬁﬂoﬁfsﬁlliEﬁanBhspensiorEXﬁnﬁﬂoeml? of n-hd?faaaavgt ion

of a catal yst e 0 rrie I, 0 a e
o o iha L imsgabattelnte RBeh 1 8 AL iRt ¥ satpn SR SoerhcRyzse SEEET
of n-hexane and #ntgedwteddt ynigf théeresotod spewiduotver B) hour wi'domtarmnsg Be g of
silica vere jntroduced Jgiho,d §L@'slek9§e% st effec for 11addtr oy, ga,ﬁflq&méietst gd

with a stirrer systemrotating at revol utions per m nute and
heated to 50[err¥’€£"=‘nﬂb‘l1 |temsgpwa°fiw wege Lhep 1WPF‘F%§‘I glowdy eyarahi hAnr

teE rac]hl O][' de Ovﬁfthlshﬂ.lﬂing Tivonihe Wesctor, whibhaidaeReptaat (4520, Sthel heftudh
50[err]C for

(20[err] C). The %Lﬁaiﬂggrw\égﬁc%ege%icr%%fl gﬁctnég S f“wa?'ﬁg} e ‘%Etatﬁlr:{eere pPhed to
each tinme with 66@mtenferatimex §2@° Gt TG erlidCproductr (Phebkained wanashahegs,
It containedyl. 7¢flde! t AfedTBeftn FRANGELLB00 418 oF 1 d-HbRh™at 20°C. After these
washings, it contained 1.7 milliatoms of magnesium, 3.9 milliatoms
of chlorine and 0.45 milliatoms of tetravalent titanium per gram of
silica, and substantially no trivalent titanium.
2 litres of n-hexane, 10.8 millimoles of tri-n-octylaluminium
25 and a quantity of solid product (C) containing 6 milliatoms of
titanium were introduced into a stainless steel 5-litre reactor
fitted with a stirrer rotating at 750 revolutions per minute and
heated to 70°C. A volume of 280 ml of hydrogen, measured under
normal conditions, was then introduced therein, followed by ethylene
30 at a steady rate of 160g/h for 3 hours. At the end of this time the
reactor was degassed and its content was transferred to a rotary
evaporator whefe the n-hexane was evaporated off at 60°C under a
partial vacuum. The solid catalyst (D) which was ready for use was
thus obtained in the form of a prepolymer powder consisting of

35 particles which had a mass-mean diameter of 250 microns and

-
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15 of chlorine and 0.54 mlliatonms of tetravalent titanium per gram of

'silica, and substantially no trivalent titanium 2 litres of

n- hexane, 18 mllinoles of tri-n-octylal um nium and a quantity of
solid product (E) containing 6 mlliatons of titanium wer e introduced
into a stainless steel 5-litre reactor fitted with a 20 stirrer device
rotating at 750 revol utions per mnute and heated to 70[err]C. A

vol une of 400 m of hydrogen, neasured under normal condi tions, was
then introduced therein, followed by ethylene at a steady rate of 100

g/h for 3 hour sconkg inade 8@ & o§f PalipEhxlene Reenilliatom gt bit apiuws. -degassed and
its content wasgdamgisfeerred to a rot ary 25 evapor at or where the n-hexane
was evaporated O at 60[e r]C urlder partial vacuum The solid

catal yst (F) 2 was t hus obtained in the form of
a prepol ymer powder Torpesdting wis carriepamtti exax3 1y dsh ia Exagplerdafoxlitheet er

of 220 m crons | Y, thyI ene per mlliatom of
titani um 358 ggga?gktog & le?%p 55%1‘?%% g B?A a(%cat al yst The
operation was %t e@%mﬂ o acheApng sandn a EREADIY PEfide selid produchrE@ar ati on

of the sol I d praﬁuamn(gA)so g(Bt @mcs Bere introduced id¥RXh,stdihiddsest&dl

n- hexane, 1Illm)leso ¢ 4 gﬂn octzlalumnlumandaciuantlty of
solid pr oduct (g 1&6?'|tr§ﬁﬁ??fg 1tte with a stirrer system rotating at

6 mlliatons ofrdvollatidne per @ihuter asdihedtéed1to 30°S| afdlllessd siewly by 25.5

5-litre re or fdi r t t
revol uti onglco;)ermnllltr%%?%saﬁ% ﬁai{‘g' Eg{‘fgﬁur%?& &}va%)lqg’r‘%g 01%‘%468&#11' ©
hydr ogen, neasutit@ipetiatesndhemattirsadiat 89 fansl hhwn andtvasd hhen °S°1ed to

therein, foll OMmb¥elﬂIem“:@&e(ﬁ . smadmrdabeo&ttléﬂ gbthin@i whs washe@OUTS.
At the end of this tipe 7.2 ml]i I -n-octyl al um ni um were

added to the m?&ﬁf?et’d'f?ﬁ’t?f’é’hr‘é%ﬁﬁ 8}%&3 ml °ft’hé‘ﬁxﬂt$gégszé’dc ftf SBF SPESht ent
was transferredwdshiags,0tiirgontainedeVapaidl Datomehefr Magred itm hé&x 8 el 1Mast oms
evaporated qf f r] d r T | yst
(G which V\%S rgéagﬁg%gneu%éy&/aﬂ ﬁl}%tﬁﬁg Jc;flbt@ g?%ggi’é{{@ t {‘;ﬁ?ﬁﬂrﬁe@ gialsinf)loﬁ/der
consi sting of pa¥iicel empdnpettantiallnge srimedsnrddhamivamet er of 260 m crons

“and contained 80 g @fiitres dEOhyRIANLENR REM iRb1dd 8% WP:10h-ddth B udiThium and

E:(J?ngl(g.ctdfl ;Sas P;e ar al | |ng goflg?i C;g[ﬁgué/t (E) contain:.ng g‘mil EIt%Enls Oonf Ean%.%:l;l“ ed

were introduced into a stainless steel 5-litre reactor fitted with a

22

20 stirrer device rotating at 750 revolutions per minute and heated to
70°C. A volume of 400 ml of hydrogen, measured under normal
conditions, was then introduced therein, followed by ethylene at a
steady rate of 100 g/h for 3 hours. At the end of this time the
reactor was degassed and its content was transferred to a rotary

25 evaporator where the n-hexane was evaﬁoratéd off at 60°C under a
partial vacuum. The solid catalyst (F) which was ready for use was
thus obtained in the form of a prepolymer powder consisting of
particles with a mass-mean diameter of 220 microns and containing 50
g of polyethylene per miiliatom of titanium.

30 Example 3
' Preparation of a catalyst

The operation was carried out exactly as in Example 2 for the
preparation of the solid products (A), (B) and (E).
Next, 2 litrés of n-hexane, 10.8 millimoles of

35 tri-n-octylaluminium and a quantity of solid product (E) containing

—_—
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prepa}ation of the solid product (A).- " Next, 600 ml of n-hexane

and a'quantity of the solid product (A) containing 60 g of silica were
introduced into a stainless steel 20 1-litre reactor fitted with a-
stirrer rotating at 250 revol utions p?P m nute and heated to 50[err]C,
foll owed slowy over 1 hour by 306 m [FFi nmol es of tert-butyl chloride.
At the end of this tinme the m xture was stirred at 50[err]C for 1 hour
and was then cooled to room tenperature (20[err]C). The solid product

(H obtained was washed three 25 tines, each tine with 600 nml of n-hexane
at 20[err]C. Afté&rmiHdakoms of Yitapiymyere iaprrdycaddintocr Frtpinlessnitest
magnesi um filnd 3. sf-[mlxlei a&.wlfsr titte®fwithl Ql’sitmﬁqdleﬂeﬂifoan’ta&fat_sﬁé ia¢a7s50and
substantially no functiona .__group reductjve t rds titani
tetrachl ori de. re"&uﬁmsﬂ?@r r“é’ti‘(‘f?%rango{ﬁ%’leﬁi th°gggi ‘g'\tlj\gni'?lt"?‘eo?ptl'ﬁg]'%lof’Fd
product (H) 30 hydndganpimegsBfed)uodessinbimsl, comisismanvanrthen H@Poddcedf
n-hexane, wag = cnebdi) ASALGL: b A Gr 2dlbhy IIPLSE 960 lY/MARAT

o the sl ow'y 1 hour with

tetrachl oride were I ntroducéd 1nto. -reactor over
stirring. At thehours. dhdther enhiof thifetippe /n? Midiéneles efirred at 50[err]C

for 1 hour and Wasi-n-octyARmOORINCHe tel al ML SHHRCh Bt 4ndOLkd b&dtorThgs

solid product (1),,.35 .. 9DLa 088 425 IRRNELLNLESLELIRT (SN, L4 08 Wi th 600
20[err] C. After teweperatmshiwhgse ithecwoiexamecrad . drapbtdtiedt offs abf60°C under a
magnesi um 4.25 m.lli.at on f | Qri 4 144 ]

tetraval ent tllgt a iahlﬁ%%ergggurugahm 0 glﬁﬁhgg aﬁgts@&gﬁhﬁ?ﬁegﬁy fi’r i Val ent
titanium 5 thus migafnred é3 t9e foreRbnt Povdeyr Aphsisfbrgpfoparticles which

tri-n-octyl gl U_rr} lmjaurra mass?&r&d &4 kbd 88K ioey26Y mE@L_QJn%OL%dj cBi(ij&CildS& dol § of |
cont ai ni ng mlliatons.o itani umwere jntroduced into a stainless
steel 5-litre reé’@?ﬁ?t@ylene prft"é’ttilﬁﬁ"FP g}s‘ﬁtfuﬂ’eﬁm'rot ating at 750

revol uti ons per IExaupke 4 and heated to 70[err]C. A volunme of 400 m of

hydrogen, meggured yndgs 1Qe porjm@h,Gonditions, was then introduced
therein, followe - a steady rate of 160 g/h for 3 hours.

At the end of this tithe pparation waggargiedpyt gepgsledsaie Bxeapkeohdt &1 thas

transferred to aprepafation of ENARGLEd Prodwdte(L) t he n-hexane was evapor at ed
off at 60[err]C under_a rtial vacuum, The sol.i d gat al yst, (J

was ready for use wad'ers: ?‘WUE? At BrHEERE fodnd $U8PRiYST © t;ﬂee%%lliﬁnﬁ%d\a‘giﬁggr

consi sting of (A) peotiathiog 9 tdh o8 sildsanvean thitxpddeed Odto230staiolesss saexl

Eggt a: gi gg 890 l—lgti%f rQQtl%Qt Pﬁ’ét@gew:ﬂ:%r a rg_tli!rl'@rt ngi_n&i é@&bb’ Mevolutions
P per minute and heated to 50°C, followed slowly over 1 hour by 306

millimoles of tert-butyl chloride. At the end of this time the
mixture was stirred at 50°C for 1 hour and was then cooled to room
temperature (20°C). The solid product (H) obtained was washed three

25 times, each time with 600 ml of n-hexane at 20°C. After these
washings it contained 1.6 milliatoms of magnesium and 3.2 milliatoms
of chlorine per gram of silica, and substantially no functional
group reductive towards titanium tetrachloride.

The reactor containing a quantity of the solid product (H)

30 containing 30 g of silica, in suspension in 600 ml of n-hexane, was
then heated to 50°C. 24 millimoles of titanium tetrachloride were
introduced into the reactor slowly over 1 hour with stirring. At the
end of this time the mixture was stirred at 50°C for 1 hour and was
then cooled to room temperature (20°C). The solid product (I)

35 obtained was washed three times, each time with 600 ml of n-hexane
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600 n1 of n-hexane and 60 g of a dry silica identical to that 20 enpl oyed
in Exanple 1 were introduced into a stainless steel 1-litre react or
fitted with a stirrer device rotating at 250 revol uti ons per m nut e,
followed slowmy over 1 hour by a mxture 04380 mllinoles of

di butyl magnesi um and 40 mllinoles of triethylalumniumat a

tenperature of 20[err]C. At the end of this tinme the m xture was stirred 25
at 20[err]C for 1 hour. The solid product (K) thus obtained was washed

h h t] onl of d
three tinmes, eac ?#é)gﬁévxftterGt% ‘6 vgaghgnqﬁ atcon%an*e Frg ln%1f‘a’l§m§ r}t ai ne

1.1 nilliatoms oft

s um an mniumop gram
of silica. magnesTiye, red% indllidonaiefi njlatiae sadi €. 4% Gdhb!tatetP@ ofn
suspensi on i N 30¢qe 0018 OLe Bl Ee MG of N1 10PAIEH SibsBRl 100254
mllinoles of tert-butyl chloridé were introduced into the reactor
slowy over 1  trivalspt S4EemiWirring. At the end of this tinme the mixture

‘was stirred s at TQberitkés fd¥ nihdxané, AN A3 ihdIRE 6O alr@ch-todtyDininium

tenperature (20[er soli.d pro tai ned wa shed
three tines, eacﬁn ané“%it(ym ?Q%ﬁ‘bo“mld N{ °°nF YR ¢ §1¥V§°m' of
contained 1.1 m klitasnigmewege introduced into a stainless steel 5- 11tre reactor 24

magnesi um 0.4 mel{iQt Qi%n Qf @l A48k Noat a€ 750! Fd2hQPFor@f p&h mRhdtee
per gramof silica, and substanti alﬁ% ofa5| c functional group

reducti ve towar d&nd iteahed ko 49 Cachl 400 ml of hydrqeens iRRASEERTL HP¥Mithg a
quantity of the aethdl powidebnd,lyad thefi Oftitabdidead tHerdi®f fobidwedaby I’éthylene

suspension in 600, mM of n-hexan n heated to 50[err
mllinmoles of ti@&nf &%eﬁ‘g‘f-f§§%|°§rr€°z%rf°r thouirn’t rAgdult(l:e(Tnlgn? h?e e
slow y over 1 howeaghidrhwad idegassgd dd tihe contentewds dirahdfegrred r 8hweotErxXt ur e

was stirred at SQL Jx]a@oxf:o h;réqQHE MQXMPeSwas eva{:br.eﬁ:eﬁoﬂfegtt@ EOHEer a
tenperature (20[err]C). The solid product ( obt ai ned was washed three

times, each tinePaFtirlGUREYMR. GFhensolidapatalys <aIt> gl Y3Craddy EORtUSenERF 1. 1
mlliatons ofis mgﬂﬁ§|dl>|ﬁ"h1&d41ﬁnﬂh|el 24176 £ of prepolyﬁ&ﬂrﬁoaawmoas:ktﬁrhé ldgat ons

of chlorine and 0.4 m.lli at vaI n ani um p
silica, and subslpgﬁﬁcélef v tg‘ E s T aﬁsf T t§n|£sljotm"’tl GEons at g{%ntur’%s of
n- hexane, 10.8 migl bf mwllmthyﬁlenef ipen-midfljhtdmupt filtemium.  and a quantity of

the solid pr OdUCtExQ%QuCQ”t aining 6 mlliatons of titani umwere

I ntroduced into | ess steel 5-litre reactor
600 ml of n-hexane and 60 g of a dry silica identical to that

20 employed in Example 1 were introduced into a stainless steel l-litre
reactor fitted with a stirrer device rotating at 250 revolutions per
minute, followed slowly over 1 hour by a mixture of 80 millimoles of
dibutylmagnesium and 40 millimoles of triethylaluminium at a
temperature of 20°C. At the eﬁd of this time the mixture was stirred

25 st 20°C for 1 hour. The solid product (K) thus obtained was washed
three times, each time with 600ml of n-hexane at 20°C, and contained
1.1l milliatoms of magnesium and 0.68 milliatoms of aluminium per
gram of silica.

The reactor containing the solid product (K) in suspension in

30 600 ml of n-hexane was then heated to 50°C. 254 millimoles of
tert-butyl chloride were introduced into the reactor slowly over 1
hour with stirring. At the end of this time the mixture was stirred
at 50°C for 1 hour and was then cooled to room temperature (20°C).
The solid product (L) obtained was washed three times, each time

35 with 600 ml of n-hexane at 20°C and contained 1.1 milliatoms of
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fﬂtted with a stirrer device rotating at 750 révol uti ons per mnute

and heated to 70[err]C. A volunme of 400 m of hydrogen, neasured under 20
-normal conditions, was then introduced therein, followed by ethylene

~at a steady rate of 160 g/ h for 3 hours. the end of this tine the

- reactor was degassed and its content was tfansferred to a rotary

evapor at or where n-hexane was evaporated off at 60[err] C under a partlal
~vacuum The catalyst (N) which was ready for use was thus obtained 25 in
the formof a prepol yner gowder consi sting of particles which had

mass- mean di anet B2eneRigs00nt @idhiatong ‘tfoﬁ? indee ggd qudlllat°mﬁo‘ffy§f‘]rﬁfl1§ﬁe
per milliatom ofpdd gixh WA silica, BANPhkELEntially Riccpas it EGictdbnal @gabad yst 30

A support was e onsi 33 Regi st ered Tr ademar k
silica powder so "d’o‘%ggw d%c*én%ggﬁ’ﬁiftfff?d%é‘i%t ates of Areri ca),
whi ch had a specifi cTBurxfeac'eoralcemta(ilEﬂ'g aoflu8aatyfgtenadodid prodysdr LYol unme
of 1.7 m/g.glt g%%'iﬁ%?gd 391 Q&réi ‘il:ﬁsix}"@hé%ng% 2n 600 niBSE nR&Andi wEet er

of 80 mcrons [t was ours at Eerr under an air
at nosphere and athksn Peatﬁs‘oMeﬁ" Fr PBOopitlipales, o t‘é‘ﬂﬂi‘"“ tetrachloride were

25 cont gatYodGcaP RhOxX itkBt flaytdr FElbviyTobes 1oﬁo¢:ydﬁax3dtigfmgp5Amene
gram was obta n d th subs guent operat re 0
under an i nﬁ? W@I E?‘f“e £ ‘ére was Stirre 68056#? o?r c’e‘§<raﬁré e‘{’ﬁa 60

g of dried sili cahmelceoledt teohmedt@perammzo(@ §ba|ﬂhbe%®1§tmeﬂldugt 1MDr e
reactor fi ttﬁj %ﬁﬂaiﬂe&tvﬁarsr ¥ished thrrth 'éftdeQ? eaatchzéﬂner F1Q 6bd HISoPSI-nBkdN4t €,

foll owed sl owy over hour i nol es of dibutyl magnesi um at
t enperat ure of 26'fe?t°rFCP“d °°ntai“ed 1Tl¥emﬁ']ééé’f‘lﬂs b Saghet el -dd™t 1 18BpTE PfC

and 120 mi|linol gbuihium, 3.16kif11baops 6flcalbfifevaie ol atiodiastdsEr ei n
sl owly over 1hogr Wt ete inued to

be mai ntai ned at 36"[“‘3??‘]’% titanm@opergﬁfam °Fessitlgfa’t iaf‘am‘ﬁ’tﬁqw“ la&)g‘%}l ori de

wer e i ntroduced. tAivalleet gridanium. of this introduction the reactor was then

heated to 80[ I‘I‘] C arﬁd}l]x\@x%s of n—ﬁ@:pénesud %eﬂilqtlmgiussoﬁ q{meﬁﬁéd{§fa]ftﬁﬁni?um
hours. At the end of t tinme the reactor was cooled and a solid (0)

was obt ai ned, coAPRiMAREALESY o the olid ArofEcorM) doghriirge? iLhiatops of

silica, in suspepstfiiuinivere int1R¥BEEA GREY Al etmléessstamrs-imeppmc(tparts by
wei ght per mlli hexane

m|linoles of tr?-ri%te%]::f'%khlau%#’{“ﬁrﬁﬁ‘{nwce gﬁaaﬁn&uﬁﬁtﬂsp rev Qf"h °nso?7rdm%)tr“b(§uct
(0) containing 6andl|Heatedr® ##°C. A volume of 400 ml of hydrogen, measured under
20 normal conditio'ns, was then introduced therein, followed by ethylene
at a steady rate of 160 g/h for 3 hours. At the end of this time the
reactor was degasséd and its content was transferred to a rotary
evaporator where n-hexane was evaporated off at 60°C under a partial
vacuum. The catalyst (N) which was ready for use was thus obtained
25 in the form of a prepolymer powder consisting of particles which had

a mass-mean diameter of 250 microns and contained 80 g of

polyethylene per milliatom of titanium.

Example 6

Preparation of a catalyst
30 A support was employed, consisting of an "SG 332" Registered

Trademark silica powder sold by W.R. Grace Company (United States of
America), which had a specific surface area (BET) of 300 m2/g and a
pere volume of 1.7 ml/g. It consisted of particles which had a
mass-mean diameter of 60 microns. It was dried for 8 hours at 200°C
35 under an air atmosphere and a silica powder rid of free water and
e
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20 titaniumwere introduced into a stainless steel 5-litre reactor
fitted wwth a stirrer rotating at 750 revol utions per mnute and

heated to 70[err]C. A volune of 280 m of hydrogen, measur ed under
normal conditions, was then introduced the5§ fol |l owed by ethyl ene

at a steady rate of 60 g/h for 4 hours. he end of this tinme the 25
reactor was degassed and its content was transferred to a rotary
evapor at or, where the n-hexane was evaporated off at 60[err] C under a
partial vacuum The solid catalyst (P) which was ready for use was
‘thus obtained i nceM@ipbranagpreripatrler 2 cbiddinelengobhypE il cE e PRIRSh 8T an
had a mass-nean ghadteinddl. KOO tA: GuBBeqRAE SRRheidae0wékd Bafiedlout under

pol yet hyl ene per m)liatomof titanium Exanmple 7 Preparati on of
a catal yst | an meﬁ\gs’&?ﬁ%"t" \ﬁzﬁ\'&s"é‘r‘?ﬁfbyed consi sting of an "SG 332"
Regi st ered Tradéarid of | n-haxpsied ok dothyrWdRsilac gekoiptunduttihi t ed

States of 355 AYR{d GAlraiHbEh BEh A-3PER LhLrdY §4EEa %‘%g 4 Bl 300
n2/g and a por e

vol ume of 1.7 mthaqlpscﬁngﬁgtreaowtisaﬁtﬂeel pinukp; Aelhepdyslovwlynerer hphayr
di aneter of 80 NMbgréedmillimoVes ol & bty Dhaglediud 8t af ta@&[ﬁem}&of 20°end a

silica powder rid of free water and co tai |ng

mllinoles of hydrong"Fl © B BGEC &P ot e Bat ﬁp‘g glﬁ% é]Y]5m°1eSSl?SSequent
operations were tert-betybehlemider vere 'rlmlemtlumd rthgﬂarin slowlgtovespherogr with
600 m of n-figxa mqgﬁ%gwfthgrt&%eﬂédr%a Xiﬁ&ﬁuéd‘%oﬁe“ﬁﬁﬁmamed It S’o%

£
st ai nl ess st eel %jfltre react or tirrer rotati ng at 250
revol uti ons per AP ritildinglgs| ‘bﬁ/\édtsiﬁéw W%\?E’f‘l%iﬁﬁlﬁeriointrb?“%S & the end
mllinoles of di bﬂtaﬂlaragm»sawaiah ©hel eamroatwsetﬂén Rh&yd 16.80°C andlbigs

m xture thus obtai ned s stjrred for hour Olerr] d a.soli

product (Q was rk nishatred at "dngS tem?ﬁéaﬁ'“é'ﬁcﬁfr 23%45\1:-%&% ﬁﬁ%ﬁé‘& ?'lb tgbf err]C
and 277.2 mlli mblireqs tbe reactot ams- dnetlgd aldl gricddéd Wi ewambbbdinedd ddnsrinimg
slowy for 11310ub Wr&iﬁli-aﬁ:omsséf rt'if%um’%exl QFanFer rfiflitzg' S’.Lnt Eﬂ%e&xpﬁoxﬁh ture

continued to be stirred for 1 hour C and was then cooled to
room t enper at ur ehexane E%‘EH%PF’}KJ)“'%%N’d’opPRﬂjliEf‘r"(sRPvagbbtP&Fn'é’élllﬁn) of
suspensi on i N N- BexaiQm. cont ai ning chlorine and magnesiumin a d/M
atomc ratio equal tcé

reductive towards tltaﬁf‘ttﬁﬁs%- %‘Fg’?ﬂ’égﬂf?ﬁ gﬁm?ﬂ r gﬁ%gg‘%\%@é g‘ﬁ“’f’?ﬁ"&

suspensi on cont aianéca §OantHpm of thecﬁolﬁernrobuttyl(oarﬂcmltaﬂang 6 milliatoms of

20 titanium were introduced into a stainless steel 5-litre reactor
fitted with a stirrer rotating at 750 revolutions per minute and
heated to 70°C. A volume of 280 ml of hydrogen, measured under
normal conditions, was then introduced therein, followed by ethylene
at a steady rate of 60 g/h for 4 hours. At the end of this time the

25 reactor was degassed and its content was transferred to a rotary
evaporator, where the n-hexane was evaporated off at 60°C under a
partial vacuum. The solid catalyst (P) which was ready for use was
thus obtained in the form of a powder consisting of particles which
had a mass-mean diameter of 250 microns and contained 40 g of

30 polyethylene per milliatom of titanium.

Example 7

Preparation of a catalyst
A support was employed consisting of an "SG 332" Registered

Trademark silica powder sold by W.R. Grace Company (United States of
35 America), which had a specific surface area (BET) of 300 m?2/g and a
_—
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The reactor contai ning the suspension of the solid product (R in

n- hexane was then heated to 50[err]C. 69.3 millinples of titanium
tetrachloride were introduced therein slowy over 2 hours with 25

stirring. The m xture thus obtained was kept stirred for 1 hour at

50[err]C and was then cooled to roomtenperature. A solid (S) was thus
obt ai ned in suspension in n-hexane which, after three washings, each

time with 600 m of n-hexane, contained 2.18 mlliatons of magnesi um
5.7 mlliatons of chlorine and 0.65 mlliatons of 30 tetravalent titanium
per gram of sil ibe&e wodyme Afsiahmlég| Jtnernsisted of \parshpglas vairhyhpd a

2 litres of n-hesgBaneal. idiietds B2l 86 mdbrddsl. - Nt @akYydrlednidt BMours at 200°@

tity of the sqlid product (S i ] f i fanj
wer e i ntroduced b TR PRI AT O P60 PRver P8 SeRFETRnE mmrpmipaiet B

stirrer rotatingidlintB@sref byydtaxyhsgyeep pampren yas obtained. All the

217 %eat es%bggq Q{:ecfﬂfe]rg“ud%s éﬂén.@apriegs&tnhnfg QX dfn%?‘@r}T ured
under nor mal cond‘tlons was t en 1 ntroduced therein

et hyl ene at akme3rhed§- rate of 120 g/h for 4 hours. At the end of th| S
time t hg react 0r60@a% dﬁga&se&%aruimi 66 gCcont@nbd VA k4 aaafs% ei'd'tegc(l)d[c@da] -
rotary evapoyr at or ere t xane was_ evaporated off at err
under a par tY25P & ZEAiRReST séte§g Pg g’é? Fegetex %) ﬂt SSYEE® for use
was t hus obtmitatihg at (250 forolubiona perepdhytesr fcpid\aded sdowky svend - bbur

articles ch f £1.0 |ned
particl s Wibeh atad TSRl JeAMILED len gl L6 00amAMgce of 2.

Preparation of dheapiityse th“s obtainedriyas tdeeet far v&aé‘%’ké@t ?9/ Cagnd ¢ BRbI e

7, apart fromt Hﬂ-oﬁ@&ﬁ (Q) wastaa;algza 2 mllinmoles of sec-butyl chloride
were introduced into_the

I NSt e f, tert de, and
that solid products ’f}ﬁl)’ei%mraﬁf % b }\ﬁé?eéi gﬁtéab Ge?P ﬁzylfy%ﬂ}ﬁg %sa(?fof t he
solid products (4pt-butylagidof8le wespdatrodiced{uierpireppaeviyy far sohper srdthl yst

(Tl) . 15 s-m.@rﬁ&l ' Kit R.Iilgdé*f"dt oé R;Il')lsv@ﬁneobﬁéa'lrn@%fe cottIRGOP 'thbé n
n- hexane, containing chlorine and magnesiumin a /M atomc ratio
equal to 1.551rEefd feBnk APHT i é%‘d%?%ﬂ% tRenngoqlgdcte RSP t§PBRfRtUre

reductive 20 towardy. i &mclumad%fa@bl eas (iatamEheiﬂ |sq5téilsﬂbﬂ5ﬁx findsahs,
suspensi on cog %'rﬁrﬂ Ogiggmn f sec-p ¥ %é#e Simic ratio 'li €
solid product (S} § 208 'ﬁgflﬁ?’o“f‘?s ol Rvin g
mlliatonms of chi.6fiarel apekinSi mwpl funetdomalograupt redugitéyd towards titanium
20 tetrachloride. The liquid phase of this suspension contained 500 ppm
of tert-butyl chloride.

The reactor containing the suspension of the solid product (R)
in n-hexane was then heated to 50°C. 69.3 millimoles of titanium
tetrachloride were introduced therein slowly over 2 hours with

25 stirring. The mixture thus obtained was kept stirred for 1 hour at
50°C and was then cooled to room temperature. A solid (S) was thus
obtained in suspension in n-hexane which, after three washings, each
time with 600 ml of n-hexane, contained 2.18 milliatoms of
magnesium, 5.7 milliatoms of chlorine and 0.65 milliatoms of

30 tetravalent titanium per gram of silica; and substantially no
trivalent titanium.

2 litres of n-hexane, 9.6 millimoles of tri-n-octylaluminium
and a quantity of the solid product (S) containing 6 milliatoms of
titanium were introduced into.a stainless steel 5-litre reactor

35 fitted with a stirrer rotating at 750 revolutions per minute and

—_—
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titanium per gramof silica, and substantially no trivalent 25 titanium

The solid catalysts (T1) was obtained in the formof a pr epol yner
powder consisting of particles which had a mass-nean di anet er of 250
m crons and contai ned 80 g of polyethylene ?er mlliatomof titanium
30 Exanple 9 Preparation of a catalysS The procedure was
exactly as in Exanple 7, apart fromthe fact that 69.3 mllinoles of
~vanadyl trichloride were introduced into the reactor i nstead of
titaniumtetrachloride. A solid producté& 2) was t hus obtained in
suspensi on in n- hexkafe LAMOCH; Afplyme AE %%rﬂfnﬁ%,d”gen' measured under

28 each WohlihlGQQndﬂti&is,anQWE it @8dedetheZein JNifbll 1@ie@nby @kthylene

Epent aval ent vanadi Lum pe ad}grr%g; i f#d ?ﬁ\ ofg hubstaAnt L%! Iéeyurln_noq F%ﬁ etsim%fthe

‘tetraval ent vanaal utn

ERERans

‘tri-n-octyl al um meragtorSwas dggassedqandntits wootenmuasmmdsiiﬁr@e@ldto aSDtary

containing 65m | lobaf Y8 where \eﬂaaxmhumz@@sslévagwgedoffnw G-el@ldakess
steel 5-litre reactor fitted with a stirrer rotating at 750 revol utions

per mnute and Parkiadt BeLuus- ﬂ{eeF?ljié. catalgrtnkd) ofhiz8oved refdsh far dtfenvas

measur ed under  thuf WoRBIndA0DHli theOfdrm VB Sa pbhefblyiéF Pdusard cbheistling ofol | owed
At the end of

b t hyl 10 t t f 120 g/ h 4 h
Dh Sty ene 10 Rarfidef orkich e, § esBomein e} petan HELRS0 migtviaRaf orr od to

a rotary evapotained , 80vgee® pohpethyhencaper wid 1 tataporhittdtamium. at 60[err] C
under a 10ar eghoeaguum The solid catalysts (T2) which was ready for
use was huﬂb}hﬂ‘h‘ed I n the formof prepolymer powder consisting of

15 particles whiE&8rs » : i anet er of 250 m crons and
cont ai ned 80 g of p0|']}fﬂti§lbdc@ﬂerd3%s ra;daht@t Q8 of Exafadi ¥Mapart frEmafﬁal eaato

t t f t d
n Examl e 7 whitbAt e b e atedles o B hasiee 2y daPEai o] e heS
The reactor cont aeaciy tihetesd| ofd tpriothutyl (c@loviaie, hesl ghat o5y ereducts (R1)
and 277.2 m ki mlgscafy pArBhe ALY anghb Md ‘i'ﬁsé’é’%ﬁ of QBE Oscy‘ici@dproductst kgyein

slowmly with stirring over 1 hour. At the end of hIS tinme he m xture
thus obtained comPAn{®drespessitaly, fery PaEPEIPE % ]sel%rcaia%&rﬂﬂ)

The solid product (Rl) was obtained in suspension in n-hexane,
containing chlorine and magnesium in a Cl/Mg atomic ratio equal to
1.57 and containing substantially no functional group reductive
20 towards titanium tetrachloride. The liquid phase of this suspension
contained 900 ppm of sec-butyl chloride.
The solid product (Sl1) contained 2.05 milliatoms of magnesium,
5.2 milliatoms of chlorine and 0.58 milliatoms of tetravalent
titanium per gram of silica, and substantially no trivalent
25 titanium. _ .
The solid catalysts (Tl) was obtained in the form of a
prepolymer powder consisting of particles which had a mass-mean
diameter of 250 microns and contained 80 g of polyethylene per

milliatom of titanium.

30 Example 9
Preparation of a catalyst

The procedure was exactly as in Example 7, apart from the fact
that 69.3 millimoles of wvanadyl trichloride were introduced into the
reactor instead of titanium tetrachloride. A solid product (S2) was

35 thus obtained in suspension in n-hexane which, after three washings

S
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25 and was then cooled to roomtenperature. The |iquid phase of the
suspensi on thus obtai ned contai ned approxi mately 50, 000 ppm of

normal - butyl chloride. The solid product (U) contained chlorine and
magnesiumin a C /M atomc ratio of approy mately 0.2, as well as
sone basic functional groups capable of reducing titani um 30

tetrachl ori de. The reactor containing the suspension of the solid
product (U) i n n-hexane was heated to 50[err]C. 69.3 mllinoles of
titanium tetrachloride were introduced therein slomy over 2.hours
with sti re3g¥ithh 0%iml of r-bRTRReohER AR WAL L i1kmE Y for 1 hour

at 35 50[err] Cpaﬁdvu\mhtt veiudeaniped & 6pMil evgichnd WubstahtialiydnbV) was
29 obt ai Fetr asleatsys!g%qm on in hexane, and was washed three tines,
each time with 600 M 0 “Hexane at 20[err] C. After these washi ngs the
solid (V) cont ai AetitZed Qﬁ kthexapes %f mHdAnciegnpt Tri-midcitybalymin Him
chlorine, 0.41 nlulld 'aa&@JIRiQ} erizﬁ@\éﬁhf‘c{“pr&d&ntm @%ﬁn%’g 3 milfilabbid Q8

of trivalent titanium per gramof sili tres of n-hexane,
9.6 nillinples oY2nadiup ‘GE?y#“&Fﬁﬁlﬁcr?Fu?ﬂ“ a ""&ﬁﬂleésqﬁ%ﬁﬂll Pyligfret¥ractor i d
product (V) contgitvedgwithThl dUidt@NGo0iting at (750 afdveludtidne peH noOklitecand Nt0 a
st ai nl ess st eel litre . ator fi ith.a.stirrer rota at 750
revol utions per ﬁ?‘ﬁﬁf‘e ar?g § hEAUBE ‘ffz)rzgg["glr ?Fd‘ydﬂ%ﬁﬁ’l' %asgfeéé’ﬂgﬁf of
hydr ogen, neasur eqirm;ﬂldeondltlonsmovmlth%ndttdd@nsd thasge imhe folpwed chyc ethylene

therein, foljpwegds baYs'é‘LM ER& of 1202/ £3LCARuFAL €aPTLnb 20, PR £ils difiours.
At the end of this tinme the reactor was degassed and its content was

transferred to athotgpgtor was degprsied: spd 1%é’r°é"?’l‘fe"ﬁs HERBRELTRAS t& apFrtarEd
off at 60[err]C umte&aeorl,Swhw thaln-uafatunwsTlaeaﬁda-latsh QEE Aty $0 ¢ \hdwhiL h

was ready for usfixar al va uum ?fhg ql catrar.g%sttrs]ﬁéézﬁr Df a rr%??&%erﬁlcomer

consi sting of particles whir e rons
and cont ai nwaks 8Bug aobitapardy én r'tywleefmqoef nnebblmeomqwﬁerlqmimng of
Exanpl e 11 2f; E@&M@é%@@ﬁmu 7ks Gk aR a ShbYL,LRE 24b mé,.la,&gdazded bed
react or an anhydrous and deaer ated pol yet hyl ene powder
wer e i nt rodﬁ%‘&'&ia%d éopé\ﬂfel”ﬁ Feahykeneney ailtiftar Afdveradir@act or of 20
cm di anet er gx efipasasideui di zed with the aid of an upward gas
st ream propel | ed]?re 2a¥ olnoglftay Lal st_'crrls and consisting of a

The mixture prepared in Example 7, which contained the solid
20 product (Q) was employed.

The reactor containing the solid product (Q) was heated to 50°C
and 277.2 millimoles of normal-butyl chloride were introduced
therein slowly with stirring over 1 hour. At the end of this time
the mixture thus obtained continued to be stirred at 50°C for 1 hour

25 and was then cboled to . room temperature. The liquid phase of the
suspension thﬁs obtained contained approximately 50,000 ppm of
normal-butyl chloride. The solid product (U) contained chlorine and
magnesium in a Cl/Mg atomic ratio of approximately 0.2, as well as
some basic functional groups capable of reducing titanium

30 tetrachloride. . ) _

The reactor containing the suspension of the solid product (U)
in n-hexane was heated to 50°C. 69.3 millimoles of titanium
tetrachloride were introduced therein slowly over 2 hours with
stirring. The mixture thus obtained was kept stirred for 1 hour at

35 50°C and was.then cooled to room temperature. A solid (V) was

—_—
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25 nj'xture of ethylene and hydrogen at a total pressure of 1.5 MPa. 8

mllinoles of tri-n-octylalumniumwere introduced into the reactor,
followed by a quantity of a solid catal yst prepared according to t he
present invention, equivalent to 0.8 mlligions of titanium Only for
the solid catalyst (P), 8 mllinmoles of triethylal um niumwere 30 used
~instead of tri-n-octylalumnium The total pressure in the react or
-was kept constant and equal to 1.5 MPa by ethyl ene addition and the
. pol ynmeri zation reacti on spent between 3 and 5 hours. Table 1

“shows, accor di ngoRt@inek a8ap AUFRERSI98etn heRReopEthFpf grashed thEpR|itimets eafh
the et hyl ene pol yfiRr wzed 600 nNdf trhiBegdidy A2 CSIALESr Qhe8d washh@s the solid

' pol yet hyl ene po rs optain onparison, . i,ns

130 i nt }Ag‘@uffﬁtgalf‘ﬁ%e?gt .5%’111#?:15) °%r“ré£p5?seldmaccor ﬂgﬁaia %% RE present
invention, the ietloriael &t &l SYLitatomschic teyiEyalent thtardd!!c@d 0n39a
quantity whigh y"\ﬁﬁl qg%.ﬁb?@nwléﬂd Lh?atn‘i{ﬂﬁ p%fr %tahaaf Whaad it vas

not ed especi al | at t pol 4 hyl ene % ained with the 5 solid

catal yst (F) exhi bit édlityepurfk nghavrspey |‘E’r?~1\?tﬁ%1eél ehryrd-piaghElaluminiym, 5

Egﬂ of thEx pol yeﬁdnal Q\E&t@b}&ianﬂe thmtheduat evmdheal?lﬁgla ldill:.atorﬁH @guct
anp copo ri.zation_of et ene

1-butene in a 1Ot1talnliﬁ'f’dfef8d”ﬁéag B4t {Sdsafeds 55 lg b2 {r“ééﬁ f’fr?ﬁyc(’ﬁ ous

and deaer at ed poiMigredodith eopdiryerrrobating at éﬁhwe@néutamds Ipeunngenwand

| ntroduced ag a g, art&%ﬂsem Obfud o zsof.l.lw @Im@ogaﬂ heaARr0d &hezo cm

diraneter. This powder was fl uidized tht an upward gl?
stream propel | edo@imed ¢¥4IELFE, oVas Sheay 1ntE?ﬁ"§e%lﬁa‘eE%H§| §?Jr]1?§e6fbya 34ent e

of ethylene, 1-butenetasyy byed agenzo g/n m: ﬁHoGI-QJ Aprﬁﬁasuﬁd? o@f tHisS tMra th8
mllinmoles of tri-n-octylalum g ntro uce dot ergactor
rre

fol l owed by a quﬁﬁ?':itt§ )i ge%atﬁse and its 5?3?%7“: e EPABETRELSP AT HSEEY the
present inventioryamgatem| ghére dhe n-hefarn@ wad Ievamqmsetbfoft | 4290 enunfer & he

solid catal ypd s %I)maﬁTJQc H.ﬁxTzl)hezgd.ldagﬁjcaﬁ.Wt (%) Wikh r@sel?eaglfy for use was

triethylalumniumwere used | nstea tri-n-octylal um ni um
By way of conpar E&gh obtinedatr dhe | fnrmoefi@ REFROABNOPPY¥eCaEfIS)igE ing of (9

prepared accordi agrﬁlelwamp&le&ﬁataumeenidaandiaﬁnbeef r&tfezsmdwﬁcas and solid

roduct (E) wa nt.r t 25 [
P 1t ot of &1 FARATARS APsB o8 pHLF oy Lensnper mubftee g B 1"
i ntroduci ng the Emimpdechl al yst (T) prepared according to the present

20 Gas phase polymerization of ethylene in a fluidized-bed reactor

800 g of an anhydrous and deaerated polyethylene powder were
introduced as a powder charge into a fluidized-bed reactor of 20 cm
diameter. This powder was fluidized with the aid of an upward gas
stream propelled at a velocity of 15 cm/s and consisting of a

25 mixture of ethylene and hydrogen at a-total pressure of 1.5 MPa. 8 .
millimoles of tri-n-octylaluminium were introduced into the reactor,
followed by a quantity of a solid catalyst prepared according to the
present invention, equivalent to 0.8 milliatoms of titanium. Only
for the solid catalyst (P), 8 millimoles of triethylaluminium were

30 used instead of tri-n-octylaluminium. The total pressure in the
reactor was kept constant and equal to 1.5 MPa by ethylene addition
and the polymerization reaction spent between 3 and 5 hours.

Table 1 shows, according to the catalysts used, the operating
conditions of the ethylene polymerization and the characteristics of

35 the polyethylene powders obtained. By way of comparison, instead of
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lnventlon the solid catalyst (W of Conparative Exanple 10 prepared
'With the ald of a primary al kyl nonochl ori de was introduced.

Tabl e 2 shows the operating conditions of the copol ynerizations 30 of
ethylene with 1-butene and the characteristics of the copol yner

powders obtained. It was noted especiall hat the copol yner powder
obtained with the solid catalyst (G exhibited a bulk density which
was nmar kedly higher than that of the copol ynmer obtained with the
intermediate solid product (E). Furthernore, it was noted that to 35
obtain a copol yWO@#ﬂangPeHaWﬁt@) Pmpaura%mcerditnaetcpaheumesent

31 Pr eSfidelt fin 1ubéltisaé}rﬂeaimahopid s}&udcenmwass rwck@aﬂcxdl fgr in
t he case of a solid ¢ st Rr epar eg'f ?Pégo di ng g‘ﬁ ;

i nventi on i1 Add 04 t"ﬁ%" §§ 5 &%t FiatamE 5% § A4t fafed
accordi ng tmtadpcmeisslnyothaompe i®ilpetiylend powddr sbagaedlwithasheal SO
Opserved ® o o Aol DR RLAOUE) | dnliksddd LORAY M6 SlTBR KRR Y1 B iintd {1

t he cat aly | hg t e present 1 nvention

catal yst (W. "—han EX%FrrBﬁethPBWUethﬁeé‘ﬁa?EﬁaliB?ﬂ ofith that H‘F%Fe‘!ﬁ@te solid The
"SG 332" Regi stg¥Rdcdr@jenark silica powder sold by WR. G ace Conpany
(United States of America) was dried for 8 hours at 200[err] C under an
air atmspherem%%al-i-naswma whi ch was rid of free water and

approxi mat el y c@di phawed cadpdlivinkt vpltéen of émtgnens lwith 1-bgtenep ipes gram Al
t he subsequl%nt PREY ﬂ;dqggdﬁag‘&arrl ed out 15 wunder an inert nitrogen
at nosphere - hexane and 60 g of the dried silica were

i nt roduced i nt 800G esphian ankydspug|and_dqaeratedopevdinr ¢f ta eopliympr p£f

f,t irrer . rl géﬁiyillglﬂe_ %tnd2ﬁ-Q>u]5:&\éé)thfé GRS rfificedl JHJtEepowfdQU&iﬂQge Sﬂn‘EWf ¥ over 1
our Yy m | S O | magnesi um a er at ur .

ol r1c The ot lansediPad iradee i o1 I Aooiiameton - mhlh GPWaeH att SipLbtsied: |

and a solid withr oblelciidWweks aobiianeé (g asost @Eani prppel bl mt | 4 ivalonigyobs 15

magnesi um p . .Si.llc 0 hen r]C
ond 186 Y i ppie EhE Bolpssihl O o Pl LBl M ANLOGRN R Ryatheth

slowy for at] ahpovalnpressyrp rof r1|g5 MRe. thaldhinodes tafi ri-nrectylisdupinipmr e
25 continued {O-dendlddutssl 1hes tlaehPéHctaI' &thwehcbﬁ&dqmlwe& gogdigd to

roomterrperaturg (ZOAerrr] ')HE ASO|Id r oduct %52 was obt ai ne
suspensi on in né NIk PrEBHieS ATTRY E: &P the B er?ﬁg?fé"ﬁ“ﬁﬁ?‘} neﬁf‘”(",'laf‘%t to
atomc ratio eqozf miblilatomsred cDwdnduni NFos et ssltidatavalpstd (MR (@R (T2)
20 and (W), 8 millimoles of triethylaluminium were used instead of
tri-n~octylaluminium.
By way of comparison, instead of introducing the solid catalyst
(G).prepared according to the present invention, the intermediate
s0lid product (E) was introduced in a quantity which was equivalent
25 in milliatoms of titanium. Also by way of comparison, instead of
introducing the solid catalyst (T) prepared according to the present
invention, the solid catalyst (W) of Comparative Example 10 prepared
. with the aid of a brimary alkyl monochloride was introduced.
Table 2 shows the operating conditions of the copolymerizations
30 of ethylene with l-butene and the characteristics of the copolymer
powders obtained. It was noted especially that the copolymer powder
obtained with the solid catalyst (G) exhibited a bulk density which
was markedly higher than that of the copoljmer obtained with the
intermediate solid product (E). Furthermore, it was noted that to

35 obtain a copolymer of a given density, the ratio of the partial
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group,reductive towards titaniumtetrachrloride. The liquid phase 30 of
this suspension contained 600 ppmof tert-butyl chloride. The
react or containing the suspension of the solid product (X) in
.n-hexane was then heated to 50[err]C. 48 mg.linoles of titanium
tetrechloride were introduced therein slowy over 2 hours with

stirring. The m xture thus obtained was kept stirred fro 1 hour at 35 .
S0[err] C and was then cooled to roomtenperature. A solid product (Y)

32 was t hus obtained in suspension in n-hexane which, after three
washi ngs, each tiRFESERIenOBOlrbHEeRsr th thak 0fc ethitheng vasgmarksdly lovar|in &hens
of magnlem um S rddski ¢ anBoxald S#Hdlﬁ'f:ﬂ%raﬁﬂrea E&ordlngbntbltrﬁt Qﬁﬁse(ﬂi: invention
tetraval ent titanium ram of _ si stanti a 0
trivalent titani [}ﬁ bend' 226 i af‘rgéées?'gﬁaﬁ%fé’ﬁé lb‘?%“‘?}i IPF??%"Iegs“&"rding
tri-n-octylal um rioum procesmmgtacapaitingytiof foerhsetage.pr tdwes {1¥p observed
containing 6sm | |3t ofR BI'oduct:.vft'yt %'c@ﬁbi’ﬁe? vd¥ hoHuGed éé&&%ﬁﬁ&ﬂ't’ﬂkess

steel 5-litre reactor fitt th a stirrer rotating

revol uti ons per mfafatEstaf® fewwéaSeEP ttae RIEErRY énve%ivelm Wftth’EF n  of
hydr ogen, neasur edtdngtr (w). normal conditions, was then introduced
therein, followed, b ttlgl ene at a steady rate of 120 g/h for 4 hours.
At the end of thi the reactor was degassed and its content was

transferred t o a Breparation of gyegtaipétor where the n-hexane was evaporated
of f at 60[ernhC underpp igg Bk tRe ksefaﬁu%@adegm solid S&Jd%kyéél]d(g% whi ch

was ready for use was hus obt al ned form of powder

consi sting of W.Ro Grace| %‘%“PW dFnftad étﬁ%SQﬁé&‘ﬁr%ﬁ"én’Et‘%Fté‘fﬂ 239 $riberehs
and cont ai net 800 Ghdqrobyedilryhaiaphére Bb!dvtatoma ef1idal amanrrws rid of
Exampl e 14 (Conp 20 . Preparatiqn o

procedure was eng(’:efaywagt)éarl HER s dmately %°é?tfl?e?dtg\‘¥ﬁél?%]ﬁs of hydf?féﬁ t he
186 millinol es ofgroup lyem gedm.ackllothe suheeq@enht opedatizosi wime carriefl et

reactor instead Qfuabfrds QH;MJ n88la3bh dmogpil L hat solid products (X1)
and (Y1) were obtained and used for preparing a solid catalyst 25 (21)

i nstead of the solid R%8UctEnrhexaanPndyP0 Leshelde duiad silica were imgjpodyend (
product (X1) was mtbai NRAihTesSUSHRRNSI-Witké reabEotfiBited witlCQNEBErREAT

chlorine and rmgnr%%:iagmgi Iia]t:aZS%I 434901&90%%29%9% ugollowed slowly over 1 hour

by 190 millimoles of dibutylmagnesium at a temperature of 20°C. The

20 mixture thus obtained was stirred for 1 hour at 20°C and a solid
product was obtained containing 1.55 milliatoms of magnesium per
gram of silica. The reactor was then heated to 50°C and 186
millimoles of tert-butyl chloride were introduced therein slowly for
1 hour with stirring. At the end of this time, the mixture

25 -continued to be stirred for 1 hour at 50°C and was then cooled to
room temperature (20°C). A solid product (X) was obtained in
suspension in n-hexane, containing chlorine and magnesium in a Cl/Mg
atomic ratio equal to 1.6 and éontaining substantially no functional
group reductive towards titanium tetrachrloride. The liquid phase

30 of this suspension contained 600 ppm of tert-butyl chloride.

The reactor containing the suspension of the solid product (X)
in n~hexane was then heated to 50°C. 48 millimoles of titanium
tetrechloride were introduced therein slowly over 2 hours with
stirring. The mixture thus obtained was képt stirred fro 1 hour at

35 50°C and was then cooled to room temperature. A solid product (Y)
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0:97 and containing functional groups reductive towards titanium
tetrachloride. The liquid phase of this suspension contained a |lot 30  of

chl ori ne-cont ai ni ng organi ¢ conpounds. The solid product (Y1)
contained 1.72 mlliatons of magnesi um 39 3.4 mlliatons of chlorine,
0.45 mlliatons of tetravalent titanium and 0.1 mlliatons of

trivalent titaniumper gramof silica. The solid catal yst (Z1)
was obtained in the formof a 35 prepolyner powder consisting of
.particles which had a mass-nean

33 di aneves t@ks 203 aihed dpssuspangiont &t melemmeqgwhiichy odkter ihirepne per
mlliatomof titgRiniRes, each*@dmal 611-.31:5600 m1G8s nphésﬁﬁepoédﬁ%iﬁe@atll e of
ethylene in a fluidized-bed reactor. rocedur e mas exactly as
in Exanple 12, aBé’r]tlatf"?‘%rﬂftﬂ%gnﬁ%um' m’d‘fuf‘mssﬁﬁ i glﬁ’éﬂt"él 7 %33 . By way
of conparison, insikatdosd ofStélFavalentt bEtaadlm heofinyst siZ)cqir apdr ed
accordi ng tog the I.nvent i solid catalyst (Z1) was used.
Table 3 shovvs thgeé%era%?lnl condirt i 1&% tjftafge ‘ethyl ene 10 polynerization
and the characteri st |2cé1¥ﬁe8th%q3bﬁmehy?éneiwm&¢% of tri-ptectivhethminfumas
noted especial |y hdaf qhmﬂyowehevsmdosmw& (Y) coaekixﬁngaé adlxﬁat(az;)ofwas

mar kedly | ower than that of the solid cat al ﬁ. Z). anpl e

15 Gas phase coﬁb'f?’rféﬂnl‘?é’ﬁ thErefuead reh e ﬁﬁlﬁlb“iﬁé gely Srhitye eatRor
fluidi zed-bed reattedd with a stirrefh@®tpt e dtir BSoVWBSrodweidnsypas muﬂuﬂixam)l e
12, apart fr t use of Jthe soli t t. (P)_in a quantit

equi val ent tgéno g tﬁ%l 9 70 co A Vo% gr‘i"%gnﬁnal 5 h’{fségo » B “Irlegl l'1¥les of
tri-n-octyl al um rPxmal avndattzgns, weﬁﬁépatmeouce%{larp}@ folldved boi ethylenef

ethyl ene, buteneai @@@eaay rahyd;fom /808Yrak Mdgs 10% (e ¥Rd WFELhQf time
hydrogen, the ratjo / err]) of the parti al Pressure of

err
but ene-1 to that *Bf r@?ﬁff‘?%gfé degasgpg Agd gtsoeqpsent as trans eqred; {f gorotary
conditions, a copeiparatoniwheid\tihene-heixbde 3%Us araperagglet &¥F at of0°butmiee-4 was

obtained in ig'e E:Qlit[@aqf v?cu%.g\.’\d%rheoéolqdbgétglggtn%bs ywhich was ready for use was
thus cbtained in the form of a prepolymer powder consisting of
particles which had a mass-mean diameter of 250 microns and

contained 80 g of polyethylene per milliatom of titanium.

Example 14 (Comparative
20 PBreparation of.a catalyst
The procedure was exactly as in Example 13, apart from the fact
that the 186 millimoles of carbon tetrachloride were introduced into
the reactor instead of tert-butyl chloride, and that solid products
(X1) and (Y1) were obtained ‘and used for preparing a solid catalyst
25 (Z1) instead of the solid products (X) and (Y) respectively.
The solid product (Xl) was obtaihed in suspension in n-hexane,
containing chlorine and magnesium in a C1/Mg atomic ratio equal to
0.97 and containing functional groups reductive towards titanium
tetrachloride. The liquid phase of this suspension contained a lot
30 of chlorine-containing organic compounds.
The solid prdduct (Y1) contained 1.72 milliatoms of magnesium,
3.4 milliatoms of chlorine, 0.45 milliatoms of tetravalent titanium
and 0.1 milliatoms of trivalent titanium per gram of silica.
The solid catalyst (Z1) was obtained in the form of a

35 prepolymer powder consisting of particles which had a mass-mean
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of 0.43 g/cn8B. Exampl e 17 Gas phase copol ynerisation of ethyl ene
with butene-1 in a fluidi zed-bed reactor. 30 The procedure was
exactly as in Exanple 16, apart fromthe ratio (p(err]/pCerr] of

0. 05. In these conditions, a cogglyner of ethylene with 3.3% by
wei ght of butene-1 was obtained in the formof a pomder of a bul k

density of 0.42 g/cnferr]. 35 Exanple 18

34 Gas phase copol ynerisati on of ethyl ene with nmet hyl - 4- pent ene- 1
in a fl ui di zed-bed reactor. The procedure was exactly as in
Exanpl e 12, apar S1ppedert o 238 anicrons gnd;¢pntaingd 8 & &aF yealyethyliepe Pequant ity
equi valent to 0. &ipiddtoatedmtbtaniv@f titanium the use of 8 millinoles of
RH-WOMyHﬂwﬁ@%nla a tenperature of 70[err]C, with a m xture of
‘et hyl ene, nethylr#rg%ﬁt%%e-l and hydrogen contalnlng 10@6(by vol une)
of hydrogen, theGeaaipha e ; pid i )

‘et hyl - 4- pengene- 1 t Ql.‘hE oc@ﬁure Xl:fyn% bﬁ*‘%&a@;}e 195 ap;Q: f.r.'orp_I 1:heI tse

't hese conditions, %mar 0 yl ene wt
met hyl - 4- pent ene °f %?sse}ﬁ Pﬁ%ﬂlm (Zn?e R Fﬁibf°fa°Mé$°fbf lnsteadaO%lekng

density of 0.41 gh@f’dcﬂ.liﬂ]catalyst ExpMprepdiRd accorEBsy RBAGR §HEYnY BivienfidmN

of ethylene with Bre %11 ﬁeg n? J’é)lna15 fluidi zed-bed reactor.

The procedure wadP&Afdifycatelyst (AL MR8 #1%8- 18, apart fromthe ratio

(pCferr]/pCerr]) of Table 3 shows the dperatizgecauiitiiérisons, tha ethydkyerer of

et hyl ene wit hy9. 5% ' | f |~ 4-pen - tained.in the

formof a po&%er%g?;%eg 1za%i°§ﬁ%%]gg%sclhtqgu(}f)érbfé%%%gg’ﬁ%&?lpo%ét%egé poq'ders
obtained. It was noted especially that the productivity of the

solid catélyst (Z1) was markedly lower than that of the solid
catalyst (Z).

Example 16
15 Gas phase copolymerisation of ethylene with butene-1 in a

fluidized-bed reactor.
The procedure was exactly as in Example 12, apart from the use
of the solid catalyst (P) in a quantity equivalent to 0.8 milliatom
of titanium, the use of 8 millimoles of tri-n-octylaluminium, at a
20 temperature of 95°C, with a mixture of ethylene, butene-1 and
hydrogen, containing 10% (by volume) of hydrogen, the ratio
(pCs/pCy) of the partial pressure of butene-1 to that of ethylene
being of 0.03. _
In these conditions, a copolymer of ethylene with 2% by weight
25 of butene-l1 was obtained in the form of a powder of a bulk density
of 0.43 g/cm3,
Example 17
Gas phase copolymerisation of ethylene with butene-1 in a
fluidized-bed reactor.

30 The procedure was exactly as in Example 16, apart from the
ratio (pCs4/pCq) of 0.05.
In these conditions, a copolymer of ethylene with 3.3% by
weight of butene-1 was obtained in the form of a powder of a bulk

density of 0.42 g/cm3.
35 Example 18
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25 30 35 ' 35
Tabl e 1: Pol ynerization of ethylene- Solid Tenper- % H2 (in
Produc- M[err] 16 Density BD catalyst ature vol une) tivity
9/10 mn  (g/cnferr]) (g/cnferr]) or ;@Iid. ([err]Q product
(D) 100 26 3300 17 0.96 0.42 (F)
90 39 3100 2.5 0. 97 0. 40
Gas phase copolymerisation of ethylene with methyl-4-pentene-l in a
Fluidized-bed reactor,
The procedure was exactly as in Example 12, apart from the use
of the solid cgtalyst (P) in a quantity equivalent to 0.8 milliatom
5 of titanium, the use of 8 millimoles of tri-n-octylaluminium, at a
temperature of 70°C, with a mixture of ethylene, methyl-4-pentene-1
and hydrogen, containing 10% (by volume) of hydrogen, the ratio
(pCg/pCq) of the partial pressure of methyl-4-pentene-1 té that of
ethylene being of 0.05.
10 In these conditions, a copolymer of ethylene with 4.8% by
weight of methyl-4-pentene-1 was obtained in the form of a powder of
a bulk density of 0.41 g/cm3. ' .
Example 19
Gas phase copolymerisation of ethylene with methyl-4-pentene-1 in a
15  fluidized-bed reactor.
' The procedure was exactly as in the Example 18, apart from the
ratio (pCg/pCy) of 0.1.
In these conditions, a copolymer of ethylene with 9.5% by
weight of methyl-4~pentene-l was obtained in the form of a powder of
20 a bulk density of 0.38 g/cm3.
25
30
35
L1



B .
(conmpar -
0. 96

0. 96

36
TABLE 3

90 39 3200 .4 0.97 0. 30
ative) (J) 90 40 3600 1
0. 38 (P 90 40 3050 1.1
0. 36
[err] 35 37
POLYMERI ZATI ON OF ETHYLENE 5
Table l: Polymerization of ethylene
Solid Temper-|% H2 (in |Produc- MIZ-iG Density BD
catalyst |ature volume) |tivity [g/10 min | (g/cm3) [(g/cm3)
or solid | (°C) '
product
(D) 100 26 3300 1.9 0.96 0.42
(F) 90 39 3100 2.5 0.97 0.40
(E) 90 39 3200 2.4 0.97 0.30
(compar-
ative)
(J) 90 40 3600 1 0.96 0.38
(P) 90 40 3050 1.1 0.96 0.36
35
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38 CLAI M5 1. Process for the preparation of a solid
catal yst suitable for the - pol ymeri zation or copol ynerization of ol efins
especially ethylene, a catal yst conprising atons of nmagnesi um

chl orine, titanium and/or vanadium anpd a solid support based on a
refractory oxide, which 5 process is chbracterized in that it conpri ses:
a) ina first stage, bringing a solid support based on a refractory
oxi de contai ni ng hydroxyl groups, into contact with a di al kyl magnesi um
optionally m xed or conplexed with a ~trialkylalumnium 10 b) in a
second stage, bringing the product resMEABLRE fromthe first stage into
contact with a nonochl oro organi c conpound sel ected anongst secondary
or tertiary al kyl or cycloal kyl _nonochl or.i des containing 3 to 19
carbon atoms and anongst conpouBSeMERIZATION OF ETHYLENE, nyla Rlerr] Rlerr]
Rlerr] CO in which R9is an aryl radical containing from1l5 6 to 16 carbon
atonms and err]_and Rlerr] are identical or different radicals chosen
from hydrogéen, gl kyl radi|cals contai*ing from{l to 6 car boh at ons

aryl radicals cnt3alding |[f Ferne@atwrel( &alobOin JPoednctivity|Min.qh jr eBD

identical to or |difdfe¢ent froqbseg, voilme) ijn a thi rd stage, prigpaiNg |t he
product resulting from 20 t he secom? stage iinto contacy with pt | east {one
tetraval ent titanium or vanadi ufn conpound or a trivéalent v

conmpound, and -tH—— e fotrth—gtage—bringtrg—the g

En%

——r)
—

fromthe 10 ghi r%‘ stage intgg contact wpth gthyjgge, o

wth an al gha-ol’efin cont’ai ningjfrom3 tq 8 carbon atons, |n t he
presence _
(z1) 90 39 2090 3 0.35
Compara-
tive
15
20
25
30
35
37
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25 pof at |east one activating agent sel ected anongst the

-organoal um ni um and or ganozi nc conpounds, in such quantities to obt ain
the solid catalyst in the formof a prepol ynmer contai ning from1l to 200
g of polymer per mlliatomof titanium or vanadi um or, titani pl us
vanadium the nolar ratio of the quantity of the 5 n&?ﬁ?f‘?f’?gﬂ (gg]d/ or
Zn) of the activating agent to the quantity of titanium or vanadi um
or titaniumplus vanadiumis from0.3 to 10, each of the f our stages

‘being perforned in a hydrocarbon Iiquid medi um . Process
according to Caim1, characterized in.that each gramof 10

‘contacted with 0.1 to 7.5 mllinoles of the di al kyl magnum“ﬁ“ﬁmnﬂnu "l“'
-di al kyl magnesi um plus trial kyl al um ni um 3. Process accofdithg ‘to"d &ini
.1 or 2, characterized in that the nonochl oro organi ¢ conmpound has the
-general fornmula Rlerr] Rerr] Rerr] Cd in which R6 and. R7 are
identical or different alkyl radicals containing 15 froml to 6 carbon
atons, and R8 is a hydrogen atom or an al kyl radi cal containing froml
to 6 carbon atons identical to or different fromR6 and R7. 4,
Process according to Caim1l or 2, characterized in that the

nonochl oro organi ¢ conpound is secondary propyl chloride, secondary 20

butyl chloride, tert-butyl chloride, benzyl chloride,

1- phenyl - 1- chl or oet hane, cycl ohexyl chloride, or

1-met hyl - | - chl or gcpedohexane. 5. Process according to any of Clains 1
to 4, characterized 1 n that the solid catalyst is obtained in the form
of a prepol yner %5 EEoffs#i frh§hepregavudony off apitliferatgdyshispitahlonfer tiFe

or V, or Ti péﬂy&iﬁri&ation oﬁcoﬁl?ﬁ@ﬁ&aﬁf&i)@ﬂ'mfﬁﬂs %Qi‘eé)]]calgraét'ﬁ?lélnet 0a S
characterized in t t he groduct esul ti.n thhe first sta is

contacted with tﬁat"ﬁySt BROEHPSr T OBF gHnfaenss GRS qUEAR LYY 2B t hat
the nolar ratio 8@haddimi laed rimelid ysuanonchwdl onG;a @é@ﬂtltﬁrﬁ@ﬁqi)mmdhidh t he

quantity of s oIl .0RaNERLIT:eDlaclGN SRk RPLUS,Ab4YY N UM contai ned in

t he product resul tin romt first stage 1's 7.
Process accordi n# t o 1and f3fstoiskpeny bringips %ﬁaibﬂ:tsét’?%@db##ﬁdt hata - t he

product resulti ngeﬁcxfaeﬂbﬁﬂ”lexb‘dﬁlaaﬁltﬁhw hiy8réxgit @:.Qﬁ@g W!nttb ddiRadb withtani um
and/or vanadi um goMRORRACSksdd ofe AN WX SR L3Nt vien
trialkylaluminium,

10 b) in a second stage, bringing the product resulting from the
first stage into contact wifh a monochloro organic compound selected
amongst secondary or tertiary alkyl or cycloalkyl monochlorides
containing 3 to 19 carbon atoms and amongst compounds of general
formula R? R10 Rll cc1 in which R%is an aryl radical containing from

15 6 to 16 carbon atoms and R0 and Rl are identical or different
radicals chosen from hydrogen, alkyl radicals containing from 1 to 6
carbon atoms and aryl radicals containing from 6 to 16 carbon atoms,
which are identical to or different from R9,

c) in a third stage, bringing the product resulting from

20 the second stage into contact with at least one tetravalent titanium
or vanadium compound or a trivalent vanadyl compound, and
d) in a fourth stage, bringing the product resulting from the
third stage into contact with ethylene, or ethylene mixed with
an alpha-olefin containing ffom 3 to 8 carbon atoms, in the presence

25 of at least one activating agent selected amongst the

38
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Y
.

40 . atomc ratio of the quantity of titanium or vanadium or

titani um pl us vanadiumto the quantity of the nagnesium or nagnesi um
pl us al um nium contained in the product resulting fro ||
st age is from0.1to 0.9. 5 8. Pr ggess accor di ng RH‘ m ﬂﬁ ulmul
1 to 7, characterized in that the titahi um or vanadi um gonpound

chosen froma tetraval ent titani um conpound of general fornula

Ti (OR)[err] Xerr] a tetraval ent vanadi um conpound of general

formula 10 V (OR[err] Xerr] and a

‘trival ent vanadyPrERWsbUNEluBfandePREeRPZ NS AEMRPUNdS, in such quantities to

VO (OR)[err] X[ ebbiain the sollidVtathnygenes ahef rilibfQ BrépolfhesIckitainagi cal
containing from on atons, X I 51)chl orj.ne.or bron ne_ atom

and mis a whol %6?“’ 11go 20&%12‘{ BRLmeR RiFe Pt ™ 10F B taniwmy oF Y4 itiand

smal | er than 4 and titaniym pius vahadimmgrther aclaronaltlonufme evqamahty ®fothe

greater than50 aﬂgtal(s) @ﬁagﬁffortmog the actigratﬁ{ FECH e hﬂgnttiq ag;fy of .
5 otuc

Clains 1 to 8, characterized in th tage
resulting fromt ﬁétag’é‘BBncPrst’&‘g*’éllP%' 2’0’ ti‘i‘ainll’é'{’ P&Ps a'lalnaﬁ%ugﬁtfrom% 3c6ﬂt’ébt

‘With at |east ongaéh lBNERENEGHr stages/ BB tpa}f:&mp@mda K28 84 hoh O qiid
tetraval ent titani ym conpound of general fornula

Ti (OR[err] X ePFfHs™ a tetraval ent vanadi um conpound of gener al
formul a 25 2. Process according to Claivi ( ORHaeuctlerXk@t ih that eadidgaam of

‘trival ent vapsd f I
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cont act with at wWFeich RBnagidt R{ areubdemtical or different alkyl rad:.cals contaln:l.ng
15 from 1 to 6 carbon atoms, and R8 is a hydrogen atom or an alkyl
radical containing from 1 to 6 carbon atoms identical to or
different from R® and R7. '
4. Process according to Claim 1 or 2, characterized in that the
monochloro ofganic compound is secondary propyl chloride, secondary
20 butyl chloride, tert-butyl chloride, benzyl chloride,
l—phenyl-l—chloroethane, cyclohexyl chloride, or
1-methyl-l-chlorocyclohexane.
5. Process according to any of Claims 1 to 4, characterized in that
the solid catalyst is obtained in the form of a prepolymer
25 containing 10-to 200 g of polymer per milliatom of Ti, or V, or Ti
plus V.
6. Process according to any of Claims 1 to 5, characterized in that
the product resulting from the first stage is contacted with the
monochloro organic compound in a quantity such that the molar ratio
30 of the quantity of monochloro organic compound to the quantity of
the magnesium, or magnesium plus aluminium contained in the prdduct
resulting from the first stage is 1 to 3.5.
7. Process according to any of Claims 1 to 6, characterized in that
the product resulting from the second stage is contacted with the

35 titanium and/or vanadium compound(s) in a quantity such that the
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.-vanadi um conpound chosen froma tetraval ent titanium corrpoﬁnd of 35

_glg_;ant(ard% | feﬂ]mjlee”] a tetraval ent vanadi um conpound of mummmll"u)"m-l“ I"l

V (OR[err] Xerr] and a trival ent anadyl conpound of den&rat f'orrul a
5 VO(CR)[erri;’ X err] I n which general
formul ae R and X have definitions identical with t hose above, r is a
whol e or fractional nunber equal to or greater than 2 and snall er than
or equal to 4 and s is a whole or fractional nunber equal to or
greater than 1.85°Bir] rahig (o theh gRanfitE Rfalt LEapigm, Q¥ vamgdivmcoratifapiyy, the

(co-) pol yneri Sq{(lhgf\réﬁﬁdﬁir@ftbr’ﬁme q.smqwldfythe magRéd iy £ N, mséateaweq,my t he
process accordi st for

o_an
ol yror i 2at 1 on iebsd trrergad EBrens: blrdis moeer i, SRR KhF o5 B4 B
conprising a rdisattar . bxlmd@ %nd at ons of chl ori ne, magnesi um

titani um agd/ org Vapalie W acebAd BG! €8 1§04 k100! 1 1% 7, 'éha‘iQE'iHﬂi%S&un Pﬂt
mlliatomof titaniumor vanadi Um or titani um [ us vanadium from1

to 200 g pr ef ertks| S-/’-tfel% %ovrg‘dévm °°mP°‘B’6I y%tq‘?nghérﬁ‘F "c&ﬂ’b‘l*’y’ﬁé‘i’ntof

ethyl ene with a&ithifiim 3b@ddhd AJf @6neral f&lmaba olefin containing 3 to 8

carbon atons, from0.2 to 15 g of a b(o )ﬁ‘ltory oxide, from1l to 10
L)

m I 1inoles of magnesi um fromO0.1 to ) -] i at ons of al um nium or
zinc, or alum rd setydvademti wenatigmf ¢aqupound of(Ogdreral fakmeld ess. than 0.2
Ml atoms ;gf an el ectron-donor conpoynghg) n Ko 12. Catal yst according to
Claim1ll, characterized in that it is in The form of particles having
a mass- mean di @fgt drtrgvalant; paongyl compoyrd pfrgengEel £oBMIe density of 0. 25
to 0.6 g/cnB. 25 13. Catal yst for lvbe(qac) yxge;ll zation or copol ynerisation

f ol efins, iall d
atoms of | i BP eSO CRIAESS 1\ S Bt I S EhaTr MR M Ak
and/ or Zi rkc cachmar atom,i ¥etk ianchlvaing tori qumbhe dtompargdducis anvieilkyéene
copol yner Rhavi Wy FONR ARG CORLEM o Ry gq%'agm 1th'aAth aﬁa s%, élercgﬁgx)?%pgﬁ'dj' ng

to one of the two OW ng equati ons:
wherein A is tHeiput &ele atofirastiiorsl RpRAs e@falaFP é’crhgf’r’%ﬂ’féfb‘ihaén‘é -4nd

smaller than 3.
9. Process according to any of Claims ! to 8, characterized in that
in the third stage the product resulting from the second stage is
20 first of all broﬁght into contact with at least one titanium or
vanadium compound ghosen from a tetravalent titanium compound of
general formula
Ti (OR)p X4-p
a tetravalent vanadium compound of general formula
25 V (OR)p X4-p
and a trivalent vanadyl compound of general formula
VO (OR)q X3_q
in which general formulae R is an alkyl radical containing from 2 to
6 carbon atoms, X is a chlorine or bromine atom, p is a whole or
30 fractional number eqﬁal to or greater than 0 and smaller than 2 and
¢ is a whole or fractional number equal to or greater than 0 and
smaller than 1.5,
and is then brought into contact with at least one titanium or
vanadium compound chosen from a tetravalent titanium compound of

35 general formula
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copol ;}rrer prepared at 95[err]Cin a gas phase copol ynerisation carried
out with the said catalyst in the presence of a reaction gas mxture 35
cont ai ni ng et hylene and butene-1, (p(err]/pCerr]) is

42 partial pressure of butene-1 to Pat of ethyle ' i
reaction gas mxture ranging fromO to 0.4 and a is a :“mﬂﬂ 1@@“ l”ﬂ)
to 70, (2) B =Db x (pC6/pC2) 5 WnerelnBistherre c a4 -
content by weight of an et hyl ene/ met hyl -4 pentene-| copol yner prepared
at 70[err]Cin a gas phase copol ynerisation carried out with the said
catal yst in the presence of a reacti 6ARYa%snt xture containing ethyl ene
and net hyl - a fEHFaeaRmt, véxﬁ@li@ﬁ rc]o{npﬁnarsﬁ Jgehérdih@of@fiko of the partial
pressure of 10 nmet hyl -4 pentene-| to th t gr ethylene in the said reaction
gas m xture ranging fromO to 0.3, i*-8 nunber from 80 to 100.

14. Process for pod\argriwlegt etahydsdneowomdp@ﬂ yeweradi figrmully| ene wth
at | east onesal pha-ol efin containingyg Ed) 8 £20 bon atons in the

presence of the catal yst according to any Bf Pains 10 to 13. 15 15.
Process accor di ndnt'richgeperal feﬁ‘a‘ﬂé@t%rﬁnfelﬁl hayeidpfinipions identical with

copol yneri sati ontRésectabyvesne 1 ahwidiel 62FraO@nal %‘b@f &lquB1 to or GRRhEdNI NY
3 to 8 carbon at d out in presence of

.S carri a hase t he
at | east one cocg{{%} fsf‘mgﬁﬁ'gg]ﬁ*rf Fotn 8F g%‘ﬁ‘@& 4n?’iﬂnsahﬁ a Wh°leoP§a§FGfH'R,"al
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ethylene, obtained by the process according to any of Claims 1 to 9.

11. Catalyst for the polymerization or copolymerization of olefins
especially ethylene, comprising a refactory oxide and atoms of
chlorine, magnesium, titanium and/or vanadium, characterized in that

15 it comprises, per milliatom of titanium or vanadium, or titanium
plus vanadium, from 1 to 200 g preferably 10 to 200 g of
polyethylene or copolymer of ethylene with a mingr amount of an
alpha-olefin containing 3 to 8 carbon atoms, frem 0.2 to 15 g of a
refractory oxide, from 1 to 10 millimoles of magnesium, from 0.1 to

20 20 milliatoms of aluminium, or zinc, or aluminium plus zinc and from
0 to a value less than 0.2 milliatoms of an electron-donor compound.
12. Catalyst according to Claim 11, characterized in that it is in
the form of particles having a mass-mean diameter of 50 to 500
microns and a bulk density of 0.25 to 0.6 g/cm3.

25 13. Catalyst for the polymerization or copolymerisation of olefins,
"especially ethylene, comprising a refractory oxide and atoms of
chlorine, magnesium, titanium and/or vanadium, aluminium and/or
zinc, characterized in that it is able to produce an ethylene
copolymer having a comonomer content by weight, A or B,

30 corresponding to one of the two following equations:
(1) A = a x (pC4/pCy)
wherein A is the butene-1 content by weight of an ethylene/butene-1
copolymer prepared at 95°C in a gas phase copblymerisation carried
out with the said catalyst in the presence of a reaction gas mixture

35 containing ethylene and butene-l, (pC;/pCy) is the ratio of the
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partial pressure of butene-1 to that of ethylene in the said
reaction gas mixture ranging from 0 to 0.43, and a is a number from
50 to 70,

(2) B = b x (pCs/pCy)

wherein B is the methyl-4 pentene-1 content by weight of an
ethylene/methyl-4 pentene-1 copolymer prepared at 70°C in a gas
phase copolymerisation carried out with the said catalyst in the
presence of a reaction gas mixture containing ethylene and methyl-4
pentene-1, (pCg/pCy) is the ratio of the partial pressure of
methyl-4 pentene-1 to that of ethylene in the said reaction gas
nixture ranging from 0 to 0.3, and b is a number from 80 to 100.

14. Process for polymerising ethylene or copolymerising ethylene
with at least one alpha-olefin containing 3 to 8 carbon atoms in the
presence of the catalyst according to any of Claims 10 to 13.

15. Process according to Claim l4, characterized in that the
copolymerisation of ethylene with at least one alpha-olefin
containing 3 to 8 carbon atoms is carriéd out in a gas phase, in the
presence of at least one cocatalyst chosen f£rom organocaluminium and
organozinc compounds, at a temperature of 20°C to 110°C, under a
total pressure of 0.5 to 5 MPa, the ratio of the partial pressure of

the alpha-olefin(s) to that of ethylene being of 0.01 to 0.5.
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