:1 Catval yst system.for ol efjn.polynerization and process for the

pol ymeri zation of at least one olefin in the presence of this catalyst
system The present invention relates to a catalyst'5 systemfor olefin
polymeri zation, including .especially a catalytic solid based on chrom um
deposited on an in- organic support. It jalso relates to a process for the
pol yneri zation of at |east one olefin in the presence of this catalyst
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deposited on an |no gani ¢ support are we nown,  Suc 1 Ot! exarrpl e,
the catal ysts JdEES-HR ‘ 2
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means of a m xture of two chrom um cat al ysts, the first one bei ng deposi ted
on a support of alumna treated with Sil bond[err 40 silicon tetraethyl ate,
and the second one on %if alRFASATM fRySHtdon suppates Ihotrﬂscatalyst

copol ylmer iszat |s;fstr§nocm5 dlréﬁrh%ﬂcﬁ@‘nﬁiﬁdiﬁiédn) ?uﬂ!l&ﬂh it iad 13P a
cocat al yst. n process.has  he di sadvant age uirin
rel atively h| g ﬁ:akl q:noma g%ﬁcé’ﬁt’s éit i Th f’ el %t ngI‘é"[ 0
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for the polyrrerlzatlon of ol ef i ns, es It poss e to ower
density of th&BI@ FRtLNRE Wﬁffﬁ!brporatl ng therein a small quantity of
conbnonmenoor even non&hionfilum-b¥ked olefin Tﬁbiﬁérﬂwhléxbecla@éqwt@

relates to a I t systemfor olefin p rrerlzatlon ngl udi ng
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characteristics the invention is the conbination of an org RASA i ni um
conpound as 08‘8811&%% t fERYleng) i c coprlamexd@gdorwi iR oakARRpdYi t ed

on a suppsrt meahs pifng siiitifre of two chromium catalysts, the first
one being deposited on a support of alumina treated with
Silbond® 40 silicon tetraethylate, and the second one on
- an aluminium phosphate support. In this copolymerization
process triethylborane (C,H;),B is also employed as
20 cocatalyst. |

This known process has the disadvantage of
requiring a relatively high comonomer concentration in
order to make it possible to lower appreciably the

density of the polyethylene.

25 The present invention overcomes this disadvantage
by providing a new catalyst system for the polymerization
of olefins, which makes it possible to lower the demsity
of the polyolefins by incorporating therein a small
quantity of comonomer or even none at all.

30 To this end, the invention relates to a catalyst
system for olefin polymerization, including a catalytic
solid based on chromium deposited on a support containing
silica, alumina and aluminium phosphate and a cocatalyst
chosen from organcaluminium compounds.

35 One of the essential characteristics of the
invention is the combination of an organocaluminium
compound as cocatalyst with a catalytic solid based on

chromium deposited on a support containing silica,



:22- alum na and al um ni um phosphate. The organoal um ni um conpound of the
catal yst systemof the invention is in npst cases chosen fromthe conpounds
of formula [err] in which Rand-R are 5 identical or different and each
denot es a hydrocarbon radical ,- X denotes a hal ogen and n and m denot e
nunbers such that 0 < n < 3 and 0 < m< # Exanpl es which may be nentioned

of organoal !mHLHg%x%OQR uggﬂkggtf?%gag?ggﬁg? oyed in the invention are

di et hyl al um nium oXI de & C2H5) ] ~ethylal um ni um
dichloride [Al (C2H5) T@Z]Orgamdnylhr_ainmtmi Wwompowss (wfchbhei deatflyst
diethyl al um nbystehl OF! Bhe LAGERLLELTEL YhARYEL LML, chézLe,é gﬁ%@{ﬁ
triisobutylal um ni um;Al (L-CAH9) 3] _and triethylalum nrum 3].
15 FRPREGF g2f o EP TR LA Roarp EORY) S threwbdeh Hand Bt esref the
i nventi or5 R ahdehticilae awmmleguahuf Cé‘aaﬁendéﬁeﬁhb)é(ir Mébt.i’-ﬁ&h Cglo zd
t ai ni : cagb a refera u o] carbon atons.
Cesults are cbrar&ey” ik B4nBLaE®a MRaBGR R  Sfhd i tSRES WP or
branched), cy®ehl it Aryinalky? andy? sml «al Xyl BExahplesiviich mdye hest

results are Gid@tNsseqnessR 628ahea1tnkhiGH ComoRRhedialelodipdigel X
Is gener- ally chosen fromflyorine and chlorjne. orine is particularly
suitable. As %"‘%:Q?Pé? | TRuFBen1BYERAe8 Adie siiethydadaminivm, ethaxide ar do

not exceed 1.[ Pegtar,adl ¢o-a,Hpd] ;m areeﬁ:hﬂ'helllillﬁﬁf:ﬂﬁﬁd Orgﬁ!&ﬂtéﬁii:délm
conmpounds are i | ym niu [ t.yl al um ni um and . tri -
al lrJrPn ni um Tr%%{lé;%a%mlﬁrﬁqdm i sn%/g?lylpga??%&ﬂ:é??y pr &% ulcfhef?ﬁé.d?:or t he

purpose of t hrlerEsBatClalendisthyl adngmiam nehi o denpEAte,Hs) jaitlended to
gdenote one ortiidietiHfldGREn HARNPOUNGS. (dIYENET . & SiliHER A 13ARR L Al N uLn
conmpound is pgAqﬁf_r‘%g;QS - YTWO{MPZ characteristic of the
invention lie$1H 1 mEst (5P t 2k (GHe dat al ytic solid,
whi ch silful t aneous!| y oritke nergahoaiumihinmnaompdund of the catalyst
system of the invention R '‘and R' are advantageously
chosen from hydrocarbon radicals containing up to
20 carbon atoms and preferably up to 6 carbon atoms. Good
results are obtained when R and R' are chosen from alkyl
20 (linear or branched), c¢ycloalkyl, arylalkyl, aryl and
alkylaryl radicals. The best results are obtained when R
denotes a linear or branched alkyl radical. X is gener-
ally chosen from fluorine and chlorine. Chlorine is
particularly suitable. As a general rule n and m do not
25 exceed 2, in particular do not exceed 1. Preferably, n
{ and m are 0.

The preferred organocaluminium compounds are
trimethylaluminium, triiscbutylaluminium and triethyl-
aluminium. Triethylaluminium is very particularly pre-

30 ferred.

For the purpose of the present invention an
organocaluminium compound is intended to denote one or
more of these compounds. However, a single organo-
aluminium compound is preferred.

35 Another important characteristic of the invention
lies in the composition of the support of the catalytic
solid, which simultaneously contains silica, alumina and
aluminium phosphate.

The support of the catalytic solid of the inven-



.al um*ni um phosphat.e. The support of the catalytic solid of the inven-

-3- tion advantageously has a specific surface of .at |east 100 n2/g, in
particular at least 180 nmferr]/g, values of at |least 220 nferr]/g being the
nost favourable ones. In nost cases the specific surface is not nore than
800 n2/g, 5 nore precisely not nore than 700 nierr]/g, val ues of not nor e
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of at least 2.2 cnB/g being recomended pore vol une |s‘_3]enera not
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pore volunme c ti of poare |us smal] er Lpan.o to 75
A, measur ed b Ptar?} ?@? ‘Lc'e s'ﬁ‘éﬁe?fdtl ST (eﬁ?ﬂpin%'t hdd accora’%ng K Eih

vol umetric t eGhe curystesldhidatiiom tBmineratwte mfarthesSwgRyt] is gbermd of
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orosi neter of Poro

e marketed by Carl cordin
to Bel gi an St%ﬁfd%“t?%l@% il A7) F?@?B%tﬁﬁﬁﬁ ?égﬂl Ee ggﬁq’t?e %{ﬂ érjr )
when t heigpecighioe csuriese ¢ SSandndhiehs EAtery cdacie hédt trehbmesnttppdoyt

correspond toetxtl:t%u]c %_'L{QOV@M rseg.t&;]!eowlf ray diffraction.

The support of the catalytic solid of the inven-
tion is usually characterized by a pore volume of at
least 1.5 cm’/g, more especially of at least 2 cm’/g,

20 values of at least 2.2 cm’/g being recommended. The pore
volume is generally not more than 5 cm’/g, in particular
not more than 4.5 cm®’/g, values of not more than 4 cm’/g
being common. The pore volume (PV) is the sum of the pore
volume consisting of pores of radius smaller than or

25 equal to 75 A, measured by the nitrogen penetration (BET)

{ method according to the volumetric technique described in
British Standard BS 4359/1 (1984) and of the pore volume
measured by the mercury penetration method by means of
the porosimeter of Poro 2000 type marketed by Carlo

30 Erba Co, according to Belgian Standard NBN B 05-202
(19876) . _

Good results can be obtained when the specific
surface (SS) and the pore volume (PV) of the support

correspond to the following relationship:
35 Ss < (PV x 564 - 358),

in which 8S and PV are, respectively, the numerical

values of the specific surface expressed in m’/g and of



35 . SS < (PV x 564 - 358), in which SS and PV are,
respectively, t-he numerical values of the specific surface expressed in

n2/ g and of -4- the pore volunme expressed in cnferr]/g. The support of
the catalytic solid according to the i nventlon preferably contains silica
(X), alumina (Y) and al um ni um phosphat®e 4 in a nolar percentage 5
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exceed 20 rml vél ue not nor'e t ei ng_ reconmended. The
support accorﬂhﬂgp%tGhe thes caupparfe s athe catadvtie reekidr of ph®er
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hi gher t han 0+P'éﬁ’ﬂlﬁ\mt$i%’6i rﬁiﬁﬂ‘yqﬁtﬁaﬂfl @3?— EFS?ﬁ "’Br ?lual to
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upper edge of t;e rfceptvaa u%s o% recei?l.ea.st: 1 mol% being the most

common. The quantity of titanium, expressed as molar
percentage of TiO,, in most cases does not exceed 40

mol%, more particularly does not exceed 20 mol%, values
20 of not more than 15 mol% being récammended.

The support according to the invention generally
takes the form of a powder whose grains have a diameter
of 20 to 200 um.

The support of the catalytic solid of the inven-

25 tion usually has an apparent specific weight higher than
or equal to 50 kg/m’, in particular higher than or equal
to 100 kg/m’; it is generally at most 500 kg/m’, typically
300 kg/m’. The apparent specific weight is measured by
free flow according to thé following procedure: the

30 powder of the support to be analysed is poured into a
cylindrical receptacle of 50 cm’ capacity, its tamping
being avoided, from a hopper whose lower edge is placed
20 mm above the upper edge of the receptacle. The recep-
tacle filled with powder and skimmed flat with the aid of

35 a straight slat i1s then weighed, the tare is subtracted
from the weight recorded and the result obtained
(expressed in g) is divided by 50.

In addition to the silica, alumina, aluminium
phosphate and, if applicable, titanium, the support of



ftacle filled with.powder and skimed flat with the aid of 35. .a straight
sfat is then weighed, the tare is subtracted fromthe wei ght recorded and
the result obtained (expressed in g) is divided by 50. In addition to the
silica, alumna, alum nium phosphate and, _if applicable, titanium the
support of -5- the catalytic solid of ¥he invention may optionally

contain addltl nal bst ances. for exanple, tra
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mxing, in a fifrst stage. an & | ST oA ES g dand an
acid in quantities suhe sappors: w@t@hksphtééwtwslaplmdtpﬁ Ebef inweR-t 0 50,

in adding 15 ¢ibg tn{ag fwrabuéiﬁem Byt fB«!ﬁé&ﬁﬁl N&tbwn | Hedns SCHRE-St g€,

an acidic sol ution | um nj um conpound, and a solution of a source of
phosphat e i on¥19§fq, tl?‘?nta"tthl‘f‘ﬂkg?adé: Bpoppikie; ita i phtadRn® t BUBBPEEN a
preci pitade, smmmasbnegusuy &dhuaﬂﬂinﬁexﬁi;déweanﬂmaﬂataﬁ@ abuﬁzﬁbhﬁlneq

20 W th “ﬁtS£S§BgaEQe értf@u?g?%g.oce lfor o%nglhgn%hgﬂe s¥ﬁpgr t, in

a fifth stage Istil on un s °8bFAmEY, “8Rd cal ci ni ng
t he powder. TﬁensnBFeonnameshygatenugedlrﬁttHbage;s@nsﬂhgehgl.thater.

particul ar procgssibeh gbtahBhAdet BRASHRAPRELANEN &eazéluagys&eﬂpeﬂaé in
whi ch S|I|con s bonde?Fa?éat Iea t one alkoxysgrou such

as
unsubst i t ut ed® F ¥WRhStt gons e PﬁtEﬁtbP afis&FoRat ebO ?9ne%? aﬁ?éﬂghed or
cyclic atbnatto atheal hpdablgsdbkmixtubtee ahisx\ohgradmesl,usiml lay seabadn from

1 to 20 car bogtgégnsansgl&a% 8beabebat 82 20 a1GR0L AR DSnBbd0dYaghoYpPs of
the aliphatic

solu ion of a source of phosphate ions, and, in a third

stage, a precipitating agent to obtain a precipitate, in

washing, in a fourth stage, the precipitate thus obtained

20 with water and then with an organic liquid, and in then

drying it, in a fifth stage, by distillation until a
powder is obtained, and in calcining the powder.

The silicon alcoholate used in the first stage of

the particular process for obtaining the support may be

25 any compound in which silicon is bonded to at least one

P alkoxy group such as an unsubstituted or substituted,

saturated or unsaturated, 1linear, branched or cyclic

aromatic or aliphatic alkoxy. The alkoxy groups usually

contain from 1 to 20 carbon atoms. Silicon alcoholates

30 containing alkoxy groups of the aliphatic type are

especially recommended; those containing alkoxy groups of

the unsubstituted saturated aliphatic type are preferred,

such as, for example, the methyl, ethyl, n-propyl,

isopropyl, n-butyl and isobutyl groups. Silicon alcohol-

35 ates which are suitable are silicon tetraethylate,

'tetramethylate and tetraisopropylate. Silicon tetraethyl-

ate is very particularly preferred. A number of silicon

alcoholates may, of course, be used in the first stage of

the process according to the invention.



;especi al ly recormended; those containi.ng al koxy groups of the unsubstituted
saturated aliphatic type are preferred, such as, for exanple, the nethyl,

et hyl, n-propyl, isopropyl, n-butyl and isobutyl groups. Silicon al cohol -
35 ates which are suitable are silicon tetraethylate,

tetramethyl ate and tetraisopropyl ate. Slﬁcxwltetraethyl ate is very
particularly preferre
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S

stage, and t
The quantity of alcohol used in the first stage

of the particular process for obtaining the support must

be sufficient to allow the silicon alcoholate to dissolve

20 completely and consequently depends on the silicon

alcoholate and the alcohol that are selected, on the

solubility of the silicon alcoholate in the alcohol and

on the temperature at which the first stage is performed.

In practice there is no advantage in employing a quantity

25 that is much higher than the minimum quantity necessary,

( because a large excess would entail a pointless dilution

. of the mixture originating from the first stage, and this
is to be avoided.

In a preferred embodiment of. the particular

30 process for obtaining the support the first stage is

carried out at acidic pH and includes, on the one hand,

the addition of water, of the acid, of the silicon al-

coholate and of the alcohol, the temperature during the

addition being lower than or equal to 30°C, and, on the

35 other hand, maturing the hydrolysis mixture thus obtained

at a temperature of at least 20°C and lower than the

boiling temperature of the mixture, so as to replace at

least a proportion of the alkoxy groups in the silicon

alcoholate with hydroxyl groups, without producing a



{4's to be avoided. In a preferred enbodi ment of = the particular 30 process
f-or obtaining the support the first stage is carried out at acidic pH and

i ncl udes, on the one hand, the addition of -water, of the acid, of the
silicon al- coholate and of the al cohol, the tenperature during the
addition being | ower than or equal to 30[&érr]C, and, on the 35 ot her

hand, maturing the hydrolysis mxture thus qQbtained at a tenperature of at
| east 20[err] %ﬂlﬁd‘r’r%\)%‘? IRHRHAHRD 9y & ature of the mixture, so as
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2% (mi(OR)ct%ﬁxPé%?ﬁ%’i%ic?%’r%m[err] (OR4-x > 0-[Si (OH) ]

[err] (O R) [ erra)2 sd (@R)], erx18,0 2 Si (W) (CORR),[.err k R-OH _

[Si (O [err](Qyy) [Af;réi]dorr 2‘(0|L§%O'ﬁ[6£r[£g%ﬁ3)[ 6l R el which R

e[
denotes a hydrocarbon radi*cal whf'ch nay be arbhmatic 6F ali phatic, saturated
or unsaturate®® |linear, branched or cyclic, which may optionally be

differenttoi n 15 si (d f(our) (O B) [BLCOHS, (GR) X JdenofEs(aH) U R) gL Bater
than 0 and s —lo?f than 4, preferably fromO0.1 to 3.9. In the first stage a
quantity of er is preferably enpl oyed such that the nolar ratio of this
quantity of wdimerwhichhB cemnctiesy af hgdrpcanbonedaiddicalowizichh nay b

more particul arlonafdidNagd: WQ ibhathi®, B4Rt RLOUNEREEYEE, CoR2g@yeNtly,
the expression "hydrol ysed and condensed silicqn al.cohol ate" is intended to

denote the coffGied @r cgicldce, whighymay] gptionally be different in
15 the four (0-R) groups, and x denotes a number greater

than 0 and smaller than 4, preferably from 0.1 to 3.9. In
the first stage a quantity of water is preferably
employed such that the molar ratio of this quantity of
water to the quantity of silicon used is from 2 to 20,

20 more particularly from 8 to 12, for example approximately
10.

Consequently, the expression "hydrolysed and
condensed silicon alcoholate" is intended to denote the
compounds O-[Si(OH),,(O-R),. ], and [si(OH) (O-R),,J-

25 O-[si(oH), ,(0-R), . ] as defined above.

{ The combined operating conditions in the first
stage of hydrolysis of the preferred embodiment are
advantageously such that any precipitation or gelling of
silica in the hydrolysis mixture is avoided. To this end,

30 the mixing in the first stage is carried out in condi-
tions that are specified in relation to the pH and the
temperature of the hydrolysis mixture, the molar ratio of
the quantities of water and of the silicon alcoholate
used and the way in which the reactants are mixed.

35 Hydrolysis mixture is intended to denote the mixture
obtained after mixing the water, acid, silicon alcoholate
and - alcohol. To this end, in the first stage the pH of
the hydrolysis mixture is generally lower than 3, prefer-

ably from 0.5 to 2.5, for example approximately equal to
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in a subsequent stage.

" In the first stage of the preferred embodiment it

may turn out to be important to mix the reactants in a

20 controlled manner in orxrder to avoid any precipitation or

gelling of silica and to prevent the mixture from heating

up. To this end, the reactants may be mixed by any

suitable known means, 'provided that the temperature

during the addition of the reactants is at most 30°C and

25 that no precipitation or gelling of silica takes place.

The mixing is preferably carried out by adding a premix

including the water and the acid to a premix containing

the silicon alcoholate and the alcohol. This may be

performed by adding the water/acid premix to the

30 alcohoi/silicon alcoholate premix. Another method con-

sists in adding the alcohol/silicon alcoholate premix to

the water/acid premix. Good results are obtained by

adding one of the premixes dropwise to the other premix

which is continuously stirred. Particularly satisfactory

35 results are obtained by adding'the water/acid premix,

dropwise - and with stirring, to the alcohol/silicon
alcoholate premix.

In the first stage of the preferred embodiment it

may turn out to be desirable to keep the temperature



up. To this end, the reactants may be m xed by any suitable known neans,
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larger), the greater the duration of the maturing. The

duration of maturing must consequently be sufficient in

order that the hydrolysis reaction as described above may

20 take place; it must, however, be shorter than the time

required for gelling or precipitation of silica to be

produced. The optimum duration of maturing depends on the

PH of the hydrolysis mixture, on the nature of the

reactants present in the hydrolysis mixture and on the

25 temperature, and may vary from a few minutes to several

( tens of hours. In general, the duration does not exceed

24 hours. The duration is preferably from 0.5 to 3 hours.

The second stage of the particular process for

obtaining the support consists in édding an acidic

30 solution of an aluminium compound and a solution of a

source of phosphate ions to the hydrolysis mixture
originating from the first stage.

The aluminium compound used in the second stage

of the particular process for obtaining the support may

35 be any aluminium compound which is soluble in the acidic

solution used in the second stage and which is capable of

being precipitated under the effect of a precipitating

agent. Inorganic aluminium salts and aluminium alcohol-

ates are especially recommended. Among the aluminium



rordef that the hydrolysis reaction as described above may 20 t ake pl ace;
I't must, however, be shorter than the tine required for gelling or
precipitation of silica to be produced. The optinmum duration of maturing
depends on the pH of the hydrotysis nigtEPeL on the nature of the reactants
present in the hydrolysis mxture and on"the 25 tenperature, and may vary
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alcoholate is employed as aluminium compound, the latter
may be used, at least partially, in the first stage of
the process according to the invention, preferably, if
20 appropriate, in the alcohol/silicon alcoholate premix.
The aluminium alcoholate may also be added at the end of
the first stage, after the maturing.
For the purpose of the present invention a source
of .phosphate ions is intended to mean any compound which
25 is soluble in the solution used in the second stage and
{ capable of forming phosphate ions therein. Inorganic
. phosphate salts [for example monocalcium phosphate of
formula CaH,(PQO,),, disodium phosphate of formula Na,HPO,
and tricalcium phosphate of formula Ca,(PO,),], phosphate
30 salt-esters [for example ethyl phosphate of formula
(C,H;) ;PO,] and phosphoric acid are especially recommended.
Phosphoric acid is preferably employed.
The acidic solution of the aluminium compound and
the solution of the source of phosphate ions which are
35 used in the second stage of the particular process for
obtaining the support may be prepared by any suitable
known means and are preferably miscible with the mixture
obtained in the first stage of the process according to

the invention.



.’In a particular enbodi ment, in which an al um ni um al cohol ate is enpl oyed as
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The third stage of the particular process for
obtaining the support consists in forming a precipitate
under the effect of a precipitating agent.

20 The precipitating agent may be chosen from any
compounds capable of causing a coprecipitation of the
reactants used in the first and second stage (the
hydrolysed and condensed silicon alcoholate originating
from the first stage and defined above, the aluminium

25 compound and the source of phosphate ions and optionally

( the titanium alcoholate) in the form of a mixed oxide of
1 gilicon, aluminium and phosphorus and optionally of
titanium. Examples of precipitating agent which may be
mentioned are ethylene oxide, ammonium carbonate and

30 ammonium hydroxide. An aqueous solution of ammonium
hydroxide is preferably employed.

The quantity of precipitating agent used in the
third stage of the particular process for obtaining the
support is preferably sufficient to permit a complete

35 precipitation of the hydrolysed and condensed silicon
alcoholate defined above, of the aluminium compound and
of the phosphate compound which are present in the
coprecipitation mixture. Coprecipitation mixture is

intended to denote the reaction mixture in the course of



. 30[err]C,.typically lower than or equal to 20[err]C, for exanple 15 of
"between 0 and 10C t hroughout the duration of the addition. The third stage
of the particular process for obtaining the support consists in formng a
precipitate under the effect of a pregig'tgti ng agent. 20 The
precipitating agent nmay be chosen from any conpounds capabl e of causing a
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al um ni um conpghes 6RENObrseyus® to 6; it is usually lower than 11,
values lower than 10 being recommended. The pH is prefer-
ably kept constant at a value of 6 to 10, for example 8,
throughout the duration of the coprecipitation.

20 In the third stage it may turn out to be advan-
tageous, according to the properties of the support which
it is desired to obtain, to control the coprecipitation
mixture thermostatically at a temperature lower than or
egqual to 30°C, preferably at a temperature of 0 to 20°C.

25 In the fourth stage of the particular process for
cbtaining the support the washing with water generally
consists in suspending the precipitate in a quantity of
water which is sufficient to remove at least part of the
impurities present in the precipitate and then to remove

30 at least a proportion of this quantity of water by any
suitable known means, for example by centrifuging or by
filtering. Centrifuging is the preferred method, since it
can be carried out rapidly. This washi.g with water may,
of course, be carried out a number of times. The tempera-

35 ture at which this washing is performed has little effect
on the effectiveness of the washing and may'consequently
vary to a large degree. The operation is preferably
carried out at ambient temperature.

The precipitate which has been washed with water



~.'of phosphate ions; it is preferably slightly higher than this sufficient
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towards the preC|p|tate capa
At the end of the wash:Lng it is desirable to separate the

precipitate from at least part of the water and of the
organic liquid employed, by centrifuging or by filtering.
20 In a fifth stage of the particular process for
obtaining the support the washed precipitate is next
subjected to drying by distillation in order to evaporate
off the water and the organic liquid not reméved previ-
ously, until the powdered support is obtained. The
25 distillation may be performed at atmospheric pressure or
at reduced pressure. The operation is preferably carried

out at atmospheric pressure.
In a particular alternative form an organic
liquid which forms an azeotrope with water is selected
30 for washing the precipitate and, during the drying, the
azeotrope is first distilled off until at least 95 %,
preferably at least 98 %, of the water and part of the
organic liquid have been removed and the residue of the
organic liquid which is still present in the precipitate
35 is then distilled off. Depending on the quantity of water
present in the precipitate after the washing, it is
sometimes necessary in this particular embodiment to add
an additional quantity of the organic liquid to the

washed precipitate to permit a maximum removal of the



metting the precipitate. It has a vaporization tenpera- ture which is
pteferably |lower than 120[err]C, typically 10 | ower than 100[err]C, for
exanple from70 to 90[err]C. Organic liquids that can be enployed in this
washing are al co- hols, ethers-or their nmixtures. Al cohols are preferred,
particularly those containing from1 to Akar bon atoms | sopropanol is
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preferably | ower or e
at a temperature whi is lower than the crystall:.zat:.on

temperature of the powder. The temperature is generally
from 300 to 1500°C, typically from 350 to 1000°C, prefer-
20 ably from 400 to 600°C.

In a first embodiment of the particular process
for obtaining the support, the latter is obtained by
additionally using, in the first or in the second stage,
an alcoholate of a transition metal of groups IVB or VB

25 of the Periodic Table (such as titanium, =zirconium or

(' vanadium) or an alcoholate of an element of group IIIA of

the Periodic Table other than aluminium (such as boron)

or else an organic or inorganic salt of these elements.

Alcoholates are preferred, in particular those of tita-

30 nium. The alcoholate may be, for example, a compound

containing at least one alkoxy group such as an unsubsti-

tuted or substituted, saturated or unsaturated, linear,

branched or c¢yclic aliphatic or aromatic alkoxy. The

alkoxy groups usually contain from 1 to 20 carbon atoms.

35 The alcoholate is preferably soluble in the hydrolysis

mixture. Titanium acetylacetonate is particularly suit-
able.

A number of alcoholates and/or salts may, of

course, be used. The alcohoclate or the salt may option-



-5 "than 0.2 %by weight, is obtained when the drying is finished. At-the
end of the drying by distillation a powdered support is collected which may
be optionally screened in order to separate fromit the particles of 10
undesired size. This powder is subject edjr o a calcina- tion. The purpose of
the calcining is to extract the organic #Tpurltles fromthe powder at
el evated te ra; r g r cqQptinu ts | t he
powder remalrrrllégl%f)n%}[éaﬁ%m\%\ﬁ&tk:ll'§1 Eﬂg \?#l?ﬁe ggmagl %§1§?£§£ f’g' glejlg.'llh%uza i on of
t he powder. HM¥EAXFIFRRMg mhb@s sldkloLnder air (preferably under dry
al r)tI InI a fltw di tzed bﬂdeaiua;:%ﬂfgﬁ%@uﬂ&m#é oy bewsalthaded Nin thell
crystallizati ure e e re i s erally
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first or in the second stage a transition netal of gr oups
| VB or VB 25 Weight i e ppefes; GllbéLYTaﬁFem( Ach &8 t1%ahi By veighhi uRewe
vanadi um) or ﬁrﬁmw ef%marn 8 egentiofy gbpuelight Baddd® Bar ivih

Tabl e ot her that_[ ]ﬁe % as borgn) or else an organic or inorganic
salt of these2remeh ho %t%‘ép%?’é preferred, in particular those of
tita- 320 nium The Imcbhel digratayepbodinentx &ine ealcohlakrindrc dittani ni ng

at | east one QliOXaProsPussEhadSaay YIRMDIh thieUEads osUhsd tddcsha

saturated or unsaturated, linear, bhranched or cyclic ali phatlc or aromatic
al koxy. The #9888 (FOtipS*gERieE-y tht atAoRPiare £F AheAfdbh BR¥mPe 35
(The al cohol atsidesd ptrefﬁwbm;/eﬁﬁ: ubhelu&;hbeth;dwaltym and the acil toani um

acet yl acet ongte .S gﬁ%mc:gl 5_}1 ﬁ\lcgrrb Lf’? %hol ‘ﬁz and/ or
salts may, of cours e eaco olaeor it esa i on-
ally be i¥sed aleabad f @rhhec;m%tmlm.l &he algohpdaite hydtb%aﬁéﬁtm mé!mé#e as an
al cohol . added to the hydrolysis mixture obtained after mixing the

water, the acid, the silicon alcoholate and the alcohol,
before, during or after the maturing. Good results are
obtained when the alcoholate or the salt is added during
20 the maturing. It is recommended to add the alcoholate or
the salt after a first part of the maturing, which
advantageously represents from 40 to 60 %, for example
approximately 50 %, of the total duration of the matur-
ing, the second part being performed after the addition
25 of the alcoholate or salt.

{ The first embodiment is found to be especially
advantageous when it 1is desired to incorporate the
titanium into the support in a high quantity which may
range up to 20 % by weight of the total weight of the

30 support, while avoiding, in a subsequent stage, the
formation of agglomerates of crystalline titanium dioxide
in the anatase or rutile form.

In a second embodiment of the particular process
for obtaining the support the precipitate originating

35 from the third stage is subjected fo maturing. The latterxr
is carried out in a maturing mixture which may be the
coprecipitation mixture collected from the third stage,
optionally with stirring. An inert compound which modi-

fies the pH of the maturing mixture, for example a basic



~The ‘quantity of alcoholate or of salt used.in the first enbodinent is
generally such that the transition 5 netal or the elenent of group IIIAis.
present in the support in a proportion varying fromO0.05 to 20 % by wei ght,
preferably fromO0.1 to 15 % by wei ght, nore parti cul arIy from0.5 to 10 %
by wei ght based on the total weight of fRe- support In the

first enbodi nent the, al cohol teo ti in the
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blef OL eI aguri pe x;frozafltehet ha €@t itidg Ng TH3eodalesrhasigee Hitmi etk Whbe t he

al cohol ate or e.salt a h tyr nmrended
P add the ardyinsle o hgg"g'g ?Héf {g&g ok sftﬂ?;r;i S*P% b '&ﬁﬁc?%% whi ch
advant ageous ladscgbest ebns thepnprecipibate; ans éi‘aﬁﬁpétaﬁgr &9t EPf 50 %

of the total USAIQY YsddSHERH Wire Iﬁl&cltﬂi%a%@qmmﬁfdwmd&erfor med
after the addition 25 of the al cghol ate or first. enbodiment is

found to be especi al PeadRiFReRR 08 Wigh Pt ‘l"é"%sf"?eg‘c} PTEPoFEPe the
titani umoi nt @dﬂi@cﬁlﬂiﬂﬂﬁ;dm a&litg-tusqumtmd:q:.ﬁ\jm thenapecifije sprfec20 % by

wei ght of the t t@h? V\§°fg2t V%fl“&ngeo%oagg Q,gr tlgs \g@el e ]?é’o:l.? Agua1hy @

subsequent st gge or mati on rat crystalli ne t| tani um
di oxi de in t perfieamese st r%tltl@ﬁﬁi?%ﬁu’?% ¥hd.ebo nBR¥ N Yre T O

articul ar prLgashd OfteRbéPdturd the awpseinhg RMeRiataltrire o5f glthatl ng.
5 fromthe third stage is s B ected o mafur e.l. | attr%r 'dso%%”' ed
out in a nat @3 Hﬂ%(f"&?‘&u\ﬁﬁl c'!'hl ﬁa?"f)’éa?ﬁ%nc’ﬁnpé’c ?ﬂ TRt ar o
col lectag fram Talis@ﬂdxmmaga,o °Gpt iThiea pley iwidt hfsman:urngg dependst cvonpound
whi ch modi - fhes [(he R Qfrd REdTRhY pB3pTtlLse (sheki2XMBbe rackaahe
pore volume) which are required for the support. It may
therefore vary from a few minutes to several tens of
hours. The best results are obtained with a period of at
20 least one hour. Because of economic considerations there
is no advantage in prolonging the maturing beyond 48
hours. The maturing is generally performed at a pH higher
than or equal to 6, preferably from 8 to 10.
In a third embodiment of the particular process
25 for obtaining the support the precipitate obtained in the
( abovementioned third stage is subjected to grinding and
then to being suspended in a liquid, followed by pulver-
izing of the suspension of the precipitate in droplet
form. The liquid employed may be any dispersant that is
30 inert towards the precipitate, for example water. The
particles collected from the pulverizing are then sub-
jected successively to washing with water and with an
organic liquid, to drying by distillation and to calein-
ing, as described above. Alternatively, the pulverizing
35 may be performed after the washing with water.
The catalytic solid according to the invention
may be obtained in a manner known per se by impregnating
the powdered support with an aqueous or organic solution

of a chromium compound, followed by drying in an oxidiz-
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dBsveht eond ey Vasbivatvat isVabsériBbe aBbbytic solid

the inveption be obtained in, a manner known p se by
t he powd%i ‘éﬁrﬁgg%‘é?fi’w ’f’lﬁe a%‘ﬁ?fﬁ’e%scﬁp%tﬁrb‘grﬁ‘%y sag'{su? ie%en of a
chrom um conpaeckrpdéoitedetnby thei pgwdered eupgiort during the manu-

facture of the latter or during the manufacture of the
precipitate. For this purpose it may, for example, be
added, partly, or completely, to the acidic solution of
the aluminium compound and of the socurce of phosphate
ions which is used in the second stage of the process
according to the invention, so as to coprecipitate the
mixed chromium oxide simultaneously with the mixed
silicon, aluminium and phosphorus oxide. The chromium
compound may also be added to the precipitate before or
after the maturing of the latter.

In the catalytic solid according to the invention
the chromium is generally present in a proportion varying
from 0.05 to 10 % by weight, preferably from 0.1 to 5 %
by weight, more particularly from 0.25 to 2 % by weight
of chromium based on the total weight of the catalytic
solid. '

The catalytic solid preferably does not contain
any organometallic compounds, in particular organo-
aluminium compounds or any derivatives of the latter.

The catalyst system according to the invention

may be employed for the homopolymerization of olefins



.- 17 - ing atnosphere. A chrom um conpound chosen fromthe soluble salts,
such as the oxides, the acetate, the chloride, the-sul phate, the chronate
and the dichromate in aqueous solution, or such as the acetylacetonate in 5
organi c solution, may be enployed for this purpose. After the inpregnation
of the support with the chrom umcom ‘po:h?ld‘the | npregnat ed support is

usual |y activated by, bei heat ed t t f 4 0 C
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tenperat ug e Ofréh@uaii=mlidlm TRED Pt eheld chdmipsl ammenarenallioseacoEvat ed
as descri bed abovje_. Al ternatively, the chrom um conpound may al so be
I ncor por at ed ¢Hey A8 -powder ed support during the manu- facture of the

latter or during the Waeuf aempieyefl t Ger20theprhenppelymerizations @firpose
it my, for eﬁf&g]{ﬁs, benaddadaiRat! |opstUm GRITERIRlY td Ochdeimeest fon

solution of the um ni um conpound and_of {he source of phosphatge ions
which is usedi®f tHe s @R ARy 51 ?ﬁ%eﬁ%%eé?%m%gf tggt hedWer

i _nvelnt i oDg SﬁdaﬁsiﬁiﬁCQﬂéﬁCicﬁn@&&%' d R 2b a Hemepblyeoizatdonxprecess

si mul t aneous |t t he ] Xe L 1] 1 Al umsan I de.
The chroni um %‘8%”86’?{8%&? aﬁrﬂseo %aeg%d%‘gxg&%‘éf%ﬂg‘ %{rlllel'c ilgll S: athr%; ef or%@o‘rgfaf ter
the maturi ng ebcahalyatter. In the catalytic solid according to the

i(nvention 30 the chifgi Wadad y@RNesPhddm PAEESHELAG RoPIEHWI inhGenyBENI NY

romO0.05 to 10 % by weight, preferably fromO,1 to.5 %b i ght .. ore
| : : 7 AL

particul arl y PrBnds9sPeeaPdeyed EPynFRBt CEH?Mﬁﬁ‘ﬁﬁg’eﬂxo?l et ira

wei ght ofsthecéntaigihg $rdnl.23%0 8 carbonThomst avith cosel iar preferably
does not cont alpn a0y OLIAPRIPLGhlASnELIRAUP Te HbsRE EkbHl Bhe0bD8800s
described above and diolefins containing from 4 to 18
carbon atoms. The diolefins may be chosen from unconjug-
ated aliphatic diolefins such as 4-vinylcyclohexene or
20 alicyclic diolefins which have an endocyclic bridge, such
as dicyclopentadiene, methylene- and ethylidenenorbornene
and conjugated aliphatic diolefins such as 1,3-butadiene,
isoprene and 1,3-pentadiene. Copolymers of ethylene with
one or more comonocmers are preferred, in particular those
25 containing at least 90 %, more precisely at least 95 % by
(" weight of ethylene. The preferred comonomers of ethylene
are propylene, l-butene, l-hexene and l-octene. l-Butene
and/or l-hexene give the best results.
When employed for the copolymerization of olefins
30 with one or more comonomers, the catalyst system accord-
ing to the invention has the advantage of providing
copolymers of lower density when compared with a
copolymerization process performed in the same conditions
(and in particular when using an identical comonomer
35 content) but in the absence of cocatal{rst.
' The invention consequently also relates to a
process for the polymerization of olefins such as defined
above, using a catalyst system in accordance with the

invention. It relates more particularly to such a process



_al umi ni um conpounds or any derivatives of the latter. The catal yst system
according to the invention nmay be enpl oyed for the honopol ynerizati on of

ol efins - 18 - containing from2 to 8 carbon atons per nolecul e. These
ol efins are preferably chosen from ethyl ene, propyl ene, 1-butene,
1- pentene, 3-nethyl-I|-butene, 1-hexene,” 32 and 4- met hyl - I - pent enes and
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unconj ug- at egAlmedlAat idnd Ghn igtspdidiais. 4- vi nyl cycl ohexene or 20
alicyclic diolef ins %cg}?g_ave an endocygclic bri d%e such as_.
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particular tho containin east 90 % nore preci sel;; at | east 95

% by wei ght oF“@ﬂ‘hﬁ‘éﬁe?tTﬁEaﬁFeﬂzr?e@msa‘bfle@tsﬁyl%’n& aP& the
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alkanes such as cyclopentane and cyclohexane, or mixtures
thereof.

The quantity of organocaluminium compound used in

20 the polymerization process according to the invention is
generally such that the molar ratio of aluminium to
chromium is at 1éast 0.1, in particular at least 0.5,
ratios of at least 1 being favourable. The molar ratio of
aluminium to chromium is usually not more than 100, more
25 precisely not more than 20, ratios of not more than 10
( being recommended.

The polymerization temperature is generally
chosen between 20 and 200°C, preferably between 50 and
150°C, in particular between 80 and 115°C. The ethylene

30 pressure is chosen in most cases between the atmospheric
pressure and 5 MPa, preferably between 0.4 and 2 MPa,
more particularly between 0.6 and 1.5 MPa.

The polymerization may be performed continuously
or noncontinuously, in a single reactor or in several

35 reactors arranged in series, the polymerization condi-
tions (temperature, optional comonomer content, optional
hydrogen content, type of polymerization medium) in one
reactor being different from those employed in the other

reactors.



‘(and in particular when using an identical conononmer 35 content) but in
t'he absence of cocatalyst. The invention consequently also relates to a
process for the polynerization of ol efins such as defined above, using a
catal yst systemin accordance with the 5nvention. It relates nore
particularly to such a process - as applied to the
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m xtures thereof. The $Jant|ty of

such as cycl opent ane cycl aohe
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to the ihveri9Bs Ig/gt’aeﬂahb)ttiwshotfhabtt morenithan 8. 9600% /atiBelingn t O
chrom’umis'ﬁ% ':&?é% nl?o ticular at least 0.5, ratios of at least 1
bei ng favoura Y e ra 70 of alumniumto chromumis usually not
nore than 100, nore Examplesclséby 3nottherdestntptionr ofi which fwlnore
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in msﬂ&ase;:dﬁlmmthatalwepbgslt@m has been prepared which has

subsequently been employed for the suspension

copolymerization of ethylene with hexene. Example 3 is

given by way of comparison. The meaning of the symbols

employed expressing the properties which are mentioned

20 and the methods for measuring these properties are
detailed below.

Ss

specific surface of the support, measured by
the nitrogen penetration method according to
_ the volumetric method of British Standard
( 25 BS 4359/1 (1984).

PV pore volume of the support, equal to the sum

of the pore volume consisting of pores of

radius smaller than or equal to 75 A,

measured by the nitrogen penetration method

30 according to the volumetric method of

British Standard BS 4359/1 (1984) and of the

pore volume measured by the mercury penetra-

tion method by means of the porosimeter of

. the Poro 2000 type marketed by Carlo Erba

35 Co, according to Belgian Standard NBN B
05-202 (197s6).

HIMI = melt index of the molten polyethylene at

190°C, measured under a load of 21.6 kg and



'pré'ssure and 5 MPa, preferably between 0.4 and 2 MPa, nore particularly
"between 0.6 and 1.5 MPa. The polynerization may be perfornmed continuously

TN

or noncontinuously, in a single reactor or in several 35 reactors
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pol yneri zati on process accordin éo,the I nventi on gener- _ally have a

density of at |east O. 930e’QFEﬁ‘f%? ] 18 (AP3a i?ﬂf ‘F‘%?S‘b?e%t afedst*F Y35
g/cnferrg, values of at |gradién®46f glad]errianlieanglpoeterred. | n nost
cases the density is not nore than 0.960 g/cnferr], nore precisely not nore
than 10 0.955 g/cnB, densities of not nore than 0.950 g/cnB bei ng the nost
comon ones.SExanpl es 1 tetandard massrperi yaisf velume o denaityr e used

to illustrate the inventigp. ckxapPplPetiybitle ? &kSrédsddCon dRGELRS Wdd t he

i nvention. In these 15 exanples cat al yst syz:tenggéls been EE)rgpalrlead3 whi ch
has subsequently been ™&HpioTed 2€ ing heo peTeIIRT

copol yneri zation of ethyl En28W th hexene. Exanple 3 is given by way of
conparison. The nmeani ng of the synbols enpl oyed expressing the properties
whi ch are nentioned 20 and the nethods for measuring these properties
are detd] | eExpmples g and 2 (in s 237 the an Y t , neasur ed

2 _':,'A_ - Pl

‘by the nitrogen pehet rati on nethod according to the volunetric nmethod of

British Standard 25 . uBS 4359/ 1 (1984). PV = por e

vol ume of tH¥& su AT f the pore vol une consisting of
pores of a) First stage (hydrolysis)

A solution of water and of 1M hydrochloric acid was added
dropwise to a solution of silicon tetraethylate and of
15 ethanol, thermostatted at 10°C, so as to obtain an H*
concentration of 0.1M. The quantities of silicon tetra-
ethylate, ethanol, water and hydrochloric acid which were
used are shown in Table I. The hydrolysis mixture thus
obtained was next subjected to maturing for 2 hours at
20 60°C.
b) Second stage
An aqueous solution containing aluminium chloride hydrate
and phosphoric acid was prepared, the quantities used
being shown in Table I. The solution thus obtained was
25 next added to the hydrolysis mixture obtained in (a),
with vigorous stirring at 10°C.
c) Third stage (coprecipitation)
The mixture obtained in (b) was added to 500 g of an
aqueous solution of ammonium hydroxide of pH 8 thermo-
30 statted at 10°C, while the pH was kept constant at a
value of 8, in order to perform a precipitation.
d) Maturing
The precipitate obtained in (c¢) was subjected to maturing
at pH 8 for 2 hours with gentle stirring at 60°C.
35 e) Fourth stage (washing)

The precipitation obtained in (d) was washed, firstly



_radius smaller than or equal to 75 k, measured by the nitrogen penetration
met hod 30 according to the volunmetric nethod of British
St andard BS 4359/1 (1984) and of the pore volunme neasured by the nmercury
penetra- tion nethod by nmeans-of the porq%iorret er of the Poro 2000 type

mar keted by Carl o Erba 35 ), according to Bel gian Standard

NBN B 05-202 (1976),., Hl Mw:._t wate thlh%ﬂ‘d&i(cé)fwim {% LbESo by et hyl ene at

oad Ol

190[err] C, AR uneer 1" - ‘expressed in g/ 10
mn, accordi rf to HiAbh ssta = dynam c

viscosity ofppd heasﬂea §£Qa£§ﬂeatexa5ea§ﬁédl mndR%)Swarsd Wtﬁﬂ atoa rate
5 radi ent of %and at 190 err]C 22 rope

standard masSik Btﬂ'ﬁ'fl%l uRE (5P ey 15PP, f"ﬁ'g &lyetahﬁ SFSP%x pt Bssed
in kg/ner] ml:.émasmmhmr Ghmig tthenSCos$t andapdonaﬁel(l%ihystloat

Exampl es 1 angy Lig gggi.géggs?&n Hiehae! BUANEAN)dasusd CRA ad Oo0f 2

support a) olysis) A solution of water and of IM
hydrochl ori c Qk@%llm HhaRe ROIFEUre AREPRE o5 SRR rhet hyl ate
and of 15 thtt_her nostatted at 10C, so as to obtain an [err]

concentratlon of 0, !:g The quantities of silicon tetra- ethylate, ethanol,
wat er and hy(ﬁochl = whi ch were used are shown in Table |I. The

hydrol ysits niTHdeirgovies obtained as f@xtwsﬂbfebceuedo1nfataurﬂng1-¢b?e‘2 hour s
at 20 ~ 60[ erﬂéé: r eée&f&g ﬁﬁg@u‘?‘n A EP Yot Wt ot Al Pdveder

al umi ni um chlorid y%l and osphoric acid was repar.ed, Z‘Fé‘h%' quaptities
used bei ng shfnai ﬁuPQl?F‘é Iwasﬂf@%:b?‘iﬁ?%n ‘f']ﬁﬂ§eoSP ﬁ@&tﬂtﬁg ol &t added

}o the hydr ol sl Scdl) X £ £11@Ridd Nl | I (luminium phosphate), specific

surface, pore volume and crystallization temperature are
15 shown in Table I.

Iable I
First gtage:
quantity used of:
silicon tetraethylate (g) 34.6
20 ethanol (g) : 41.6
water (g) 18.9
1M hydrochloric acid (g) 12.0
( Second stage:
quantity used of:
25 AlCl,-6H,0 (g) 40.1
85% phosphoric acid (g) ' 14.3
water (g) 33.3
Support obtained:
composition: S8i0O, (mol%) 54.2
30 Al,0, (mol%) 10.8
AlPO, (mol%) 35.0
ss (m*/g) 307
PV (cm’/g) - 2.33




with vigorous stirring at 10C. c) Third stage (coprecipitation) The

m xt-ure obtained in (b) was added to 500 g of an aqueous sol ution of
ammoni um hydr oxi de of pH 8 therno- 30 statted at 10[err]C, while the pH
was kept constant at a value of 8, in or to performa precipitation. d)
Mat uring The precipitate obtained in (c) s subjected to maturing at pH 8

for 2 hours wigh geitd 5“5' e) Fourth stage
(washi ng) Thefrem prtatlon aé 2 & s?(?]'J'dh d, firstly - 22 -

three tinmes wilhe FHRROTY mab‘m,eéi Wt B vasprbwed ori tH jchramijm agesyd -
(drying) The visdeshfeeciip tat epﬁm-.a.ltaedsméh(a)s Wes sialkiecctid Erﬂ.xture
distillation o&‘oﬁé}aln er- |$o oeo.aggtq__ eotrope, at 5 h anmbi e g ssure
and then of isSopropand Yt | STREPPRE Y P8 SR 1F‘Ir%lt ced
pressure, 50 mbtaingd PR dheonwdaeatedsdénnai fluidizedilzed ats USOAE fidvan 1 %

by wei ght. g) n 0 T ;Eqﬁ%t t Ny din a
fluidized bed, 2 pﬁhfﬁ emﬂtgﬁ} Fy all;?zp or %u?is@:?a%oo%;é%r%.iciﬁ%gm&% of a

support was cdtie diFRA P Ro129 6h farIvheuzs puder éF-'YaIa&ﬂﬁ #&dand of
al um ni um phoaﬂimt:fatamem fsaﬁlrﬁﬁegom&é@ umre and crystallization
tenperature are 15 shown in Table |I. Table | First stage: quantity used
of: silicon tetraethylate (9) 34.6 20 et hanol (9g)
41.6 water (g). Polymerization of ethylene 18.9 | M hydrochloric

acid (9) 10 The conditions 13112'@11%@9@% %@%ﬂeﬂ%%ﬁ@d&%egegfox%éd
Lerr] (9) are collated in Table II.

( Into a 3-litre autoclave, predried and fitted

with a stirrer, were introduced x mg of the catalytic
solid obtained in B, y ml of a solution of triethyl-
15 aluminium at a concentration of 40 g/1 and 1 litre of -
isobutane. The temperature was raised to T°C and ethylene
was introduced into the autoclave at a partial pressure
of p MPa. An initial quantity of m g of hexene was intro-
duced. Additional quantities of hexene were added during
20 the polymerization so as to keep the ethylene/hexene
molar ratio constant in the autoclave. The total quantity
of hexene introduced was n g. The ethylene pressure and
the temperature were kept constant during the time needed
to produce a defined quantity of polyethylene. After
( 25 degassing, the polymer was recovered in the form of
particles, the properties of which are listed together in
Table II.
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Ex le 3

iven way of comparisgon

In this example ethylene was copolymerized in conditions
which were similar to Example 1 and 2 with the exception

which was omitted.

Preparation of a catalytic solid

The catalytic solid of Examples 1 and 2 was employed.

15 of the cocatalyst,
A.
B.
(
20

Polymerization of ethylene
The operations of Example 1.C were repeated in the

conditions stated in Table III, with the exception of the

cocatalyst. The properties of the copolymer obtained are

listed together in

Table III.



- 24 - Table
154

T

0.75 m

2.3 HLM

0. 946

Il Exampl e . 1 2 X

166 y 0.2 0.2 5
102 104 p 0. 75
2 - a5 150N 3
- 24 31 10 SD
0. 942 19000 pable rrI 18000 Exanple 3 (given

by way

15

20

25

30

of” conpari so In this exanple ethylene was copolynerized in conditions
which were s|mlar to Eﬁ%el and 2 with the exceptigpn 15 of the
cqocatal yst, hhich was omtted. A Preparption of a catalytic solid The
catalytic solid of Exanpl 1 and 2 was gnployed. B. fighynerization pf
et hyl ene The| operati ons of Exanple 1.C were repeated 1n the 20 condiltions
stated in Taple IIl, with ¥he exception pf the cocatal§st. The propeyties
of the cgpol yner obtained qre |listed togpther in Tablgp4!!. - 25+ Table
111 Exanpl e 3 X 160 vy
05 T P 104 B-75
0.75 m m 2 n 2 3.4 HM
13.8 10 SD, 0.950 21000
HLMI 13.8
10 sD 0.959
( § 21000

Comparison of the result of Example 3 with that of
Examples 1 and 2 shows the progress provided by the
invention, namely that the presence of an organcaluminium
compound as cocatalyst makes it possible to obtain lower
densities.

Examples 4 and 5 (in accordance with the invention)

In these examples a catalyst system according to the
invention was employed for the homopolymerization of
ethylene, optionally in the presence of hydrogén (Example
5).

a. Preparation of a support
The operations of Example 1l.A were repeated in conditions

which were regulated to obtain a support whose character-
istics were the following:

cbmposition:
S10, (mol%): 50.4
Al,0; (mol%): 1.8
A1PO, (mol%): 47.8
SS (m?/g): 293
PV (cm’/g) : 3.17

B. Preparation of a catalytic solid



Conpari son of the result of Exanple 3 with that of Exanples 1 and 2 shows
the progress provided by the invention, nanely that the presence of an

or ganoal um ni um 15 conmpound as- cocatalyst makes it possible to obtain

| oner densities. Exanples 4 and 5 (in acgordance with the invention) In
these exanples a catal yst syst em accor di to the invention was enpl oyed

for the honopgh 51?&/ f xa:ﬁﬁ I 4Nh the presence of
hydr ogen (Exanp t%/ g‘% ¢ rée)p%%a%t ﬂf( grﬁuvf)port %Aoperatl ons of Exanpl e
1. A were repeated in conditions which were regulated to obtain a support
whose charact @f- 2Homdpdlivaterift{dic 40| dnyIene composition: [err] (ol %:

50.4 [err] ( 99 : -8 Al PO4 (ol %9 . .8 30 S
(r{err]/g): "¥nd °?§§%5’°P€n{gér]#%)3‘£le 1-31".7 1y¥ege Tepeated: i 51§‘ea
catal ytic sol icbnditidits -sthtedper Mabldes IN. Exanpl e 1. B were repeated. C.
Honol yrer igzati on of ety '%E%;ﬂ e r ed in
t he andl tslzons stated In f?\/gpgwow q,;a,fxg@;, if&t?g&ﬁ&%criogg%@:tms

al so i nt r oducéddre RUFaHa%R B g Rarkial ﬁbﬁ%ﬁﬂﬂrﬁ)r‘@%s‘lﬁ% MRaQ. 9 MPa. The
properties of the honemel ywes ab&fééledfauealmépéiﬁhfoeseaﬁieanahbl e

V. Table IV 1 ﬁ)
181 2leo %}ﬁo@%&er in Table ZIV. 0.2 T
102 95 p 0.75 0.75 15
m 0 TaBle IV
( 10 Examples 4 5
| x 151 134
v 0.2 0.2
T 102 _ 95
P 0.75 0.75
15 m 0 0
n 0 0
HELMT 29 159
SD ' 0.942  0.946
B 14100 8200




0 0 HLM 29 — 159D
0. 942 0.946 14100 - 8200

- 27 mi 1.
Catalyst system for olefin polymerization, i nc|u;[|m[fﬂm#ﬁﬂwmwso| i d
based on chr-om um deposited on-a support aGont ai ni ng 'Sl L heaifsind
alum nium5 phosphat e and a cocat al yst “chosen from or ganoal um ni um
conpounds. 2. Cat al yst system aCCELﬂEﬂQ to daim1l, in which the
or ganoal um ni um conpound corresponds t0o e formul a [err}L in which Rand R
are identical Tor diff&atalyst e#YSFRRcafRTdeRARSEIH hPRLEREFAGAAS I cal , X
denotes a hal agenuadisign aatruhtrammdasmd)etsgésé@c&xtbni-c\;ﬂiﬁmndépaganddo <m
< 3. 3. tal yst e carding to aim 1.0 ich n.and_mare O.
15 4. %t g%y%flp §é§%e%°§§:caolrn ﬂ% ?J(')l’cf%f m :‘mﬁlﬁl AEh RIPRIBAET.,
from al kyp (| phosphatebrand hadrocefalyatkydhoseny| firdmy| orgappbadnoialiw aryl
radi cal s cont appbdend.t 0 20 carbon atoms. 5. Cat al yst system
according to Claim4, in which 20 t he orgapoal um ni_.um conpound i S
triethylaluni Airum 6. Catalyel fAxphem \aceording, fPnFled™any ofR Whiekai s 1
to 5, in whiclkheherganaajhind ndun Gopduaid)Sedrvespbonds t to 16h&6 fpriaight of
chrom um base n t Qtal el 0 at ti . .
Cat al yst systg%aé‘éé‘gr%& 2 gt 5'\94;#@3&%0%9% gi rr%k‘% #geg?h%zglwé?cﬁl?ﬁg%upport
contai ns18i|i eat( ®pd & enobesy i hrdweerxbenhoagherl, (¥) dpnokedoRkar
percent age (Xhafdgehland o 1&nd Om9aknbte! ubiNerd 41c1B5thad. 0 = n Lakal yst
system accor di nﬁ‘tho any ogpe of Clains 1 30 to 7, in which the support
additional |y 8Bt &i fs™ St d&niumin a quantity, expressed as nol ar percentage
pf [err] rel aBi.ve to Chtalypposystbmt hecoxtidngt ko €dhin 2oniai whiigh n

and m are 0.

15 4. Catalyst system according to Claim 3, in which R
is chosen from alkyl (linear or branched), cycloalkyl,
arylalkyl, aryl and alkylaryl radicals containing up to
20 carbon atoms.

5. Catalyst systeﬁt according to Claim 4, in which
20 the organocaluminium compound is triethylaluminium.
6. Catalyst system according to any one of Claims 1

to 5, in which the catalytic solid contains from 0.05 to
10 % by weight of chromium based on the total weight of
the catalytic solid. '

25 7. Catalyst system according to any one of Claims 1

(' ' to 6, in which the support contains silica (X), alumina
(Y) and aluminium phosphate (Z) in a molar percentage
(X):(¥):(Z2) of (10 to 95):(1 to 80):(1 to 85).
8. Catalyst system according to any one of Claime 1

30 to 7, in which the support additionally contains titanium
in a guantity, expressed as molar percentage of TiO,
relative to the supvort of the catalytic solid containing
the silica, alumina, aluminium phosphate and titanium
dioxide, of 0.1 to 40 mol%.

35 9. Catalyst system according to any one of Claims 1
to 8, in which the support has a specific surface of 100
to 800 m?’/g, a crystallization temperature of at least
700°C, a pore volume of 1.5 to 5 cm’/g and a standard
density of 50 to 500 kg/m’.



.t he Sili ca, alum na, alum nium phosphate and titani um di oXi o 40
nol %... 35 9. Cat al yst system accordi ng to any w

i n_ which the support has a specific surface of 100 tjrmuﬂ’ /I",”mn”m)
crystal lization tenperature of-at |east ggO[err]C a poré V('JI ubre ®f 1.5 to
5 cnB8/g and a standard density of 50 to O kg/nferr]. Cat al yst

system accordigg to A e C face % nd the
poere vol une ?'E COI‘CJF%S% orb}y%}"l %? #']t’]%%én% $ {-'ngt F%%gﬁ" %C Su{ 3 564 -
358) 5 in mﬁh@h speghfipy mree r@ﬁec@ndelyhetrp@rmrrﬁpiwb v&PViks of
the specific &BEE%%POQ&DH:%S%% If01T8waAngN¢edbtib@spepe VOl UMe expressed in
cnd/g. 11. Cat al yst system corel n%to any(?cg’be) of Clainms 1 to 10, in

whi ch the support is obtained ng, P4 1 first stage, an al cohol ,
water, a S§ilidonwiickhassit andniiVadeaoite,i reppenttivedy,s udie tiratetheal

wat er/silicon,, ’u@% éﬁt thd Ssgd ?c LR b o dVe Ded 014 Nz iy A04 YSES

m xture thus o t ai ne in a econ stage, an_acldic solution of an
al um ni um conﬁb&n8°5ﬁd"81§ﬁlleute?‘§ﬁe§ﬁe§ ig cmifmir ce of phosphate i ons, and,

inathird stage, a naeaupbtabyaeeﬁgaa&okal qi anaﬁypéﬁéltpft@lé‘lmbﬁ

washing, in a_foyrth,stage, reci |tate t hys .obtai.ned wth waier_and
then with an BPQ;hI c P tiER qﬁ’d’p Fineq b, ¥ 51 e® by

distill atPon Garsk atpgedeani slgcholobwm:eed a astll byor A beohalp tdcapdwder .
12. . Catal yst 43Y 8 q@ %ﬁﬁ%@ﬂgsst %ugha't'ﬂa]tl tHd" M&P/ém&ﬂ %f&@ge of

obt ai ning the support 1s carried out at acidic, pH and includes, on the one
hand, the addFRE®A o8 w&rem 2f toheSdci Y ofdfkBTsi4q cShea REMPLY®iand of

5 the al colgktutbe tlRupeobtaitedyr iNng tahesadohdi atdyd Ngahovediddan or
qual to 30[err%“clit and, o2 Lt t he, ot her _hand matérln t he thE-_Ol SI nm xture

thus obtai ned®8 l'f"relrrpera urelu?lﬁ%u’f’eacgppg and®Pover°that tThe
boi | i ng 12npesauuce oFf t phosphakee, ionsas atmi.repnac«? dhilnghsstagso a

proportion ofpiBgighka¥Ingr 84BALOtot B6aih | £0Pr &L LONOLEL € by washing,
in a fourth stage, the precipitate thus obtained with
water and then with an organic liquid, and in then drying

it, in a fifth stage, by distillation until a powder is
20 obtained, and by calcining the powder.

12. Catalyst system according to Claim 11, in which

the first stage of obtaining the support is carried out

at acidic pH and includes, on the one hand, the addition

of water, of the acid, of the silicon alcoholate and of
25 the alcohol, the temperatufe during the addition being

( lower than or equal to 30°C, and, on the other hand,

maturing the bhydrolysis mixture thus obtained at a

temperature of at least 20°C and lower than the boiling

temperature of the mixture, so as to replace at least a
30 proportion of the alkoxy groups of the silicon alcoholate

with hydroxyl groups without producing a precipitation or

gelling of silica.

13. Process for the polymerization of at least one

olefin by means of the catalyst system in accordance with

T 35 any one of Claims 1 to 12.

14. Polymerization process according to Claim 13,

applied to the homopolymerization of ethylene.

1s. Polymerization process according to Claim 13,

applied to the copolymerization of ethylene with hexene



wi t h”hydr oxyl groups w thout producing a precipitatiomroer—gelling of

silica. 13. Process for the polynerization of at in by
means of the catal yst systemin accordance with ' 35,“@“@#@7{3’”{5 lto
12. 14. Pol ynmeri zati on process according to d ai m+13¢ M t he
honmopol yneri zati on of ethylene. 15. - yieri zation process according to

Cl airm 13, applé'rﬂj/c;]p Q‘E@eﬁgpol ymerization of ethylene with hexene - 29 -
and/ or but ene. )

-~



