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{57y <Claim
1. Process for the manufacture of a support for catalysts containing silica and

at least one constituent chosen from alumina and aluminium phosphate,
according to which, in a first stage, an alcohol, water, a silicon alkoxide and an
acid are mixed in amounts such that the water/silicon molar ratio is from 2 to 50,
the first stage being carried out at acid pH and comprising, on the one hand, the
addition of water, acid, silicon alkoxide and alcohel, the temperature, during the
addition, being less than or equal to 30°C and, on the other hand, a maturing of
the hydrolysis medium thus obtained at a temperature at least equal to 20°C and
lower than the boiling temperature of the medium, so as to substitute at least part
of the alkoxy groups of the silicon alkoxide by hydroxyl groups, without producing
precipitation or gelling of silica, in a second stage, an acidic solution of an
aluminium compound and/or a solution of a source of phosphate ions, and, in a
third stage, a gelling agent are added to the hydrolysis medium thus obtained to
form a precursor gel, the gel is then washed with water and then by means of an
organic fiquid, a suspension of the gel in the organic liquid is recovered, the
suspension of the gel in the organic liquid is recovered, the suspension is then

dried until a powder is obtained, and the powder is calcined, wherein the drying is

carried out by atornization.
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8. Catalyst for the polymerisation of olefins containing chromium on a support
obtained by means of the process in accordance with any one of claims 1 to 7.
9. Process for the polymerisation of olefins according to which a catalyst in

accordance with claim 8 is used.
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(54) Titre: PROCEDE DE PREPARATION D'UN SUPPORT POUR CATALYSEURS, CATALYSEUR POUR LA POLYMERISATION
D'OLEFINES ET PROCEDE POUR LA POLYMERISATION D’OLEFINES AU MOYEN DE CE CATALYSEUR

(87) Abstract

Process for the production of a support containing silica and at least one component chosen among alumina and aluminium phosphate,
consisting of mixing an alcohol, water, a silicon alcoholate and an acid in such conditions that the gelification or precipitation of silica is
avoided, adding an acid solution of an aluminjum compound and/or a soluticn of a phosphate ion source, adding a gelling agent, collecting
a gel which is washed with water and then with an organic liquid, and drying thereafter the gel by atomizing it until a powder is formed,
whereafter the powder is calcinated. Olefin polymerization in the presence of a chromium-containing catalyst on the afore-mentioned

support.

(ST) Abrégé

Procédé pour la fabrication d’un support contenant de la silice et au moins un constituant choisi parmi ['alumine et le phosphate
d*aluminium, selon lequel on mélange un alcool, de 1'cau, un alcoolate de silicium ct un acide dans des conditions telles qu’on évite une
gélification ou précipitation de silice, on y ajoute une solution acide d'un composé d'aluminium et/ou une solution d'une source d’ions
phosphates, on y ajoute un agent gélifiant, on recueille un gel que I'on soumet & un lavage & I'eau et ensuite au moyen d'un liquide
organique, puis on séche le gel par atomisation jusqu'a I'obtention d'une poudre, et on calcine la poudre. Polymérisation d'oléfines en
présénce d'un catalyseur contenant du chrome sur un support tel que décrit ci-dessus.




Process for the preparation of a support for catalysts, catalyst for the

polymerisation of olefins and process for the polymerisation of olefins by means

of this catalyst
The present invention relates to a process for the manufacture of a support

5 for catalysts, containing silica and at least one constituent chosen from alumina
and aluminium phosphate. Additionally, it relates to catalysts for the
polymerisation of olefins containing chromium on such a support, as weli as to the
use of these catalysts in the polymerisation of olefins.

Throughout the description and claims of this specification, the word
10  “comprise” and variations of the word, such as “comprising” and “comprises’, is
not intended to exclude other additives or components or integers or steps.
Supports consisting of mixtures of oxides suited for the conversion of
hydrocarbons are known. For instance, the patent application FR-A-231 59 57

describes a process for the preparation of supports containing alumina and

. 15  aluminium phosphate according to which an aluminium alkoxide is reacted with
\':: an aqueous solution of phosphate ions, the support is collected and calcined.
Soe The patent application EP-A-283 815 describes a process for the

I preparation of a composition containing alumina as the preponderant constituent,

: and silica, the process comprising the following steps:
20 (a) mixing a first quantity of an aqueous solution (1) of an aluminium salt with a
oot first quantity of an agueous solution (i) of an alkaline metal aluminate to obtain a
hydrogel suspension of alumina precipitated at a pH of from 8 to 10,
o er’ (b) adding a second quantity of the solution (1) to obtain a pH of from 2 to 4,
. (c) adding a second quantity of the solution (I1) to obtain a pH of from 8 to 10,
: 25 (d) repeating at least once the steps (b) and (c),
) (e)  adding an aqueous solution of an alkaline metal silicate to obtain an
alumina-silica hydrogel suspension,
i} separating the hydrogel from the suspension,
(g) dehydrating the obtained hydrogel by heating.
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which is resistant to crystallization, which simul -
tanecusly possesses a high pore volume and a high
specific surface, and which, when it is used as a support
for a chromium-based catalyst in the polymerization of
olefins, confers the following combined advantages on
this catalyst:

- a high catalytic activity even in the absence of a
cocatalyst,

- a low, indeed non-existent, period of induction for
the polymerization,

- a good response to hydrogen,

this catalyst making it possible to obtain polyolefins

having:

- a molecular mass distribution which can be adjusted
between a moderately broad distribution and a very
broad distribution for a given melt index, and

- a low oligomer fraction.

Consequently, the invention relates to a process
for the preparation of a support for catalysts containing
silica and at least one constituent chosen from alumina

and aluminium phosphate, according to which, in a first

‘stage, an alcohol, water, a gilicon alkoxide and an acid

are mixed in amounts such that the water/silicon molar
ratio is from 2 to 50, the first stage being carried out
at acid pH and comprising, on the one hand, the addition
of water, acid, silicon alkoxide and alcohol, the
temperature, during the addition, being less than or
equal to 30°C and, on the other hand, a maturing of the
hydrolysis medium thus obtained at a temperature at least
equal to 20°C and lower than the boiling temperature of
the medium, so as to substitute at least part of the
alkoxy groups of the silicon alkoxide by hydroxyl groups,
without producing gelling or precipitation of silica, in
a second stage, an acidic solution of an aluminium
compound and/or a solution of a source of phosphate ions,
and, in a third stage, a gelling agent are added to the
hydrolysis medium thus obtained to form a precursor gel,
the precursor gel is then washed with water and then by
means of an organie liquid, a suspension of the gel in
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the organic liquid is recovered, the suspension is then
dried until a powder is obtained, and the powder is
calcined; according to the invention, the drying is
carried out by atomization.

In the process according to the invention, the
gilicon alkoxide used in the £first stage can be any
compound in which silicon is bonded to at least onme
alkoxy group, such as a substituted or unsubstituted,
saturated or unsaturated, linear, branched or cyclic
aliphatic or aromatic alkoxy. The alkoxy groups generally
comprise from 1 to 20 carbon atoms. Silicon alkoxides
comprising alkoxy groups of aliphatic type are especially
recommended; those comprising alkoxy groups of
unsubstituted saturated aliphatic type are preferred,
guch as, for example, methyl, ethyl, n-propyl, isopropyl,
n-butyl and isobutyl groups. Silicon alkoxides which are
well suited are silicon tetraethoxide, tetramethoxide and
tetra-isopropoxide. Silicon tetraethoxide is very
particularly preferred. Of course, a number of silicon
alkoxides can be used in the first stage of the process
according to the invention.

In the process according to the invention, the
alcohol used in the first stage has the function of
dissolving the silicon alkoxide. In principle, any
alcohol which dissolves the silicon alkoxide and which is
miscible with water may be suitable. Thus, it is possible
to use an alcohol in which the hydrocarben group can be
unsubstituted or partially or totally gsubstitued, linear
or cyclic, aromatic or aliphatic, or saturated or unsatu-
rated. Linear aliphatic alcohols are preferred. Mention
may be made, as examples, of ethanol, isopropanol and
methanol. Ethanol is very particularly preferred. It is
ocbviocus that it is possible to use a number of alcohols
simultanecusly in the first stage of the process accord-
ing to the invention. An alcohol is preferably used in
which the hydrocarbon group corresponds to that of the
alkoxy group of the silicon alkoxide used.

The amount of alcohol used in the first stage of
the process according to the invention must be sufficient
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to make it possible for the silicon alkoxide to com-
pletely dissolve and consequently depends on the silicon
alkoxide and alcohol selected, on the solubility of the
silicon alkoxide in the alcohol and on the temperature at
which the first stage is carried out. In practice, there
is no advantage in using an amount which is much greater
than the minimum amount necessary, because a large excess
would lead to a pointless dilution of the mixture result-
ing from the first stage, which is to be avoided.

The first stage of the process according to the
jnvention has the object (a) of partially hydrolysing the
silicon alkoxide in the presence of water and (b) of
partially condensing the hydrolysed silicon alkoxide,
according to the following reactions:

(a) Si{0-R), + xH,0 - 8i(OH),(0-R),, + XR-OH
(b) 28i(0H), (0-R),, = O-[Si (0H), ,{0-R),., ], + KO

or
28i (QH)(O-R) (o = ESi(OH},(O—R),ql—O-[Si(OH),,(O—R)b,] + R-OH
in which R represents a hydrocarbon radical which can be
aromatic or aliphatic, saturated or unsaturated, or
linear, branched or cyclic, which can optionally be
different in the four groups (O-R), and X represents a
number greater than 0 and less than 4, preferably from
0.1 to 3.9. In the first stage, an amount of water is
used such that the molar ratio of this amount of water to
the amount of silicon alkoxide used is from 2 to 50.
Preferably, this molar ratio is from 2 to 20, more
particularly from 8 to 12, for example approximately 10.

The expression "hydrolysed and condensed silicon
alkoxide® is subsequently understood to denote the
compounds O-{Si(OH),,(0-R),,], and [Si(OB),(0-R);,]-0-
(si(oH),  (0-R},,] as defined above.

One of the essential characteristics of the
process according to the jnvention is the combination of
operating conditions, in the first hydrolysis stage, such
that any precipitation or gelling of silica in the
hydrolysis medium is avoided. To this end, the mixing in
the first stage is carried out under specific conditions
regarding the pH and the temperature of the hydrolysis
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medium, the molar ratio of the amounts of water and
silicon alkoxide used, and the way of mixing the
feactants. The term hydrolysis medium is understood to
denote the medium obtained after mixing water, acid,
silicon alkoxide and alcohol. To this end, in the first
stage of the process according to the invention, the pH
of the hydrolysis medium is acidic. In general, the pH is
less than 3, preferably from 0.5 to 2.5, for example
approximately equal to 1. The acid used in the first
stage can be inorganic or organie in nature. It is
advantageously chosen from acids which are miscible with
water and whose anion can be easily removed in a sub-
sequent treatment of the precursor gel. It can, for
example, be hydrochlorie, nitrie, phosphoric or sulphuric
acid. Hydrochloric acid or nitric acid is preferably
used. Hydrochloric acid is particularly well suited. It
is optionally possible to use a number of acids in the
first stage of the process according te the invention.
The amount of acid must be sufficient to keep the pH
acidic throughout the duration of the first stage. The
amount of acid consequently depends on the degree of
acidity of the acid used and the other reactants and on
the temperature at which the first stage is carried out.
There is no advantage in using an excessively high amount
of acid in order to avoid having to remove the excess of
acid or of its derivatives in a subsequent treatment
stage of the precursor gel.

In the first stage of the process according to
the invention, it is important to mix the reactants in a
controlled way in order to prevent precipitation or
gelling of silica and to prevent the mixture from heating
up. To this end, the reactants can be mixed by any known
appropriate means provided that the temperature during
the addition of the reactants is at most equal to 30°C
and that neither precipitation nor gelling of silica
takes place. Mixing is preferably carried out by addition
of a premix comprising the water and the acid to a premix
containing the silicon alkoxide and the alcohol. This can
be carried out by adding the water/acid premix to the
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alcohol/silicon alkoxide premix. Another method consists
in adding the alcohol/silicon alkoxide premix to the
water/acid premix. Good results are obtained by adding
one of the premixes dropwise to the other premix kept
stirred. Particularly satisfactory results are obtained
by adding the water/acid premix, dropwise and with
stirring, to the alcohol/silicon alkoxide premix.

Tn the first stage of the process according to
the invention, the temperature, during the addition of
the reactants, is kept below 30°C, preferably below 20°C,
typically approximately 10°C, temperatures greater than
0°C being recommended; the hydrolysis medium is then
matured at a cemperature at least equal to 20°C and lower
than the boiling temperature of the medium, for example
from 30 to 100°C, temperatures from 40 to 80°C being most
common and those from 50 to 70°C being recommended.
Maturing of the hydrolysis medium is preferably carried
out at a temperature greater than that of the addition of
the reactants.

In the first stage of the process according to
the invemtion, the maturing has the function of making
possible progressive hydrolysis and condensation of the
gilicon alkoxide according to the reactions defined
above. Everything else remaining equal, the degree of
hydrolysis of the alkoxide becomes higher (the number x
becomes greater) as the duration of the maturing
jncreases. The duration of maturing must consequently be
gufficient for the hydrolysis reaction as described above
to take place; however, it must be less than the time
required for gelling or precipitation of silica to take
place. The optimum duration of the maturing depends on
the pH of the hydrolysis medium, on the nature of the
reactants present in the hydrolysis medium and on the
temperature and can vary from a few minutes to several
teng of hours. Generally, the duration does not exceed 24
hours. Preferably, the duration is from 0.5 to 3 hours.

In a particularly advantageous embodiment of the
process according to the invention, a titanium alkoxide
is additionally used in the first stage. The titanium
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alkoxide can, for example, be a compound in which the
titanium is bonded to at least one alkoxy group, such as
an unsubstituted or subgtituted, saturated or
unsaturated, linear, branched or cyclic aliphatic or
aromatic alkoxy. The alkoxy groups generally comprise
from 1 to 20 carbon atoms. The titanium alkoxide 1is
preferably soluble in the hydrolysis medium. Titanium
acetylacetonate is particularly well suited. Of course,
it is possible to use a number of titanium alkoxides in
the first stage of the process according to the
jnvention. The titanium alkoxide can optionally be used
in the form of a solution in a 1liquid hydrocarbon.
Alcochols are well suited.

The amount of titanium alkoxide used in this
embodiment is generally such that the titanium is present
in the precursor gel in a proportion varying from 0.05 to
20% by weight, preferably from 0.1 to 15% by weight, more
particularly £f£rom 0.5 to 10% by weight of titanium based
on the total weight of the solid fraction of the
precursor gel.

In this embodiment, the titanium alkoxide can be
used at any time in the £first stage. The titanium
alkoxide can, for example, be added to the premix com-
prising the water and the acid or to the premix contain-
ing the silicon alkoxide and the alcoheol. As a variant,
the titanium alkoxide can be added to the hydrolysis
medium obtained after mixing water, acid, silicon
alkoxide and alcohol, before, during or after maturing.
Good results are obtained when the titanium alkoxide is
added during the maturing. It is recommended to add the
titanium alkoxide after a first part of the maturing,
which advantageously represents from 40 to 60%, for
example approximately 50%, of the total duration of the
maturing, the second part being carried out after the
addition of the titanium alkoxide.

This embodiment proves to be especially advan-
tageous when it is desired to incorporate the titanium in
the precursor gel in a high amount, which can range up to
20% by weight of the total weight of the solid fraction
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of the precursor gel, while preventing the formation, in
a subsequent stage, of crystalline titanium dioxide
agglomerates in the "anatase” or srutile® form.

The aluminium compound used in the second stage
of the process according to the invention can be any
aluminium compound which is soluble in the acidice
solution used in the second stage and which is capable of
being gelled under the effect of a gelling agent.
Inorganic aluminium salts and aluminium alkoxides are
especially recommended. Use 1is generally made, among
aluminium alkoxides, of those in which the aluminium is
bonded to at least one alkoxy group. Among aluminium
alkoxides, those containing aliphatic groups are
especially recommended; those containing unsubstituted,
saturated, linear aliphatic groups are preferred, such
as, for example, methyl, ethyl, n-propyl, isopropyl,
n-butyl and iscbutyl groups. Use is preferably made of an
aluminium alkoxide in which the alkoxy groups contain.
from 1 to 20 carbon atoms. Aluminium alkoxides in which
the alkoxy group corresponds to that of the silicomn
alkoxide used are particularly well suited.

Satisfactory results are cobtained with inorganic
aluminiuvm salts. Aluminium nitrate and chloride are

In a specific embodiment of the process according
to the invention, in which an aluminium alkoxide is used
as aluminium compound, the latter is used, at least in
part, in the first stage of the process according to the
invention, preferably, if appropriate, in the alcochol/
silicon alkoxide premix. The aluminium alkoxide can also
be added on conclusion of the first stage, after the
maturing.

In the process according to the invention, the
term scurce of phosphate ions denotes any compound which
is soluble in the solution used in the second stage and
which is capable of forming phosphate ions therein.
Inorganic phosphate salts [for example, monocalcium
phosphate of formula CaH (PO,),, disodium phosphate of
formula Na,HPO, and tricaleium phosphate of formula
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Ca,(PO,},], phosphate esters [for example, ethyl phosphate
of formula (C,H,),PO,1 and phosphoric acid are especially
recommended. Phosphoric acid is preferably used.

The acidic solution of the aluminium compound and
the solution of the source of phosphate ions used in the
second stage of the process according to the invention
can be prepared by any known appropriate means and are
preferably miscible with the mixture obtained in the
first stage of the process according to the invention.

In an advantageous embodiment of the process
according to the invention, the source of phosphate ions
is added beforehand to the acidic solution of the
aluminium compound so that, in the second stage of the
process according to the invention, only a single,
acidie, solution comprising simultaneously the aluminium
compound and the source of phosphate ions is used.

In a first variant of this embodiment of the
process according to the invention, where the acidic
golution contains only the aluminium compound and is free
from a source of phosphate ions, the acidic solutiom is
generally obtained by dissolving the aluminium compound
in an amount of water and/or of an alcohecl which 1is
sufficient to ensure complete dissolution and by adding
thereto an acid in an amount sufficient to prevent the
formation of aluminium hydroxide, which would immediately
precipitate and would consequently no longer participate
in the formation of the precursor gel. Water is
preferably used to dissolve the aluminium compound. In
practice, there is no advantage in using an amount of
solvent (water or alcohol) greater than the minimum
amount necessary., because any excess solvent would
involve removing it during the subseguent drying treat-
ment of the gel. The acid used can be chosen from those
which ecan be used in the first stage of the process
according to the invention.

In a second variant of this embodiment of the
process according to the jnvention, where the acidic
solution contains only the source of phosphate ions and
is free from an aluminium compound, the acidic solution
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is generally prepared by dissolving the source of
phosphate ions in a sufficient amount of water and/or of
alechol and preferably without an extravagant excess, for
the grounds stated above. In rhis second variant, the
gource of phosphate ions confers an acidic nature on the
solution, so that it is pointless to add an additional
acid to the solution.

In a third variant of this embodiment of the
process according to the invention, which is preferred,
the solution simultaneously contains the aluminium
compound and the source of phosphate ions and the acidic
solution is obtained by dissolving the aluminium compound
and the source of phcsphate ions in any order in an
amount of water and/or of alcochcl which is sufficient but
without extravagant excess, for the grounds gtated above.
In this preferred variant, it can prove to be pointless
additionally to add an acid thereto, provided that the
source of phosphate ions confers an acidity on the
solution whieh is sufficient to prevent the formation of
aluminium hydroxide.

Tt is obvious that it is possible to use simulta-
necusly, in the second stage, a number of aluminium
compounds and/or a number of sources of phosphate ions.

In the second stage of the process according to
the invention, the addition of the acidic solution of the
aluminium compound and of the solution of the source of
phosphate ions to the mixture obtained in the first stage
can, for example, be carried out by pouring the mixture
resuliing from the first stage into one of the two
solutions or into the mixture of these two solutions (the
acidic solution of the aluminium compound and the
solution of the source of phosphate ions}. As a variant,
the mixturs of the two solutions can be added to the
mixture resulting from the first stage, in which case it
is preferable, in order to prevent the medium thus
obtained from heating up, to carry out the addition very
slowly by introducing the mixture of the two solutions
dropwise into the medium, with vigorous stirring, the
medium being thermostatically controliled at a temperature
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below 30°C, typically below or equal to 20°C, for example
between 0 and 10°C, throughout the duration of the
addition.

The gelling agent used in the third stage of the
process according to the invention is any compound
capable of causing cogelling of the reactants used in the
first and the second stage (the hydrolysed and condensed
silicon alkoxide resulting from the £first stage and
defined above, the aluminium compound and/or the source
of phosphate ions and optionally the titanium alkoxide)
in the form of a mixed oxide of silicon and of aluminium
and/or of phosphorus and optionally of titanium. Mention
may be made, as examples of gelling agent, of ethylene
oxide, ammonium carbonate and ammonium hydroxide. An
aqueous ammenium hydroxide solution is preferably used.

The amount of gelling agent used in the third
stage is preferably sufficient to make it possible for
the hydrolysed and condensea silicon alkoxide defined
above, the aluminium compound and the phosphate compound
present in the cogelling medium to be completely gelled.
The term cogelling medium is understood to denote the
reaction mixture ih the course of gelling in the third
stage of the process. The cogelling medium consequently
comprises the medium obtained on conclusion of the second
stage of the process according to the invention (compris-
ing the hydrolysed and condensed silicon alkoxide, the
aluminium compound and/or the source of phosphate ions)
and the gelling agent. The amount of gelling agent used
is advantageously sufficient to make it possible for the
total mass of hydrolysed and condensed silicon alkoxide,
of aluminium compound and of scurce of phosphate ions to
be completely cogelled; it is preferably slightly greater
than this sufficient amount.

In the third stage of the process according to
the invention, the pH of the cogelling medium is
generally greater than or equal to 5, typically greater
than or equal to 6; it is usually less than 11, values
less than 10 being recommended. The pH is preferably kept
congtant at a value of 6 to 10, for example 8, throughout
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the duration of the cogelling. The steadiness of the pHE
can be provided by any known appropriate means, for
example by using a buffer which is inert with respect to
the reactants in the course of gelling, or by using
equipment which makes it possible to control the, con-
tinuous or non-continuous, supply into the cogelling
medium of a compound which modifies the pH. Use is
preferably made of a receptacle containing the gelling
agent, into which the mixture resulting from the second
stage and a pH-regulating compound are introduced
separately and in a controlled way. It is possible to
employ, as pH-regulating compound, any acidic or basic
compound which is inert with respect to the reactants in
the course of gelling.

In the third stage of the process according to
the invention, it can prove to be advantageous, depending
on the properties of the precursor gel which it is
desired to obtain, to thermostatically ceontrol the
cogelling medium at a temperature below or equal to 30°C,
preferably at a temperature of 0 to 20°C.

In a first particularly advantageous embodiment
of the process according to the invention, it is possible
additionally to incorporate, in the precursor gel, a
transition metal chosen from the elements of groups IVB
and VB of the periodic table, such as zirconium and
vanadium, or an element of group IIIA of the periodic
table, other than alumirium, such as boron. To this end,
an organic or inorganie salt or an alkoxide of one of
these elements is added to the mixture obtained in the
first or in the second stage of the process according to
the invention, before carrying out the following stage.
If appropriate, it is possible to add the salt or the
alkoxide to the water/acid premix or to the alcohol/
gsilicon alkoxide premix used in the first stage of the
process according to the invention.

In a second embodiment of the process according
to the invention, vaich is preferred, the gel resulting
£rom the third stage is subjected to a maturing. The
fatter is carried out in a maturing medium, which can be
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the cogelling medium recovered from the third stage,
optionally with stirring. &an inert compound which
modifies the pH of the maturing medium, for example a
basic compound, can be added thereto. As a variant, the
gel is first separated from the cogelling medium, for
example by centrifuging, and is then resuspended in an
inert liquid such as water or an alcohol in order to
carry out the maturing. This variant has the advantage of
removing part of the ionic impurities adsorbed in the
gel, arising £from the reactants used during the
manufacture of the gel.

The maturing has the function of prolonging the
cogelling and thus modifying the specific surface and the
pore volume of the gel. It is usually carried out at a
temperature which can vary from room temperature up to
the boilirg temperature of the maturing medium. Maturing
is preferably carried out at approximately 20°C. The
duration of the maturing depends on the temperature and
on the required properties (specific surface and pore
volume) of the support. It can consequently be from a few

minutes to several tens of hours. The best results are

obtained with a duration of at least one hour. For
considerations of an economic nature, there is no advan-
tage in prolenging the maturing beyond 48 hours.

The maturing is generally carried out at a pH
greater than or equal to 6, preferably from 8 to 10.

on conclusion of the third stage of the process
according to the invention and, if appropriate, after
maturing, a precursor gel is recovered which is then
washed, first with water and then by means of an organic
liguid.

The washing with water generally congists in
suspending the gel in an amount of water which is suffi-
cient to remove at least part of the impurities contained
in the gel and in then removing at least part of this
amount of water by any known appropriate means, for
example by centrifuging or by filtering. The remoéval is
preferably c¢arried out by centrifuging, taking into
account the speed of this method. Of course, it is
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possible to repeat this washing with water a number of
times. The temperature at which this washing is carried
out has little influence on the efficiency of the washing
and can consequently vary to a large extent. Washing is
preferably carried out at room temperature.

The water-washed gel is then washed by means of
an organic liquid, for example by dispersing the gel in
this organic ligquid at room temperature. The washing with
the organic liquid has the function of removing at least
part of the water which impregnates the gel. The organic
liquid selected must be at least partially miscible with
water and inert with respect to the gel but, however,
capable of wetting the gel. It preferably has an
evaporation temperature below 120°C, typically below
100°C, for example from 70 to S0°C. Organic liquids which
can be used in this washing are alcohols, ethers or their
mixtures. Alcohols are preferred, particularly those
comprising from 1 to 4 carbon atoms. Isopropancl is well
guited. Of course, it is possible to repeat this washing
by means of an organic liquid a number of times and
gimultanecusly to use a number of organic liquids. On
conclusion of the washing, it is desirable to separate
the gel £from at least part of the water and organic
liquid used by centrifuging or by #iltering.,

In the process according to the invention, a
suspension of the gel in an organic liquid is recovered
after washing by means of the érganic liquid, which
guspension is dried by atomization in order to remove the
water and the organic liquid which had not been removed
previously, until a powder of the support is obtained in
the form of atomized particles.

The atomization can, for example, be carried out
by spraying the suspension of the gel through an orifice
of small size. It is generally carried out in a gas
stream which is inert with respect to the gel. The gas
stream is preferably free £from oxygen. A gas stream
comprising essentially nitrogen is well suited. The
temperature of the gas stream is most often greater than
1009C. For example, temperatures of 150 to 450°C
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(preferably of 200 to 400°C, for example approximately
300°C) at the inlet of the atomization orifice and of 20
to 200°C (preferably of 50 to 150°C) at the end of the
atomization are recommended. It is possible to operate
without distinction at a pressure below, equal to or
greater than atmospheric pressure. Pressures greater than
or equal to atmospheric pressure are preferred, the
values from 1 to 10 bar being the most recommended. The
suspension of the gel can be introduced at room tempera-
ture (between 15 and 25°C) into the gas, the atomized
particles generally being found at the same temperature
as the gas at the end of the atomization. ﬂ

There is most often obtained, on conclusion of
the dryiﬁg, a powder having a moisture content below 1%
by weight, preferably below 0.5% by weight, for example
below 0.2% by weight.

The drying by atomization proves to be particu-
larly advantageous because it makes it possible to
simultaneously optimize the morphology and the porosity
of the supports obtained, so that they are capable of
being wused as supports of catalysts for the
polymerization of olefins. 1In fact, the atomized
particles are characterized, on the one hand, by a narrow
size distribution and, on the other hand, by a narrow
pere radius distribution and by a reduced, indeed non-
existent, content of macropores with a radius greater
than 2000 &, while retaining a high pore volume.

on conclusion of the drying by atomization, a
powder of the support is recovered which can optionally
be sieved in order to separate therefrom the particles of
undesired size. This powder is calcined. The calcination
has the function of extracting, at high temperature, the
organic impurities from the powder. It is generally
continued until the weight of the powder remains constant
with time, while avoiding crystallization of the powder.
The calcination can be carried out under air (preferably
under dry air) in a fluidized bed at a temperature below
the crystallization temperature of the powder. The
temperature is generally from 300 to 1500°C, typically
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from 350 to 1000°C, preferably from 400 to 600°C.

The process according to the invention makes it
possible, with a single procedure, to prepare supports
for catalysts containing mixed oxides of silicon, of
aluminium and/or of phosphorus in a wide range of concen-
trations. In effect, the process according to the
invention makes it possible to cover the entire ternary
diagram between the composition of silica, alumina and
aluminium phosphate. The appended figure represents this
ternary phase diagram. The process according to the
invention appears particularly outstanding for the
manufacture of supports whose composition is situated in
the shaded part of the said termary phase diagram. The
procese according to the invention also makes it —~ossible
to incorporate a transition metal or an element such as
boron in the support.

The process according to the invention makes it
possible to prepare supports for catalysts in the
amorphous state which have a very homogeneous dispersion
of the constituents and which have, in combination, a
specific surface, a pore volume and a resistance to
crystallization which make them outstanding in the
polymerization of olefins.

In view of its physical and structural charac-
teristics, the support obtained by means of the process
according to the invention £finds a particularly advan-
tageous application as a support for catalysts in the
polymerization of olefins, the catalyst advantageously
consisting of chromium oxide.

The supports prepared by means of the process
according to the invention for the preparation of a
support are particularly outstanding because they make it
possible to obtain catalysts for the manufacture of
polyolefins whose melt indices c¢an vary to a large
extent.

Moreover, the supports additionally containing
titanium make it- possible to obtain catalysts for the
mariufacture of polyolefins having good mechanical
properties. Additionally, the presence of titanium in the
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support makes it possible to obtain polyolefinas with very
variable melt indices.

The invention consequently also relates to a
catalyst for the polymerization of olefins containing
chromium on a support obtained by means of the process in
accordance with the invention, defined above.

The catalyst according to the invention can be
obtained in a way known per se by impregnating the
support powder with an agueous or organic solution of a
chromium compound, followed by drying in an oxidizing
atmosphere. To this end, it is possible to use a chromium
compound chosen from the soluble salts such as the
oxides, the acetate, the chloride, the sulphate, the
chromate and the bichromate in aqueous solution or such
as the acetylacetonate in organic solutioen. After impreg-
nating the support with the chromium compound, the
impregnated support is generally activated by heating it
at a temperature of 400 to 1000°C in order to convert at
least part of the chromium to hexavalent chromium.

The catalyst according to the invention can also
be obtained by means of mechanical mixing of the powder
of the support with a solid chromium compound, for
example chromium acetylacetonate. This mixture can then
be preactivated at a temperature below the melting
temperature of the chromium compound before activating it
conventionally as described above.

As a variant, the chromium compound can also be
incorporated in the powder of the support during the
manufacture of the latter or during the manufacture of
the precursor gel of this support. To this end, it can,
for example, be added, in all or in part, to the acidic
solution of the aluminium compound and/or of the source
of phosphate ions used in the second stage of the process
according to the invention for the manufacture of a
precursor gel so as to coprecipitate the oxide of
chromium simultaneously with the oxide of silicon, of
aluminium and/or  of phosphorus. It is also possible to
add the chromium compound €o the precursor gel before or
after the maturing of the latter.
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In the catalyst 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 catalyst.

The catalyst according to the invention appears
particularly outstanding in the polymerization of
olefins. In effect, for this application, the catalyst
according to the invention combines the following
advantages:

- a high catalytic activity even in the absence of a
cocatalyst,

- a low, indeed non-existent, induction period,

- a good response to hydrogen;

it additionally makes it possible teo obtain polyolefins

having:

- a molecular mass distribution which can be adjusted
from moderately broad to very broad for a given melt
index, and

- a low oligomer content.

The catalyst according to the invention can be
used for the polymerization of olefins containing from 2
to 8 carbon atoms per molecule and in particular for the
production of homopolymers of ethylene or of copolymers
of ethylene with one or a number of comonomers selected
from the olefins described above. These comonomers are
preferably propylene, 1-butene, l-pentene, 3-methyl-1-
butene, l-hexene, the 3- and 4-methyl-l-pentenes and
1-octene. Diolefins comprising from 4 to 18 carbon atoms
can also be copolymerized with ethylene. The diolefins
are preferably non-conjugated aliphatic diolefins such as
4-vinylcyclohexene or alicyclic diolefins having an
endocyclic bridge such as dicyclopentadiene or methylene-
and ethylidenenorbornene and conjugated aliphatic
diclefins such as 1,3-butadiene, isoprene and
1,3-pentadiene.

The catalyst according to the invention is
particularly well suited for the manufacture of homo-
polymers of ethylene and of copolymers containing at
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least 90%, preferably at least 95%, by weight of
ethylene. The preferred comonomers are propylene,
1-butene, l-hexene or l-octene.

The invention consequently also relates to a
process for the polymerization of olefins as defined
above using a catalyst in accordance with the invention.
In the polymerization process according to the invention,
polymerization can be carried out without distinction in
solution, in suspension in a hydrocarbon diluent or
alternatively in the gas phase. Good results are obtained
in suspension polymerizatiens.

The suspension polymerization is carried out in
a hydrocarbon diluent such as liquid aromatic, cyclo-
aliphatic and aliphatic hydrocarbons at a temperature
such that at least 80% (preferably at least 90%) of the
polymer formed is insoluble therein. The preferred
diluents are linear alkanes such as n-butane, n-hexane
and n-heptane or branched alkanes such as isobutane,
isopentane, isooctane and 2,2-dimethylpropane or cyclo-
alkanes such as cyclopentane and cyclohexane or their
mixtures.

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
pressure is most often chosen between atmospheric pres-
sure and 5 MPa, preferably between 0.4 and 2 MPa, more
particularly between 0.6 and 1.5 MPa.

The polymerization can be carried out con-
tinuously or non-continuously, in a single reactor or in
a number of reactors arranged in series, the
polymerization conditions (temperature, opticnal
comonomer content, optional hydrogen content, type of
polymerization medium) in one reactor being different
from those used in the other reactors.

The examples, the description of which follows,
are used to illustrate the invention. In these examples,
supports for catalysts were first prepared. Fatalysts
were then applied onts these supports. The supported
catalysts thus obtained were employed to polymerize
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quantities are explained below.

8S

BV

OF

HLMI

e/ M2

i

specific surface of the support measured by the
method of penetration with nitrogen according
to the volumetric method of British standard
BS 4359/1 (1984).

pore volume of the support, equal to the sum of
the pore volume consisting of pores with a
radius less than or equal to 75 A, measured by
the method of penetration with nitrogen accord-
ing to the volumetric method of British stan-
dard BS 4359/1 (1984), and of the pore volume
measured by the method of penetration with
mercury by means of the porosimeter of Poro
2000 type marketed by Carlo Erba Co, according
to Belgian standard NBN B 05-202 {1976).
crystallization temperature determined by means
of the method defined above.

oligomer fraction of the polymer, expressed in
grams of oligomers per kilo of polymer and
measured by extracting with hexane at the
boiling temperature of hexane.

catalytic activity expressed in grams of poly-
mer obtained per hour and per gram of catalyst
used and divided by the partial pressure of the
olefin expressed in bars.

induction time, expressed in minutes and
defined as being the time passed between intro-
duction of the ethylene and the appearance of
a pressure reduction characteristic of the
beginning of polymerizatiou.

melt index of the molten polymer at 190°C,
measured under a load of 21.6 kg and expressed
in g/10 min, according to the ASTM standard
D 1238 (1986).

ratic between the dynamic viscosity (1.5
expressed in dpPa-s and meagsured at a rate
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gradient of 1 s and at 190°C, and the dynamic
viscosity (7n,), expressed in dPa-s and measured

at a rate gradient of 100 s' and at 190°C.

Examples 1 and 2 (in accordance with the invention)
A. Preparation of a precursor gel

a) Firgt stage
A solution of water and of 1M hydrochloric acid

was added dropwise to a solution of silicon tetraethoxide
and ethanol, thermostatically controlled at 10°C, so as
to obtain an H® concentration of 0.1M. The amounts of
silicon tetraethoxide, ethanol, water and hydrochloric
acid which were used are presented in Table I. The
hydrolysis medium thus obtained was then matured at 60°C
for 2 hours.
b) Second stage

An agqueous solution containing hydrated aluminium
nitrate (Example 1) or chloride (Example 2) respectively
and phosphoric acid was prepared, the amounts used being
represented in Table I. The solution thus obtained was
then added to the hydrolysis medium obtained in (a) with
vigorous stirring and at 10°C.
c) Third stage

The mixture obtained in (b) was added to 500 g of
an aqueous ammonium hydroxide solution with a pH of 8,
thermostatically controlled at 10°C, the pH being kept
constant at a value of 8, in order to carry out gelling.
da} Maturing

The gel obtained in (c¢) was matured at a pH of 8,
for 2 hours, with gentle stirring and at 60°C.

B. P;egafaticn of a catalyst support

a) Washing
The gel obtained in A was washed, first 3 times

with water and then once by means of isopropanocl, and a
suspension of the gel in isoproparniol was recovered.
b} brying )

The suspension obtained in (a) was atomized by
passing through a spraying orifice with a diameter of
1 mm inside a chamber traversed by a stream of a gas
containing essentially nitrogen. The flow rate of the gas
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was adjusted sc that its temperature fell from 300°C, at
the inlet of the chamber, to a temperature of 80 to 100°C
at the outlet of the latter. Particles were collected,
after atomization, whose moisture content was below 1% by
weight.
c) Calcination

The powder obtained in (b) was calcined in a
fluidized bed while purging with dry aixr, for 4 hours at
500°C. A powder of a support was recovered whose com-
position (mol % of silica, alumina and aluminium phos-
phate), specific surface, pore volume and crystallization

temperature are represented in Table I.
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Table I
Example 1 2
First step
amount used of:
silicon tetraethoxide (g) 34.7 46.3
ethanol (g) 41.7 55.6
water (g) 18.9 24.9
1M hydrochloric acid (g) 11.5 16.5
Second stage: |
quantity used of:
AlX,-xH,0 (g) ' 62.5 160.8
X = NO, X =Cl
x =9 x =6
85% phosphoric acid (g) 25.6 25.6
water (g) 33.3 133.2
Support obtained:
composition: Si (% by wt) 14.6 8.9
Al (% by wt) ‘ 14.3 29.4
P (% by wt) 14.5 10.9
ss (m*/g) 385 290
PV (cm’/g) 2.47 3.44
T. (°C} > 700 > 700

C. Preparation of a catalyst
The support obtained in B was mixed with chromium

acetylacetonate in an amount such that the mixture
comprised 0.7% by weight of chromium. The mixture thus
obtained was then treated in a fluidized bed at 150°C for
2 hours under a dry air purge. It was then calcined in
the fluidized bed at 700°C for 5 hours under dry air and

the catalyst was recovered.

D. Polymerization of ethylene
100 mg of the catalyst obtained in C and 1 litre of

isobutane were introduced into a 3 litre autoclave dried
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beforehand and equipped with a stirrer. The temperature
was raised to 104°C and ethylene was introduced into the
autoclave at a partial pressure of 1.09 MPa. Hydrogen was
introduced at a partial pressure of 0.29 MPa. The
ethylene pressure and the temperature were kept constant
during the time necessary for the production of a defined
amount of polyethylene. After degassing, the polymer was
recovered in the form of particles, the properties of
which are collated in Table II, as well as the activity
of the catalyst.

Table II
Example 1 2
o 34448 ’ 30032
Tina 5 | 4
HLMI 40 23
OF 22 21
77&/771 : 8.0 9.4




The claims defining the invention are as follows:

1. Process for the manufacture of a support for catalysts containing silica and

at least one constituent chosen from alumina and aluminium phosphate,

according to which, in a first stage, an alcohol, water, a silicon alkoxide and an

5 acid are mixed in amounts such that the water/silicon molar ratio is from 2 to 50,

the first stage being carried out at acid pH and comprising, on the one hand, the

addition of water, acid, silicon alkoxide and alcohol, the temperature, during the

addition, being less than or equal to 30°C and, on the other hand, a maturing of

the hydrolysis medium thus obtained at a temperature at least equal to 20°C and

10 lower than the boiling temperature of the medium, so as to substitute at least part

of the alkoxy groups of the silicon alkoxide by hydroxyl groups, without producing

precipitation or gelling of silica, in a second stage, an acidic solution of an

aluminium compound and/or a solution of a source of phosphate ions, and, in a

third stage, a gelling agent are added to the hydrolysis medium thus obtained to

15  form a precursor gel, the gel is then washed with water and then by means of an
organic fiquid, a suspension of the gel in the organic liquid is recovered, the-

gekin-the-organie-liguid-ie-seeavered, the suspension is then

i dried until a powder is obtained, and the powder is calcined, wherein the drying is
;" carried out by atomization. |

20 2. Process according to claim 1, wherein the atomisation is carried out by
::.‘ spraying the suspension of the gel through an orifice of small size.
‘.: 3. Process according to claim 1 or 2, wherein the spraying is carried out in a
fALE gas stream which is inert with respect to the gel.
e 4. Process according to claim 3, wherein the gas stream essentially

. 25 comprises nitrogen and is free from oxygen.

5. Process accerding to any one of claims 1 to 4, wherein the temperature of

the gas stream is greater than 100°C.

6. Process according to claim 5, wherein the temperature of the gas stream is

from 150 to 450°C at the inlet of the atomisation orifice and from 20 to 200°C at
30 the end of the atomisation.

7. Process according to any one of claims 1 to 6, wherein the atomisation is

carried out at a pressure of 1 to 10 bar.

25




8. Catalyst for the polymerisation of olefins containing chromivm on a support
obtained by means of the process in accordance with any one of claims 1 to 7.
9. Process for the polymerisation of olefins according to which a catalyst in
accordance with claim 8 is used.

5 10. Process according to claim 9, applied to the polymerisation of ethylene.
11. A process for the manufacture of a support for catalysts containing silica
and at least one constituent chosen from alumina and alumin.uivi phosphate,
substantially as hereinbefore described.
12. A catalyst for the polymerisation of olefins, substantially as hereinbefore

10  described.

13. A process for the polymerisation of olefins, substantially as hereinbefore

described.
DATED: 20 August, 1996
SOLVAY (SOCIETE ANONYME)

By their Patent Attorneys
: PHILLIPS ORMONDE & FITZPATRICK

aeete9ese
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ABSTRACT

Process for the preparation of a support for
catalysts, catalyst for the polymerization
of olefins and process for the polymerization
of olefins by means of this catalyst

Process for the manufacture of a support contain-
ing silica and at least one constituent chosen from
alumina and aluminium phosphate, according to which an
alcohol, water, a silicon alkoxide and an acid are mixed
under conditions such that gelling or precipitation of
gsilica is prevented, an acidic solution of an aluminium
compound and/or a solution of a source of phosphate ions
are added thereto, a gelling agent is added thereto; a
gel is recovered which is washed with water and then by
means of an organic liquid, the gel is then dried by
atomization until a powder is obtained, and the powder is
calcined.

Polymerization of olefins in the presence of a
catalyst containing chromium on a support as described

above.

single figure.
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