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WO 00/58368 PCT/EP00/02471

BIMETAL CATALYST FOR THE (CO)POLYMERIZATICN OF @~QLEFINS

The present invention relates to a bimetal
catalyst, the process for its preparation and its use in

{(co)polymerization processes of a-olefins.

More specifically, the present invention relates to
a catalyst for the (co)polymerization of a-clefins of the
Ziegler-Natta type, comprising a solid component contain-
ing titanium, and a co-catalyst consisting of a hydride
or an organometallic compound of groups 1, 2 or 13 of the
periodic table of elements ({(in the form approved of by
IUPAC and published by "CRC Press Inc." in 1989, tc which
reference will be made hereafter). This c¢atalyst can be
obtained by means of an original process set up by the
Applicant.

It is known that ethylene, or a-olefins in general,
can be polymerized by means of low, medium or high pres-
sure processes on catalysts of the Ziegler-Natta type to
give substantially linear polymers with a high molecular

weight. These catalysts are generally composed of a com-
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pound of elements from group 4 to group 6 ¢f the periodic
table in contact with an organometallic compound, o©r a
hydride, of elements of groups 1, 2 or 13 of the same
periodic table.

Solid components of Ziegler-Natta catalyst contain-
ing a transiticn metal {generally titanium), a bivalent
metal (generally magnesium), a halcgen (generally chlo-
rine) and optionally also an electron donor, are known in
the art. These solid compcunds used in combination with
an organometallic compound of aluminum, form catalysts
active in (co)polymerization processes of ethylene, in
processes carried out at a low temperature and pressure.
For example the patent U.5. 32,642,746 describes a solid
component of catalyst obtained by contact ©of a compound
of a transition metal with a halide of a bivalent metal
treated with an electron donor. According to the patent
U.5. 4,421,674 a sclid component of catalyst is obtained
by contact of a compound of a transition metal with the
spray-drying product of a sclution of magnesium chloride
in ethanol.

According to the patent UK 1,401,708, a solid compo-
nent of catalyst is obtained by the interaction of a mag-
nesium halide, a non-halogenated compound of a transition
metal and an aluminum halide. Patents U.S. 3,901,863 and

U.5. 4,292,200 describe solid components of catalyst ab-
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tained by putting a non-halogenated compound of magne-
sium, a non-~halogenated compound of a transiticn metal

and an aluminum halide in contact with each other.

The patent U.S. 4,843,049 and European patent appli-
cation EP-A 243,327 describe a solid component of cata-
lyst which contains titanium, magnesium, aluminum, chio-
rine and alkoxyl groups, highly active in
(co)polymerization processes of ethylene, carried out at
low pressure and temperature, with the suspension tech-
nique, and at high pressure and temperature, in vessel or
tubular reactors, respectively. These s¢lid components
are generally obtained by spray-drying an ethanol solu-
tion of magnesium chloride to obtain an active carrier,
which 1s interacted in sequence with a titanium tetra-
alkoxide or with titanium tetrachloride and with an alkyl
aluminum chloride, respectively.

All the above catalysts, although relatively active
in the processes indicated, are not however completely
satisfactory as far as some of the properties of the
polymer or copolymer obtained are concerned, with par-
ticular reference to the average molecular weight, espe-
cially of polyolefins from high temperature processes,
which are still unsuitable for certain industrial uses.

In addition, there is still room for further improving
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the activity of the above catalysts.

Attempts have been made to modify the properties of
the polymers or copolymers of clefins by using catalysts
based on a mixture of transition metals. For example,
European patent applications EP-2 177,189 and EP-A
146,507, both describe the preparation and use of cata-
lysts of the Ziegler-Natta type comprising titanium and
hafnium in order to obtain polyethylene with & widened
(bimodal) molecular weight distribution. The process for
the preparation of these catalysts comprises the intro-
duction of titanium and hafnium in two separate steps.

European patent application EP-A 523,785 discloses
that the introduction of magnesium-carboxylate and tran-
sition metal-carboxylate bonds allow solid components of
catalyst to be obtained which are generally improved with

respect to those of the known art, in relation to their

activity in (co}polymerization processes of ethylene and

c-olefins, 1in processes carried out at low pressure and

temperature, at high pressure and temperature and in so-
lution, and in relation to the nature cof the polymers
thus obtained. The preparation of these catalysts con-
taining metal-carboxylate bonds is carried out by means
of a complex process which comprises mixing pre-prepared
solutions of magnesium carboxylates and transition metal

in an organic hydrocarbon solvent. This method however
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has the disadvantage of not alleowing complete freedom in
the selection of the atomic ratios between the metals in
the catalyst, for reasons connected to their different
sclubility in hydreocarbon solvents.

The Applicant has now found that polymers and co-
polymers of a-olefins having a high molecular weight can
be surprisingly cbtained, also with processes having a
high productivity under high temperature conditions, by
using a particular bimetal catalyst of the Ziegler-Natta
type supported on magnesium chloride, which has the addi-
tional advantage of a particularly simple and convenient
preparation process.

In accordance with this, in a first aspect, the pre-
sent invention relates to a solid component of a catalyst
for the {co)polymerization of a-olefins consisting of at
least 95% by weight, preferably from 98 to 100% by
weight, of titanium, magnesium, at least one metal se-
lected from hafnium and zirconium, aluminum, chlorine and
R-CO0 carboxylate, in the following molar ratios:

M/Ti = 0.1-10.0; Mg/Ti = 1.0-20.0; Al/Ti = 0.01-6.0

Cl/Ti = 2.0-70,0; R~COO/Ti = 0.1-10.0

wherein: R is an aliphatic, cycloaliphatic or aromatic
hydrocarbon radical, containirng from 1 to 30
carbon atoms, and

M i1is a metal selected from hafnium and zirco-
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nium or one of their mixtures, and is prefera-
Ely hafnium,
characterized in that at least 80%, preferably at least
90%, of the titanium is in oxidation state +3, and in ad-
dition, at least 1%, preferably from 2 toc 10%, of said
titanium in oxidation state +3 has a tetrahedral coordi-
naticn geometry.
The number of carbon atoms of the radical R of said
carboxylate 1is not particularly critical, however it
preferably ranges from 6 to 15.

The term " (co)polymerizatiocn", as used in the pres-

ent description and claims in reference to Q-olefins, re-

fers to both the homopcolymerization of an a-olefin, for

example ethylene to form high density crystalline poly-
ethylene or propylene to form polypropylene, and also to

the co-polymerization of an o-olefin with at least one

different unsaturated compound copolymerizable therewith
(obviously comprising a different da-olefin), for example,
the copolymerizgtion of ethyvlene with ethylidene-
norbornene to form a cross-linkable polyethylene, or the
copolymerization of ethylene with 1-butene to form linear
low density polyethylene.

For the sake of simplicity, the term "mole" and "mo-
lar ratio" are used in the present description and

claims, both with reference to compounds consisting of
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molecules and also with reference to atoms and ions,
avoiding, for the latter, the use of the terms gram—atom
or atomic ratio, even these are more scientifically cor-
rect.

According toc another aspect, the present invention
relates to a process for the preparation of the above
solid component of catalyst, comprising the fellowing
steps 1n succession:

(i) preparing a mixture of at least one compound of
magnesium, a compound of titanium and a compound of a
metal M as defined above, in the appropriate proportions,
in a medium consisting of an inert organic ligquid, in
wnich at least one of said compounds is insoluble;

(ii) preparing a substantially 1impid solution by
the addition to said mixture of step (i) of a sufficient
quantity of a carboxylic acid having the formula R-COOH
{I}), wherein R 1is an aliphatic, c¢ycloaliphatic or aro-
matic hydrocarbon radical, containing from 1 to 30 carbon
atoms, and maintaining this, under suitable conditions of
pressure and temperature, until the substantial dissclu-
tion of all the insoiuble compound;

(1i1) adding and reacting with the solution cbtained
in step (ii) an alkyl aluminum chloride which can be rep-
resented with the following general formula (II):

AIR',Cl s, (II)
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wherein R' is a linear or branched alkyl radical, con-

taining from 1 to 20 carbon atoms, and "n" 1is a
decimal number having values ranging from 0.5
to 2.5, preferably from 0.9 to 2.3i;

in a quantity which is at least sufficient to make at

least 70%, preferably at least 80% of the titanium pres-

ent in the solution of said step (il) precipitate into
the form of a solid compound, and

(iv) separating the solid precipitated in step (iii} from

the residual 1ligquid, to obtain said solid component cof

catalyst.

The term insoluble, as used in the present descrip-
tion and claims, in reference to the mixture of a solid
compound in a liquid, means that more than 90% of said
solid compound remains undissolved in said liquid.

The liquid used for preparing the mixture of step
(i} of the process can be any organic liguid inert (non-
reactive) towards the other constituents of the mixture.
In particular, this inert sc¢lvent should at least be
aprotic, i.e. without reactive acid protons such as those
of alcohol, amine and acid groups. Coordinating organic
liquids, i.e. capable of forming adducts with the ions of
metals which form the above solid component of catalyst,

are also considered as being reactive, and are therefore

not suitable according to the present invention. Apolar
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or slightly polar liquids, and particularly aliphatic,
cycloaliphatic or aromatic hydrocarbons which are liquid
under the operating conditions, are preferred for the
purpose, such as, for example hexane, heptane, octane,
nonane, decane, undecane, dodecane, c¢yclopentane, cyclo-
hexane, benzene, tcluene, xylenes and mesitylenes.
Non-limiting examples of R-COD carboxylate groups,
in the solid component of catalyst of the present inven-
Lion are those wherein:
- the radical R is a linear alkyl containing at least
4 carbon atoms; for example n-butyrate, n-octoate, n-
decanoate, n-undecancate and n~dodecancate groups;
- the radical R is a branched alkyl carrying a brahch-

ing on the secondary carbon atom in o with respect to the
carbon of the carboxyl:
R'—CH-COO
R2
wherein the sum of the carbon atoms in R' and R? is egual
to at least 2; for example iscbutyrate, 2-methyl bu-

tyrate and Z-ethylhexanocate groups;
- the radical R is a branched alkyl carrying two

branchings on the tertiary carbon atom in ® with respect

to the carbon of the carboxyl:
RJ
R*—C-C00

RS
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wherein the sum of the carbon atoms in R', R’ and R® is
equal to at least 3; for example 2,Z2-dimethyl propanocate
and versatate groups;

- the radical R is an alkyl carrying a branching on

the seccondary carben atom in P with respect to the

carbon atom of the carboxyl:
R®—~CH-CH,—COC
R’

wherein the sum of the carbon atoms R® and R’ is equal to
at least 4; for example 3-ethyl pentancate and citronel-
late groups;
- the radical R 1s a cyclealkyl, aryl, alkylcycloalkyl
or alilkylaryl:

R¥~ (CH,) 4—CO0
wherein R® represents the c¢yclcalkyl or aryl portion,
menocyclic or with several condensed or non-condensed cy-
cles, and "s" is an integer, vwvarying from 0 to 10; for
example a naphthenate, benzoate, p-ethylbenzocate, benzyl-
carboxylate, cyclohexanocate group;
- the radical R is an alkyl substituted with aryl in
position o with respect to the carbon atom of the car-
boxyl: R°—~CH-COO

RlO
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wherein R’ is an aryl, for example a phenyl and R is an
alkyl containing at least 1 carbon atom; for example a
Z2-phenylbutyrate group.

Alsc comprised in the definition of R-COO carboxy-
late according to the present invention are mixtures of
carboxylates having different R groups containing from 1
to 30 carbon atoms, according to what has been defined
above.

The solid component according to the present inven-
tion is characterized by an X-ray spectrum typical of a
structure characterized by rototransiational disorder,
defined as "0 phase"™ according to the usual technical
terminoclogy, for example in the publication of G. Natta,
P.Corradini, G. Allegra, "Journal of Polymer Science",
Volume 51 (1961), page 399. In accordance with what has
been observed by the Applicant, this solid component is
characterized however by a very particular electronic and
coordinative environment which has so far not been ob-
served in catalysts of the Ziegler-Natta type containing
carboxylic groups. In accordance with this, the titanium
atoms, on which the catalytic center is thought to be
formed, prevalentliy have (at least 80%) oxidation state
+3, and at least 1% of the latter have a tetrahedral co-
ordination geometry. This latter characteristic of the

solid component of catalyst can be observed by means of
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electronic spin resonance spectroscopy (ESR}, to which
titanium atoms in oxidation state +3 are sensitive. For
further details on this test method and its application
to Ziegler-Natta type systems, reference can be made to
the publication of P. Brant and A. N. Speca "Macromole-
cules", vol. 20, Nr. 11 (1987), pages 2740-2744, whose
content is included as reference herein. In particular,
on examining any sample of the solid component of cata-
lyst of the present invention, one can observe the pres-
ence in the ESR spectrum, of three absorption signals
distinguished by "g" factors at 1.905, 1.953 and 1.968
respectively, the first two being attributed to an octa-
hedral coordinative neighborhood and the third to a tet-
rahedral coordinative neighborhood, which also allow a
sufficiently accurate determination of the relative quan-
tity of titanium +3 which experiments either the one or
other coordinative geometry. In particular, the Applicant
has found that the solid component of the present inven-
tion contains at least 1%, preferably from 2 to 10%, of
titanium with tetrahedral coordination, in the sense in-
dicated above. On the contrary, solid components of cata-
lyst containing Ti and a second metal M of group 4, i.e.
Zr, Hf or one of their mixtures, obtained according to
the procedure described in European patent application

EP-A 523,785, show, upon ESR analysis, the presence of
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titanium +3 essentially completely with an octahedral co-
ordinative neighborhood, as can be cbserved from FIGURE 2
enclosed with the present description, wherein the signal
having the value of "g" 1.968 is practically absent (ex-
cept for a slight insignificant shoulder), whereas the
other two signals having values of "g" 1.%05 and 1.846¢
are very clear. Although it 1s not possible at the moment
to formulate any theory explaining these differences and
their influence on the behaviocur of the respective cata-
lysts, it has been found that the latter prove to be much
more disadvantagecus with respect to the catalysts of the
present invention, both in terms of polymerization activ-
ity of the olefins and in terms of molecular weight of
the polymers produced, especially in high temperature
processes.

It is not necessary Zfor said solid component of
catalyst to exclusively consist of the above-mentioned
titanium, magnesium, zirconium, hafnium, aluminum, chlo-
rine and carboxylate, as it is possible for the presence
of up to 5% by weight of other constituents or impuri-
ties, normally deriving from counter-ions of the com-
pounds used as precursors, for example alcoholates, bro-
mine, phosphate groups, fluorine, etc. without there be-
ing any particular drawback. The presence, preferably not

higher than 1% by weight, of impurities of other metals
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present in the precursors of the solid component of cata-
lyst, is also possible without significantly modifying
its advantageous properties. However solid components of
catalyst having the smallest possible amount of impuri-
ties, particularly not higher than 2% by weight, are
preferable.

The guantity of titanium contained in the solid com-
ponent of the present invention preferably does not ex-
ceed 10% by weight, and more preferably ranges from 1 to
5% by weight. Contents of titanium exceeding 10% by
weight do not offer any additional advantage in terms of
activity of the catalyst, presumably due to the fact that
the additional titanium is present in the solid in a form
which is inactive or unavailable for interaction with the
olefin to be polymerized.

In a preferred embodiment of the present invention,
the various constituents are present in the solid compo-
nent of catalyst in the following ratios with respect to
the titanium:

M/Ti = 0.3-5.0; Mg/Ti = 5.0-15.0; Al/Ti = 0.1-3.0
Cl/Ti = 20.0-50.0; R-COO/Ti = 0.5-5.0

and form at least 99% by weight thereof. The ratio of the
carboxylate with respect to the titanium preferably
ranges from 1.0 to 3.0.

As already mentioned, an original and simple process
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has been found for the preparation of the above solid
compenent of catalyst, substantially comprising four
steps.

In step (i} a mixture of an inert liquid is pre-
pared, comprising the precursor compounds of the elements
titanium, magnesium, hafnium and/or zirconium. These com-
pounds can be selected from a wide range of known com-
pounds, organometallic and inorganic, of these metals,
both socluble and insoluble in the pre-selected inert lig-
uid, which is preferably a hydrocarbon. At least one of
these compounds, preferably at least two and more, pref-
erably compounds of magnesium, hafnium and/or zirconium
are insoluble in said inert liquid and form a suspension
with it. All the precursor compounds which form the mix-
ture can also be insoluble in the inert ligquid selected
for step (i). In a particularly preferred embodiment, at
least 50% by weight, with respect to the total, of the
above compounds 1s insoluble in the pre-selected inert
liquid. These compounds are preferably mixed with the in-
ert liguid with an overall concentration of the metals
(both soluble and insoluble} ranging from 0.05 to 2.0
moles/l, more preferably from 0.1 to 1.0.

The compeounds of titanium, magnesium, hafnium and
zircenium can be selected by experts in the £field from

those already 1in existence, preferably from those most
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suitable for being made scluble by the addition of a car-
boxylic acid in the subseguent step (ii). The selection
of the compounds most suitable for the purpose can be ef-
fected on the basis of the solubility parameters of each
compound, if known, or with simple preliminary solubility
tests in the presence of the carboxylic acid selected.
Non-limiting examples of suitable compounds of titanium,
hafnium, zirconium and magnesium, either socluble or in-

soluble, are chlorides, bromides, alcoholates, hydrides,
B-cdiketonates, P-acylesters, amides, carbonates, phos-
phates, compounds mixed with said counter-ions and mix-~
tures of these groups of compounds. Halides, especially
chlorides, and halides combined with alcohclates are par-
ticularly preferred.

In a preferred embocdiment of the present invention,
magnesium, hatnium and/or zirconium, are introduced into
the mixture of step (i} as chlorides in the form of
granular solids or in powder form.

The mixture of step (i) can be prepared by the sim-
ple addition ard mixing of the metal compounds, prefera-
bly in granular or powder form, to the inert liquid, in
any order. The temperature and pressure in this case are
not critical parameters, provided the liquid remains as
such. Normal conditions of temperature and pressure are

evidently convenient for greater operating simplicity of
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the process. The various metal compounds of step (i) are
introduced into the mixture in molar ratios selected in
relation to the desired atomic ratios between the corre-
sponding elements in the solid component obtained at the
end of the process. These atomic ratios are not necessar-—
ily identical to the molar ratios of the corresponding
compounds in step (i), as shifts are possible, in accor-
dance with the present invention, in relation to the spe-
cific conditions used in the preocess, especially due to
the different solubility of the species precipitated in
step (iili), which ¢an normally be either higher or lower
than 30%, without significantly jeopardizing the esti-
mated properties of the specific solid component of cata-
lyst. Experts in the field are able, in normal preiimi-
nary set-up operations of the preocess, to check the en-
tity of these shifts and consequently optimize the ratios
of the reagents in relation tc the desired atomic ratios
between the elements in the end-product.

In step (ii) of the process according fo the present
invention, a carboxylic acid having formula (I} 1s added
to the heterogeneous mixture of step (i) to cause the al-
most complete dissolution of all the so0lids present
therein. The term "almost complete", as used herein with
reference to said dissclution, means that the solution

obtained at the end of step (ii} must be limpid or
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slightly opalescent, and should in any case have no solid
particulate deposit.

The carboxylic acid having formula (I) selected evi-
dently has the same R group as the R-COO carboxylate pre-
sent in the component of catalyst to be prepared. Non-
limiting examples of R groups and the relative carboxylic
acids have been listed above. Functionalized R groups
with substituents compatible, i.e. inert or without ad-
verse effects, with the productiocon process and uses of
the seclid component in question, such as for example,
halogens such as fluorine or chlorine, are net excluded
however from the general scope of the present invention.

The carboxylic acid added in step (ii) preferably
has a relatively high number c¢f carbon atoms in the
chain, usually ranging from 6 to 15, to favour dissolu-
tion in a liquid mecdium of the hydrocarbon type. Carbox-
vlic acids with more than 31 carbon atoms are difficult
to find on the market and do not offer particular advan-
tages with respect to those having from 20 to 31 atoms in
the chain.

Step (i1) of the process of the present invention is
preferably carried out at a temperature higher than room
temperature toc favour a rapid dissolution of the solids
present in the mixture. It has been observed that once

the dissoclution has taken place, there 1is no re-
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precipitation on re-coocling the mixture to room tempera-
ture. The dissolution temperature preferably ranges from
20 to 150°C, more preferably from 70 to 120°C.

The carboxylic acid can be added to the heterogene-—
ous mixture of step (i) until the sclid disappears and a
limpid solution is obtained, or it can be added in a pre-
determined gquantity and the dissolution completed in a
subsequent step. The guantity of carboxylic acid depends,
each time, on the nature and guantity of the insoluble
compounds present in the mixture of step (i). The minimum
quantity is usually more or less egual to the eguivalents
of insoluble metal compound present 1in the mixture
(equivalents = moles per valence of metal). It is prefer-
able however to use an excess of carboxylic acid which is
such that the ratio between the moles of this and the
equivalents of the inscluble compounds ranges from 0.5 to
2.0, more preferably from 1.0 to 1.5. For example, if 10
moles cof MgCl: and 4 moles of HfCls, both insoluble, and
2 moles of titanium tetrabutylate, soluble, are present
in decane in the mixture of step (i), the quantity of
carboxylic acid (for example 2-ethylhexanoic acid) is
mcore preferably selected from 36 to 54 moles.

The above carboxylic acid can be added to the mix-
ture in pure form, or diluted with an inert solvent,

preferably the same liquid of the mixture of step (i},



10

15

20

25

WO 00/58368

PCT/EP00/02471

20

for example to favour the mixing when the acid is solid,
or for a more accurate dosage when small gquantities are
used.,

In a particular embodiment of the present invention,
the carboxylic acid is first added to the mixture of step
(i} in the desired quantity, usually operating at room
temperature, and the mixture thus obtained 1is subse-
guently reacted under suitable conditions c¢f temperature
and pressure until dissolution of the solids present.

Step (ii) 1is preferably carried out in such a way
that there are no significant exchanges of material with
the ocutside, for example in a closed container or under
reflux conditions of the solvent. If hydrochloric acid
develops during the reaction, due to the presence of
chlorides of the above metals, this is preferably kept
dissoclved in the reaction mixture.

In step {iii) of the process for the preparation of
the component of catalyst of the present invention, an
alkyl aluminum c¢hloride having formula (II) is reacted
with the solution of step (ii) above in order to form the
desired solid component of catalyst which 1s spontane-
ously separated from the liguid medium as granular pre-
cipitate. On precipitating from 80 to 100% of the tita-
nium present in solution, the co-precipitation of magne-

sium and hafnium is obtained, under the conditions of the
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present process, in an advantageously activating form of
the titanium and stable within a wide temperature range.
The use of an alkyl aluminum chloride having formula (II}
as precipitating reagent allows the contemporaneous bpre-
cipitation of the elements into the form ¢f mixed chlo-
rides, or mixed choride-carboxylates, and the reduction
of the titanium s¢ that this is present in the solid com-
peonent in prevalent oxidation state +3.

Alkyl aluminum chlorides having formula (II) are
known and widely used in the field of the polymerization
of olefins. Preferred alkyl aluminum chlorides are com-
pounds having formula (II) wherein R' 1s an aliphatic
radical, linear or branched, having from 2 to 8 carbon
atoms. The depcnent "n" in formula (II) preferably ranges
from 0.9 to 2.1. Typical examples of these compounds are
ethyl aluminum dichloride, diethyl aluminum chloride,
ethyl aluminum sesquichloride, isobutyl aluminum dichlo-
ride, dioctylaluminum chloride. Alkyl aluminum chlorides
having non integer decimal values of "n" can be obtained,
according to the known technique, by mixing in suitable
proportions aluminum chlorides and aluminum trialkyls
and/cr the respective mixed alkyl chlorides having "n"
equal to 1 and 2.

The alkyl aluminum chloride having formula (II) can

be added as such, or in the form of a solution in an in-
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ert organic solvent, selected from those used for the
preparation of the mixture of step (i). The addition of
the alkyl aluminum chloride can be effected by maintain-
ing the reaction mixture under suitable conditions and
checking the concentration of the titanium in solution,
according to one of the known techniques, for example by
taking samples and analysis, or by direct determination
with colorimetric or other kinds ¢f methods suitable for
the purpose, until the desired precipitation level is
reached. According to a preferred embodiment, it 1is pos-
sible to predetermine, for a certain reactive system, the
quantity of alkyl aluminum chloride normally sufficient
for precipitation, and then add the predetermined guan-
tity of reagent, or even better, an excess toc favour a
more rapid formation of a granular solid, by subsequently
reacting the mixture until the desired precipitate is
formed. It is generally found that the minimum guantity
of alkyl aluminum chloride suitable for the purpose can
also be determined by means of a practical calculation
method, according tce the equation:
(mocles BIR"nCl3-n)}min. =2/ (3~
n)e[ (4emolesTi+2emolesMg+4emoles Hf+4emoles Zr-moles Cl)ia
smpuq+(moles RCOOK} in step (ii}]

The quantity of alkyl aluminum chloride having for-

mula {(II) preferably consists of an excess of 10 to 100%
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of the minimum quantity determined as described above.
Higher excesses, although possible, are not advisable ow-
ing to the activaticn of undesired secondary reactions.

In step (iii} it is convenient to operate at a tem-~
perature ranging from 20 to 120°C for a time which, de-
pending cn the pre-selected temperature, can vary from
0.5 tc 8 hours. In the preferred embodiment, the alkyl
aluminum chloride is added to the solution of step {(ii}
operating at a temperature ranging from room value (20-
25°C) to about 60°C, and the mixture obtained is heated
and maintained at a temperature ranging from 50 to 100°C,
for a2 time ranging from 45 top 180 minutes.

Operating under these conditions, the solid compo-
nent of catalyst is obtained.in the form of & granular
precipitate or in powder form, preferably with an average
particle diameter ranging from 1 tc 20 pm.

The solid component of catalyst thus obtained 1is
separated from the liquid in step {iv), usually with the
normal liguid/solid separation methods excluding evapora-
tion of the solwvent, such as decanting, filtration or
centrifugation, preferably washed with a hydrocarbon sol-
vent and opticnally dried.

All the process coperations described above are con-
veniently carried out in a controlled inert atmosphere,

for example nitrogen or argon, owing to the sensitivity
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of aluminum alkyls and solid component of catalyst to air
and humidity.

According to a particular aspect of the present in-
vention, said solid component of catalyst can also be in
a form supported on an inert solid, preferably having a
controlled and narrow particle size. Suitable inert soi-
ids are those which do not modify the characteristics of
the catalytic part mentioned above, particularly the
quantity of Ti (+3), the ratios between the various ele-
ments and the carboxylate, and the particular coordina-
tive characteristics of the titanium. Examples of these
solids are inorganic solids such as silicon, aluminum oOX-—
ides, mixed silica-alumina oxides, titanium oxide, sili-
cates, silico-aluminates, zeolites, and other similar
products. Polymeric organic solids, such as certain types
of functionalized polystyrene can also be used as car-
rier. Preferred sclids are silica, alumina {in its vari-
ous forms), amorphous and crystalline silicc-aluminates
(zeolites). The guantity of inert carrier is normally se-
lected so that it forms from 50 to 90% by weight of the
reaulting supported solid component. These supported
solid components are particularly suitable for pelymeri-
zation processes in gas phase.

The inert solid carrier can be introduced, in the

desired quantity, in accordance with the present inven-
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tion, in suspension of the inert liquid in step (i) or,
even better, in step (ii). In this way, the solid compo-
nent is then precipitated onto the surface of the 1inert
carrier, during step (iii), favoring its homogeneous dis-
tribution. Alternatively, said carrier can be impregnated
with said sclution in step (ii), and subsequently treated
with the alkyl aluminum chloride of step {(iii) to effect
the precipitation of the solid component with a more ho-
mogeneous distribution on the inert carrier.

According to a further aspect, the present invention

also relates to a catalyst for the (co)polymerization of

a~olefins, and particularly ethylene, composed of the

solid component of catalyst described above, combined
with a hydride or an organometallic compound of a metal
of groups 1, 2 or 13 of the periodic table. Aluminum tri-
alkyls and alkyl aluminum halides {especially chlorides},
which contain from 1 to 10, preferably froem 2 to 6, car-
bon atoms in the alkyl portion, are preferably used as
co-catalysts. BAmong these aluminum trialkyls, such as
aluminum triethyl, alumipum tri-n-butyl, aluminum triiso-
butyl and aluminum trihexyl, are preferred. In the cata-
lysts of the present invention, the atomic ratio between
the aluminum (in the co-catalyst) and titanium (in the
solid component of catalyst) generally varies from 2:1 to

500:1 and preferably from 5:1 to 200:1, depending on the
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particular polymerization system adopted and on its pu-
rity.

Said catalyst is formed according to the known tech-
niques, by contact between the solid component and co-
catalyst, preferably in a suitable liquid medium, usually
a hydrocarbon, which can also consist of, or can contain,
one or more of the olefins to be polymerized. Depending
on the characteristics of the polymerization process in
which the catalyst of the present invention is to be
used, this can be prepared aside and subsequently intro-
duced into the polymerization reactor, or it can pbe pre-
pared in situ, by feeding the constituents separately to
the reactor. The temperature at which the catalyst 1is
prepared is not particularly critical, is within a wide
range, and is preferably within the range of 0°C to the
operating temperature of the catalyst in the polymeriza-
tion process. The formation of the catalyst is usually
almost immediate already at room temperature, although,
in certain cases, contact can be maintained between the
components for 10 seconds tc 30 minutes, depending on the
temperature, before beginning the polymerization.

One or mcre additives or additional components can
be opticnally added to the abkove catalyst according to
the present invention, to cobtain a catalytic system suit-

able for satisfying specific requisites. The catalytic
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systems thus obtained should be considered as being in-
cluded in the scope of the present invention. Additives
or components which can be included in the preparation
and/or formulation of the catalyst of the present inven-
tion are inert solvents, such as, for example, aliphatic
and/or aromatic hydrocarbons, aliphatic and aromatic
ethers, weakly coordinating additives (Lewls bases) se-
lected for example, from non-polymerizable olefins,
ethers, tertiary amines and alcohels, halogenating agents
such as silicon halides, halogenated hydrocarbons, pref-
erably chlorinates, and the like, and again all other
possible components normally used 1in the art for the
preparation of the traditiocnal catalysts for the

(co)polymerization of ethylene and other a-olefins.

The present invention also relates to (co)polyme—
rization processes of a-clefins which use the catalyst
described above. The catalysts according to the present
invention can be used with excellent results in substan-
tially all known (colpolymerization processes of o-
olefins, both in continuous and batchwise, in one or more
steps, such as for example, processes at low (0.1-1.0
MPa), medium (1.0~10 MPa) or high (10-150 MPa) pressure,
at temperatures ranging from 20 to 300°C, optionally in
the presence of an inert diluent. Hydrogen can be conven-

lently used as meclecular weight regulator.
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These processes can be carried out in solution or
suspension in a liquid diluent normally consisting of
aliphatic or cycloaliphatic saturated hydrocarbons having
from 3 to 12, preferably from 6 to 10, carbon atoms, but
which can alse consist of a monomer such as for example,
in the known copolymerization process of ethylene and
propylene in liguid propylene. The guantity of catalyst
introduced into the polymerization mixture i1s preferably
selected so that the concentration of the titanium ranges
from 107° to 107° moles /liter.

Alternatively, the polymerization can be carried out
in gas phase, for example in a filuid bed reactor, nor-
mally at pressures ranging from 0.5 to 5 MPa and tempera-
tures ranging from 5C to 150°C, in this case 1t being
preferable for the solid component of the present inven-—
ticn to be of the supported type on an inert carrier, as
described above.

The a~olefins which can be used in the above proc-
esses are preferably those containing from 2 to 20, more
preferably from 2 to 8, carbon atoms, aliphatic, cyclo-
aliphatic or aromatic, such as ethylene, prowvylene, 1-
butene, 4-methyl-pent-l-ene, I1-hexene and l-octene, eth-
ylene-norbornene, styrene. Ethylene is particularly pre-
ferred, with reference to both homo-pelymerization and

co-polymerization processes, in which ethylene is however
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the prevalent monomer.

In particular the bimetal catalyst of the present
invention can be used in the preparation of polymers and
copolymer of ethylene with a surprisingly narrow moiecu-
lar weight distribution with respect to those nocrmally
obtained in polymerization processes with bimetal cata-
lysts.

The catalysts accerding to the present invention can
be used with excellent results in the polymerization of
ethylene to give linear polyethylene and in the copolym-
erization of ethylene with propylene or higher a-clefins,
preferably having from 4 to 10 carbon atoms, to give co-
polymers having different characteristics depending on
the specific polymerization conditions and on the quan-
tity and structure of the w-olefin itself. For example,
linear polyethylenes can be obtained with densities rang-
ing from 0.880 to 0.940, and with average molecular
weights preferably ranging from 100,000 to 2,000,000. a-
olefins preferably used as comonomers of ethylene in the
production of linear low or medium density polyethylene
(known with the abbreviations ULDPE, VLDPE and LLDPE de-
pending on the density), are l-butene, l-hexene and 1-
octene,

The catalyst of the present invention can also be

conveniently used in copolymerization processes of ethyl-
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ene and propylene to give saturated elastomeric copoly-
mers vulcanizable by means of peroxides and extremely re-
sistant to aging and degradation, or in the terpolymeri-
zation of ethylene, propylene and a non-conjugated diene
having from 5 to 20 carbon atoms, to obtain vulcanizable
rubbers of the EPDM type.

Examples of non-conjugated dienes typically used for
the preparaticn of these copolymers are 5-ethylidene-2-
norpbornene (ENB), 1,4-hexadiene and 1, 6-cctadiene.

The catalyst according to the present invention can
be particularly advantageously used in solution, high
temperature (co)polymerization processes of o-olefins,
and especially ethylene. These processes are normally
carried out at temperatures ranging from 130 to 300°C and
at pressures ranging from 1 to 25 MPa, preferably from 5
to 20 MPa, in the presence of an inert liquid capable of
maintaining the polymer formed in solution, at the proc-
ess temperature. In this way a hecmogeneous reaction mix-
ture is obtained {except for the catalyst) together with
a flexible process which can be easily controlled, which
allows short residence times and high productivities.
Preferred liquids both for their dissolving characteris-
tics of polyolefins, and for their relatively low toxic-
ity, are aliphatic or cycloaliphatic hydrocarbons having

from 6 to 10 carbon atoms, such as heptane, decane, cy-
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clohexane and decaline. The polymer is then separated by
precipitation or by devolatilization of the solvent. For
general information on known processes of this type, ref-
erence can be made, among the numerous publications
available, to "Encylcopedia of Polymer Science and Engi-

: a
neering”, 2°

edition (1986), volume 6, pages 471-472,
John Wiley & Sons Ed.

As polyolefins, especially if semi-crystalline, are
not very soluble in solvents, the use of relatively high
temperatures, preferably from 150 to 230°C, is critical
for carrying out these processes. The processes are car-
ried out in adiabatic or isothermal reactors, depending
on the technology adopted. It is known however that 1in
polymerization processes at such high temperatures, the
average molecular weight of the polymer obtained is sig-
nificantly lowered, producing such high Melt Flow Index
(MFI} levels as to be unacceptable for the normal trans-
formation processes. The catalysts normally used in solu-
tion processes are based on vanadium, which however are
not capable of producing polyclefins with satisfactory
molecular weights for a wide range of applications, thus
limiting the diffusion of the process itself, in spite of
the above advantages. In addition, there is room for fur-
ther improvement also with respect to the activity of

these catalysts. On the other hand, the known catalysts
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of the Ziegler-Natta type based on titanium, normally
used in suspension processes, are even less suitable than
the previous ones when used at high temperatures, pro-
ducing polyethylenes with particularly low molecular
weights, unsuitable for most of the usual applications.

The catalyst according to the present inventiocn, un-
expectedly allows high average molecular weights polymers
and copclymers of ethylene to be obtained, also operating
at the above mentioned high temperatures, obtaining much
lower MFI wvalues {even of one order of magnitude) with
respect to the traditional catalysts, used under the same
process conditions.

The present invention, in its numerous aspects, is
more specifically illustrated by the following figures
and examples which are provided for purely illustrative
purposes, without limiting in any way the overall scope
of the present invention.

In particular, FIGURE 1 represents the diagram as a
derivative of the ESR spectrum relating tc the solid com-
ponent of catalyst obtained according to example 1 pro-
vided hereunder; FIGURE 2 represents the diagram as a de-
rivative of the ESR spectrum relating to the solid compo-
nent of catalyst obtained according to example 5 (com—
parative} provided hereunder. In these diagrams, the de-

rivative value, in arbitrary units, of the absorption
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spectrum is indicated in ordinate, the "g" factor value,
as defined hereunder, appears in abscissa.

In both of the above cases, the ESR spectra were ob-
tained with an ESR Bruker ESP 300E spectrometer eguipped
with an HP 5350B frequency meter which allows the fre-
guency of the microwaves to be evaluated with an accuracy
of up to 1 Hz, allowing the evaluation cf the third deci-
mal figure of the "g" factor of the electronic spin,
measured in relation to the energy separation of the mag-
netic components.

In E.S5.R. magnetic¢ rescnance spectroscopy, & mag-
netic field with a frequency Vv is applied with an angle
of 90 degrees with respect to the direction of the mag-
netic field B to cause the resonance transition.

The resonance energy of the transition is given

by g = hv/fH, wherein:
eh
B = ——

41me

il

0.92731 - 107%° erg Gauss

and H = magnetic induction vector expressed as Gauss

thus allowing the measurement of the "g" factors, accord-
ing to the technique described, for example, in the pub-
lication of F.E. Mabbs and D. Cellison "Electron Paramag-

netic Resonance of transition metal compounds", Elsevier,

Amsterdam, (1992).

The quantitative evaluation of Ti +3 was effected by
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comparing the relative intensity of the ESR signals of
the samples of catalyst with a mechanical mixture of
CuS0s in CaS0s with a concentration o¢f spins {atoms of
cu?t = 1.19x10%° spins/g).
EXAMPLES

The following analysis and characterization methods
were used.

Elemental analysis

The guantitative analyses of the metal components of
the solid components of catalyst (Ti, Zr, Hf, Mg, AL}
were carried out by means of plasma spectrophotometry,
after wet attack of the catalysts in powder form, by
means of an ICP II Perkin Elmer 1000 instrument {emission
spectrometer) .

The chlorine content in the same samples was deter-
mined by potentiodynamic electrochemical analysis, after
wet attack of the catalysts in powder form, using a sec-
ond species Ag/AgCl electrode (titrating solution AgNO;
0.01 M} with a DOSIMAT 655 METROHM instrument. The rela-
tive titration curves were registered with a 672 METROHM
titerprocessor.

X-Ray Diffractometry

The XRD spectrum of the samples of catalyst (in pow-

der form) were registered by means of a Siemens D500TT

diffractometer, using the Ko radiation of copper (A =
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0.15418 nm). The spectra were processed using the Package
Siemens DIFFRAC-AT.

Melt Flow Index

The Melt Flow Index (MFI), correlated to the weight
average molecular weight of the polymer, measured by
means of the standard technique ASTM~D 1238 E. The MFI
measured with a weight of 2.16 kg at 190°C, expressed as
grams of molten polymer in 10 minutes (g/i0 min), 1s pro-
vided.

Shear Sensitivity {(S8$.8.), calculated as a ratio be-
tween MFI at 2.16 kg and MFI at 21.6 kg, both measured
according to the above ASTM standard technique. This pa-
rameter is normally correlated with the molecular weight
distribution,

Reagents and materials

The following reagents and materials were used in
particular in the embodiments, object of the following
examples. Unless otherwise specified, the products were
used as received from the supplier.

Magnesium chloride (MgCl:, powder, purity >99.4%) pro-
duced by PECHINEY ITALIA, Titanium tetrabutylate (Ti{n-
Obu)s purity >99.90%) produced by Du Pont under the
trade-name of TYZOR BTM; Hafnium <tetrachloride (HfCl,,
purity <95.5% (Zr <4.5%)) produced by Pechiney Italia; 2-

ethyl-hexancic acid (purity 99.00%) produced by BASF;
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Isobutyl Aluminum Dichloride (purity 99.90%) produced by
WITCO; n-Decane, produced by Synthesis- (PR} under the
trade—name of SYNTSQOL LP 10, purified by passage on mo-
lecular sieves.

EXAMPLE 1

The following products are charged in order into a
300 ml reactor:

70 ml of n-decane; 2.1 g (22.3 mmoles) of MgClz; 0.7 g
(2.07 mmoles, 0.7 ml) of titanium tetrabutyliate; and 0.85
g (2.96 mmoles) of hafnium tetrachleoride HEfCls.

13.3 g (75 mmoles, 12 ml) of 2-ethylhexancic acgid are
subsequently slowly added at room temperature and under
stirring. The suspension thus obtained is heated to 90°C
and maintained at this temperature for 30 minutes in a
closed reactor. A light yellow, slightly opalescent solu-
tion, is thus obtained.

After cooling the solution, obtained as described
above, to room temperature, 19.3 g (124.5 mmoles, 17.2
ml) of isobutyl aluminum dichloride diluted into 40 ml of
n-decane are added dropwise. The reaction mixture thus
obtained is heated to 80°C under stirring and maintained
at this temperature for 2 hours. The dark brown-colocured
solid obtained is separated from the mother liquor by de-
canting and is subsequently washed with two portions of

n—decane of 400 ml each.
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3.3 g of the desired solid component of catalyst are
obtained, containing 2.7% by weight of titanium (synthe-
sis yield 90% with respect to the initial titanium tetra-
butylate), and characterized by the following molar ra-
tios between the constituents:

HE/Ti = 1.6; Mg/Ti = 8.5; Al/Ti = 1.2; C1/Ti = 30.9; (2~
ethylhexancate)/Ti = 0.8.

The X-ray spectrum shows the typical very wide sig-

nals which are typical of a disorderly structure of the
"6" type. The quantity of titanium in oxidation state +3
is 97% of the total titanium.

The ESR spectrum of the solid component thus ob-
tained is indicated in FIGURE 1. The signal having "g" at
1.968, when put in relation to the other twc signals hav-
ing "g" at 1.905 and 1.953, allows to be determined that
4% of Ti +3 experiments a tetra-coordinate neighborhood.
EXAMPLE 2

The following products are charged in order into a
5000 ml reactor:

1000 ml of n-decane; 16 g {168 mmoles) of MgCl:; 4.8 g
(14.1 mmoles, 4.B ml) of Ti{n-OBu)as; and 2.3 g (7.2
mmoles] of HEC14.

76.6 g (531 mmoles, 84.8 ml) of Z2-ethylhexanoic acid are
subseguently slowly added at room temperature and under

stirring. The suspension thus obtained is heated to 90°C
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and maintained at this temperature for 30 minutes in a
closed reactor. A light yellow slightly opalescent solu-
tion is thus obtained. After cooling the solution to room
temperature, 136.7 g (882 mmoles, 122 ml) of isobutyl
aluminum dichloride diluted in 320 ml of n-decane are
added dropwise. The reaction mixture thus obtained is
heated to 80°C and maintained at this temperature for 2
hours in a closed reactor. The purple-pink sclid obtained
is separated from the mother liquor by decanting and is
subsequently washed with two portions of n-decane of 1000
ml each.

23.1 g of the desired solid component of catalyst
are obtained, containing 2.5% by weight of titanium (syn-
thesis yield 90% with respect tco the initial titanium
tetrabutylate), and characterized by the following molar
ratios between the constituents:

Hf/Ti = 0.5; Mg/Ti = 15.2; Al/Ti = 0.6; Cl/Ti = 36; (2-
ethylhexanoate) /Ti = 1.0.

The X-ray spectrum shows the typical very wide sig-

nals which are typical of a disorderly structure of the

"3" type. The guantity of titanium in oxidation state +3

is 98% of the total titanium.

EXAMPLE 3

The following products are charged 1in order into a

5000 ml reactor:



10

15

20

25

WO 00/58368

PCT/EP00/02471

39

800 ml of n-decane; 19 g (200 mmoles}) of MgClz; 5.7 g
(16.7 mmoles, 5.7 ml) of Ti(n-0Bu)s; and 13.5 g (42.1
mmoles} of HEfCla.

105.6 g (732 mmoles, 117 ml) of 2-ethylhexanoic acid
are subsequently slowly added at room temperature and un-
der stirring. The same procedure is adopted as in example
1 above and a light yellow slightly opalescent solution
is obtained. After cooling the solution to room tempera-
ture, 185.8 g (1199 mmoles, 165.9 ml) of isocbutyl alumi-
num dichloride diluted in 433 ml of n-decane are added
dropwise. The reaction mixture thus obtained is heated to
80°C and maintained at this temperature for 2 hours in a
closed reactor.

At the end, after cooling, a purple-pink solid pre-
cipitate is obtained, which is separated from the mother
liquor'by decanting and is subsegquently washed with two
1000 ml pertions of n—decane,

40.2 g of the desired solid component of catalyst
are obtained, containing 1.7% by weight of titanium (syn-
thesis yield 85% with respect to the initial titanium
tetrabutylate), and characterized by the following meolar
ratios between the constituents:

Hf/Ti = 3.0; Mg/Ti = 13.1; Al/Ti = 0.9; Cl/Ti = 42; (2~
ethyilhexanocate) /Ti = 2.6,

The X-ray spectrum shows the typical very wide sig-
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nals which are typical of a disorderly structure of the

"§" type. The quantity of titanium in oxidation state +3

is 98% of the total titanium.
EXAMPLE 4

The following products are charged in order intc a
500 ml reactor:

100 ml of n-decane; 3.05 g (32 mmoles) of MgClz; 0.95 g
(2.8 mmoles, 0.95 ml) of Ti(n-OBu)s; and 4.5 g (14
mmoles) of HECLy.

19.2 g (138 mmoles, 22 ml) of Z2-ethylhexancilc acid
are subsequently slowly added at room temperature and un-
der stirring. The same procedure is adopted as in example
1 above, obtaining at the end a honey-yellow coloured so-
lution. After cocling the solution to room temperature,
34.7 g (224 mmoles, 31 ml) of isobutyl aluminum dichlo-
ride diluted in 81 ml of n-decane are added dropwise. The
reaction mixture thus obtained is heated to B80°C and
maintained at this temperature for 2 hours. The dark
brown-coloured solid obtained 1is separated from the
mother ligquor by decanting and is subsequently washed
with two 400 ml portions of n-decane.

7.1 g of the desired solid component of catalyst are
obtained, containing 1.6% by weight of titanium (synthe-
sis yield 85% with respect to the initial titanium tetra-

butylate), and characterized by the folleowing mclar ra-
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tios between the constituents:
HE/Ti = 4.3; Mg/Ti = 9.0; Al/Ti = 2.1; C1/Ti = 39.4; (2-
ethylhexanocate)/Ti = 5.1.

The X-ray spectrum shows the typical very wide sig-

nals which are typical of a disorderly structure of the
"$" type.
EXAMPLE 5

The following products are charged in order into a
5000 ml reactor:

1000 ml of n-decane; 17 g (181 mmoles) of MgClz; 5.1 g
(15 mmoles, 5.1 ml) of Ti{n-0OBu)s; and 5.24 g (22.5
mmoles) of ZrClys.

88.2 g (613 mmoles, 97.7 ml) of 2-ethylhexanoic acid
are subsequently slowly added at room temperature and un-
der stirring. The mixture thus obtained is heated to 90°C
and maintained at this temperature for 30 minutes. A
light yellow slightly opalescent solution 1is thus ob~
tained.

After cooling the sglution to room tCemperature,
155.6 g (1004 mmoles, 139 ml} of isocbutyl aluminum di-
chloride diluted in 363 ml of n-heptane are added drop-
wise. The reaction mixture thus obtained is heated to
98°C and maintained at this temperature for 2 hours.

The purple solid obtained is separated from the

mother ligquor by decanting and is subsegquently washed
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with two 1000 ml portions of n-—-heptane.

26.9 g of the desired solid component of catalyst
are obtained, containing 2.4% by weight of titanium (syn-
thesis yield 90% with respect to the initial titanium
tetrabutylate), and characterized by the following molar
ratios between the constituents:
2r/Ti = 2.1; Mg/Ti = 9.3; Al/Ti = 1.1; Cl/Ti = 30.5; (2-
ethylhexancate) /Ti = 2.8,

The X-ray spectrum shows the typical very wide sig-

nals which are typical of a disorderly structure of the

nyn type.

EXAMPLE 6 (comparative)

FPor comparative purposes, a solid compeonent of cata-
lyst was prepared in accordance with the method based on
the use of pre-prepared metal carboxylates, as described
in the above-mentioned patent EP-A 523,785.

1) Preparation of the sclution of MgCl{2-
ethylhexanoate)

11.4 g (107.7 mmoles) of MgClz suspended in 100 ml
c¢f n-decane are charged into a 500 ml reactor. 46.6 g
{323 mmoles, 51.6 mi) of Z~ethylhexanoic acid are then
slowly added at room temperature and under stirring. The
reaction mixture is brought toc a temperature of 100°C,
and the chlorine present is partially removed by bubbling

nitrogen intc the suspension for a duration of 5 hours.
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104 ml of a limpid light yellow-coloured sclution
are obtained at the end, containing the following concen-
trations of dissolved substances: Mg = 1034 mmol/l, Cl =
786 mmoles/l, 2-ethyl-hexanoic acid = 3102 mmoles/l.

2) Preparation of the solution of HfClz(2-ethyl-hexano-
atejz

20 g (62.4 mmoles) of HECls, suspended in 150 ml of
n-decane, are charged into a 500 ml reactor. 18 g (124.8
mmoles, 19.9 ml) of 2-ethylhexanocic acid are then slowly
added at room temperature and under stirring.

The reaction mixture is brought to a temperature of
100°C, and the chlorine present is partially removed by
bubbling nitrogen into the suspension for a duration of 5
hours. Not all of the solid dissolves, and it 1is neces-
sary to carry out a filtration on a porous septum. At the
end, 131 ml of a limpid light yellow-coloured solution
are obtained, containing: Hf = 95.4 mmol/l, Cl1 = 174.8
mmoles/l, 2-ethyl-hexanoic acid = 191 mmcles/l.

3) Preparation of the solution of TiCl:(2-ethyl-hexano-
atej}:

4.3 g (22.7 mmoles, 2.5 ml) of TiCls dissolved in
100 ml of n-decane are charged into a 500 ml reactor. 6.5
g (45.1 mmoles, 7.2 ml) of 2-ethylhexancic acid are then
slowly added at room temperature and under stirring. The

reaction mixture is brought to a temperature of 100°C,
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and the chlorine present is partially removed by bubbling
nitrogen into the suspension for a duration of 5 hours.
69 ml of a limpid dark green-coloured solution are ob-
tained, containing the following concentrations of dis-
solved substances: Ti = 330 mmol/l, Cl = 650 mmoles/1l, 2~
ethyl-hexanocic acid = 660 mmoles/1.
4) Preparation of the solid component of catalyst

The following products are charged in order inte a
500 ml reactor:
- 150 ml of n-decane
- 20 ml of the solution of MgCl(2-ethylhexanocate) pre-
pared as described above, containing 6.5 g (20.7 mmoles)
of Mg and 8.95 g (62 mmoles) of 2-ethylhexancic acid and
0.56 g (15.8 mmoles} of chlorine.
- 25.2 ml of the scolution of HfCl:{2-ethylhexancate}:
prepared as described above, containing 0.44 g (2.5
mmoles) of Hf, 0.16 g (4.5 mmoles) of chlorine and 0.72 g
(5 mmoles) of Z2-ethylhexanoic acid
- 5.7 ml of the solution of TlClz({Z-ethylhexancate}:
prepared as described above, containing 0.44 g (2.5
mmoles) of Ti, 0.13 g (3.7 mmoles) of chlorine and 0.54 g
(3.76 mmoles) of 2-ethylhexanoic acid.

A limpid mixture is formed to which 17.5 g cof isobu-
tyl aluminum dichloride {113 mmoles) diluted with 42 ml

of n-decane, are slowly added dropwise, at a temperature
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of about 30°C. At the end of the additicn, the tempera-
ture is brought to about 80°C and the mixture is main-
tained for two hours under stirring. A finely suspended
reddish~brown solid is formed, which is separated from
the mother liquor by decanting and is subseguently washed
with two 400 ml portions of n-heptane.

2.8 g of solid component of catalyst are obtained,
containing 2.8% by weight of titanium (synthesis yield
85% with respect to the titanium initially introduced),
and characterized by the following molar ratiocs between
the constituents:

HE/T1i = 1.3; Mg/Ti = 9.2; Al/Ti = 1.7; CL/Ti = 31.1; (2-
ethylhexancate) /Ti = 0.6.

On the basis of the X-ray spectrum the solid proves
to have a disorderly structure of the "&" type. The guan-
tity of titanium in oxidaticn state +3 is 97%.

The ESR spectrum of the sclid component thus ob-
tained is indicated in FIGURE 2. The absence of the sig-
nal at "g" = 1968, present in the spectrum indicated in
FIGURE 1, relating to the solid component according to
example 1 of the present invention, i1s noted.

EXAMPLE 7 ({(comparative)

For comparative purposes, a solid component of cata-
lyst based on titanium alcone, instead of titanium and

hafnium was prepared. The process used 1s analogous to
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that of the present invention.

The following products are charged in order 1into a

500 ml reactor:
100 ml of n-decane; 5.6 g (58.8 mmoles) of MgClz and 1.3
g (3.8 mmoles, 1.3 ml) of Ti(n-OBu)s. 25.4 g (176 mmoles,
28.1 ml) of 2-ethylhexanocic acid are subsequently slowly
added at room temperature and under stirring.

The suspension thus obtained is heated to 90°C and
maintained at this temperature for 30 minutes in a closed
reactor. At the end, about 15% by weight of initial MgCl:
remains undissolved, as a fine particulate in suspension.
After cooling to room temperature, the mixture thus ob-
tained is reacted with isobutyl aluminum dichloride,
without separation of the solid remaining undissolved in
the previous step. In particular, 44.6 g (288 mmoles,
39.8 ml) of isobutyl aluminum dichloride, diluted in 104
ml of n-decane are added tc the mixture, which 1s then
neated to 80°C and maintained at this temperature for 2
hours.

The pale pink~coloured obtained 1is separated from
the mother liquor by decanting and is subsequently washed
with two 400 ml portions of n-decane. 6.1 g of solid com-
ponent of catalyst are obtained, containing 2.6% Dby
weight of titanium, with a synthesis yield with respect

to the initial Ti equal to 85%, and characterized by the
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following molar ratios between the constituents:

Mg/Ti = 12.6; BAl/Ti = 2.7; Cl/Ti = 34.4; (2-ethylhexano~
ate)/Ti = 1.9

The quantity of titanium in oxidation state +3 is 98%.

EXAMPLES 8-16 (co~polymerization of ethylene in solution)

Various polymerization tests were carried out under
relatively homogeneous conditions between each other, us-
ing the components of catalyst obtained as described
above.

General procedure

The following products are charged in order intoc a 3
liter high pressure reactor, equipped with stirring, a
manometer and suitable connections for the feeding of the
gaseous reagents: 2.0 liters of anhydrous n-decane as
solvent, aluminum triethyl, acting as co-catalyst and im-
purity scavenger, 74 ml of l-hexene as comonomer, and the
solid component of catalyst. The temperature 1s brought
to the desired level, normally between 210 and 220°C, and
ethylene is rapidly introduced, the liquid being main-
tained under stirring, until the desired pressure 1s
reached.

The copolymerization reaction is contirued for b5
minutes and is then interrupted by the addition of etha-
nol saturated with carbon dioxide (16 g (350 mmoles), 20

ml of ethanol with 10 g (230 mmoles) of carbon dioxide



10

15

WO 00/58368 PCT/EPOG/02471

48

{dry ice)).

The polymer formed is precipitated by the addition
cf methanol and is washed again with methanol. It is then
dried in a stream of air, weighed and characterized by
measuring the density, the Melt Flow Index (MFI)} and
Shear Sensitivity, in accordance with what is specified
above.

The references, conditions and results of the polym-~
erization tests are schematically summarized in TABLE 1
below, of which the columns indicate in succession, for
each example, the example number, the preparation example

of the s0lid component of catalyst used, the quantity of

this in mg and the corresponding quantity of titanium in
H moles, the polymerization temperature and pressure, the
quantity of polymer obtained and its density, MFI and
Shear Sensitivity characteristics, and finrnally the cata-
lyst activity referring to the titanium.

Examples 15 and 16 are comparative examples.
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EXAMPLE 17

2000 ml of anhydrous n-decane, 57 mg (0.5 mmoles, 0.07
ml) of aluminum triethyl, 45 ¢g (536 mmoles, 66 ml) of 1-
hexene and 12.2 mg of solid component of catalyst of exam-
ple 1 equivalent to 0.33 mg (6.9 pmoles) of Ti, are charged
in this order into & 5 liter reactor.

The polymerization temperature is brought to 183°C and
the pressure to 1.3 MPa with ethylene. The reaction is con-
tinued for 5 minutes and is then interrupted by the addi-
tion of a mixture containing 20 ml of ethancl, 10 g of car-
bon dioxide (dry ice).

At the end, 63 g of polyethylene are obtained, with an
activity of 188 kg of polyethylene per mole of titanium in
the scolid component. The polyethylene thus obtained has the
following properties:

MFI (2.16 Kg} = 0.02 dg/min with Shear Sensitivity of 43.4;
density = 0.9244 g/ml.
EXAMPLE 18

2000 ml of anhydrous n-decane, 57 mg (0.5 mmoles, 0.07
ml) of aluminum triethyl, 35 g (417 mmoles, 52 ml) of 1-
hexene and 29.6 mg of solid component of catalyst of exam-
ple 1 equivalent to 0.8 mg (16.7 pmoles} of Ti, are charged
in this order into a 5 liter reactor.

The polymerization temperature is brought to 2i8°C and

the pressure to 1.3 MPa with ethylene. The same procedure
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is then adopted as in example 17 above. At the end 48 g of

polyethylene are obtained with a yield of 5% kg of polyeth-
ylene per mole of titanium in the solid component. The
polyethylene thus obtained has the following properties:
MFI (2.16 Kg) = 0.3 ¢g/10min; Shear Sensitivity = 34.5; den-
sity = 0.9312 g/ml.

EXAMPLE 19

2000 ml of anhydrous n-decane, 57 mg (0.5 mmoles, 0.G7
ml) of aluminum triethyl, 67 g (598 mmoles, 94 ml) of 1-
octene and 44.4 mg of sclid component of catalyst of exam-
ple 1 equivalent to 1.2 mg (25.0 pmoles) of Ti, are charged
in this order into a 5 liter reactor.

The polymerization temperature is brought to 220°C and
the pressure to 1.45 MPa with ethylene. The same procedure
is then adopted as in example 17 above. At the end 55 g of
polyethylene are cbtained with a yield of 45.8 Kg of poly-
ethylene per mole of titanium in the solid compeonent. The
polyethylene thus obtained has the following properties:
MFTI (2.16 Kg} = 0.76 dg/min with Shear Sensitivity = 37.4;
density = 0.9275 g/ml.

EXAMPLE 20

2000 ml of anhydrous cyclohexane, 99 mg (0.5 mmoles,

0.07 ml) of aluminum triisobutyl, 50 g (595 mmoles, 75 ml)

of l-hexene and 37 mg of solid component of catalyst of ex-

ample 1 eguivalent to 1.0 mg (20.9 upmcles} of Ti, are
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charged in this order into a 5 liter reactor.

The polymerization temperature is brought to 173°C and
the pressure to 1.4 MPa with ethylene. The same procedure
is then adopted as in example 17 above. At the end 85 g of
poclyethylene are cbtained with a yield of 86 kg of polyeth-
ylene per mole of titanium in the so0lid component. The
polyethylene thus obtained has the following properties:
MEI (2.16 Kg) = 0.1 ¢g/10min with Shear Sensitivity = 30.4;

density = 0.9087 g/ml.
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CLAIMS
1. A solid component of catalyst for the
{co)polymerization of «o-clefins, consisting of at

least 95% by weight of titanium, magnesium, at least
one metal selected from hafnium and zirconium, alumi-
num, chlorine and R-CO0O carboxylate, in the following
molar ratiocs:
M/Ti = 0.1-10.0; Mg/Ti = 1.0~20.0; Al/Ti = 0.01-6.0
Cl/Ti = 2.0-70.0; R~COO/Ti = 0.1-10.0
wherein: R is an aliphatic, cycloaliphatic or aro-
matic hydrocarbon radical, containing from 1
to 30 carbon atoms, and
M is a metal selected from hafnium and zir-
conium or one of their mixtures
characterized in that at least 80% of the titanium is
in oxidation state +3 and, in addition, at Ieast 1% of
said titanium in oxidation state +3 has a tetrahedral
coordination geometry.
The solid component according to claim 1, character-
ized by the following molar ratios:
M/Ti = 0.3-5.0; Mg/Ti = 5.0-15.0; Al/Ti = 0.1-3.C
Ci/Ti = 20.0-50.0; R-COO/Ti = 0.5-5.0.
The sclid component of catalyst according to any of
claims 1 or 2, wherein M is hafnium.

The solid component of catalyst according to any of
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the previous claims, wherein at least 90% of the tita-
nium is in oxidation state 43, and from 2 to 10% of
said titanium has a tetrahedral coordination geometry.
The solid component according to any of the previous
claims, wherein the number of carbon atoms of the
radical R of said carboxylate ranges from 6 to 15.
The solid component according to any of the previous
claims, wherein the titanium content does not exceed
10% by weight.
& process for the preparation of a soiid component of
catalyst for the (co)polymerization of a-olefins, con-
sisting of at least 95% by weight, preferably from 88
to 100% by weight, of titanium, magnesium, at least
one metal selected from hafnium and zirconium, alumi-
num, chlorine and R-CCO carboxylate, in the focllowing
moelar ratios:
M/Ti = 0.1-10.0; Mg/Ti = 1.0~20.0; Al/Ti = 0.01-6.0
Cl/Ti = 2.0-70.0; R~COO/Ti = 0.1-10.0
wherein: R 1s an aliphatic, cycloaliphatic or aro-
matic hydrocarbon radical, containing from 1
to 30 carbon atoms, and
M is a metal selected from hafnium and zir-
conium or one of their mixtures
characterized in that it comprises the following steps

in succession:
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preparing a mixture of at least one compound of
magnesium, a compound of titanium and a compound
of a metal M selected from zirconium and haf-
nium, in the appropriate proportions, in a me-
dium consisting of an inert organic ligquid, in
which at least one of said compounds is insolu-
ble;
preparing a substantially limpid sclution by the
addition to said mixture of step (i) of a suffi-
cient quantity of a carboxylic acid having the
formuia R-~COOH (I}, wherein R 1is an aliphatic,
cycloaliphatic or aromatic hydrocarbon radical,
containing from 1 to 30 carbon atoms, and main-
taining this, under suitable conditions of pres-
sure and temperature, until the substantial dis-
solution of all the insoluble compound;
adding and reacting with the solutiocon obtained
in step (ii) an alkyl aluminum chloride which
can be represented with the feollowing general
formula (II):

AIR'",C1l sy (IT)
wherein R' is a linear or branched alkyl radi-
cal, containing from 1 to 20 carbon atoms, and
"n" is a decimal number having values ranging

from 0.5 to 2.5,
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in a quantity which is at least sufficient to
make at least 70%, preferably from 80% to 100%
of the titanium present in the sclution of said
step (ii) precipitate into the form of a sclid
compound, and
(iv) separating the soclid precipitated in step (iii)
from the residual liguid, to obtain said solid
component of catalyst.
The process according to claim 7, wherein said metal M
is hafnium and said R group of the R-COOH carboxylic
aclid comprises from 6 to 15 carbon atoms.
The process according to any of the previous claims 7
and 8, wherein said liquid used for preparing the mix-
ture of step (i) 1is selected from aliphatic, cyclo-
aliphatic or aromatic hydrocarbons.
The process according to any of the previous claims
from 7 to 9, wherein at least two compounds selected
from those of magnesium, hafnium and/or zirconium in
step (i} are insoluble in said inert liquid and form a
suspension therewith.
The process according to any of the previous claims
from 7 to 10, wherein at least 50% by weight of the
above compounds of step (i) 1is insoluble in the pre-
selected inert liquid.

The process according tc any of the previous claims
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from 7 to 11, wherein said compounds in step (i) are
mixed with the inert liguid with an overall concentra-
tion of the metals (both scluble and insocluble} rang-
ing from 0.05 to 2.0 moles/l.

The process according to any of the previous claims
from 7 to 12, wherein the magnesium and the at least
one metal selected from hafnium and zirconium, are in-
troduced into the mixture of step (i} as chlorides in
the form cof granular solids or in powder form.

The process according to any of the previous claims
from 7 to 13, wherein the dissolution temperature in
step (ii) ranges from 70 to 120°C.

The process according to any of the previous claims
from 7 to 14, wherein said step (ii) is carried out so
that there are no significant exchanges of matter with
the outside.

The process according to any of the claims from 7 to
15, wherein, in step (iii), the deponent "n" of said
alkyl aluminum chloride having formula (II), 1is a
decimal number ranging from 0.9 to 2.1.

The process according to any of the previous claims
from 7 to 16, wherein the guantity of said alkyl alu-
minum chloride used in said step (iii} ranges from 1.1
to 2.0 times the minimum quantity predetermined by

neans of the equation:
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(moles AIR'nCl(z-nm))min.=2/ (3-n)e[ {4emolesTi + ZemolesMg +

4emclesHf + 4demolesZr - molesCl)in step(irt (MolesRCOOH) in

step (ii)l .

The process according to any of the previous c¢laims
from 7 to 17, wherein, in step (iii), the alkyl alumi-
num chloride is added to the solution of step {(ii) op-
erating at values ranging from rcom temperature (20-
25°C) to a temperature of about 60°C, and the mixture
obtained is heated and maintained at & temperature
ranging from 50 to 100°C, for a time ranging from 45
to 180 minutes.

The so0lid component of catalyst according to any of
the previous claims from 1 to 6, characterized in that
it is obtained by means of a process acceording to any
of the claims from 7 to 18.

The so0lid component of catalyst according to any of
the previous claims from 1 to & and 12, consisting of
from 98 to 100% of titanium, magnesium, at least one
metal selected from hafnium and zirconium, aluminum,
chlorine and R—-COO carboxylate.

A catalyst for the (co)polymerization of a-olefins,
comprising a co-catalyst consisting of a hydride or an
organometallic compound of a metal of groups 1, 2 or
13 of the periodic table, and a solid component, in

contact with each other, characterized in that said
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solid component consists of the sclid component of
catalyst according to any of the previous claims from
1 to 6 and 19 to 20.

The catalyst according to claim 21, wherein said co-
catalyst 1is selected from aluminum <trialkyls which
contain from 1 teo 10, preferably from 2 to 6, carbon
atoms in the alkyl portion.

The catalyst according to the previous claim 22,
wherein the atomic ratio between the aluminum (in the
co-catalyst} and the titanium (in the solid component
of catalyst) ranges from 2:1 to 500:1 and preferably

from 5:1 to 200:1.

A process for the (co)polymerization of a-~olefins,

comprising polymerizing at least one 0-olefin, either

in continuous or pbatchwise, in one or more steps, at
low {0.1-1.0 MPa), medium (1.0-10 MPa) or high (10-150
MPa) pressure, at temperatures ranging from 20 to
300°C, optionally in the presence of an inert diluent,
in the presence of a suitable catalyst, characterized
in that the latter is a catalyst according to any of
the previous claims from 21 to 23.

The (co)polymerization process according to claim 24,
wherein at least one o-olefin is ethylene.

The (co)polymerization process according to claims 24

or 25, wherein ethylene is polymerized to give linear
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polyethylene, or copolymerized with a-olefins having

from 3 to 10 carbon atoms.

The (co)polymerization process according to any of the
previous claims from 24 to 26, characterized in that
it is carried out in a sclution of an inert solvent,
at temperatures ranging from 130 to 300°C and at pres-
sures ranging from 1 to 25 MPa,

The (co)polymerization process according tc any of the
previous claims from 24 te 27, wherein said inert sol-
vent 1is selected from aliphatic or cycloaliphatic hy-
drocarbons having from 6 te 10 carbon atoms.

The (co)polymerization process according to any of the
previous claims from 24 to 28, wherein the pelymeriza-

tion temperature ranges from 150 to 230°C,
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