-1 -

1hlsSheetHasBenn*{ Catalytlc solld usable for the stereospecific

lmm”,m m polymerisation of allpha-olefins, process for
, ﬂl Jreparing it and process -for polymerising alpha-—

10

15 -

20

25

30

35

olefins in its presence
The present invention relates to a catalytic

sollid usable for the stereospecific polymerisation of
alpha-olefins, to a -process for preparing this solid and
to a pr_oceés for the polymerisation of alpha-olefins in
thé presence of this soclid. |

It :i-.é known to polymerise alpha-olefins, such as
propylene, stereospecifically using a catalytic system
comprising a .s_olid constituent based on titanium tri-
chloride and an activator comprising an organometallic
compound such as an alkylaluminium chloride. .

In the patent BE-A-780758 (SOLVAY & Cie),’
particles of titanium ¢trichloride complex have been
described, the use of which in the pol&merisation_of
alpha-oléfins- is particularly advantageous. These
particles are characterised by . their particﬁiar' struc- -
ture. In fact, they consist of an agglomerate of micro-
particles which are themselves extremely porous. The

consequence of this is that these: particl'es have a

particularly high specific surface area and porosity.
This particular structure leads, on polymerisa-
tion, to exceptional performance. Because of the porosity
of the microparticles developed essentially in pores
having radii of less than 200 A, the cataiytic activity
is so high that it is possible to carry out the
polymerisation under conditions such that the catalytic
residues no longer have to be removed.- Moreover, givén
that these particles are in the shape of large regular
spheres, the polymer obtained is likewise in the form of
regular spherical particles. The consequence of this is
that it has a high apparent specific weight and that it
has a very good poura.biiity. _
However, these particles are not suitable for the
production of high impact-strength block copolymers
(known as "high impact grades") obtained _bf incorpora-
ting, in a propylene homopolymer prepared in a first
step, significant amounts of a 'propylene/ethylene
elastomer prepared in a second step. In fact, the high
density and the porosity, essentially confined in the
very small pores, of these particles of titanium _
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porosity. of w__h::.ch, in its turn, does not permit the
incorporation'ﬁherein of large amounts of elastomer, thus
giving rise to adhesion problems which are the more acute
the laréer the amount of elastomer to be incorporated.
These problems are particularly disagreeable in the
polymerisation processes carried out using the most
recent techniques, that is to say in the monomer kept in
the liquid state or in gas phase.

An attempt has been made to overcome these
problems by producing these copolymers in the presence of
solid catalytic constituents characterised by a porosity
of not less than 0.08 cm./g in the zone of pore radii of
between 200 and 15000 A .(Patent Application EP-A-0202946
(SUMITOMO CHEMICAL)). The preparations of the cetalytic
constituents described in this_applieation and having
this charecterisﬁic are, however, complex and the opera-
ting method chosen predetermines the porosity obtained.

It has now been found that catalytic solids which
are of controllable porosity and therefore are capable of
being used to prepare a wide range of alpha—olefln
polymers may be prepared in a simple manner.

The present invention relates, _accordingly,
pfimarily, to catalytic solids based on titanium tri-
chloride complex obtained by heat treatment, in the
presence of a halogerniated activating agent, of the liquid
material resultiﬁg from bringing TiCl,, pretreated with
an electron-donor compound, into contact with a composi-
tion (C) corresponding to the general formula

AlR, (Y) o X 3 5, o [&ic] (1)

" in which

- R represents a hydrocarbon radical;

- Y represents a group chosen from -OR’, -SR’ and -NR’R",
in which R’ and R" each represent a hydrocarbon radical
or a hydrogen atom; ' '

- X represents a halogen,

p is an arbitrary number such that 0 < p < 3; and
gq is an arb;trary number such that 0 < g < 3, the sum
(p + q) being such that 0 < (p-+ q) s 3.
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In the fo:mula (I) of the composition (C), R, R’ and R" -
are, in the case where they represent a hydrocarbon

radical, generally each chosen, independently of one
another, from:

- straight-chain or branched alkyl ‘radicals contazn;ng
from 1 to 12 carbon atoms, for example the methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-amyl,
isoamyl, n-hexyl,i2-ethy1hexy1'and n-octyl radicals;.

- alkényl radicals containing frdmlz to 12 carbon atoms,
for example the ethenyl, 1-butenyl, 2-butenyl, 2-
penten-4-yl, 1-octen§1 and l-decenyl radicals;

- optionally substituted cycloalkyl radicals containing

from 5 to 12 carbon atoms, for example the'cyclopentylg
cyclohexyl, methylcyclohexyl and cyCloocﬁyl radicals;

- optionally substituted aryl radicals containing from 6
to 35 carbon atoms, for example the phenyl, tolyl,
cresyl , xylyl, naphf:hyl and 2,6-di-tert-butyl-4-methyl-
phenyl radicals; and. |

- arylalkyl radicals containing from 7. to 20 carbon

atoms, for example the benzyl radical.

In the formula (I), X is preferably chlorine; R
is preferably chosen from the straight-cha;n_or branched
alkyl radicals containing from 2 to 8 carbon atoms; Y is
preferably chosen from the groups -OR’ in which R’ is an
alkyl radical as defined above or an aryl radical as
defined above. A very particularly preferred. radical R is
the ethyl radical. Very particularly preferred radicals

'R’ are ethyl and isocamyl radlcals.

In tha formula (I), p is preferably a number such
that 1 s p s 2 and q is preferably a number such that
0.1 = g = 2 and very partidularly such that 0.15 s q =
0.65. | o

The compositions (c) used to prepare the
catalytic solids aécording to the invention may be
chemically defined compounds or mixtures of compounds.
The formula (I) must therefore be regarded as an empiri-
cal structural formula representing the said compounda
or, in the case of mixtures, representing the average:
composition of the latter.



B This-Sheet Has Been Réplac

R i

- 10

15

20

25

30

35

i

s

The compositions (C) used to prepare the cata-
lytic solids éécordipg_to the invention may be prepared
from organoaluminium compounds (A) of general formula

ALR X, . , - (ITI)
in which R and X have, respectively, the meanings given
above with respect'to formula (I) and in which n is an
arbitréry number such that 0 < n = 3, preferably such
that 1 s n s 3. . |

. The foliowing may be mentioﬁed as examples of

' compounds (A): alkylated aluminium compounds, such as

trialkylaluminiums, dialkylaluminium monohalides and
alkylaluminium dihalides and sesquihalides, in which the
alkyl radicals are those defined and enumerated above.
Preferred compounds (A) are dialkylaluminium
chlprides; very particularly diethylaluminium chloride.

. For the_ preparation of the composition (C), the
compound (A) may'be brought into contact with a compound
(B) chosen from the compounds of general formula:

AlR, (Y) o X 3 _ (@4 my [8ic] - (1II)
YH - ' - (TV)
and from the oligomers of aluminoxane type which are in

~cyclic and/or linear form and mhy be represented by the

general formulae : ,
-[A1(R)-0]-,.,, (V) and R,Al-O- [Al(R) -0] -Alen' [siec] (VI)

In the above formulae (III), (V) and (VI), R, Y
and X have, respectively, the meanings given above with
respect to formula (I). In formula (III), m is an arbi-
trary number sﬁéh that 0 = m < 3, preferably such that
0.5 =m<=1.5; m’ is an arbitrary number such that 0 < m’
s 3, preferably such that 1 = m’ s 2; the sum (m + m’)
being such that 0 < (m + m’) = 3. -

In the formulae (V) and (VI), n’ is an integer,
generally between 2 and 50. '

'Examples which may be mentioned of compounds (B)
of formula (III) are: trialkoxyaluminiums, alkoxyalkyl-
aluminiums, alkoxyaluminium halides and ‘alkylalkoxy-
aluminium halides. Preferred compounds (B) of formula
(III) are alkylalkoxyaluminiums and their chlorides, very
particularly diethylefhdxyaluminium and ethylethoxy- and
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may be mentioned of compounds (B) of formula (IV) are:
alcohols, thioalcohols, phenols, thiophenols and second- .
ary amines. Preferred compounds of formula (.IV) are
aliphatic alcohols, for example ' methanol, ethanol,
propanol, isopropanol, butanol, isobutanol, pentanol, 2-
methyl-l-pentanol (_J.soamyl alcohol), hexanol, 2-ethyl-
hexanol and octanol. Very particularly preferred alcohols
are ethanol and iscamyl alcohol. '

Examplee which may be ﬁentibned of compounds (B)
of formula (V) and (VI) are: methyl- ethyl- and butyl- .
aluminoxanes. )

The compound (A) and the compound (B) defined
above are brought into contact in proportions appropriate
for obtaining a comoosition (C) corresponding to the
above formula (I). In order to do this, account must be
taken of the respective natures of the eompounds (A) and
(B) used, as well as of possible chemical reactions which
may take place during their mixing.

The precise determination of the amounts of
compounds (A) and (B) to be used may, accordingly,
necessitate a few preliminary routine tests.

‘A particularly preferred and simple operating
method for the preparation of the composition (C) com-
Pprises bringing a compound (A) which is an alkylated .
aluminium compound intoc contact with a compound (B) which
is an aliphatic alcohol, in a ratio between the aluminium

contained in the compound (A) and the hydrocarbon radical

contained in the compound (a)[sic] of between 1/0 1 and
1/3. This bringing into contact induces an at least
partial chemical reaction between these compounds, giving
rise, in particular, to the formation of an =Al-OR’ bond
and being accompanied by an evolution of gas. '

' The other general conditions for the prepara.t:.on
of the compos:.tion (C) are not critical.

_ In general, the reaction is carried out in liguid
phase, for example by mixing together ‘the compound (A)
and the compound (B), at least one of these frequently
being liquid wunder normal - temperature 'and pressure
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conditions. It is also possible to carry out the reaction
in the presence of an inert hydrocarbon diluent, gener-
ally chosen f£from liquid aliphatic, cycloaliphatic and
aromatic hydrocarbons,' such as the liquid alkanes and
isoalkanes and benzene. In this case, the composition (C)
is generaliy present in this diluent in a proportion of
1 to 50% by volume, preferably of -5 to 30% by volume.

The compounds ' (A) and (B) may be brought into
contact at temperatures of between about 0 and 90°C,
preferably between 20 and 50°C approximately and their
mixture kept for a time sufficient to allow any possible
chemical reaction between them to take place completely,
generally for between 5 minutes and 48 hours, preferably
between 2 and 24 hours.

For the preparation of the cetalytio solids
according to thea invention, the composition (C) is
brought into contact with TiCl,, which is 1tse1f pre-
treated with an electron-donor compound. This electron-
donor compound is generally chosen from orgenic compounds

comprising one or more atoms or groups having one or more

free electron pairs capable of ensuring coordination with

titanium. These compounds have from 1 to 30 ~carbon atoms
per ‘electron donor atom o;'r group. _ .

The following ma;}'be mentioned amongst the atoms
capable of donating one or more electron pairs: atoms of
non-metals . of groups V and VI of the Periodic Table, such
as, for example, oxygen, sulphur, nitrogen, phosphorus,
antimony and arsenic. |

The following may be mentioned as representative
examples of compounds containing groups capable of
donating one or more electron pairs: ethers, thioethers,
thiols, phosphines, stibines, arsines, ‘amines, amides,
ketones and esters.

Preferably, the electron-donor compound is chosen
from the group comprising aliphatic ethers, and more
particularly from those in which the aliphatic radicals
contain from 2 to 8 carbon atoms, preferably 4 to 6
carbon atoms. A typical example of an aliphatic ether
giving very good results is diisoamyl ether. .
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The general conditions for the treatment of 'i‘iCl4

with the electron-donor compound are not critical,

provided that they give rise to complexation of the T1c1;
by the electron-donor compound. In general, the reaction
is carried out in liquid phase, by adding the electron-
donor compound, optionally dissolved in an inert hydro-
carbon diluent as defined above, to the TiCl,, which is
itself in pure liquid form or dissolved in such a di-
luent. When use is made of a diluent, the TiCl, is gen-
erally present therein in a proportion of 1 to 50% by
volume, preferaSly of 5 to 30% by volume. The treatment
‘of TiCl4 with the electron- -donor campound is carried out
at a temperature which is generally between 0°C and the
boiling point of TiCl, or of the diluent, if such is
used, preferably between 5 and 40°C.

The molar ratio between Tiél4 and the electron-
donor compound may vary within wide limits. It is gener-
ally between 0.01 mol and 20 mol of TiCl, per mole of
electron-donor cbmpéund; preferably between 0.2 and
10 mol per mole. The best results have been obtained for
molar ratios between TiCl, and the electron-donor com-
pbund of between 0.3 and 5.

 The general conditions for bringing TiCl,; pre-
treated with the electron-donor compound as described
above (hereinafter abbreviated to "pretreated TiCl,")
into contact with the composition (C) are ‘also not
critical, provided that they lead to the formation of a
liquid material which is substantially homogeneous,and
free from solid. In general, the composition (C), in pure
liquid form or in dilute form in an inert hydrocarbon
diluent as defined above, is introduced into the pre-
treated TiCl,, which is itself in liguid form or diluted
in an inert hydrocarbon diluent which may be identical
to or different from that in which the composition (C)
-has optionally been diluted. |
' The composition (C) and the pretreated Tic14'are-
‘brought in;o contact in respective amounts such that an
at least partial reaction of the Tic14'is produced with-
out substantial concomitant production of solid'precipi-
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tate. To this end, the amoﬁnt of composition (C) brought
into contact‘with the pretreated TiC14'is such that the
atomic ratio between the allumini.um contained in the
composition (C) and the titanium contained in the pre-

.. treated TiCl; is generally between 0.05 and 10, prefer-
ably between 0.1 and 8; the best results are obtained if

this ratio is between 0.2 and 2.

The temperature at which the composition (C) and
the pretreated TiCl, are brought into contact is gener-
ally between 0 and 60°C, preferably between 10 and 40°C.

For the preparation of the catalytic solids
according to the invention, the liquid material obtained
as indicated above must be converted into solid
particles. To this end, the said material undergoes a
heat treatment in the presence of a halogenated activa-t-

ing agent. A

The general conditions for the heat treatment of
the liquid material are not eritical provided that this
treatment induces substantial precipitation of particles
of solid based on titanium trichloride. These conditions
are generally also chosen so as to lead to substantially
sphericel particles which are of uniform particle size
and have an average diameter of between 5 and 150 microns
(pm) , preferably between 10 and 100 pm.

To this end, the 1liquid materlal is brought
progressively from a temperature higher than the tempera-
ture at which the compoﬁition'(c) is brought into contact
with the pretreated TiCl, to a temperature which does not
exceed the boiling point of the liquid material.

In general, the temperatures between which the
1iqu1d material is heated range from about 20 to about
150°C, preferably from about 40 to about 130°C and very
particularly from 80 to 120°C approximately.

_ The duration of the heat treatment is generally
between 5 and 150 minutés, preferably between 20 and 120
minutes and very particularly between 30 and. 75 minutes.

The heat treatmeﬁt.may be carried out by raising
the temperature of the liquid material in a continuous
manner or by observing one or more plateaus during'the
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rise in temperature.

Further details relat:.ng to the heat treatment of
11qu:.d mater:l.als, related to those defined above, may be
found in particular in the patent US-A-4115533
(MITSUBISHI CHEMICAL INDUSTRIES), the contents of which
are incorporated by reference in the present description.

According to. the invention, the heat treatment of
the liquid material takes .i)lace in the presence of a
halogenated activating 'agent. ‘"Halogenated activating
agent® is understood to denote all of the agents whose
presence contributes to the conversion of the reduced
solid tltanium trichloride wh:.ch forms dur:.ng the heat

treatment of the liquid material substantially into the

stereospecific violet form of this solid.
These agents are generally chosen from inorganic
hallogenated compounds, organic halogenated compounds,

" hydrocarbylaluminium halides, interhalogen compounds and

halogens. Amongst these agents, the following may be

mentioned:

- by way of inorganic 'halogenated compounds: metal and
non-metal halides, such as titanium, vanadium,
zireenium, aluminium, silicon and boron halides, for
example, ' '

- by way of organic halogenated - compounds. halogenated
hydrocarbons, such es ‘halogenated alkanes end carbon
tetrahalides, for example:

- by way of hydrocarbylaluminium halides: alkylaluminium
dihalides in which the alkyl radical contains from 1 to
8 carbon atoms; . |

- by way of interhalogen compounds: iodine chloride and
iodine bromide, for examples [sicl; and

- by way of halogen: chlorine, bromine and iodine. .

Examples of activating agents which are very
suitable are titanium tetrachloride, silicon tetrachlor-
ide, iodobutane, monochloroethane, hexachloroethane,
chloromethylbenzene, carbon tetrachloride, ethylaluminium
dichloride, iodine chloride and iodine. The best results
have been obtained with titanium tetrachloride (TiCl,).

The activating agent may be added to the liquid
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material at any time_during the heat treatment; it may;
for example, be added at the start of the heat treatment;
it may also, in particular when plateaus are observed
during the rise in temperature, be added throughout the
heat treatment, .in particular during- one of these
plateaus. _

When use is made of TiCl, as activating agent,
this 'TiC14 ‘may advantageously originate from a non-
reduced excess of the initial TiCl;, from which the

_ catalytic solids according to the invention are prepared.

The amount of activating agent used is expressed
relative to the amount of titanium trichloride present in
the liguid material. It is generally between 0.1 and
20 mol of activating agent per mole of titanium trichlor-
ide, preferab1Y'between.0.5 and 10 mol per mole. The best
results have been,obtained when the activating agent is
used in a proporfion-of 1 to 5 mol per mole of titanium
trichloride.

It has proved advaﬁtageous to subject the
particles_of solid based on titanium trichloride complex’
resulting from the heat treatment of the liquid material
describéq above to ageing, generally carried out at the
temperature reached at the end of the heat treatment, for
a period of generally between 15 minutes and 24 hours,
preferably between 30 minutes and 5 hours.

The particles of solid based on titanium tri-
chloride complex obtained by‘the process described above
are preferably separatéd from their preparation médium,
for example by filtration, settiing orlcentrifuging. They
are preferably then washed using an inert hydrocarbon
diluent of the same nature as those optionally used to

‘prepare the catalytlc solid.

As has been mentioned above, if the operating
conditions for the heat treatment of the liguid material

have been ;djusted to this end, these solid particles
‘have a substantially spherical general shape, a narrow

particle size distribution. and an average &iametgr of
preferably between 10 and 100 um. Their titanium tri-
chloride content is generally higher than 50% by weight,
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preferably higher than 75% by weight, and their electron-

donor compound content is generally less than 15% by

weight, preferably less than' 10% by weight, relative to
the total weight of the part:.cles. '

A considerable advantage of the invention 11es in
the fact that the porosity of the particles of catalytic
solid may be controlled to a 1arge extent by the choice
of certain operating conditions for their preparation. It
has thus been found, in barticular, that, all other
coﬁditio_ns femaining substantially unaltered, an increase
in the content of Y groups in the composition (C) leads
to a modification of the porosity of the particles of
catalytic solid and in particular to an increase in the
internal porosity of these particles genefated by pores
whose radius is between lOOO and 15000 A (hereinafter
termed more simply 'IPV) . By virtue of the process for the
production of catalytic solids according to the inven-
tion, it is therefore possible to adjust their porosity,
in particular the IPV, from values as low as 0.02 em®/g
approximately up to values as high as 0.4 cm3/g approxi-
mately. ' '

It is also found that, all other conditions

remaining substantially unaltered, an increase in the

amount of composition (C) used leads, v_ori_th a higher
yield, to the production of paﬂ_::i.cles of catalytic solid
which are of smaller size and which have a smaller pore
volume. , ' _
'The increase in the porosity of the catalysts
within the zone of pore radii under consideration.' leads
in particular to alpha-olefin polymers of 'increasing
porosity, which enables the incorporation therein of
large and increasing amounts of. elastomeric products
without encountering adhesion problems.

Diverse variants-may be applied to th_e' processes,
described above, for the preparation of the catalytic
solids based on titanium trichloride complex accordihg to
the :mvent:.on without departing from the scope of the
latter.

A first embodimeht variant (a) consistes in adding.
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an o_rganic or inorganic support (S), having a porous
texture such that the particles of solid based on tita- -
nium trichlbride complei: are d’eposited' on the surface of
the support (S) or precipitate inside the pores of the
latter, to the mixture for the preparation o_f the cata-

‘lytic solid based on TicCl, complex, at any time but

preferably before the heat treatment of the liquid
material. This addition may, for example, be carried out

. before bringing the pretreated TiCl, into contact with

the composition (C). _

' In order tp do this, supports (S) are generally
used in which the pore volume is at least 0.1 em3/g and
preferably at least 0.2 cm /g. This pore volume generally
does not exceed 3.5 cm /g, preferably does not exceed
2.5 cm®/g and more particularly does not 'e.xceed
2) 2 cm3/g.'Good,.r.esu1ts are obtained when the specific
surface area of the supports (8) is larger than'l'mzlg. '
Most often, the specific surface area of these supports
is less than 900 m?/g. | |

The.supports (S) generally consist of particles
larger than 5 pm in size and more particularly larger
than 10 ';.Lm in size. In general, the size of the particles
of the supports (8) is not larger than 350 um and prefer-
ably not larger than 200 pm. |

Organic suﬁports (S) which can be used are; for
example, preformed polymers such as styrene polymers and

‘copolymers, vinyl chloride polymers and copolymers,

acrylic acid ester polymers and copolymers, polyme.fs and
copolymers of olefins containing from 2 to 18 carbon

‘atoms, etc. Polymers which are also suitable for this use

are polyacrylonitriies, polyvinylpyridine and polyvinyl-

pyrrolidine.

Inorganic supports (s) which can be used are, for
example, solids well known as catalytic supports, such as
the silicon, aluminium, magnesium, titanium and ziréonium
oxides and their mixtures. Amongst these inorganic sup-
ports (8), the solids based on alumina and silica and '
their mixtures are preferentially used.

The supporte (S) used in this variant of the
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inert towards the reagents used in the synthesis of the
catalytic solids based on titanium trichloride complex
described above. In order to do this, it may be prefer-
able to.subjéqt them, before their use, to a heat treat-
ment intended to remove all traces of residual moisture
therefrom. _ ,

The catalytic solids thus obtained have an
appearance identical to that of the supports used. Their
porosity depends on the conditions for their preparation .
and on the nature of the support (S) introduced into the
preparatlon mixture.

The titanium trichloride content of the .catalytic

. solids obtained accordi'ng' to this variant of the process

accbrding to the invention is generally between about 7%
and about 60% and the _electrqp-'donor compound con_tént is
most often between about 1 and about 10% by "weight-
relative to the total weight pf the catalytic solid.
This variant of the process for the preparation.
of the catalytic solids according to the invention

. constitutes another means of controlling their porosity.

A second embodiment variant (b) consists in
"prepolymerising'" the particles of catalytic solid based
on titanium. trichloride complex; this "prepolymerisation"
treatment consists in bringing these particles into
contact with a lower alpha-mdnooléfin, such as ethylene,
or, preferably, propylene, under polymerising conditions
so as to obtain a solid bohtaining in general between 5

and 500% by weight approximately of "prepolymer_ised“'

alpha-monoolefin. This "prepolymerisation" may advan-
tageously take place on the particles resulting from the.
heat treatment of the liquid material in an opti.dnal
inert hydrocarbon diluent as defined above, for a period
sufficient to obtain the desired amount of prepolymerlsed
alpha-monoolefin on the solid.

A third embodiment variant ‘(¢) consists in
subjecting the i:articles of catalytic solid based on

" titanium trichloride complex to a supplementary activat-

ing treatment with the aim of maintaining the. stability
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of its prope;‘t:l.es and/of with the ai:q of increasing its

stereospecificity. ‘This supplementary activating treat-

‘ment consists in bringing the particles of catalytic

solid, prefefably separated from the mixture in which

' they have been prepared, into contact with a supplemen-

tary activating agent chosen from organoaluminium com-
pounds and. the products of the reaction of an
organcaluminium compound with a compound chosen from
hydroxyaromatic compounds in which the hydroxyl group is
sterically. blocked. The organcaluminium compound is
preferably chosen from trialkylaluminiums and
alkylaluminium chlorides. The hydroxyaromatic compound i's
préfera.bly chosen from di-tert-alkylated monocyclic
monophenols and monoesters of 3-(3’,5’-di-tert-butyl-
4’ -hydroxyphenyl) propionic acid,  such as n-octadecyl
3-(37,5’-di-tert-butyl-4’-hydroxyphenyl)propionate.

It is al'so. possible to combine the variants (b)

. and (e¢) described ébove, that is to say to subject the

particles of catalytié solid simultaneously to the
supplementary activating treatment and the "prepolymer-
is-ation" treatment described above.

Further details with regard to the supplementary
act:.vat:.ng treatment defined above, in particular with
regard to the nature of the organocaluminium and hydroxy-
aromatic compounds, with the operating conditions under
which this treatment is carried out, will be found in the

-patents BE-A-803875 (SOLVAY & Cie) and FR-A-2604439.

(SOLVAY & Cie), the contents of which are incorporated by
reference in the present description. | _

For the polymerisation, the 'catalytic solid
according to the invention is used together _véith an
activator chosen from the 6rganometallic compourids of
metals of groups Ia, IIa, IIb and IIIb of the Periodic
Table (version published ih Kirk-Othmer Encyclopedia of
Chemical Technology, 2nd éompletely revised editioﬁ,
volume 8, 1965, page 94) and pfefe_rably from the com-
pounds of formula: ' '

Al R’'"’ 2,y o [sic]
where - R’ .’ is a hydrocarbon radical containing from 1
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to 18 carbon atoms and preferably from 1 to 12
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carbon atoms, chosen from alkyl, aryl, arylalkyl,

alkylaﬁl and cycloalkyl radicals; the best

results are obtained when R’’’ is chosen from
alkyl radicals containing from 2 to 6 carbon
atoms; ' '

. - Z is a halogen chosen from fluorine, chlorine,

- bromine and iodine; the best results are obtained

when Z is chlorine; and _

- - x is any number such that 0 < x =.3 and prefer-
ably such that 1.5 s x s 2.5; the best results _

-are obtained when x is 2.

Diethylaluminium chloride (DEAC) ensures a
maximum activity and maximum stereospecificity of the
catalytic system. ' -

- It is also posszble to 1ntroduce a third con-
stituent convent:.onally known to improve the stereo-
specificity of the catalytic system into the polymerisa-
tion mixture, between the catalyt:.c sol:.d and the acti-
vator defined above.-

This third constituent may be chosen, for
example, from ethers, esters, amides and organosilanes.

The catalytic systems thus defined apply to the
polymerigsation of olefins which have terminal unsatura-
tion and the molecule of which contains from 2 to 18 and

preferably from 2 to 6 carbon atoms, such as ethylene,

- propylene, l-butene, l-pentene, methyl-l-butenes, hexene,

3- and 4-methyl-l-pentenes and vinylcycloi:_exene. They are

" particularly valuable for the stereospecific

polymerisation of propylene, 1l-butene and 4-méthy1-
l-pentene to form crysté.lline_polymers which are strongly
or weakly isotactic. They also apply to . the
copolymerisation .of these alpha-olefins with comonomers
chosen from these non-identical alphé-oiefins and/or
diolefins containing from 4 to 18 carbon atoms. ?referab-—
ly, the diolefins are non-conjugated aliphatic diolefins,
such as 1,4—héxadiene', non-conjugaﬁed monocyclic diole-
fins, such as 4-vinylcyclohexene, ‘alicycl'ic dioclefins
'having. an endgcyciic bridge, such as dicyclopentadiene,
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'methylenenorbornene and ethylydenenorbornene [sic], and

Il

.

conjugated aliphatic diolefins, such as butadiene or
isoprene. '

One advantage of the ca.t:a.lyt:.c systems accordz.ng
to the invent:.on is that, if their porosity is suffi-
ciently high, they permit the incorporation of a larger
fraction of comonomers. ' . '

They also apply to the production of copolymers -
termed block copolymers which are made up from alpha-
olefins and/dr diolefins. These block copolymers consist
of distinct blocks of variable compositions; “each block
consiéts of an alpha-olefin homopolymer or of a statisti-
cal copolymer comprising an _alpha-dlefin and at least one "
comonomer chosen from alpha-olefins and dioclefins. The
alpha-olefins and t.'he. dioclefins are chosen from those
mentioned above,. .+ -

The cata:lytic solids according to the invention
are suitable for the production of propylene homopolymers
and of copolymers containing in total at least 50% by
weight of propylene and preferably 60% by weight of
propylene. They are particularly suitable for the produc-
tion of block copolymers consisting of blocks of crystal-
line prop.yie_ne homopolymer or statistical copolymer
containing at least 90% of propylene and blocks of
sta_t;;i.stical copolymer containing from 40 to 70 mol-% of

| propylene and from 60 to 30 mol-% of ethylene and rela-

tively rich (more than 10% by weight and up to 70% by
weight relative to the total weight of the block

' copolymer) in these latter blocks.

The polymerisation may be carried out by any
known process: in solution or in suspension in an inert
hydrocarbon solvent or diluent, such as those defined
with respect to the preparation of the catalytic solid
and which is preferably chosen from butane, 'pentane,

. hexane, heptane, cyclohexane, methyléyclohexane or their

mixtures. It is also poss:.ble to carry out the polymer-.
isation in the monomer or one of the monomers kept in the
liquid state or, alternatively, in the gas phase.:

The use of the more porous catalytic sol'ids
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according to the invention is highly advantageous for the
production of block copolymers rich in blocks of propyl-
ene and ethylene statistical copolymer defined above,
especiallj in the gas phase pglymerisatioh processes.
The cataly’tic systems according to the invention, -

.in fact, allow large amounts of statistical copolymer to

be incorporated in the propylene homopolymer.

N@w, this statistical copolymer is generally an
amorphous and sticky product which, if it is present in
the free state and in a'large amount, causes blocking and
clogging of the polymerisation reactors and mainly does
so in the gas phase processes. The use of the catalytic
systems according to the invention is therefore particu-
larly advantageous in these processes.

The polymerisation temperature is chosen gener-
ally befwéen 20 and 200°C and preferably between 50 and
90°C, the best results being obtained between 65 and
85°c..The pressure is chosen generally between atmos-

-pheric pressufe and 50 atmospheres and preferably between

10 and 30 atmospheres. This pressﬁre of course depends on

the temperature used.

The polymerisa'tion' may be carried out continu-
ously or discontinuously. :
The preparation of the copolymers termed block
copolymers may also be carried out by known processes; It

is preferred to use a two-step process consisting in

polymerising an alpha-olefin, generally propylene, by the

method described above for homopolymerisation.

Subsequently.,' the other alphaéolgfln and/or diolefin,
generally ethylene, is polymerised on the same catalytic
site. This second polymerisation may be carried out after
having completely or parti.ally removed the monomer which
has not reacted during the first step. . '

_ . The organométallic compound and the catalytic
solid may be added separately to the polyme:;:'isation-
mixture. It is also possible to bring them into contact
at a temperature between -40° and 80°C for a period which
is dependent on this temperature and which .may range from
one ho_ur to several days, before introducing them ‘into
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the poiymerlsatlon reactor.

The tétdl amount of organometallic compound used
is not critical; it is generally more than 0.1 mmol per
litre of diluent, of liquid monomer or of reactor volume,
preferably more than 0.5 mmol per litre. ,

- The amount of catalytic solid used is determined
as a funct:.on of its TiCl, content. It is generally
chosen such that the concentration of the polymerisation
mixture is higher than 0.01 mmol of TiCl, per litre of

diluent, of liquid monomer or of reactor volume, and

preferably higher than 0.05 mmol per litre.
The ratio of the amounts of organometallic -

compound and of catalytic solid is also not critical. It
is generally chosen such that the molar ratio of orgamno-
metallic coﬁpound/TiCl3 present in the solid is between
0.5 and 20 and preferably between 1-aud 15. The best
results are obtained when _the molar ratio is between 2
and 12. : o

. The molecular weight of the polymers produced by
the process of the invention may be controlled by the
addition of one or more molecular weight-controlling
agents,.such as hydrogen, diethylzinc, alcohols, ethers
and halides the alkyl [sic], to the polymerisation
mixture. ' |

" The following examples serve to illustrate the
invention. ' '
| The meaning of the symbols used in these
examples, the units expressing the quantities mentioned
and the methods for determination of these quantities are
explained below.
IPV = internal pore volume of the catalytlc solid

 recorded in the zone of pore radii between 1000
and 15000 A and expressed in cm 3/g.

D, = average dlameter "of the catalytiec solid

particles in pm.

- FPV . = total pore volume of the solid polymer collec-

ted, expresse& in 3/g.

SPV total pore volume of the support (8) [eic],

expressed in cm 3/g.
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Ss.

Ssu

ASW

fTri

MFI

Et

Iscamyl

MOCR

specific surface area of the catalytic solid
expressed in m /g (British standard BS 4359/1).

spec‘:;.flc surface area of the support (S).
expressed in mzlg (British standard BS 4359/1).
catalytic activity conventionally expressed as
grains of polymer insoluble in the polymerisa-

"tion mixture, .obtained per hour and per gram of

TiCl, contained in the catalytic solid. This
activity is assessed indirectly £from the
determination of the residual titanium content
in the polymer by X-ray fluorescence.

appsrent spesific weight of the insoluble
polymer fraction, expressed in g/dm3.

isotacticity index of the polymer, determined
from the molar fraction of isotactic triads
(block chain of three propylene monomer units
in meso configuration) in the total polymer.
This value 4is determined by 3¢ nuclear
magnetic resonance as described in

. Macromolecules, volume 6, No. 6, page 925

(1973) and in referen_c:es (3) to (9) of this
publication. '
melt flow index determined under a load of
2.16 kg at 230°C and expressed in g/10 min
(ASTM standard D 1238).

torsional rigidity modulus of the polymer,

- determined at 100°C and for a torsion angle of .

60° arc, the temperature of the mould being
fixed at 70°C and the conditioning time at 5
minutes (standards BS 2782 - Part I - method
150A;. ISO 458/1, method B, DIN 53447 and ASTM
D 1043). This modulus is expressed in daN/cm?.
ethyl radical C,Hs. ‘
isoamyl radical (CH,),CH-CH,-CH,-

The average diameter of the catalytic solid '
particles is estimated by observation of this solid as a
suspension in decalin under an optical microscope (magni-
fication 200).

The porosity of the catalysts and that of the
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polymers obtained in the polymerlsatlon tests described

- 20 -

below are detérmined by the mercury penetration method
using porosimeters marketed by Carlo Erba Co. in the zone
of pore radii between 75 and 75000 A. _

The ethylene content -of the block copolymers is
obtained from the characteristic signals of these units
observed by °C nuclear magnetic resonance as described
in Rubber Chemistry and Technology, volume 44 (1971),
page 781 et seq.

Examples 1 to 3
A - Preparation of the catalytic solids
1 - Preparation of the composgitions (C)

80 ml of a dry mixture of aliphatic hydrocarbons
boiling at 175°C (mafketed under the name Isopar H by
EXXON CHEMICALS) and 17 ml (136 mmol) of diethylaluminium
chloride (DEAC) are introduced, under a nitrogen atmos-
phere, into a 200-ml reactor fitted with a single-blade
stirrer rotating at 400 rev/min.

| While keeping'the temperature of this solution
below 50°C, a chosen amount of isocamyl alcohol, as
indicated in Table I below, is added dropwise thereto.
Stirrin§ of the solution is continued for 20 hours at
ambient temperature before the golution is used.

~ The compositions (C) may be represented by the

emp1r1ca1 formula AlEt (O;soamyl) Cl, for which the
values of the numbers P and q, corresponding to the molar
ratios between the various constituents, are indicated in
Table I.
2'A'ngthesis of the catalytic solids _

100 ml of Isopar H and 15 ml of TiCl, are intro-
duced into a 1-1 autoclave fitted with a single-blade
stirrer rotating at 250 rev/m;n and previously purged
with nitrogen. ‘

Keeping this solution at 30°C, 69 ml (340 mhol)
of diisocamyl ether (DIAE) are added thereto in the course

- .0f 30 minutes. Following this addition, 97 ml of a

composition (C) as described in Table I, which is equiva-

" lent to 136 mmol of aluminium, are introduced into the

"pretreated” TiCl, within half an hour. Finally, 45 ml of
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TiCl, are added in ‘the course of about 10 minutes, while

- 21 -

increasing the temperature so as to attain 100°C after 1
hour. The first sol;d particles appear during this heat
treatment. _ '
The react;on mixture, consisting of a suspens;on
of partlcles, is’ kept at this temperature for two hours
(ageing) and then brought back to ambient temperature.
The liquid phase'is then separated off from the
catalytic sclid by decanting and the solid product (about’

45 g) is washed with hexane by successive decanting and

then dried_fof two hours under a stream of nitrOgen.at

70°C. _ ‘

- The characteristics of these catalytic solids,
which are purplish-blue in colour, are also given in
Table I below.

The solid particles are in the form of spheroid
agglomerates of finer grains arranged in.groups.

B - Polymerisation of propylene in sguspension _in the

liquid monomer in the presence of the catalytic solids

(reference conditions) . '

The following are introduced into a previously
drled 5-1 autoclave, while. sweeping with dry nltrogen-

- 400 mg of DEAC (in the form of a 200 g/l solution in
hexane) marketed by SCHERING, the Cl/Al atomic ratio of
which is adjusted to 1.02 by the addition of ethyl-

- aluminium dichloride; ' '

- 50 mg of catalytic solid (the molar ratio between the
_DEAC and the TiCl,; present in the solid is then about
10); : N '

- hydrogen'under a partial pressure of about 1 bar; and

3 1 of 11qu1d propylene. ' .

' The reactor is. kept at 65°C, with stirring, for

3 hours. The excess propylene is then degassed and the

polypropylene (PP) formed, which is in the form of grains

of uniform morphology, is recovered. N

The results obtained during the polymerisation
experiments.with the various catalytic solids are also
given in Table I below. l



_,_______,__e__ﬁ_ﬁ_
- This Sheet Has Bezn R Reéplaced

B[] —

10

15

20

25

30

35

Table I
Examples. 1 2 3
Pre aration of the compogitions (C
Volume of alcohol (ml) 3.75 7.5 9
Empirical formula AlEtp(Oisoamyl)qCI
p : 1.75 1.5 .4
q | 10.25 0.5 0.6
Characterisation of the catalytic solids
TiCl, content (g/kg) 805 773 770
Aluminjum content (g/kg) 1 1.2 1.3
DIAE content (g/kg) 95 78 62
Vv : 0.043 0.06 - 0.08
Ss _ 172 . 174 - 90
o, - - - 15 -20 10 - 20 15 - 25
Polymerisation results . : ' _
Activity ¢ . . . 4810 3835 2200
ASW ' 366 378 318
£Tri ' - ei.s 91 93
e | 605 515 -
MFI ' 17.2 2.9 25.1
FPV _ 0.06 0.1 0.17

It is thus found that, all other things being
equivalent, variable contents of groups Y in the composi-
tion (C) enable the internal porosity of the catalytic

" solids to be controlled to e-lafge extent. More particu-

larly, an increase in the intermediate pore volume for
the pore radii between 1000 and 15000 A (IPV) in parallel
with the increase in the group Y content is observed.
Examples 4R and 5R

These examples 4R and 5R are given by way of
comparison.
Example 4R

100 ml of Isopar H and 15 ml (136 mmol) of. T:.Cl4

are 1ntroduced successively, with stirring (81ngle -blade

stirrer ;otatlng at 250 rev/min), into a 1-1 dry auto-
clave kept at 30°C under a nitrogen atmosphere. 69 ml
(340 mmol) of diiscamyl ether are then added in the
course of 30 minutes. Following this addition, a solution
consisting of 80 ml of Isopar H and 17 ml of DEAC is
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introduced dropwise in the course of half an hour.

- 23

‘Finally, while progressively (in the course of 1 hour)
raising the temperature of ‘the solution up to 100°C,
45 .m1 (408 mmol) of TiCl, are added in the course of 10
minutes. The reaction mixture is kept at this temperature
for two hours and then brought back  to ambient
temperature, washed with hexane and dried using dry
nitrogen énd heat. This solid. contains, per kg: 635 g of
TiCl,, 12 g of aluminium and 10 g of DIAE; its IPV is
0.29 em®/g and its Ss is 140 m?/g.

' A polymerisation experiment is carried out in the
presence of this catalytic solid under conditions

strictly identical to those déscribe_d in Example 1, part

" B. "At the end of this experiment, 115 grams of polymer

(¢ = 1280) are recovered, this polymer being in the form
of grains of irregular morphology and having an ASW of
only 205 g/dm’.

B Examgle 5R

a catalyt:.c solid based on T1013 is prepared as
described in Example 1 but using the composition (C)
described below. _ . _

The composition (C) is obtained by mixing 80 ml
of Isopar H, 8.5 ml (68 mmol) of DEAC and 22.75 ml
(136 mmol) of dibutyl ether (DBUE). -

- The catalytic solid contains 799 Q/kg of TiCl,,
1.3 g of aluminium and 86 g of DIAE, its IPV is
0.26 cm’/g. '

~ The polymerisation experiment (conditions:
Example 1, part B) peﬁits the production, with an
activity a of only 1190, of a polymer for which the
isotacticity index determined by NMR is only 86%.

Examples 6 and 7 _ o
| ' Catalytic solids are prepared as in Example .1
except in respect of the addition of TiCl,.

. In Example 6, the heat ‘treatment of the ligquid
material resulting from the contact .between the
"pretreated"” TiCl4 and the solution (C) takes place after
the addition of all of the TiCl,.

In.Exaﬁnple 7, all of the TiCl,, that is to say
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60 ml, is 1ntroduced as a single amount from the start of

the synthesis of the catalytic solid.

The characteristics of these solids and the
results of the polymerisation experiments are collated in
Table II below. '

) Table II

Exampies o _. ' 6 1
Properties of the catalytic solids
TiCl, content (g/kg) 860 776
Aluminium content (g/kg) 0.8 1.2
DIAE content (g/kg) 85 71
IPV 0.06 0.06
Ss 159 176
Polymerisation results '
(Activity a 3835 3700
ASW ' 376 375
fTri 90 92
G 540 625
MFI 4.2 10.4
FPV 0.11 0.09

Example 8

' The catalytlc solid is prepared using the method

' described in Examples 1 to 3, part A, paragraph 2, using

the composition (C) obtained as described below.

80 ml of Isopar H and 18.5 ml of triethylalumin-
ium (TEAL) are introduced successively ‘into a 200-ml
reactor previously .purged with dry mnitrogen. While

keeping this solution at a temperature below 50°C,

' 22.5 ml of isocamyl alcohol are ‘added dropwise. The

empirical  formula of this composition is:
AlEt, gOisocamyl, 5. | .

The catalytic solid contains 764 g/kg of TiCl,,
1 g of aluminium and 71 g of DIAE; its IPV is 0.09 cnP/g
and its specific surface area is 51 cm /g.

Used in the ﬁest for the polymerisation of
propylene in a condensed medium, it leads, .with an
activity o of 2835, to a polypropylene having an ASW of
362, an MFI of 7.6, a G of 535 and an isotacticity index

determined by NMR of 88%. The FPV of the solid polyﬁer is
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Example 9
Thls example 111ustrates a variant of the syn-

- 25 -

~ thesis of the compos:tlon (C).

80 ml of Isopar H, 102 mmol (12.7 ml) of DEAC and
34 mmol of chloroethoxyethylalumznlum are introduced
successively, under a nitrogen atmosphere, into a previ—
ously dried reactor in order to obtain a composition of
emp1r1ca1 formula AlEt1750Et025c1.

Thls solution is added to the “pretreated" TiCl,
solutlon as descrlbed in Examples 1 to 3, part A, para-
graph 2, in order to form a purplish-blue catalytic solid
containing 792 g of Tic13, 0.8 g of aluminium and 63 g of
DIAE per kg of solid and having a IPV and Ss of, respec-
tively, 0.061 em®/g and 165 m?/g.

The D, of the catalyst gralns is between 15 and
20 pm. ' '

The polymerisation test (reference cbnditions)
allows the production of 350 g of polymer (activity o of
3230) havihg'the following characteristics:

- ASW | 340 g/dm?

- ¥Tri | 94.8%

- @ | 700 daN/cm?
- NFI |3 g/10 min
- FPV | 0.12 em3/g

Example 10

A  composition {C) of empirical formula
AlEt,, .5 (OEt) g 55Cl is obtained by reacting 17 ml of DEAC
with 3 ml of ethanol using the method described for
Example 1.

_ The production of the catalytlc solld, 1dent1ca1
to that described in Example 1, leads to a violet solid
containing, per kg, 879 g of TiCl;, 0.9 g of aluminium
and-127 g of DIAE. _ -

The IPV is 0.067 cnP/g. o
Used in the propylene polymerisation test, under
the referende conditions, this catalytic solid leads to
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the productlon, with an activity o of 4060, of a polymer
which has an ASW of 358 and an FPV of 0.1 cm®/g. The

other characteristics of the. polypropylene are: fTri =
92%; MFI = 3.8 and G = 546. |

Example 11 _
A - Preparation of the catalytic solid
1 - Preparation of the composition (C)

' 800 ml of Isopar H and 170 ml of DEAC are intro-
duced successively, under a nitrogen atmosphere, into a
2-1 reactor fitted with a single-blade stirrer rotating
at 400 rev/min. Subsequently 82 ml of isoamyl alcohol are
introduced dropwise (in the course of one hour) while
kéeping the temperature of the solution below 50°C.

The solution is stored at ambient temperature,
with étirrihg and while sweeping with nitrogen, for 16
hours before it isg used. '

This coﬁposition. may be ‘characterised by the
empirical formula- AlEt145(Olsoamyl)055c1. '
2 - ngthes;s of the catalytic solid

1 1 of Isopar H and 150 ml of TiCl, are intro-
duced into a 5-1 dry reactor fitted with a single-blade
stirrer .rotating at 220 rev/min. Keeping this TiCl,
sélution at 30°C, 690 ml of DIAE are introduced slowly
(30 minutes), followed by 970 ml of the composition (C)
described above. The introduction of the composition (C)
is carried out in the course of 60 minutes. After having
rYeduced the stirring speed to 85 rev/min, 450 ml of TiCl,
are introduced in the course of 20 minutes, while_faising
the temperature in order to attain 100°C after 50
mlnutes. The suspension is kept at 100°C for two hours
and the solid formed is isolated by settling and then
washed 7 tlmes with 2 1 of dry hexane.: '

' This catalytic solid, of purpl:sh -blue colour,
contains, per kg, 830 g of T1C13, 1 g of aluminium and
58 g of DIAE. Its IPV is 0.07. '

3 - Prepolymerisation of the catalytic solid

. ‘A1l of the catalytic solid obtained according to
point 2 (that is to say about 317 g of solid based on
TiC15 complex) is suspended in 1.8 1 of hexane at 30°C,
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wh:.le st:.rr:.ng at 150 rev/min.

780 mlnof a hexane solution of a preactivating

~ agent (hereinafter termed preactivating agent D), previ-

ously prepared by mixing, per litre of hexane, 80 g of .

_ DEAC and 176 g of n-octadecyl 3-(3’,5’'-di-tert-butyl-4'-

hydroxyphenyl)propionate marketed under the name Irganox '
1076 by CIBA-GEIGY, are introduced glowly (30 minutes).
This solution is used 15 minutes after the end of the

evolution of gas observed during its preparation.

Following this addition, 240 ml of propylene are
introduced in the course of thirty minutes and stirring
of the suspension is continued for a further 30 minutes.

After settling, the resulting prepolymerised
catalytic solid is washed 7 times using 2 1 of dry
hexane, the solid ‘being resuspended after each washing,
and then dried by sweeping with nitrogen in a fluidised
bed for 2 hours at 70°C.

'I'he preactivated catalyt:.c solid contains, per

kg, 533 g of TiCl,, 8.2 g of aluminium, 18 g of DIAE,

228 g of polypropylene and an amount of preactivating
agent D estimated at 142 g. . o

The IPV of the catalyst is 0.09 cm®/g and its specific
surface area is 8 m?/g. ' -

B - Polymerisation of propylene in the gaseous mornomer

The preactivated. catalytic solid is used in an

experiment for the polymerisation of propylene comprising
a first step carried out. in the liquid monomer and a
second step carried out in the gas phase under the
operating conditions detailed belbw;

" The following are introduced, under a stream of
nitrogen, into a 5-1 aﬁtoclave used according to Example
1, part B: .

- 342 mg of an activating agent consisting of a
mixture of DEAC as used above with triéthyl.- '
.aluniinium and ethyl benzoate (EB). The molar
ratio_s of DEAC/EB and TEAL/EB are, respec-
tively, 60/1 and 2.2/1. .

- 35 mg of prepolymerised catalytic solid (the -
molar ratio between. the DEAC and the TiCl;
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present in the solid is then about 15).

- 28 -

An absclute pressure of 2 bars of hydrogen is

then produced in the_autoclave, 1 1 of liquid propylene

is then introduced, with stirring, and the temperature is
raised to 50°C. Polymerisatien ig carried out under these
conditions for 10 minutes. The autoclave is then degassed
to a pressure of 7 bars absolute, while being heated to
75°C. An sbsolute.hydrogen'pressure of 0.8 bar is then
produced therein and proﬁylene is then introduced in the
gas state until a total pressure of 21 bars absolute. at
the temperature under coﬁsideration is reached. After
pelymerisation under these conditions for 4 hours, the
reaction is stopped by the iptroduction of 25 ml of a
1 mol/l sodium hydrexide solution and, after washing the
polymer with 2 1 of water, 214 g of dry polymer are
recovered. e

The act1v1ty of the catalytic solid is then 1820
and the productivity is 7280 g of polypropylene (PP) per
gram of preactivated catalytic solid. This PP has an MFI
of 14.8, a fTri of 97 and an FPV of 0.15 cm 3/g.

Example 12
The prepolymer:sed catalytic solid descrlbed in
Example -11 is used in a two- step polymerisation experi-
ment which has the aim of producing a block copolymer by
the method described below. '
The following are introduced, under a stream of
nitrogen, into a 5-1_aut0c1ave used according to Example
l, part B: |
- 342 mg of an actlvatlng agent consisting of a
mixture of DEAC as used above with triethyl-
alumlnlum and ethyl benzoate (EB). The molar
ratios of DEAC/EB and TEAL/EB are, respec-
tively, 60/1 and 2.2/1.

- 35' mg of preactivated catalytic so;id' (the
molar ratio between the DEAC and the TiCl,
‘present in the solid is then about 15).

An absolute pressure of 2 bars of hydrogen is
then produced in the autoclave, 1 1 of liquid propylene

‘is then introduced, with stirring, and the temperature is
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ralsed to 50°c Polymerisation is carried out under these
cond1t1ons for 10 mznutes. The autoclave is then degassed
to a pressure of 7 bars absolute, while being heated to -
75°C. An absolute hydrogen pressure of 0.6 bar is then
produced therein and propylene is then introduéed in the
gas state until a total preséure of 21 bars absoclute at
the temperature under consideration is reached. After
polymerisation for 2 hours, the autoclave is degassed to
4.5 bars abéolute while keeping the temperature aﬁ 75°cC.

'In a first step, gaseous propylene is introduced therein

so as to ensure a total pressure in the autoclave of
15.4 bars at the temperature under consideration and
gaseous ethylene is then introduced to obtain a total
pressure of 21 bars . absolute. The propylene is
copolymerised with the ethylene for 140 minutes while
continuously‘feeding the autoclave with a gaseous mixture
of propylene and ethylene.having the composition of the
copolymer formed, so as to keep the compqsition of the
polymerisation_mixture constant. .

The polymerisation is stopped.by.the introduction
of 25 ml of a 1 mol/l sodium hydroxide solution and, with
an activity o of 1433, 360.g of polymer are recovered,

which polymer_has a good pourability and the following

characteristics:

MFI 0.61
(e} 185
FPV 0.04

The proportion of elastomer in the ﬁbtal polyﬁer
is 59% by weight; the ethylene content of the total

polymer is 265 g/kg.

Example 13

This éxample'illustrates a variant of the syn-
thesis of the composition (C). ' .

The catalytic solid is prepared as in Exaﬁple 1
but by replacing the 7. S.ml of isocamyl alcohol by 8.5 ml

of 3-methylbutane-1-thiol.

The characterisation of the catalyt;c solid and
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that of the polypropylene obtained in a reference experi-

" ment are described in Tablé III below.

Table III
Properties of the catalytic solids
TiCl, content (g/kg) - 847
Alumin;um content {(g/kg) 0.7
DIAE content (g/kg) 90
IPV - 0.095
Ss ' 90
Poizgerisation results |
' Activity o 1970
ASW | 310
£Tri : ' 92
- MFI | 6.1

- FPV 0.07

- Examples 14 to 17,

These éxamples illustrate the preparation of
catalytic solids in the presence of an organic or inor-
ganic support (S).

A - Preparation of the catalytic solids

1 - Preparation of the compositions (C)
30 ml of Isopar H and 5.7 ml of DEAC are intro- -

duced into a 100-ml flask previously conditioned under
nitrogen. While continuing to stir this solution at 40°c,
1.2 ml of isoamyl alcohol are added dropwise thereto in
the course of about 30 minutes. Stirring of the solution
thus obtained is continued for 12 hours before it is
used. . : o |

2. ngthésis of the catalytic solids

The nature and the amount of the supports (S)
used in these syntheses, their characteristics and the
heat treatments to which they were subjected beforehand
are given in Table IV below.

160 ml of Isopar H, 23 ml of dilsoamyl ether and
the chosen ampunt (as indicated in Table IV) of support
(8) are introduced successively into a 1l-litre autoclave
fitted with a single blade stirrer rotating at 250 rev/

‘min and previously purged with nitrogen. 20 ml of TiCl,
are then added to this suspénsion in the course of 30
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minutes.

While keeping this suspension at 30°C, 35.7 ml of
the composiﬁion (C) described above are added thereto
within the hour. The temperature is then raised so as to
attain 100°C after 1 h. o

The réactioﬁ mixture is kept at this temperature

for two hours and then brought back to ambient

'temperature.

The liquid phase ié then separated from the

. catalytic solid by decanting and the solid product is

washed with hexane by successive decanting and then dried
for 1 hour under a stream of nitrogen at 70°C.

The catélytic solid tﬁus'obﬁaiﬁed has an appear-
ance identical to that of the support; its colour is
violet. Table IV below also gives the characteristics of
the catalytic solids obtained as well as their perform-
ance in the polymerisation test in the 1liquid monomer
under -the reference conditions (Example 1, part B).
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Table IV
Examples' ;*gf 14 l§~ . - 1s
Characteristics of the supports (S)
type " gilica

trade name

company GRACE CARBORUNDUM AKZO
SPV ¢ 0.6 0.33 1
Ssu 320 3 - 301
Heat treatment of the support (S)
Temperature (°C) 800 800 - 800
time (h) 16 16 _ 16

Amount of support (S) used

(g)- .. 25 90 ' 25

.Characteristics of the catalytic solids

TiCl, content

(g/kg) " 363 134 350
. DIAE content - _
(g/kg). 89 16 . 50
IPV 0.01 0.10 0.12
Ss - 243 33 204
bm 20-200 10-150 -
Polymerisation results
Activity o '2800 3980 3450
ASW : 395 359 442
£Tri E 89 90 90
G 445 500 . 575
MFI . 2.9 4.1 6.1
' FPV 0.08 0.30 0.12

alumina
SG 532 SAEHS 33f50 KETJEN 13

17

polymér*

-CHROMOSORB 101

Jhons-Manville
Co Ltd

0.9

41

80
1 .

25

118

46
0.05

3340
330
91

4

0.14
* comprising a styréne/diﬁinylbenzene copolymer
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Cc L AIMS .
1. Catalytic solid based on titanium ‘trichloride

complex, usable for the stereospecif_ic polymerisai:idn of
alpha-olefins, characterised in that it is obtained by
heat treatment, in the presence of a halogenated activat-
ing agent, of the liqtiid material resulting from bringing

TiCl,, pretreated with an electron-donor compound, into

‘contact with a composition (C) corresponding to the

general formula .
AR, (V) 4 X 3-(p 4 o [sic] @
in which : '

- R represents a hydrocarbon radical;

- Y represents a group chosen from -OR’, -SR’ and
-NR’R", in which R’ and R" each represent a hydro-
carbon radical or a hydrogen atom;

- X represents a halogen;

- p is an arbitrary number such that 0 < < 3; and

3.

2. Catalytic solid according to Claim 1, charac-

the sum (p + q) being such that 0 < (p + Q)

terised in that, in the general .:Eo_rmula (T):

- R represents a straight-chain or branched alkyl
radical containing from 2 to 8 carbon atoms;

- Y represents a group -OR’, in which R’ is chosen
from straight-'chaih or branched . alkyl radicals
containing from 1 to 12 carbon atoms and aryl
radicals containing from 6 to 35 carbon atoms;

- X represents cfxlorine; .

- p is a number such that 1 = P s 2; and

- q is a number such that 0.1 s g = 3.

3. Catalytic solid according to Claim 1 or 2,

characterised in that the electron-donor compound is

chosen from aliphatic ethers.

4, Catalytic solid according to Claims 1 to .3,

' characterised in that the halogenated activating agent is

chosen from inorganic halogenated compounds.

5. ~Catalytic solid according to Claim 4, charac-
terised in that the halogenated activating agent is.
T1C14.
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6. : Catalytlc solid according to any one of Clalms 1

to 5, characterised in that it is obtained by adding an

- organic or inorganic support (S) at any time to the

mixtﬁre for the preparation of the said solid.

7. . Catalytic solid acsording to Claim 6, charac-
terised in that the support (s) is added before the heat
treatment of the 11qu1d material.

8. Catalytic solid according to either of Claims 6
and 7, characterised in that the support (S) is a pre-
formed organic polymer.

9. Catalytic solid according to either of Claims 6 and
7, characterised in that the support (8) is chosen from
-oxygen-containing compounds such as the_siiiéén, alumin-
ium; magnesium, titanium and zirconium oxides and their
mirtures. ’ |

-10. Process for the preparation of a catalytic solid

based on titanitm trichloride complex, usable for the
stereospecific polymerisation of alpha-olefins, charac-
terised in that the 1liquid material resulting from

~ bringing TiCl,, pretreated with an_electron-donor'coml

pound, into contact with a compositiomn (C) corresponding
to the éeneral formula

AR, (¥) o X 5. (p . o [sic] | (1)
in which

- R represents a hydrocarbon radical;"

- Y represents a group chosen from -OR’, -SR’ and -NR’R",
in which R’ and R" each represent a hydrocarbon radical
or a hydrogen etom;

- X represents a halogen;

- p is an arbitrery number such that 0 < p < 3; and

- g is an arbitrary number such ‘that 0 < qg < 3;

the sum (p + q) being such that 0 < (p + Q) = 3, is

subjected to a heat treatment carried out in the presence

of a halogenated activating agent. |

11. Process according to Claim 10, characterised in

that the amount of composition (C) brought into contact

with the pretreated TiCl, is such that the atomic ratio

between the aluminium contained in the composition (C)

and the titanium contained in'the pretreated TiCl, is

Ny
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between 0.1 and 8.

12. Process accordlng to Claim 10, characterised in
that the heat treatment is carried out under conditions
inducing the substantial precipitation of partlcles of

solid based on titanium trichloride.

_ 13. Process according to Claim 10, characterised in

that the halogenated activating agent is added at the
start of the heat treatment. | |
14. Process according to Claim 10, characterised in
that the halogenated ectivating agent is TiCl, origina-
ting from a non-reduced excess of the initial TiCl,.
15. ﬁrocess according to any one of Claims 10 to 14,
characterised in that ithe amount of activating agent used
is ‘between 0.5 and 10 mol per mole of titanium
trichloride present in the liquid'material.'
16. ' Process according to any one of Claims 10 to 15,
characterised in that the heat treatment is followed by
ageing. _ _ . '
17. . Process according to any one of Claims 10 to 16,
characterised in that an organic or inorganic support (8)
is added at any time to the mixture for the preparation
of the said solid. | ‘ :
1is8. Process for the polymerisation of alpha-olefins
in the presence of a catalytic system comprising an
activator chosen from the organometallie compounds of
metals of groups Ia, IIa, IIb and IIIb of the periodic
table and a catalytic solid based on titanium trichloride
complex, characterised in that the said solid is obtained .
by heat treatment, in the presence of a halogenated
activating agent, of the liquid material resulting from
bringing TiCl,, pretreated with an electron-donor com-
pound, into contact with a composition (C) corresponding
to the general formula
| AR, (¥) g X5 ., g [sic] (1)
in which
- R represents a hydrocarbon radlcal,
- Y represents a group chosen from -OR’, -SR’ and -NR’R“;
in which R’ and R" each represent a hydrocarbon radical
or a hydrogen atom;
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- p is an arblﬁrary-number such that 0 < p < 3; and

- X represents a halogen,

- q is an arbitrary number such that 0 < q < 3;
the sum (p + g) being such that 0 < (p + @) = 3.
19. ° = Process according to Claim 18, characterised in
that the'satalytic solid is obtained by adding an organic
or inorganic support (S)'at any time to the mixture for
the preparatlon of the said solid.
20. ' Process accordlng to either of Clalms 18 and 19,
characterised in that the activator is chosen from the
compounds of formula:
Al R’’’ 25 , [sic]

in which
- R*’’ is a hydrocarbon radical containing from 1 to 18

carbon atoms; |
- 2 is a halogen, and
- x is any number such that 0 < x = 3.
21. ' Process according to elther of Claims 18 and 19,
applied to the stereospecific polymerisation of
propylene.
22. Process according to either of Claims 18 and 19,
applied-te the_stereospecific polymerisation of propylene
in suspension in an inert hydrocarbon diluent.
23, - Process according to either of Claims 18 and‘19,
applied to the stereospecific polymerisation of propylene
in the monomer in the ligquid state. ' '
24. Process according to either of Claims 18 and 19,
applied to the stereospecific polymerlsatlon of propylene
in the gas phase.

25. Process according to either of Claims 18 and 19,

iapplied to the production, in the gas phase, of copoly-

mers containing blocks consisting of crystalline propyl-
ene homopolymer blocks and blocks of statistical
copolymer containing from 40 to 70 mol% of propylene and
from 60 to 30 mol% of ethylene. _

26. Process according to Claim 24, characterised in
that the content of homopolymer blocks makes up 30 to 90%

by weight of the total polymer.



