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[57 ABSTRACT

Catalyst system, suitable for the (co)polymerization of
ethylene and optionally minor amounts of 1-alkenes
and/or dienes at such temperatures that the copolymer
formed goes into solution, to be prepared by combining
at least two components A and B, which components
comprise:

A. one or more magnesium compounds, one or more
aluminium compounds, one or more transition
metal compounds and optionally one or more halo-
gen compounds, in such amounts that the atomic
ratio of halogen to magnesium is at least 2, the
atomic ratio of aluminium to transition metal is at
least 3, the atomic ratio of aluminium to magnesium
is at least 1, and the atomic ratio of magnesium to
transition metal is at least 0.5,

B. one or more organoaluminium compounds of the
general formula R,,!Al X!3_,,, where the symbols R!
are equal or different and represent a hydrocarbon resi-
due with 1-20 carbon atoms and the symbols X! are
equal or different and represent a hydrogen atom, a
group of the general formula —NR2; (where R2 is a
hydrocarbon residue with 1-10 carbon atoms), a group
of the general formula —OR3 (where R3 is a hydrocar-
bon residue with 1-20 carbon atoms or a group of the
general formula —Si(R4)3, where the symbols R# are
equal or different and represent a hydrogen atom and-
/or a hydrocarbon residue with 1-20 carbon atoms),
and 0<m<3, or a group of the general formula
—[OAIRY%)],—OAIR;%, where the symbols R are equal
or different and represent a hydrocarbon residue with
1-10 carbon atoms, and n=0,

which two components are, separately or in combina-
tion, supplied direct to the polymerization vessel in such
amounts that the atomic ratio of the aluminium from
components B to the aluminium from component A is at
least 0.1.

19 Claims, No Drawings
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CATALYST SYSTEM FOR
(CO)POLYMERIZATION OF ETHYLENE IN
SOLUTION

The invention relates to a catalyst system for the
(co)polymerization of ethylene and optionally minor
amounts of 1-alkenes and/or dienes, to the preparation
of this catalyst system and to the (co)polymerization of
ethylene and optionally minor amounts of 1-alkenes
and/or dienes. v

There are numerous catalyst systems that are capable
of bringing about polymerization of ethylene and/or
1-alkenes. Thus, for instance, so-called Phillips and
Ziegler-Natta systems can be distinguished. Of these, a
number relate to polymerization in the gas phase. Oth-
ers are directed at polymerization in the presence of a
liquid dispersant. The latter can be subdivided into the
so-called suspension system, with polymerization taking
place at temperatures below the dissolution temperature
of polyethylene, and the so-called solution system, with
a polymerization temperature above the dissolution
temperature of the polyethylene formed.

Solution polymerization requires special catalyst sys-
tems as the molecular weight of the polymer produced
generally decreases with increasing polymerization
temperature. It was not until the end of the sixties that
a catalyst was developed the activity of which was such
as to allow of solution polymerization of ethylene with-
out there being any need to remove catalyst residues
from the product (GB-A No. 1,235,062).

At the time, these systems without washing treatment
meant a major improvement of existing polymerization
techniques. Since then, however, the requirements im-
posed on products have become much severer, not only
qualitatively but especially as regards environmental
and public health aspects. For this reason, a catalyst was
needed that, while having a lower heavy metals con-
tent, produces, under comparable conditions, as much
polyethylene of the same quality as the existing cata-
lysts. In effect, this means a catalyst producing a higher
amount of polyethylene per mmole of transition metal,
which polyethylene must meet the customary require-
ments of processability and applicability. -~

The invention aims to find a catalyst system meeting
the above-mentioned requirements.

It has, surprisingly, been found that a catalyst system
that is a combination of at least two components, A and
B, which components comprise:

A: one or more magnesium compounds, one or more
aluminium compounds, one or more transition metal
compounds and optionally one or more halogen com-
pounds, in such amounts that the atomic ratio of halo-
gen to magnesium is at least 2, the atomic ratio of alu-
minium to transition metal is at least 3, the atomic ratio
of aluminium to magnesium is at least 1, and the atomic
ratio of magnesium to transition metal is at least 0.5;

B: one or more organoaluminium compounds of the
general formula R,!Al X13_ ., where the symbols R!
are equal or different and represent a hydrocarbon resi-
due with 1-20 carbon atoms and the symbols X! are
equal or different and represent a hydrogen atom, a
group of the general formula —NR2; (where R2is a
hydrocarbon residue with 1-10 carbon atoms), a group
of the general formula —OR3 (where R3is a hydrocar-
bon residue with 1-20 carbon atoms or a group of the
general formula —Si(R4);, where the symbols R# are
equal or different and represent a hydrogen atom and-

2

/or a hydrocarbon residue with 1-20 carbon atoms),
and 0<m<3, or a group of the general formula

" —[OAIR%)],—O0AIR5, where the symbols RS are equal
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or different and represent a hydrocarbon residue with
1-10 carbon atoms, and n=0;

which components are fed, separately or in combina-
tion, direct to the polymerization vessel in such amounts
that the atomic ratio of the aluminium from component
B to the aluminium from component A is at least 0.1, has
such an activity that the amount of heavy metals that is
present per gramme of polymer decreases substantially.
At the same time, the polymer can normally be pro-
cessed and applied.

From U.S. Pat. No. 4,526,943 a two-component cata-
lyst system is known. Component A contains a magne-
sium compound, which is pretreated with an organic
hydroxyl compound. Also, component B comprises
aluminium compounds other than those according to
the subject invention. This system is intended for sus-
pension polymerization and is less suitable for solution
polymerization.

European patent applications EP-A No. 58594 and
EP-A No. 132 299 describe catalyst systems that are
active at solution polymerization temperatures.

EP-A No. 58549 comprises the combination of two
components, the first of which is prepared by reacting a
solid reaction product of an organomagnesium com-
pound and a halide with a transition metal compound
and an organometal compound and recovering the pre-
cipitate thus obtained, and the second of which is an
organoaluminum compound. In EP-A No. 132 288 the
first component is obtained by reacting a solid reaction
product of an organomagnesium compound and a chlo-
rosilane compound with an electron donor, recovering
the precipitate thus obtained and reacting the same with
a transition metal compound, and the second compo-

- nent is an organometallic compound.
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A drawback of these catalysts is that the preparation
of the first compound is a Laborious affair. In plant-
scale polymerizations, streamlining of the process is of
prime importance; reactions that take some hours and
the recovering of precipitates interfere with this aim. In
addition, the precipitate gives rise to problems in dosing
the catalyst to the polymerization vessel.

From U.S. Pat. No. 4,330,647, likewise, a two-com-
ponent catalyst is known that is suitable for polymeriza-
tion under solution conditions. The first component
here is prepared by reacting a reaction product of a
magnesium compound and an (organic) trichloro- or
tetrachloro-compound with a transition metal com-
pound. Preparation of this compound also takes some
hours, which is objectionable in a process to be carried
out on plant scale. Here too, the precipitate, which is
not recovered separately, but is supplied to the reactor
as a suspension, gives rise to problems in catalyst dosing
and clogging of the feed line.

The catalysts according to the subject invention not
only are very active, but also very rapid, so that very
short residence times can be used. Short residence times
have the great advantage that a small reactor can be
used. Thus, in a 5 m3 reactor an annual production of
more than 50,000 t can be reached when using the cata-
lysts according to the invention.

With the subject catalysts, residence times of 5 min-
utes or shorter will suffice. At residence times of 3
minutes the yields still are so high that no washing
treatment for catalyst residue removal need be applied.
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Yet another advantage is that components A and B
are supplied direct to the reaction vessel, that is, with-
out further heating, incubations, precipitate recovery
and/or other treatments. This is of great importance in
plant-scale polymerizations, where all efforts are aimed
at streamlining of the process. The residence time in the
feed lines of the various ingredients of the catalyst com-
ponents according to the invention generally is suffi-
cient for obtaining an active catalyst system. In most
cases this residence time will not be longer than some,
for instance 5, minutes, and often even less, for instance
less than 3 minuten or even less than 1 minute.

Catalyst systems according to the invention have the
highest activity at an atomic ratio of aluminium from
component A to transition metal of at least 5. Further-
more, it is recommendable for the atomic ratio of alu-
minium from component A to magnesium to be higher
than 2, in particular at least 3. An atomic ratio of halo-
gen to magnesium of at least 3, in particular at least 5,
leads to improvement of the results. The above-men-
tioned ratios will generally be at most 500, in particular
at most 200, and more in particular at most 100. A fur-
ther activity increase is achieved at an aromatic ratio of
magnesium to transition metal of at least 1, in particular
at least 1.5, more in particular at least 2, especially when
the transition metal compound is formed by one or
more titanium compounds. This ratio will usually not be
higher than 100, in particular 50. The atomic ratio of
aluminium from component B to aluminium from com-
ponent A that gives the best results depends somewhat
on the composition and amounts of the other catalyst
components. In general, a ratio of at least 0.2 and at
most 10, in particular at most 5 and more in particular at
most 2, is to be recommended. The transition metal
compounds of component A preferably contain at least
a titanium compound, good results being obtained espe-
cially with titanium compounds of the general formula
Ti(OR6)4.,X2, or Ti(OR7)3_,X3, where the symbols
Rband R7are equal or different and represent hydrocar-
bon residues with 1-20 carbon atoms, X2 and X3 repre-
sent halogen atoms, 0=p=4 and 0=q=3. Of these
compounds, titanic acid esters, such as tetrabutox-
ytitanium, are recommended. Besides the titanium com-
pound, optionally other transition metal compounds
may be present, for instance compounds of vanadium,
molybdenum, zirconium and/or chromium. It is also
possible to apply titanium complexes such as, for in-
stance, TiCl3.3 decanol, tetrabutoxytitanium.AlCls,
tetrabutoxytitanium.0.2 Cr (acetylacetonate), tet-
rabutoxytitanium.x CrO3 and tetrabutoxytitanium.x
diethylzinc (0>x=1). Compounds such as cresyl tita-
nate polymer (CH3CsH4[Ti(OCsH4CH3.
)20].0CsH4CH3, a=1), for instance, can likewise be
applied. Mixtures of titanium compounds and/or other
transition metal compounds can also be used.

The magnesium compounds of component A prefera-
bly have the general formule R8,MgX%,_,, where R8
represents a hydrocarbon residue with 1-20 carbon
atoms, in particular alkyl, and X* a halogen atom, in
particular chloride, or an alkoxy-group, with 0=r=2.

It is in particular recommendable for the magnesium
compound to be soluble in the solvents customarily
used in solution polymerization systems, or to be pre-
pared starting from a soluble magnesium compound.

Preference is given to organomagnesium compounds,
especially those with at least one hydrocarbon residue
bound to the magnesium atom, preferably an alkyl resi-
due. In particular dialkylmagnesium compounds yield a
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catalyst system with a high activity. The (organo)mag-
nesium comound may also be complexed with other
(organo)metal compounds so as to obtain a soluble
product. For this purpose, for instance organozinc,
organoborium, organolithium, but especially or-
ganoaluminium compounds are suitable. Examples of
magnesium compounds that are suitable for component
A are ethylbutylmagnesium, dibutylmagnesium, and
higher dialkylmagnesium compounds, as well as com-
plexes of, for instance, dibutylmagnesium.} trie-
thylaluminium and the like, or mixtures thereof.

The aluminium compound of component A may be
chosen from a large group of compounds. Preference is
given to an organoaluminium compound of the general
formule R%A1X5;_, where the symbols R9 are equal or
different and represent a hydrocarbon residue with 1-20
carbon atoms, in particular alkyl, X5 represents a halo-
gen atom, in particular chlorine, and 0<s=3. Mixtures
may also be applied.

Examples of organoaluminium compounds of compo-
nent A are: diethylaluminium chloride, monoe-
thylaluminium chloride, monomethylaluminium dichlo-
ride, sesquimethylaluminium chloride (ethyl; sA1Cl, s),
sesquimethylaluminium chloride (methyl; sAICl; s).
Particularly diethylaluminium chloride and/or sesquie-
thylaluminium chloride yield good results. Alaminium
compound in which no halogen is present (like die-

thylaluminium dihydromethylsiloxide, die-
thylaluminium dimethyl-ethylsiloxide, die-
thylaluminiom triphenyisiloxide, triethylaluminium,

triisobutylaluminium, trimethylaluminium) can also be
used but in that case a halogen, in particular chlorine,
containing compound is preferably added. These can be
hydrogen chloride, alkyl chlorides, acyl chlorides, aryl
chlorides, inorganic chlorides or combinations thereof.

A point to be observed is that the atomic ratio of
halogen to magnesium must at least be 2. If use is made
of aluminium compounds containing little halogen, in
particular trialkylaluminium compounds, it may be nec-
essary to increase the halogen content of component A.
This may be done by, for instance, choosing the transi-
tion metal compound such that it can serve as halogen
source. However, in connection with the freedom of
choice in this respect it is to be recommended to add an
additional halogen compound. For this purpose for
instance alkyl chlorides can be used, or acyl chlorides,
aryl chlorides, inorganic chlorides or combinations
thereof. In the case of organic chlorides, monochloro-
and dichloro-compounds are preferred, in particular
monochloro-compounds. Preference is given to isopro-
pyl chloride, benzyl chloride and/or chlorides of ele-
ments from groups 3a and 4a of the Periodic System
(Handbook of Chemistry and Physics, 52nd ed.), in
particular SiCls and BCls. Also mixtures can be applied.

An active catalyst yielding a high polymer molecular
weight, also at low transition metal contents, is formed
also when component A furthermore comprises one or
more electron donors (Lewis bases), such as, for in-
stance, diethylamine, ethyl benzoate, isopropyl alcohol,
acetyl acetone and/or methylparatoluate. This electron
donor may also be added together with one of the other
compounds, for instance in the form of tetrabutox-
ytitanium or tetraisopropoxytitanium, or premixed with
the magnesium compound. It also is possible to add an
extra amount of electron donor, besides for instance
tetrabutoxytitanium.

The aluminium compound of component B prefera-
bly possesses oxygen bonded to aluminium, in particular
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alkyl aluminoxane (R5;Al—[OAI(R5)],—OAIRS,,
where R3 is equal or different and a hydrocarbon resi-
due with 1-10 carbon atoms and n J O), alkylsiloxalane
or dialkylaluminium alkoxide. Examples of or-
ganoaluminium compounds of component B are: me-
thylaluminoxane, diethylaluminium dihydroxymethyl-
siloxane, diethylaluminium dimethylethylsiloxide, die-
thylaluminium triphenylsiloxide, triisobutylaluminox-
ane, diethylaluminium methoxide. Mixtures may also
yield good results.

A further increase in activity is achieved if, besides
the organoaluminum compound(s), one or more other
metal alkyls are added to component B, such as, for
instance, compounds of dialkylmagnesium, dialkylzinc,
trialkylborium and alkyllithium. Good results are ob-
tained particularly when component B also comprises
one or more electron donors, such as ethyl benzoate,
isopropyl alcohol, methylparatoluate, decanol, polyme-
thylhydrosiloxane.

If desired, also a chloride may be added to compo-
nent B.

The components of catalyst systems according to the
invention may be fed to the reactor separately or in
combination. However, a better result is obtained when
components A and B are fed separately to the reactor.
When components A and B are fed separately to the
reactor, it is in itself immaterial in what sequence this is
done.

As regards the mixing of the ingredients of compo-
nent A, it is recommended, notably for plant-scale poly-
merizations, to mix first the magnesium compound with
the aluminium compound and the optional halogen
compound before contacting them with the transition
metal compound(s), since this contributes to streamlin-
ing of the plant process. It is recommendable for mixing
of the magnesium compound with the aluminium com-
pound and the optional halogen compound to be ef-
fected at a temperature below 100° C., in particular
below 75° C., more in particular below 50° C. In general
the temperature will not be below —60° C.

As regards component B, the mixing sequence, if any,
of the ingredients can freely be determined, without this
giving rise to a significant decline in catalyst activity.

The absence or presence of monomer(s) during mix-
ing of the catalyst ingredients has little effect on catalyst
activity, and this holds for both component A and com-
ponent B.

It also is possible to supply a third catalyst compo-
nent, besides components A and B, to the reactor. This
third component may be an (organo)aluminium com-
pound, a chloride and/or an electron donor, in particu-
lar a chioride or aryl or alkyl or of an element from
groups 3a and 4a of the Periodic System, or an or-
ganoaluminium chloride. This third component may be
fed direct to the reactor, or for instance to the monomer
feed.

The invention also relates to polymers obtained by
means of a catalyst according to the invention. These
polymers comprise ethylene, one or more 1-alkenes
with 3 to 18 carbon atoms in an amount of 0 to 15 moles
% relative to the total polymer, and one or more dienes
with at least 7 carbon atoms in an amount of 0 to 10
moles % relative to the total polymer. In particular
polymers in which the dienes contain at least two non-
conjugated double bonds capable of being polymerized
by means of transition metal catalysts, and in which the
amount of dienes does not exceed 0.1 moles % relative
to the total polymer, have good properties.
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Polymers according to the invention may contain the
customary additives, such as stabilizers, lubricants, etc.,
and also, for instance, crosslinking agents and fillers.

Polymers obtained by means of a catalyst according
to the invention possess the customary properties that
are commercially desired, such as sufficiently high mo-
lecular weight (low melt index) and good processabil-
ity. They can be used for the preparation of cast film
and blown film having good mechanical and optical
properties, while also the rheological and welding prop-
erties meet the normal requirements. The polymers are
also suitable for many other customary applications, e.g.
injection moulding and rotational moulding.

Polymerization can be effected in a manner known in
itself, both batchwise and continuously. In general the
catalyst components are added in such amounts that the
amount of titanium in the polymerization medium is
0.0001 to 4 mmole/], preferably 0.0005 to 0.5 mmole/1
and more in particular 0.001 to 0.05 mmole/1.

As dispersing agent, both in the catalyst preparation
and in the polymerization, use can be made of any liquid
that is inert relative to the catalyst system, for instance
one or more saturated, straight or branched aliphatic
hydrocarbons, such as butanes, pentanes, hexanes, hep-
tanes, pentamethylheptane or petroleum fractions such
as light or regular-grade petrol, isopar, naptha, kero-
sine, gas oil. Aromatic hydrocarbons, for instance ben-
zene or toluene, can be used, but both because of the
cost price and for safety considerations such solvents
will generally not be applied in technical scale produc-
tion. By preference, therefore, in technical-scale poly-
merizations as solvent use is made of the cheap aliphatic
hydrocarbons or mixtures thereof, as marketed by the
petrochemical industry. Pretreatment of such solvents,
for instance drying or purification, is often required.
This will present no problems whatsoever to the aver-
age person skilled in the art. Cyclic hydrocarbons, such
as cyclohexane and decalin, can of course also be used
as solvent.

By preference the polymerization is effected at tem-
peratures above 110° C,, especially above 135° C., and
more in particular at temperatures above 150° C. For
practical considerations the temperature will generally
not be higher than 300° C.

The polymer solution obtained upon polymerization
can subsequently be recovered in a way known in itself,
the catalyst generally being deactivated at some stage of
the recovery. Deactivation can be effected in a way
known in itself. The catalysts according to the present
invention are so active that the amount of catalyst in the
polymer, notably the transition metal content, is so low
that removal of catalyst residues can be done without.
Of course the polymer can be subjected to a washing
treatment so as to further reduce the residual content of
catalyst components, if this is desired.

Polymerization can be effected under atmospheric
pressure, but also at elevated pressure, up to about 1000
bar, or even higher, both in continuous and in discontin-
uous manner. By effecting the polymerization under
pressure, the polymer yield can be increased further,
which may contribute to the preparation of a polymer
having a very low content of catalyst residues. It is
preferred to polymerize at pressures of 1-200 bar, and
more in particular of 10-100 bar.

Pressures in excess of 100 bar soon give rise to tech-
nological objections. Much higher pressures, of 1000
bar and more, can however be used if polymerization is
effected in so-called high-pressure reactors.
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In the subject process modifications known in itself
can be applied. Thus, for instance, the molecular weight
can be controlled by addition of hydrogen or other
customary modifying agents. Polymerization can also
be effected in various stages, connected either in paral-
lel or in series, in which, if desired, differing catalyst
compositions, temperatures, residence times, pressures,
hydrogen concentrations, etc. are applied. Products
with a broad molecular weight distribution, for in-
stance, can be prepared by selecting the conditions in
one stage, for instance pressure, temperature and hydro-
gen concentration, such that a polymer with a high
molecular weight is formed, while the conditions in
another stage are selected such that a polymer with a
lower molecular weight is formed.

The invention will now be elucidated with reference
to some examples, without, however, being restricted
thereto.

In a double-walled, 2-liter autoclave a number of
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8

sity. (d), expressed in kg/m3 was measured according to
ASTM D 1505.

EXAMPLE I AND COMPARATIVE EXAMPLE 1

Ethylene and hydrogen were dosed to the reactor in
amounts of 1325 g/hr and 9 mg/hr, respectively, and
l-octene in an amount of 760 g/hr. The gasoline flow
rate was 8.3 1/hr. Isopropyl chloride was dosed to the
gasoline feed in an amount of 0.10 mmole/l. Component
A was prepared by successively dosing sesquie-
thylaluminium (SEAC, Et;5AlCl;5), ethylbutylmag-
nesium (EBM) and tetrabutoxytitanium (TBT) to a
separate reactor feed line, in the amounts shown in
Table 1. In addition, through the gasoline feed line
diethylaluminium alkoxide (DEALOX) was dosed as
component B. The effect of the presence of component
B, i.e. Triethylaluminium (TEA) is visualized in Table 1
(exp. no. 1-3). For comparison exp. no. 4-6 were also
carried out.

TABLE 1
component A component B
SEAC EBM TBT DEALOX
exp. no. mmole/] mmole/1 a M.I. M.FR. d
1 0.30 0.06 0.03 0.10 8.33
2 0.25 005 0.03 0.20 685 1.3 315 925
3 0.25 005 003 0.30 596 0.9 32.6
4 0.10 012 0.03 0.10 <50
5 0.05 006 0.03 0.10 <50
TEA
6 0.30 006 0.03 0.10 <50
continuous polymerizations were carried out. To this
poy COMPARATIVE EXAMPLE 2

end, the autoclave was filled entirely with gasoline,
which had been purified using molecular sieves. In an

In a final volume of 50 ml pentamethylheptane

absorber, ethylene and, if desired, hydrogen were dis- 35 (PMH) 0,6 mmole/1 of an ethylbutylmagnesium (EBM)
solved in purified gasoline. Copolymerizations were solution were added to a solution of 30 mmole/l of
effected by supplying octene-1 to the gasoline stream sesquiethylaluminium (SEAC) and stirred at 70° C. for
containing ethylene and optionally hydrogen. The reac- two hours. Then tetrabutoxytitanium was added to a
tor temperature was set at 185° C. using the jacket heat- final concentration of 0.3 mmole/l and stirring was
ing of the autoclave, and it was kept at the desired value 40 continued at 120° C. for two hours. The resuiting pre-
during the polymerization, if necessary with cooling cipitate was a brownish-black cake which could not be
being applied. The pressure in the reactor was set so used for polymerization.

that the reactor remained entirely filled with liquid.

The ingredients of the catalyst componen?s were COMPARATIVE EXAMPLE 3 .
premixed during the residence time in the feed lines, 45 Example I was repeated, but now in the absence of
before the components were pumped separately into the component B. The result is presented in Table 2 (exp.
reactor. The residence time was about 5 minutes. The Nos. 1, 2 and 3).
polymer was recovered, if necessary stabilized, dried
and weighed. The activity a of the catalyst system is COMPARATIVE EXAMPLE 4
expressed as g PE per min. mole ethylene/l. The melt 50 Example I was repeated, but now with sesquie-
index (M.L.), expressed in dg/min, was determined ac- thylaluminiumchloride (SEAC) as a component B
cording to ASTM D 1238, cond. E. The melt flow ratio (Table 2, exp. No. 4)

(MFR) was calculated as the quotient of the melt index
according to ASTM D 1238, cond. F, and the melt COMPARATIVE EXAMPLE 5
index according to ASTM D 1238, cond. E. The den- 55 Example I was repeated, but this time with trie-
thylaluminiuom (TEA) as component B (Table 2, exp.
Nos. 5, 6 and 7).
TABLE 2
component A
SEAC EBM TBT component B
exp. no. mmole/] mmole/1 a ML MFR. d
1 040 008 003 0 603 17 273 918
2 030 006 003 0 582
3 033 006 003 0 582
SEAC
4 040 006 0.03 0.10 275
TEA
5 033 006 0.03 0.10 603 1.2 30.5 921
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TABLE 2-continued
component A
SEAC EBM TBT component B
exp. no. mmole/] mmole/] a MIL MFR. d
6 0.33 006 0.03 0.20 569 1.5 33.7 925
7 0.33 0.06 0.03 0.30 271 07 357
EXAMPLE II AND COMPARATIVE EXAMPLE 6 10 EXAMPLE III

1975 g/hr ethylene, 16 mg/hr hydrogen, 1100 g/hr
l-octene and 12.2 1/hr gasoline were supplied to the
reactor. The ethylene flow was provided with 0.10
mmole/1 isopropyl chloride. Table 3, in which exp. No.

1 has been included for the sake of comparison, shows 15

the effect of the presence of increasing amounts of com-
ponent B at a low TBT content.

This example illustrates the effect of the presence of
component B on the activity increase brought about by
an increasing TBT content under polymerization condi-
tions as in Example II. From this example, compared
with comparative example 7, it is apparent that the
amount of tramsition metal compound required for
achieving a certain activity has decreased considerably.

TABLE 3
component A component B
SEAC EBM TBT DEALOX
exp. no. mmole/1 mmole/1 a MI MFR. 4
1 0.40 0.10 0.01 0 700
2 0.40 0.10 001 0.05 983 3.6 29.5 922
3 0.40 0.10 001 0.10 983 4.1 313
4 0.40 0.10 001 0.15 983 43 31.2
5 0.40 0.10 001 0.20 1170
6 0.40 0.10 001 0.25 1069 - 5.0 30.7
7 0.40 0.10 001 0.30 1053 5.1 32.3
COMPARATIVE EXAMPLE 7 30 Itis also clear that a substantial increase in activity is
achieved at the same amount of transition metal.
TABLE 5
component A component B
exp. SEAC EBM TBT DEALOX
no. mmole/1 mmole/1 a MIL MFR d
1 0.40 0.10 0.010 0.10 983 3.6 29.5
2 0.28 0.06 0.015 0.10 1229 29 28.9
3 0.28 0.06 0.020 0.10 1391
4 0.35 0.08 0.020 0.10 1403 3.8 32.1
5 0.35 0.08 0.025 0.10 1798
6 0.35 0.08 0.030 0.10 1940 3.7 34.2
7 0.32 0.08  0.008 0.20 982 49 29.8
8 0.28 0.06 0.010 0.20 1166 3.3 30.3
9 0.28 0.06 0015 0.20 1224 36 30.5 920
10 0.28 006 0.020 0.20 1357
11 0.28 0.06 0.025 0.20 1520
12 0.30 0.06 0.030 0.20 1660
13 0.40 0.10 0.010 0.30 1053 5.1 323
14 0.28 0.06 0.015 0.30 1152
15 0.28 0.06 0.020 0.30 1317 3.0 313

Example II was repeated, now in the absence of com-
ponent B.

EXAMPLE IV AND COMPARATIVE EXAMPLE
8

TABLE 4
" 1325 g/hr ethylene, 760 g/hr 1-octene, 9 mg/hr hy-
SEA‘:;’"'D;;:’; = drogen and 8.3 I/hr gasoline were supplied to the reac-
b mmoler] ‘;‘::tpg' e ML MFR d 55 tor. The ethylene feed was provided with 0.10 mmol/1
PP — > isopropyl chloride. As transition metal compound use
2 030 010 0010 o .}8)6 was made of a mixture. Table 6. Exp. No. 1 is included
3 028 006 0015 O 933 for the sake of comparison.
4 028 006 0020 O 1020 '
5 028 006 0025 0 1265 28 29.8
TABLE 6
component A
TBT component B
SEAC EBM TiCl4y DEALOX
€xp. no. mmole/1 mmole/1 a M.I. MFR. d
1 019 . 007 003 0 761 15 311 924
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TABLE 6-continued

12

component A

TBT component B
SEAC EBM TiCl4y DEALOX
exp. no. mmole/1 mmole/1 a MI MFR. d
0.01
2 0.19 007 003 0.20 1196
0.01
3 019 005 003 0.20 985 12 349
0.01
4 0.19 005 003 0.30 852 10 354 926
0.01
EXAMPLE V AND COMPARATIVE EXAMPLE 9 drogen atom, a group of the general formula
15 —NR?2; (where R2 is a hydrocarbon radical with
The reactor was supplied with 1731 g/hr ethylene, 1-10 carbon atoms), a group of the general formula
2000 g/hr 1-octene, 54 mg/hr hydrogen and 9.4 1/hr —[OR3 (where R3 is a hydrocarbon radical with
gasoline, and the ethylene flow with 0.10 mmole/1 iso- 1-20 carbon atoms or a group of the general for-
propyl chloride. As component B use was made of mula —8i(R#)3, where the symbols R4 are equal or
diethylaluminium dimethylethylsiloxide (DADS). 20 different and represent a hydrogen atom and/or a
Table 7. Exp. No. 1 is included for comparative pur- hydrocarbon radical with 1-20 carbon atoms), and
poses. 0<m<3, or a group of the general formula
TABLE 7
component A component B
SEAC EBM TBT  DADS
exp. no. mmole/1 mmole/] a M.I MFR. d
1 030 009 004 0 1141
2 0.30 009 004 0.10 1530 34 354 906
3 030 009 004 0.20 1923
4 030 009 004 0.30 2040
We claim:
1. Catalyst system, suitable for the (co)polymeriza- [—(OAIR5)],—O0AIR5]—(OAIRS5),—OAIR,5,
tion of ethylene and optionally minor amounts of 1- where the symbols R5 are equal or different and
alkenes and/or dienes at such temperatures that the 35 represent a hydrocarbon radical with 1-10 carbon

copolymer formed goes into solution, to be prepared by
combining at least two components A and B, which
components comprise:

A: one more moe magnesium compounds, one or
more aluminium compounds, one or more transi-
tion metal compounds and optionally one or more
halogen compounds, in such amounts that the
atomic ratio of halogen to magnesium is at least 2,
the atomic ratio of aluminum to transition metal is
at least 3, the atomic ratio of aluminum to magne-
sium is at least 1, and the atomic ratio of magnesium
to transition metal is at least 0.5, said transition
metal compound(s) being one or more titanium
compound(s) of the general formula Ti(ORS
}J4—pX2p and/or Ti(OR7)3—qX3q, where the
symbols R®and R7 are equal or different and repre-
sent hydrocarbon radicals with 1-20 carbon atoms,
X2 and X3 halogen atoms, 0<p<4 and 0<q<3,
said magnesium compound(s) being of the general
formula R8MgX4,._.,, where R8 represents a hy-
drocarbon radical with 1-20 carbon atoms and X4
a halogen atom or an alkoxy group, and 0<r<2,
said aluminum compound(s) being of the general
formula R%AI1X5;_,, where the symbols R? are
equal or different and represent a hydrocarbon
radical with 1-20 carbon atoms, X5 represents a
halogen atom and 0<s< 3, with the optional halo-
gen compound(s) being chlorides;

B: one or more organocaluminium compounds of the
general formula R,!A1X!3_,,, where the symbols
R! are equal or different and represent a hydrocar-
bon radical with 1-20 carbon atoms and the sym-
bols X! are equal or different and represent a hy-
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atoms, and n=0,
which two components are, separately or in combina-
tion, supplied direct to the polymerization vessel in such
amounts that the atomic ratio of the aluminum from
component B to the aluminium from component A is at
least 0.1.

2. Catalyst system according to claim 1, characterized
in that in component A the atomic ratio of halogen to
magnesium is at least 3.

3. Catalyst system according to claim 1, characterized
in that in component A the atomic ratio of the sum of
aluminium to transition metal is at least 5.

4. Catalyst system according to claim 1, characterized
in that the atomic ratio of the aluminium from compo-
nent B to the aluminium from component A is at least
0.2.

5. Catalyst system according to claim 1, characterized
in that the titanium compound is a titanic acid ester.

6. Catalyst system according to claim 1, characterized
in that the titanium compound is tetrabutoxytitanium.

7. Catalyst system according to claim 1, characterized
in that the magnesium compound contains at least one
hydrocarbon radical bound to the magnesium atom.

8. Catalyst system according to claim 1, characterized
in that the organoaluminium compound of component
A is sesquiethyl aluminium chloride, diethyl aluminium
chioride and/or ethyl aluminium dichloride.

9. Catalyst system according to claim 1, characterized
in that component A, besides the magnesium, alumin-
ium and transition metal compounds, also comprises
one or more chlorides. ’

10. Catalyst system according to claim 9, character-
ized in that the chlorides are chlorides of alkyl, acyl,
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aryl, and/or chlorides of elements from groups 3a and
4a of the Periodic System.

11. Catalyst system according to claim 1, character-
ized in that the components A and/or B also comprise
one or more electron donors.

12. Catalyst system according to claim 1, character-
ized in that the aluminium compound of component B is
a dialkyl aluminium alkoxide.

13. Catalyst system according to claim 1, character-
ized in that the aluminium compound of component B is
an alkyl aluminoxane.

14. Catalyst system according to claim 1, character-
ized in that the aluminium compound of component B is
an alkyl siloxalane.

15. Catalyst system according to claim 1, character-
ized in that component B comprises, besides the or-
ganoaluminium compound, one or more other metal
alkyls selected from the group consisting of dialkylmag-
nesium, dialkylzinc, trialkylborium and alkylllithium.
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16. Catalyst system according to claim 1, character-
ized in that besides component A and component B a
chloride is present.

17. Catalyst system according to claim 1, character-
ized in that of component A the titanium compound is a
titanic acid ester and the aluminium compound an alky!
aluminium halide, and of component B the aluminium
compound is alkyl aluminoxane, dialkyl aluminium alk-
oxide, an alkylsiloxalane and/or a mixture of these with
an electron donor, and in that a chloride of alkyl, acyl,
aryl and/or of elements from groups 3a and 4a of the
Periodic System is present, which is supplied to the
polymerization vessel before or simultaneously with
component A.

18. Process for the preparation of a catalyst according
to claim 1, characterized in that the magnesium com-
pound, the aluminium compound and optionally a chio-
ride are mixed with each other before the titanium com-
pound(s) is/are added.

19. Process according to claim 1, characterized in

that mixing is effected at a temperature below 125° C.
LI . S 2



