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(57) Abstract

Disclosed is a catalyst precursor, useful to make catalysts useful in the polymenization of olefins, comprising the product

lide, titanium alkoxide or both, and an alky! halide.
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| obtained by adding a preformed alkylmagnesium halide to a solution comprising a solvent having dissolved therein titanium ha- ;
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TITANIUM MAGNESIUM CATALYST PRECURSORS
FOR THE POLYMERIZATION OF OLEFINS

FIELD OF THE INVENTION

This invention relates to a new titanium magnesium catalyst precursor used to
prepare catalysts which are useful for the polymerization of olefins. More
particularly, this invention relates to a new method for the preactivation of a
titanium catalyst wherein the catalyst precursor is preactivated by adding a
preformed alkylmagnesium halide to a solution containing titanium
compound(s) and an alkyl halide. As used herein, the term "preactivation”
means contacting the titanium with a magnesium ‘compound and on or more
alkyl halide(s).

BACKGROUND OF THE INVENTION

It Is known that olefins such as ethylene can be polymerized by means of a
solid catalyst which comprises: a compound of a transition metal such as
titanium in the trivalent or tetravalent state, and a co-catalyst of the organo-

metallic type, most frequently an organo-aluminum compound.

Although these catalytic systems have an attractive degree of activity when
polymerization is concluded they generally result in the formation of polymers
containing more than 100 parts per million by weight of transition metal. For
most of the uses of such polymers, this makes it virtually essential to remove

the catalytic residues by a special treatment.

It Is also known that it is possible to very substantially increase the catalytic

activity of the aforementioned
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reduced transition metal compounds by means of a preactivation treatment.
This treatment involves contacting the transition metal compound with
magnesium and one or more alkyl halide(s). The reduced transition metal
compounds which are preactivated by this treatment result in catalysts which
make polymers having good physical characteristics and capable of being
processed by Injection molding or by extrusion. By virtue of the high degree
of activity of the preactivated catalysts, removing the catalytic residues

contained in the polymers becomes unnecessary.

U.S. Patent No. 4,042,771, issued to Michel Avaro and Pierre Mangia on
August 16, 1977, discloses one type of preactivation treatment. In Avaro's
treatment, the magnesium used was in the form of powder or turnings
because it is said to be preferable to have the magnesium in a high state of
purity. In order to facilitate preactivation of the solid transition metal
compounds, the magnesium is used in a reactive form which is substantially
devoid of impurities due in particular to oxidation of the metal. Avaro et al.
state that, in practice, the magnesium in the industry is activated before being
introduced into the medium in which preactivation is effected. According to
Avaro et al., previous activation of the magnesium can, for example, comprise
grinding the metal in an inert atmosphere or in an inert liquid such as an
aliphatic solvent. This preliminary operation can also be effected by treating
the magnesium with iodine vapor. It is stated to be more convenient,

however, to activate the magnesium within the medium in which preactivation

IS effected.

There are several problems with the procedure disclosed by Avaro et al. For
one, the reaction depends on the magnesium source and its state of purity.

Therefore, reproducability
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of experimental results can be a problem. Also, when the procedure involves
the added step of grinding the magnesium, additional equipment is required.
Furthermore, when iodine is used to activate the magnesium, unreacted
magnesium and iodine may contaminate any subsequent reactions. Lastly,
catalysts prepared by Avaro et al.'s procedure produce unacceptable amounts
of fine polyolefin particles, i.e., particles of polyolefin having a diameter of less
than 180 microns. Consequently, an expensive elutriation of the catalyst is
required to remove fine catalyst particles before polymerization can occur in a

commerclal reaction.

Use of a preformed alkylmagnesium halide as a magnesium source in the
preactivation treatment of olefin polymerization catalysts is also known in the
art and solves some of the aforementioned problems. U.S. Patent No.
4,355,143, issued to Lassalle on October 19, 1982, discloses the use of
organomagnesium halide in the preactivation treatment of catalysts used for

the polymerization of olefins.

Lassalle discloses that the catalyst may be preactivated by reaction of one or
more compounds of tetravalent titanium, and an organomagnesium halide
compound having the formula MgXR or the formula MgR, wherein X is a

chlorine or bromine atom, and R is an alkyl radical which may contain from 2

to 8 carbon atoms.

Example C of Lassalle's patent discloses a procedure for preparing the
catalyst. In that example, a preformed alkylmagnesium halide is first prepared
by reacting powdered magnesium in a flask with an alkyl halide in heptane
with an iodine crystal. A solution of titanium compounds is added to the

resulting suspension of alkylmagnesium halide over a
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period of 2 hours, and the resulting product forms by

precipitation.

It 1s advantageous to make a catalyst that minimizes the
amount of fine particles of polyolefin that remain after
polymerization. It is also advantageous to create a
catalyst which can produce polyolefin having a higher
melt index at lower concentrations of hydrogen. The

present 1invention provides these advantages.

SUMMARY OF THE INVENTION

In accordance with an aspect of the invention there is

provided a catalyst precursor, useful to make catalysts

useful in the polymerization of olefins, comprising

magnesium and titanium, wherein the catalyst precursor is

prepared by adding a preformed alkylmagnesium halide to a
liquid solution comprising a solvent having dissolved
therein (a) titanium halide, titanium alkoxide or both:
and (b) an alkyl halide and wherein the addition of
preformed alkylmagnesium halide to the liquid solution is
controlled over a period of time of at least one hour in
a manner to allow small concentrations of the preformed
alkylmagnesium halide to react with excess titanium at

the beginning of the reaction, said catalyst precursor

being comprised of hollow particles.

In accordance with another aspect of the invention there

1s provided a catalyst precursor, useful to make
catalysts useful in the polymerization of olefins,
comprising the product obtained by adding a preformed
alkylmagnesiuin halide to a liquid solution comprising a

solvent having dissolved therein (a) titanium halide,
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titanium alkoxide or both; and (b) an alkyl halide
wherein the addition of preformed alkylmagnesium halide
to the liquid solution is controlled over a period of
time of at least one hour in a manner to allow small
concentrations of the preformed alkylmagnesium halide to
react with excess titanium at the beginning of the
reaction, said catalyst precursor being comprised of

hollow particles.

In accordance with a further aspect of the invention
there 1s provided a method for the preparation of a
catalyst precursor, useful to make catalysts useful in
the polymerization of olefins, said method comprising
adding a preformed alkylmagnesium halide to a liquid
solution comprising a solvent having dissolved therein
(a) titanium halide, titanium alkoxide or both; and (b)
an alkyl halide wherein the addition of preformed
alkylmagnesium halide to the liquid solution is
controlled over a period of time of at least one hour in
a manner to allow small concentrations of the preformed
alkylmagnesium halide to react with excess titanium at
the beginning of the reaction, said catalyst precursor

being comprised of hollow particles.

In accordance with another aspect of the invention there
1s provided a polymerization catalyst, useful for the
polymerization of olefins, prepared by a process
comprising adding an organocaluminum compound to the
product obtained by adding a preformed alkylmagnesium
halide to a liquid solution comprising a solvent having

dissolved therein:
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(a) titanium halide, titanium alkoxide or both;

and

(b) an alkyl halide

wherein the addition of preformed alkylmagnesium halide
Lo the liquid solution is controlled over a period of
time of at least one hour in a manner to allow small
concentrations-of the preformed alkylmagnesium halide to
react with excess titanium at the beginning of the

reaction.

In accordance with another aspect of the invention there
i1s provided a prepolymer, useful for the polymerization

of olefins, obtained by the procéss comprising:

(1) reacting a catalyst precursor formed by a
controlled addition over a period of at least
one hour of a preformed alkylmagnesium halide
to a liquid solution comprising a solvent

having dissolved herein:

(2a) titanium halide, titanium alkoxide or
both; and

(b) an alkyl halide;
with an activator; and

(2) contacting the product of step (1) with a
sufficient amount of olefin, under olefin
polymerization conditions, such that the

prepolymer obtained has a melt index in the

range of about 1 to about 5.
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In accordance with another aspect of the invention there
1s provided in the process for the polymerization of
olefins in the presence of a polymerization catalyst, the
improvement comprising employing a catalyst made from a
catalyst precursor comprising the product obtained by
adding a preformed alkylmagnesium halide to a liquid
solution comprising a solvent having dissolved therein
(2a) titanium halide, titanium alkoxide or both; and (b)
an alkyl halide wherein said catalyst precursor comprises
hollow particles and wherein the addition of preformed
alkylmagnesium halide to the liquid solution is
controlled over a period of time of at least one hour in
a manner to allow small concentrations of the preformed
alkylmagnesium halide to react with excess titanium at

the beginning of the reaction.

In accordance with another aspect of the invention there
1s provided in a process for the polymerization of
olefins in the presence of a polymerization catalyst, the
improvement comprising employing a catalyst made from a
catalyst precursor comprising the product obtained by the
controlled addition over a period of at least one hour of
a preformed alkylmagnesium halide to a liquid solution
comprising a solvent having dissolved therein (a)
titanium halide, titanium alkoxide or both; and (b) an
alkyl halide, said catalyst precursor being comprised of

hollow particles.

In accordance with another aspect of the invention there

is provided a process for the polymerization of olefins

comprising:
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(1) making a preformed alkylmagnesium halide in a

solvent;

(2) making a liquid solution comprising a solvent
having dissolved therein titanium halide,

titanium alkoxide or both and an alkyl halide;

(3) adding the product of step (1) to the liquid

solution of step (2);

(4) adding trialkylaluminum to the product of step
(3) 7

(5) reacting the product of step (4) with a
sufficient amount of olefin, under olefin
polymerization conditions, such that the

product formed has a melt index in the range of

about 1 to about 5; and

(6) reacting the product of step (5) with
sufficient olefin, under olefin polymerization

conditions, to produce polyolefin resin.

In accordance with the present invention, there is
provided a catalyst precursor, useful to make catalysts
useful 1in the polymerization of olefins, comprising
magnesium and titanium, wherein the catalyst precursor is
prepared by adding a preformed alkylmagnesium halide to a
liquid solution comprising a solvent having dissolved

therein (a) titanium halide, titanium alkoxide or both,

and (b) an alkyl halide.
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Also provided in accordance with the present invention is
> a method for the preparation of a catalyst precursor,
useful to make catalysts useful in the polymerization of
olefins, comprising adding a preformed alkylmagnesium
halide to a liquid solution comprising a solvent having
dissolved therein:
10
(a) titanium halide, titanium alkoxide or
both; and
(b) an alkyl halide.

15 The present invention also provides a catalyst precursor,
useful to make catalysts useful in the polymerization of

olefins, comprising the product obtained by reacting a
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preformed alkylmagnesium halide with a liquid solution
comprising a solvent having dissolved therein (a) titanium
halide, titanium alkoxide or both; and (b) an alkyl halide,
Sald catalyst precursor being comprised of hollow particles.

Also provided in accordance with the present invention is a
polymerization catalyst, useful for the pPolymerization of
olefins, prepared by a process comprising adding an
organocaluminum compound, preferably tri-n-octyl-aluminum or
triethylaluminum, to the product obtained by adding a
preformed alkylmagnesium halide to a liquid solution
comprising a solvent having dissolved therein:

(a) titanium halide, titanium alkoxide or both; and

(b) an alkyl halide.

Also provided in accordance with the present invention is an
improved process for the polymerization of olefins in the
presence of a polymerization catalyst, wherein the
lmprovement comprises employing a catalyst made from a
catalyst precursor comprising the product obtained by adding
a preformed alkylmagnesium halide to a liquid solution
comprising a solvent having dissolved therein:

(a) titanium halide, titanium alkoxide or both; and

(b) an alkyl halide.

Also provided in accordance with the present invention is an
improved process for the polymerization of olefins in the
presence of a polymerization catalyst, wherein the
lmprovement comprises employing a catalyst made from a
catalyst precursor comprising the product obtained by
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reacting a preformed alkylmagnesium halide and a liquid solution comprising

a solvent having dissolved therein:

(a)
(b)

titanium halide, titanium alkoxide or both; and

an alkyl halide;

wherein said catalyst is comprised of hollow particles.

Also provided in accordance with the present invention is a prepolymer, useful

for the polymerization of olefins, obtained by the process comprising:

(1)

reacting a catalyst precursor formed by adding a preformed
alkylmagnesium halide to a liquid solution comprising a solvent

having dissolved therein:

(a) titanium halide, titanium alkoxide or both;
and
(b) an alkyl halide; with

an activator, such as triethylaluminum or tri-n-octylaluminum;

and

contacting the product of step (2) with a sufficient amount of
olefin (preferably ethylene), under olefin polymerization
conditions, such that the product obtained has a melt index in

the range of about 1 to about 5.

In one embodiment, the present invention involves a process for the

polymerization of olefins, the process comprising:
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(@) making a preformed alkylmagnesium halide in a soclvent;

(b)  making a liquid solution comprising a solvent having dissolved

therein titanium tetrahalide, titanium tetra-alkoxide or both and

an alkyl halide;
(C) adding the product of step (a) to the liquid solution of step (b);

(d) adding trialkylaluminum to the product obtained from step (c);

(e) reacting the product of step (d) with a sufficient amount of olefin,
under olefin polymerization conditions, such that the product

formed has a melt index in the range of about 1 to about 5;

() reacting the product of step (e) with sufficient olefin, under

olefin polymerization conditions, to produce polyolefin resin.

Among other factors, the present invention is based on the discovery that a
better catalyst is made by reversing the traditional order of addition of
reactants in a titanium magnesium catalyst precursor' synthesis. More
particularly, the present invention is based on the discovery that the catalyst

precursor made by adding a preformed alkylmagnesium halide to a solution

comprising a solvent having dissolved therein.

(a) titanium halide, titanium alkoxide or both; and
(b) an alkyl halide
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produces olefin polymerization catalysts which are
surprisingly more advantageous than catalysts obtained from
catalyst precursors made by adding the liquid solution of
titanium compounds to the preformed alkylmagnesium halide.
Some of the advantages of the present invention over the
prior art are: the surprisingly high hydrogen response of
the catalyst, production of fewer fine particles at the
synthesis stage using raw catalyst and prepolymers, and the

catalysts’ unique morphology, which is different from prior
catalysts 1n that the present invention’s catalysts are
comprised of hollow particles.

¥ JRAWIN

Figure 1 is a graph depicting melt index of polymers made in
accordance with the present invention as a function of
hydrogen pressure.

Figure 2 is a bar graph showing the effect of catalyst type
on the production of polyethylene fine particles.

For the sake of brevity, the terms "normal addition" and
"reverse addition” will be used herein to describe the prior
art method and the method of the present invention for
making titanium magnesium olefin polymerization catalyst
precursors. In the prior art method, the "normal addition",
a solgtion of titanium compound(s) and alkyl halide is added
to alkylmagnesium halide. 1In the method of the present
invention, the "reverse addition", preformed alkylmagnesium

halide is added to a solution of titanium compound(s) and
alkyl halide.

AP L8 AN AR ¢k LS T DR PG NDS dD CFORANLT TMMTIIT M AR i s e . i 11
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Also, as used herein, the term “catalyst precursor” refers to the titanium
magnesium product obtained by reacting a titanium compound(s),
alkylmagnesium halide and alkyl halide. The catalyst precursor is not an

olefin polymerization catalyst, but can be activated to become one.

In one aspect, the present invention is a process for the polymerization of
olefins, preferably alpha-olefins, more preferably ethylene. The process
iIncludes the polymerization of one or more olefins having the formula
CHA=CHA'" wherein A and A' are each independently hydrogen or an alky!
radical containing from 1 to 8 carbon atoms. Preferred olefins are alpha-

olefins wherein at least one of A or A’ is hydrogen.
The olefins are contacted with a polymerization catalyst. The polymerization
catalyst comprises a catalyst precursor that has been activated by an
activator molecule. The catalyst precursor of the present invention comprises
the product obtained by:
(a) adding a preformed alkylmagnesium halide to;
(b)  aliquid solution comprising a solvent having dissolved therein:
(1) titanium halide, titanium alkoxide or both; and
(2) an alkyl halide.
Once formed, the catalyst precursor is activated with an activator compound.

Typically, the activator is an organometallic compound or compounds of a

metal of Groups |
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or IITI of the Periodic Table of elements. Preferably, the

activator 1s an organocaluminum compound, more preferably an

F

alkylaluminum compound. Examples of activators i1nclude, but

are not limited to, trialkylaluminum compounds such as
triethylaluminum, tri-n-octylaluminum and the like. The
activator compound may be used 1n neat form, or 1t may be
supported on a carrier. If a carrler 1s employed, 1t may be

an inert, organlic oOr 1norganlcC carriler.

The catalyst precursor may be activated prior to

introduction into the polymerization reactor, or the

catalyst precursor and activator compound may be added to

the polymerization reactor separately.

The olefin polymerization catalyst 1s contacted with an

olefin, under polymerization conditions, to produce a

F

prepolymer. A sufficient amount of olefin 1s used such that

the prepolymer obtained has a melt 1ndex 1n the range of
about 1 to about 5. (As used herein, the term “melt index”
refers to the unit of measure described 1n ASTM Procedure
No. D-1238). The prepolymer 1s then used as a catalyst for
the polymerization of the olefin. Polymerization is
accomplished by adding more olefin to the prepolymer under

polymerization conditions.

I. THE CATALYST PRECURSOR

The catalyst precursors of the present invention are
prepared by adding a preformed alkylmagnesium halide to a

liquid solution containling titanlum compound(s) and an alkyl

halide. The alkylmagnesium halide 1s defined by the formula
FﬁMgZ wherein R' is an alkyl radical, preferably C, to C;
alkyl, more preferably butyl, and Z 1s a halide, preferably
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chloride or bromide. The alkylmagnesium halide may be added

The preformed alkylmagnesium halide ls slowly added to a
solution comprising a solvent having dissolved therein:

(2a) titanium halide, titanium alkoxide or both: and

(b) an alkyl halide.

The titanium compounds may contain trivalent or tetravalent
titanium, having the formula TiZ, or Ti(OR')_, wherein n and

m each 1s 3 or 4, preferably 4, and Z and R are as defined
above. The titanium halide is preferably titanium

Cetrachloride and the titanium alkoxide 18 preferably

titanium tetraisopropoxide. More preferably, a mixture of
titanium halide and titanium alkoxide in a mole ratio of
about 1:1 is used. The mole ratio of Mg to Ti should be in

the range of about 3:1 to about 6:1, preferably about 4:1 to
about 4.5:1.

The alkyl halide is defined by the formula R!Z wherein R? is

an alkyl radical, preferably C, to C, alkyl, more preferably
butyl or propyl, and 2z is as defined above.

The titanium halide, titanijium alkoxide or both is dissolved

ln an appropriate amount of solvent together with an alkyl
halide such that the molar ratios are:

(a) titanium compound to alkyl halide is about 0.01:1

to about 0.20:1, pPreferably about 0.05:1 to about
0.10:1; and

AT A A T Ly ST € S AN e G LA SN G O s SO NI A
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(b) magnesium to alkyl halide is about 1:1, preferably about 0.8:1 to
about 1:1.

The amount of solvent to titanium solution should be a v6lume ratio of about
20-50:1, preferably about 30-35:1. The solvent may be any liquid which
dissolves the titanium compound(s) and alkyl halide, and does not interfere
with the reaction which produces the catalyst precursor. The solvent will
typically be an organic solvent, preferably a hydrocarbon solvent. Examples
of suitable solvents include, but are not limited to, C5 to C4¢ hydrocarbons.

Hexane and heptane are preferred solvents.

The catalyst precursors of this invention may be produced by reaction at a
temperature of from about 60° to about 90°C, preferably from about 70° to
about 80°C. The liquid solution containing the titanium compound(s) and alky!
halide is heated to about 70°C. A preformed alkylmagnesium halide
compound Is then added to the liquid solution by a controlled addition, i.e., the
alkylmagnesium halide is added to the liquid solution slowly over time. Once
all of the alkylmagnesium halide has been added to the liquid solution, the
resulting mixture 1s cooled to room temperature and filtered to recover the

catalyst precursor in the form of a powder.

It is critical to the present invention that the preformed alkylmagnesium halide
be slowly added to the solution of titanium compound(s) and alky! halide by a
controlled addition over a relatively long period of time. While the period of
time over which the alkylmagnesium halide is added to the liquid solution will
depend on such factors as the size of the reaction mixture, typically that

period of time
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will be about 1 to about 5 hours, preferably about 2 to about

_

4 hours. This manner (and order) of addition 1s necessary to

5 allow small concentrations of preformed alkylmagnesium halide
to react with excess titanium i1n the beglinning of the

reaction.

The catalyst precursor synthesized by the reverse addition

10 method of this invention contailn particles having a uniqgue
morphology, i.e., the catalyst precursor contains hollow
particles. These hollow particles are different from the
solid, compact particles obtained by the normal addition

P
pr—

process. SEM (scanning electron microscopy) pictures of

15 catalysts made by the reverse addition method of this
invention and catalysts made by the normal addition method
demonstrated this difference. (The equipment used for the SEM

was a GEOL JSM-820 Instrument equipped with a Tracor Northern

5500 Energy dispersive X-ray detector.)

20

Prior to this invention, titanium magnesium catalyst products

and prepolymer products made using them have contalned a

significant amount of fine particles. Fine particles are

particles of less than 180 microns 1n diameter. Particle

25 sizes may be determined by using a Malvern 2600 Particle Size
Analyzer or by standard sieving techniques. Fine particles
are especially disadvantageous in gas phase olefin

polymerization reactions. The fine particles are too light

for gas phase polymerization, and easily blow out the top of

30 the reactor bed and 1nto areas of the reactor where
polymerization 1s not supposed to occur. To avoid this
problem, the fine particles must be removed prior to
polymerization. This 1s typically done via an expensive
elutriation procedure, like the one described in U.S. Patent

35 No. 4,931,193. This procedure 1involves first having to prepare

PRI SN e s Ay e G S M 53 TATE S R A ARV £ NSRSl 1 T U AT Sl e TR A I i AL AR UM LI (v AN 1Tt O+ 301 N L AN A L I TR LALLM WA Fiodm i 10702700+ &0 fon e e siigesia st 11 e § e e S e T e RS et e s s
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a homogeneous suspension of the particles in an elutriation liquid, then

elutriating the catalyst by filtering the suspension through one or two

elutriation columns.

Because the present invention provides catalysts and pre polymers with fewer
fine particles, the aforementioned elutriation procedure can be avoided. This
saves both time and money , since the additional step of elutriation is

expensive and time consuming.

Table | below illustrates the above mentioned advantages.

Table |
% Fines % Fines Melt Index of Morphology
Raw Prepolymer Polyethylene of Catalyst
Catalyst Product
[H2] = 150 psig
COMPARATIVE 17.5 2" 4.9 Solid
EXAMPLE A &
B Compact
COMPARATIVE 3 8 4.8 Solid
EXAMPLE B &
| Compact
EXAMPLE 1 4 2.3 12 Hollow

X

catalyst was elutriated in prior step.

. OLEFIN POLYMERIZATION CATALYST
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The catalyst precursor becomes the polymerization catalyst upon activation.
The catalyst precursor is activated by contacting it with an activator
compound, as discussed above. Preferred activators are trialkylaluminum
compounds, especially triethylaluminum, tributylaluminum and tri-n-
octylaluminum. The aluminum to titanium mole ratio is about 0.50:1 to about
2.0:1, preferably about 0.8:1 to about 1.2:1. The catalyst precursor is

activated by the activator compound by methods conventional in the art.

118 PREPOLYMERIZATION AND POLYMERIZATION

Prepolymerization and polymerization are generally carried out under a
pressure of less than about 70 psi and at a temperature from about 40 to
about 150°C. This operation may be performed by introducing the
monomer(s) comprising, e.d., ethylene (and possibly other olefins), into a
liguid diluent such as a saturated aliphatic hydrocarbon or, in the absence of
diluent, by direct contact between the monomer(s) in the gaseous condition
and the constituents of the catalyst system. Prepolymerization and
polymerization are carried out in the presence of a chain growth limiter,
generally comprising hydrogen, whose proportion by volume with respect to
the monomer(s) introduced into the polymerization medium is from about 1 to

about 80%, 50 as to produce a polymer having the desired melt index.

The catalyst may be introduced into the polymerization reactor directly or in
the form of a prepolymer produced by preliminary polymerization of one or
more olefins within an inert liquid such as an aliphatic hydrocarbon and in the
presence of a catalyst of the present invention. Typically, the prepolymer
contains about 1000 parts by weight of olefin per part by weight of titanium. It

may or may not be
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filtered prior to polymerization. The prepolymer has a melt index in the range

of about 1 to about 5.

Having described the basic concepts of the invention, reference is now made
to the following Examples which are given by way of illustration, and not of
limitation, of the practice of the present invention in the preparation of the
catalyst precursor and catalyst, and the use of the catalyst in the
polymerization of olefins. The first two Examples are given for comparison to

the subject invention.

COMPARATIVE EXAMPLE

Preparing Catalyst Precursor Using Magnesium Powder

The procedure followed, for the preparation of the catalyst and polymerization
of the olefin, was substantially the same procedure as described in EXAMPLE

A of U.S. Patent No. 4,355,143 issued to Lassalle, except that titanium

tetraisopropoxide was used in equal amounts with titanium tetrachloride

COMPARATIVE EXAMPLE B
Preparing Normal Addition Catalyst Precursor

The procedure followed, for the preparation of the catalyst, was substantially
the same procedure as that described in EXAMPLE C of U.S. Patent No.
4,355,143, except that titanium tetraisopropoxide was used in equal amounts

with titanium tetrachloride.
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EXAMPLE 1

Preparing Reverse Addition Catalyst Precursor

A 500mL three neck flask topped with a reflux condenser, powder addition
funnel, and rubber septum was attached to a Schlenk line. This apparatus
was charged with 200mL heptane, 3.4mL (IZmmoles) titanium
tetraisopropoxide, 1.8mL (lommoles) titanium tetrachloride, 21mL
(200mmoles) butylchloride, and a Teflon stir bar under argon. The mixture
was heated to 85°C and 15.7g (134mmoles) butylmagnesium chloride was
evenly added to the mixture via the powder addition funnel over 1.5 hrs. The
resulting brown slurry was heated an additional 0.5 hr. at 85°C. The mixture
was cooled to room temperature and Schlenk filtered to give 15.6g of a tan-

brown, free-flowing powder.

Figure 2 is a bar graph depiction of the percentage of fine particles of
polyethylene produced using catalysts made from the magnesium powder
catalyst precursor of Comparative Example A, the normal addition catalyst
precursor of Comparative Example B, and the reverse addition catalyst
precursor of Example 1 wherein the catalysts used were in raw form and in
prepolymer form. As used herein, a catalyst used in raw form is one which

does not go through a prepolymerization stage.

The graph shows that normal addition catalyst and reverse addition catalyst
produce about the same percentage of fine particles in the raw form.
However, when using the catalysts in prepolymer form, the reverse addition
catalyst produces significantly less fine particles. The graph also shows that
powdered magnesium catalysts have the lowest production of fine particles.
However, prior to forming the prepolymer, Comparative Example A catalyst

was elutriated of
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its contaminating particles. The elutriation procedure 1s
very timely and expensive.
EXAMPLE 2

General Laboratory Procedure for Prepolymerization

An 810 M1 Fisher-Porter bottle 1s charged with 350 mg of the
polymerization catalyst precursor, >50mL heptane,
alkylaluminum compound, and a Teflon = stir bar. The bottle
is connected to an ethylene cylinder and the assembly
evacuated. Dihydrogen is added as required. The bottle 1s

pressurized as required with ethylene and heated to 80°C.

As ethylene is consumed, the pressure falls, and the bottle

is repressurized to original pressure after the gauge

pressure has fallen 10 psig. A total of 300 psi of ethylene
is added in this way. The catalyst gradually turns white-
grey during the course of this one to two hour process. The
pressure 1is vented and the solid product dries 1n vacuo to

leave prepolymer as an off-white product.

EXAMPLE 3

General Polymerization Procedure

A two-liter autoclave equipped with an anchor-hellx stirrer
is purged of any oxygen or moisture by evacuation at 80°C
followed by several pressure/evacuate cycles with argon.
The vessel is charged with a slurry of catalyst precursor,
alkyvlaluminum compound, and 10-20 M1 heptane. Argon and
hydrogen are added to bring the pressure to 350 psig.
Ethylene is added to bring the total pressure to 550 psig.

Temperature and stirring rate are maintained and ethylene 1s

metered from a reservoir to determine a kinetic profile of

the catalyst. After the appropriate time, the gasses are
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vented and the reactor cooled to leave polyethylene as a white powder.

Figure 1 shows the hydrogen response for the catalyst of this invention and
comparative catalysts. As can be seen, the catalyst of the present invention
gives higher melt index polymers at any given hydrogen concentration. For
example, at 150 psi, the melt index is about 10 when the catalyst of this
invention Is used, while the melt index is only about 4 for the comparative
example. Similarly, at 200 psi of hydrogen, the melt index is about 35 when

the catalyst of this invention is used1 compared to about 12 for the

comparative catalyst.

The catalyst of this invention has a surprisingly high hydrogen response, that
s, relatively small amounts of hydrogen can be used to alter the polymer
molecular weight. This high hydrogen response is advantageous, as it is often
desirable to adjust polymer molecular weight during a polymerization run
depending on the melt index of the polyolefin product desired and its planned

applications or uses.

The high hydrogen response of the catalyst of this invention also means that
less hydrogen Is used. As it is difficult to remove catalyst poisons from
hydrogen, less hydrogen means fewer introduced catalyst poisons. Also,
there are operating pressure limits on most ethylene polymerization vessels;
these limit the amount of hydrogen that can be added. Moreover, added
hydrogen generally displaces ethylene in the polymerization vessel and, thus,
decreases the ethylene concentration in the vessel. This can impact the

reaction kinetics.
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IS CLAIMED I5:

A catalyst precursor, useful to make catalysts useful
in the polymerization of olefins, comprising magnesium

and titanium, wherein the catalyst precursor 1s

prepared by adding a preformed alkylmagnesium halide to
a ligquid solution comprising a solvent having dissolved
therein (a) titanium halide, titanium alkoxide or both;

P
—

and (b) an alkyl halide and wherein the addition of

preformed alkylmagnesium halide to the liquid solution

is controlled over a period of time of at least one
hour in a manner to allow small concentrations of the
preformed alkylmagnesium halide to react with excess
titanium at the beginning of the reaction, said
catalyst precursor being comprised of hollow particles.

The catalyst precursor of Claim 1 wherein the titanium

halide has the general formula TiZ, where Z 1s halide
and n is 3 or 4, and the titanium alkoxide has the
general formula Ti (OR')m where R' is an alkyl radical
and m 1s 3 or 4.

The catalyst precursor of Claim 1 wherein (a) comprises
titanium tetrachloride, titanium tetralsopropoxide or
pboth.

The catalyst precursor of Claim 1 wherein (a) comprises
both titanium tetrachloride and titanium
tetraisopropoxide.

The catalyst precursor of Claim 1 wherein the alkyl
halide 1s butyl chloride.

g

The catalyst precursor of Claim 1 wherein (a) comprises

both titanium tetrachloride and titanium
tetraisopropoxide and (b) 1s butyl chloride.
A catalyst precursor, useful to make catalysts useful

”

in the polymerization of olefins, comprising the

product obtained by adding a preformed alkylmagnesium
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halide to a liquid solution comprising a solvent having
dissolved therein (a) titanium halide, titanium
alkoxide or both; and (b) an alkyl halide wherein the
addition of preformed alkylmagnesium halide to the
liquid solution is controlled over a period of time of
at least one hour in a manner to allow small
concentrations of the preformed alkylmagnesium halide
to react with excess titanium at the beginning of the
reaction, said catalyst precursor being comprised of

hollow particles.

of olefins, said method comprising adding a preformed
alkylmagnesium halide to a liquid solution comprising a
solvent having dissolved therein (a) titanium halide,

titanium alkoxide or both; and (b) an alkyl halide
wherein the addition of preformed alkylmagnesium halide

reaction, said catalyst precursor being comprised of
hollow particles.

The method of Claim 8 wherein the titanium halide has
the general formula’TiZ, where Z is halide and n is 3
or 4, and the titanium alkoxide has the general formula
Ti(OR')n where R! is an alkyl radical and m is 3 or 4.
The method of claim 8 wherein (a) comprises titanium
tetrachloride, titanium tetraisopropoxide or both.

The method of Claim 8 wherein (a) comprises both
titanium tetrachloride and titanium tetraisopropoxide.
The method of Claim 8 wherein the alkyl halide is butyl

chloride.
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13. The method of Claim 8 wherein (a) comprises both
5 titanlum tetrachloride and titanium tetraisopropoxide

and (b) 1s butyl chloride.

14. A polymerization catalyst, useful for the

polymerization of olefins, prepared by a process
comprlsing adding an organoaluminum compound to the

10 product obtained by adding a preformed alkylmagnesium
halide to a liquid solution comprising a solvent having

dissolved therein:

(a) titanium halide, titanium alkoxide or both;
15 and
(b) an alkyl halide

wherein the addition of preformed alkylmagnesium halide

to the liquid solution 1s controlled over a period of
20 time of at least one hour in a manner to allow small

concentrations of the preformed alkylmagnesium halide

to react with excess titanium at the beginning of the

reaction.

15. The catalyst of Claim 14 wherein the titanium halide
25 has the general formula TiZ, where Z is halide and n is

3 or 4, and the titanium alkoxide has the general

formula Ti(Othnvnmnxafﬁ 1s an alkyl radical and m is 3

or 4.
lo. The catalyst of Claim 14 wherein (a) comprises titanium
30 tetrachloride, titanium tetraisopropoxide or both.
17. The catalyst of Claim 14 wherein (a) comprises both

titanium tetrachloride and titanium tetraisopropoxide.
18. The catalyst of Claim 14 wherein the alkyl halide is
butyl chloride.
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22.

23.

titanium tetrachloride and titanium tetraisopropoxide
and (b) is butyl chloride.

The catalyst of Claim 14 wherein the organoaluminum
compound is a trialkylaluminum compound.

The catalyst of Claim 20 wherein the trialkylaluminum
compound 1s triethylaluminum or tri-n-octyl aluminum.
A prepolymer, useful for the polymerization of olefins,

obtained by the process comprising:

(1) reacting a catalyst precursor formed by a
controlled addition over a period of at least
one hour of a preformed alkylmagnesium halide

to a liquid solution comprising a solvent

having dissolved herein:

(a) titanium halide, titanium alkoxide or

both; and
(b) an alkyl halide;

with an activator; and

(2) contacting the product of step (1) with a

sufficient amount of olefin, under olefin
polymerization conditions, such that the
prepolymer obtained has a melt index in the

range of about 1 to about 5.

In the process for the polymerization of olefins in the
presence of a polymerization catalyst, the improvement
comprising employing a catalyst made from a catalyst
precursor comprising the product obtained by adding a
preformed alkylmagnesium halide to a liquid solution

comprising a solvent having dissolved therein (a)

. . a4 D T ekl ’ H DN L o o W e bt Bt N o VR AP s Bl o oot o L caal T A il e Lo aokd laddd
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titanium halide, titanium alkoxide or both; and (b) an
alkyl halide wherein said catalyst precursor comprises
hollow particles and wherein the addition of preformed
alkylmagnesium halide to the liquid solution is controlled
over a period of time of at least one hour in a manner to
allow small concentrations of the preformed alkylmagnesium
halide to react with excess titanium at the beginning of
the reaction. The process of Claim 23 wherein the titanium
halide has the general formula TiZ; where Z is halide and n
ls 3 or 4, and the titanium alkoxide has the general
formula Ti(OR!), where R! is an alkyl radical and m is 3 or
4. The process of Claim 23 wherein (a) comprises titanium
tetrachloride, titanium tetraisopropoxide or both. The
process of Claim 23 wherein (a) comprises both titanium
tetrachloride and titanium tetraisopropoxide. The process

of Claim 23 wherein the alkyl halide is butyl chloride.

The process of Claim 23 wherein (a) comprises both
titanium tetrachloride and titanium tetraisopropoxide
and (b) is butyl chloride.

In a process for the polymerization of olefins in the
presence of a polymerization catalyst, the improvement
comprising employing a catalyst made from a catalyst
precursor comprising the product obtained by the
controlled addition over a period of at least one hour
of a preformed alkylmagnesium halide to a liquid
solution comprising a solvent having dissolved therein
(a) titanium halide, titanium alkoxide or both; and (b)
an alkyl halide, said catalyst precursor being
comprised of hollow particles.

A process for the polymerization of olefins comprising:

(1) making a preformed alkylmagnesium halide in a

solvent:
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making a liquid solution comprising a solvent
having dissolved therein titanium halide,

titanium alkoxide or both and an alkyl
halide;

adding the product of step (1)
(2) 7

to the liguid

solution of step

1)

adding trialkylaluminum to the product of

step (3);

reacting the product of step (4) with a

under olefin

such that the

sufficient amount of olefin,
polymerization conditions,
product formed has a melt index in the range

of about 1 to about 5; and

reacting the product of step (5) with

sufficient olefin, under olefin

polymerization conditions, to produce

polyoleflin resin.

The process of Claim 30 wherein the titanium halide has

the general formula TiZ, where Z is halide and n is 3

or 4,

and the titanium alkoxide has the general

formula

Ti (OR")p where R' is an alkyl radical and m is 3 or 4.

The

tetrachloride,

The process of

process of

—

Claim 30 wherein (a) comprises titanium

titanium tetraisopropoxide or both.

*

I}

Claim 30 wherein the liguid solution of

(2) comprises a mixture of titanium tetrachloride and

titanlium tetraisopropoxide.

The process of Claim 30 wherein the alkyl halide is
butyl chloride.;
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The process of Claim 30 wherein the ligquid solution of

(2) comprilises a mixture of titanium tetrachloride and

titanium tetraisopropoxide and the alkyl halide is

butyl chloride.

The process of Claim 30 wherein the trialkylaluminum is

triethylaluminum or tri-n-octyl aluminum.
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