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ABSTRACT

High activity, stereoregular olefin polymerization
catalysts are produced from an organocaluminum cocatalyst, a
5 selectivity control agent and a procatalyst obtainable from
a magnesium-containing, titanium-containing procatalyst
precursor also containing at least one of alkoxide,
optionally substituted phenoxide or trialkylborate moieties.
The catalysts are useful in the polymerization or
10 copolymerization of lower a-olefins, particularly propylene.
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OLEFIN POLYMERIZATION CATALYST
—ttmal S DN LSATION CATALYST

The production of polymers of a~-olefins,
particularly ethylene and propylene, has gained commercial
acceptance. The products are inexpensive and exhibit a
number of commercially useful properties. In the case of
the polymerization of ethylene the process is uncomplicated
in that the product type is not influenceg by the manner in
which the ethylene molecules add to the growing polymer

add to the growing polymeric chain. Most commercial

polypropylene is crystalline and results from stereoreqular
addition of propylene units in a regular head-to-tail

lanner. Polypropylene in which the units add randomly is
termed atactic. Thig amorphous form is less desirable and
often must be removed as by extractioen.

Also significant is the activity of the
Polymerization catalyst. The early trivalent titanium,
chromium or vanadium catalysts were of low activity and the
product contained a significant proportion of catalyst
residues. Removal of such residues was required to obtain
commercially satisfactory properties.

The more recent titaniummbésed polymerization
catalysts are stereoregulating and have sufficient activity
to avoid extraction and deashing steps. In terms employed
conventionally, the high activity catalysts are formed from
a solid procatalyst which typically contains magnesiun,
titanium and halide moieties, a cocatalyst which is usually
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(SCA). Each of these components influences the catalyst and
polymer produced therefrom but the procatalyst seems to have
the greatest influence.

US-A-4,330,649 describes a procatalyst obtained by
heating a magnesium compound with a higher alcohol and an
ester to produce a solution. This solution is added to
TiCl; and an electron donor (ED) to form the procatalyst.
US~-A-4,472,521 describes reacting a magnesium alkoxide with
a titanium alkoxide in an aromatic hydrocarbon. TicCl, and
an ED are added to form a solid which is post~treated with
transition metal halide. US-A-4,540,679 describes the
production of a catalyst Component by contacting a
suspension of Mg(OCyHg)> in ethanol with CO5. The addition
of organcaluminum in hydrocarbon produces granular particles
employed as support for titanium compound upon contact with
TiCly. US~-A-4728705 describes solubilizing Mg(OCyHg), in
ethanol with €O, and spray drying the resulting solution or
using the solution to impregnate carrier particles. Either
type of particle is useful in the production of procatalyst
Oof desirable morpholoqy.

A different catalyst is described in US-A-
4,710,428, wherein a magnesium compound of the general
formula

Mg4(OR)5(ROH) 10A (I)

anion having a total oxidation state of -2. This complex is
reacted with tetravalent titanium halide, a halohydrocarbon
and an ED to form a procatalyst. The use of the above
complexes has advantages in that the complexes are crystals
of desirable morphology in contrast to Mg (OCyHg)» which is
not. The crystals can be converted to olefin polymerization
Catalyst precursors and to catalysts by largely conventional
technology. The Ccatalysts are active ang produce polymer
products of good properties. It would be of advantage to
produce improved catalyst precursors and olefin
polymerization catalysts whose use results in improved
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polymer product.
The invention provides complex magnesium-
containing, titanium~containing compounds useful as

and a process of Polymerizing lower a-olefins employing such
catalysts. The polyolefins obtainead by use of the catalysts
have good properties and are obtained in good yield.

polymerization pProcatalyst precursor which contains moieties
Oof magnesium and titanium and at least one of alkoxide,
trialkylborate and optionally substituted Phenoxide moieties
and 1s obtainable:

A, by contacting a magnesium alkoxide, a titanium
alkoxide and a trialkylborate in an alkanol at an elevated
temperature and removing alkanol from the resulting complex
alkoxide compound alcoholate;

B. by contacting magnesium, a titanium alkoxide,
a trialkylborate and an alkanol in an inert reaction diluent
at an elevated temperature;

C. by contacting a magnesium alkoxide, a titanium
tetraalkoxide and a phenolic compound at an elevated
temperature in an inert diluent;

D. by contacting a magnesium alkoxide, a titanium
alkoxide, a titanium tetrahalide, a phenolic compound and an
alkanol, and removing alkanol from the resulting mixture: or

E. by contacting a magnesium alkoxide, a titanium
tetraalkoxide and a phenolic compoungd, reacting the
resulting product with a magnesium halide alcoholate, and
removing alkanol from the resulting mixture, wherein each
alkoxide moiety independently has up to 4 carbon atoms
inclusive and the phenolic compound is selected from phenol



In one embodiment, a complex alkoxide compound is
produced from a magnesium alkoxide, wherein each alkoxide

suitably has up to 4 carbon atoms inclusive, a titanium

10 alkoxide, wherein each alkoxide suitably has up to 4 carbon
atoms, and a trialkylborate, wherein each alkyl suitably has
Up to 4 carbon atoms. The Yeactants are contacted at an
elevated temperature and alkanol is removed from the

15 alkoxide moieties within each reactant can be the same or
different and the alkoxide moieties of any one reactant can
be the same as or different from the alkoxide moieties of
other reactants. Although alkoxide moieties such as
methoxide, i-propoxide or i-butoxide are useful, the

20 preferred alkoxide moiety is ethoxide. The stoichiometry of
the complex alkoxide compound is of the formula

30 alkoxide moieties of one Or more of the reactants. Suitable
reaction temperatures are from 20°C to 180°C, preferably
from 50°C to 90°cC. Contacting is conducted in a suitable
reactor and can be facilitated by conventional methods such
as shaking, stirring or refluxing. The initial product,

35 obtained as a crystalline alcoholate upon cooling of the
product mixture, is illustrated by the formula
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Mg3T1i, (OR) 9,4 .n(ROH) (IIa)
wherein n is a number from 0 to about 6. This process of
producing a complex alkoxide requires a trialkylborate even
though boron does not appear in the crystalline product.
The trialkylborate suitably is provided in a quantity from
about 0.1 to about 2 moles, preferably from 0.5 to 1 mole,
per mole of titanium. The magnesium alkoxide suitably is

provided in a quantity from about 0.5 mole to about 4 moles,
preferably from 0.5 to 2 moles, per mole of titanium.

The resulting complex alkoxide compound (formula
IIa) 1s a solid, crystalline material of low solubility in

procedures generally involving heat. A particularly
satisfactory method is by azeotropic distillation with a
hydrocarbon or halohydrocarbon solvent. Such solvents in
which the complex alkoxide of formula II is soluble and with
which the alkanol forms an azeotrope are useful. An
illustrative hydrocarbon is isooctane and an illustrative
halohydrocarbon is chlorobenzene. The azeotropic solvent is
added 1n a quantity in excess of the alkanol present and the
resulting mixture is heated to remove the alkanol
azeotropically. The complex alkoxide procatalyst precursor
(formula II) which results forms a clear solution is excess
azeotropic solvent at the boiling point of the azeotrope as
well as upon cooling to ambient temperature. The solution
can serve as procatalyst precursor and can be converted to a
procatalyst as described below.

In a second embodiment a complex alkoxide
procatalyst precursor is produced by reaction of elemental
magnesium with a titanium alkoxide, wherein each alkoxide
suitably has up to 4 carbon atoms, a trialkylborate, wherein
each alkyl suitably has up to 4 carbon atoms, and an
alkanol, suitably of up to 4 carbon atoms, in the presence
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of an inert diluent. In this embodiment also, the alkoxide
moieties of any reactant or of the different reactants are
the same or are dissimilar. It is generally preferred that
all alkoxide moleties be the same and be ethoxide. The
complex alkoxide of this embodiment is produced by
contacting the reactants in an inert reaction diluent which
sultably is a hydrocarbon diluent such as isopentane,
isococtane, cyclohexane, toluene or even a kerosene fraction,
or a halohydrocarbon such as methylene chloride or
chlorobenzene. Isooctane is a preferred hydrocarbon diluent
and chlorobenzene is a preferred halohydrocarbon diluent.

The structure of the complex alkoxide compound of
this embodiment is somewhat variable and will in part by
determined by the ratio of reactants employed. The
structure can be illustrated by the formula

Mg, Ti (OR) s [B(OR) 3]+ (III)

wherein 0< t £ 2, s is (10-t) and each R independently is
alkyl of up to 4 carbon atoms. A preferred complex alkoxide
is of the above formula III wherein t is 2 and R is ethyl.
The complex alkoxide is produced by contacting the reactants
at an elevated temperature and sulitably at a pressure
sufficient to maintain the reaction mixture in a non-gaseous
state. Suitable temperatures are from about 40°C to about
100°C, preferably from about 50°C to about 80°C. The
contacting is conducted in a suitable reactor and can be
conventionally facilitated as by shaking, stirring or
refluxing. The stoichiometry of the reaction is not simple
but sufficient magnesium is usually employed to provide from
about 1% to about 6% by weight of magnesium based on total
solution weight. Best results are obtained if a small
amount of metal surface activator such as ferric chloride is
provided to initiate reaction. The complex alkoxide product
mixture is a solution of variable viscosity depending in
part on the diluent and the ratio of starting materials.
The complex alkoxide is an olefin polymerization procatalyst
precursor and can be converted to a procatalyst by methods
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described below.

In a third embodiment, the complex olefin
polymerization procatalyst precursor is produced by
contacting a magnesium alkoxide, a titanium alkoxide and a
phenolic compound in an inert diluent. In this embodiment
also, the alkoxide moleties of a reactant or of the
reactants are the same or different and are preferably
ethoxide. The phenolic compound, characterized as producing
an anion moiety X', is selected from phenol or activating
group-substituted phenol whose phenolic hydroxyl group is
free of steric hindrance. By "activating group" is meant a
substituent on a ring carbon atom free from active hydrogens
such as alkyl of up to 5 carbon atoms, e.g. methyl, ethyl or
butyl;:; alkoxy of up to 5 carbon atoms, e.g. methoxy, ethoxy
or amyloxy; halo, particularly chloro; and dialkylamino
wherein each alkyl group has up to 5 carbon atoms such as
dimethylamino or ethylpropylamino. Illustrative of suitable
phenolic compounds are phenol, o-cresol, 3-methoxyphenol, 4-
dimethylaminophenol and 2,6-dimethylphenol. O0Of such
phenols, o-cresol is preferred.

The conplex alkoxide procatalyst precursor of this
embodiment can be illustrated by the formula

Mg3Ti, (OR) pX' (IV)
wherein R is as previously defined, X' is a monovalent anion
of the phenolic compound, 0.5 a € 2, 0 ¢ £ 2 and b is
(6+4a+c). A preferred complex alkoxide has the formula
Mg3T1(OR) gX' 5 {(IVa)
wherein R and X' are as previously defined. The inert
diluent sultably is a hydrocarbon such as isopentane,
isooctane, toluene, or even a kerosene fraction or is a
halohydrocarbon such as methylene chloride or chlorobenzene.

The production of the complex alkoxide of formula
IV takes place at elevated temperature and suitably at a
pressure sufficient to maintain the reaction mixture in a
non-gaseous state. Suitable temperatures are from about
50°C to about 110°C, preferably from about 70°C to about
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100°C. The contacting is in a suitable reactor and can be
conventionally facilitated as by shaking, stirring or
refluxing. Sufficient magnesium alkoxide is usually
employed to provide from about 1% to about 6% by weight
magnesium based on total solution. The complex alkoxide
olefin procatalyst precursor which results is a solution of
variable viscosity depending upon the particular diluent
employed and the ratio of reactants. The precursor can be
converted to a procatalyst by procedures described below.

In a fourth embodiment, the procatalyst is a
complex of indefinite stoichiometry formed from a magnesium
alkoxide, wherein each alkoxide independently has up to 4
carbon atoms inclusive, a tetravalent titanium alkoxide
wherein each alkoxide suitably has up to 4 carbon atoms
inclusive, a halide of tetravalent titanium, a phenolic
compound and an alkanol. The alkoxilide moieties of one or
both alkoxides can be the same as or different from other
alkoxides and are preferably ethoxy, and the halide moieties
suitably are chloro or bromo but preferably are chloro. The
phenolic compound is selected from phenol and an activating
group-substituted phenol where the activating group is as
described above.

This procatalyst precursor is suitably produced by
contacting the reactants in an inert reaction diluent, e.q.
a hydrocarbon such as isopentane, isococtane or cyclohexane,
or a halohydrocarbon such as methylene chloride or
chlorobenzene. Isooctane and chlorobenzene are preferred.
The formation of the procatalyst precursor does not appear
to follow conventional molar stoichiometry but is
illustrated by the following partial general equation
employing preferred alkoxide and halide moieties:-

3 Mg(OCoHg) o + x Ti(OCoHg)4 + y TiCly + 2z o—cresol + w CoHgOH—>
wherein 0.1< y < 0.8, 0.2< (x+y) < 3, 0.05< 2z < 3 amd 0.5< w < 9,
Preferably, 0.3 y < 0.5, 0.5 < (xty) < 2, 0.1 2 < 2 and 2< w < 5,

The initial reaction suitably takes place in a non-

gaseous state at a reaction temperature from about 30°C to
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about 120°C, preferably from about 35°C to about 90°'C, to
produce a generally clear solution. This solution can then
be heated to a higher temperature sufficient to remove
alkanol, typically as an azeotrope with a portion of the
inert reaction diluent. The temperature of this second
heating will depend in part upon the boiling point of any
alkanol-containing azeotrope which is formed, e.qg.
temperatures from about 70°C to about 120°C, preferably from
about 85°C to about 110°C. The removal of alkanol results
in the production of the procatalyst precursor in the form
of opague, spheroidal particles. This olefin polymerization
procatalyst precursor can be converted to a procatalyst by
methods described below.

In a fifth embodiment, the olefin polymerization
procatalyst is produced by a two-step synthesis initially
involving reaction of a magnesium alkoxide, wherein each
alkoxide suitably has up to 4 carbon atoms, a titanium
alkoxide, wherein each alkoxide suitably has up to 4 carbon
atoms and a phenolic compound. The alkoxide moieties of the
same or different alkoxide reactants are similar or
dissimilar and the phenclic compound is selected from phenol
and activating group-substituted phenol wherein the
activating group is as previously defined.

The initial reaction suitably takes place in an
inert reaction diluent by contacting the metal alkoxides and
the phenolic compound at an elevated temperature. Reaction
diluents that are suitable are relatively high-boiling so as
to be liquid at the temperature of the contacting. Diluents
such as chlorobenzene, toluene and isooctane are suitable.
The temperature of the contacting suitably is from about
60°C to about 130°C and a pressure sufficient to maintain
the reaction mixture in a non-gaseous phase is desirable.
The initial product is a complex of the starting materials
illustrated but not limited by the formula

Mg, Ti(OR) gX'5 (V)
wherein R and X' have the previously stated meanings. This
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initial product can be obtained as a solution in the

reaction diluent.

This initial product is then contacted with a
magnesium halide alcoholate, preferably a hexaalcoholate, in
which the alcohel moleties are ROH where R has the
previously stated meaning. The magnesium halide can be
MgCl, or MgBr,, preferably MgCl;. The initial complex and
the magnesium halide alcoholate can be mixed in an inert
reaction diluent which is the same as or different from the
diluent used to prepare the initial complex. Preferably,
the diluent is the same. The reactants are contacted and
heated, for example at a temperature up to about 100°C,
until a solution is obtained and then heated, for example
from about 110°C to about 140°C, to remove alkanol from the
mixture, often as an azeotrope with the inert diluent. The
product, of somewhat variable composition, is obtained as
opague, spheroidal particles. This magnesium~-containing,
titanium-containing solid is an olefin polymerization
procatalyst precursor and can be converted to a procatalyst
by methods described below.

The olefin polymerization procatalyst precursor can
be converted to a procatalyst by contact with a halide of
tetravalent titanium, optionally with halohydrocarbon, and
an ED. The halide of tetravalent titanium can be an
aryloxy- or an alkoxy- di- or trihalide such as
diethoxytitanium dichloride, dihexyloxytitanium dibromide,
isopropyloxytitanium trichloride, or phenoxytitanium
tribromide, or can be a titanium tetrahalide such as TiCl,
or TiBr,. A titanium tetrahalide is preferred, particularly
TiCl,.

The halohydrocarbon optionally employed in the
production of procatalyst suitably has up to 12 carbon
atoms, preferably up to 9 carbon atoms, and contains at
least one halogen atom or in the case of aliphatic
halohydrocarbons contains at least two halogens. Exemplary
aliphatic halohydrocarbons include CH,Cl,, CH,Br,, CHClg,
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CCly, 1,2-dibromoethane, 1,1,3~trichloropropane, 1,1,2-
trichloroethane, trichlorocyclohexane, dichlorofluoromethane
and trichloroisococtane. Aromatic halohydrocarbons suitably
employed include chlorobenzene, bromobenzene,
dichlorobenzene and chlorotoluene. Of the aliphatic
halohydrocarbons CCl, and 1,1,2-trichloroethane are
preferred, but particularly preferred is chlorobenzene.

The electron donor employed in the procatalyst is
an ED conventionally used in titanium-based olefin
polymerization procatalyst. The ED can be free from active
hydrogens. Examples of suitable electron donors include
ethers, esters, ketones, amines, imines, amides, nitriles,
phosphines, stibines, arsines and alcoholates. A preferred
ED is an ester, particularly an alkyl ester of an aromatic
monocarboxylic or dicarboxylic acid. Preferred ED's are
ethyl benzoate, ethyl p-ethylbenzoate and diisobutyl
phthalate. The ED can be a mixture of compounds but
preferably is a single compound. Ethyl benzoate and
dilsobutyl phthalate are preferred.

The manner in which the procatalyst precursor,
halide of tetravalent titanium, the halohydrocarbon when
employed and the ED are contacted is material but not
critical. Best results are obtained when the ED is added to
the procatalyst precursor and the resulting mixture 1is added
to at least a portion of the halide of tetravalent titanium.
Alternatively, the halide of tetravalent titanium is added
to a mixture of the procatalyst precursor and the ED. Other
modifications are suitable but less preferred. The
resulting solid is typically washed with a 50/50 mixture by
volume of additional halide of tetravalent titanium and
halohydrocarbon at least once and often twice or more times.
This washing process, often termed a halogenation, 1is
frequently aided by the additional presence of an acid
halide, particularly an aromatic acid halide such as benzoyl
chloride or phthaloyl chloride. Subsequent to contacting
with a halide of tetravalent titanium and halohydrocarbon,
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the resulting solid procatalyst can be washed with a light
hydrocarbon to remove unreacted titanium compounds.

In the preferred modification, the initial
contacting of ED and procatalyst precursor is conducted at a
tenperature from about ambient temperature to about 150°C.
Preferably, the materials are mixed at ambient temperature.
Sufficient halide of tetravalent titanium and any acid
halide are used to convert a substantial portion of the
anion moieties of the procatalyst precursor to halide
moieties. Sufficient ED is used so that the molar ratio of
ED to Mg present in the procatalyst precursor is from about
0.01:1 to about 10:1, preferably from about 0.06:1 to about
0.4:1. The final washing produces procatalyst which 1is
stable upon drying in the absence of 0, and active hydrogen
compounds or useful without drying in the formation of an
olefin polymerization catalyst by reaction with a cocatalyst
and SCA.

The cocatalyst 1is an organocaluminum compound of the
type normally employed with titanium-based procatalysts in
the production of high-activity olefin polymerization
catalysts. Suitable organocaluminum compounds are
alkylaluminum compounds such as trialkylaluminum compounds,
alkylaluminum halide compounds and alkylaluminum alkoxide
compounds wherein each alkyl independently has 2 to 6 carbon
atoms. The preferred alkylaluminum compounds are free of
halide moieties and particularly preferred are
trialkylaluminum conpounds such as triethylaluminum,
triisobutylaluminum and diethylhexylaluminum.
Triethylaluminum is especially preferred. The
organcaluminum compound is suitably employed in sufficient
gquantity to provide from about 1 mole to about 150 moles of
aluminum per mole of titanium in the procatalyst, preferably
from about 10 moles to about 100 moles of aluminum per mole
of titanium.

The SCA employed in catalyst production can be any
conventionally utilized in olefin polymerization catalysts
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based on titanium. A suitable SCA 1s an ED such as those
above for use in procatalyst production but may also be an
organosilane of the formula R'ySi(OR)4-g wherein R' is alkyl
or aryl of up to 10 carbon atoms, R has the previously
stated meaning and q is 1 or 2. A preferred SCA is an ester
of an aromatic acid, e.g. ethyl p-ethylbenzoate, diisobutyl
phthalate, or ethyl p-methylbenzoate, or an
alkylalkoxysilane such as diisobutyldimethoxysilane,
isopropyltrimethoxysilane or
cyclohexylmethyldimethoxysilane. The SCA is suitably
provided to give from about 0.01 mole to about 100 moles of
SCA per mole of titanium in the procatalyst, preferably from
about 0.5 mole to about 20 moles per mole of titanium.

The components of the olefin polymerization
catalyst are contacted by largely conventional methods. 1In
one modification, the components are contacted outside the
polymerization zone as by mixing the components and
introducing the preformed catalyst into the polymerization
reactor. In an alternative modification, the catalyst
components are introduced separately into the polymerization
reactor and the catalyst is formed in situ. The olefin
polymerization catalyst is useful in the polymerization of
lower a-olefins under polymerization conditions and
particularly in the polymerization of straight-chain a-
olefins of up to 4 carbon atoms, i.e ethylene, propylene and
1-butene. The procedure of the polymerization process of
the invention, by virtue of its use of a catalyst produced
from the complex procatalyst precursors of the invention,
provides polyolefin product having good properties in
quantities which reflect the high activity of the catalyst.
The polymerization product can be a homopolymer, e.9.
polyethylene or polypropylene, when a single a-olefin
monomer is supplied to the reactor. Alternatively, the
product can be a copolymer (or terpolymer) such as EPR or
polypropylene impact copolymer when two or more monomers are
provided to the polymerization reactor.
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The polymerization can be conducted as a gas-phase
process employing one or more fluidized catalyst beds or can
be conducted as a slurry-phase process employing as a
diluent an inexrt material such as propane or a liquified
monomer of the polymerization such as propylene. The
molecular weight of the polymer product and thus to some
extent the properties of the product are influenced by the
provisions to the polymerization system of molecular
hydrogen as 1s known in the art. The process can be
conducted batch=-wise or in a continuous or semi-continuous
manner.

The catalyst productivity is often inversely
related to selectivity so that highly active catalysts often
afford polymer product of low stereoregularity. The
catalysts of the invention exhibit good productivity while
retaining a desirably high stereospecificity so that polymer
is obtained in good quantities with sufficiently good
properties that extraction and deashing steps are not
required.

The invention will be further illustrated by
reference to the following Examples. In the Examples the
productivity of the catalyst (also termed "yield") is
determined in kg of polymer product per gram of catalyst in
a standard batch process of 1 hour. The stereospecificity
of the catalyst and specifically the selectivity to
isotactic product 1is determined by measuring the xylene
solubles (XS) in accordance with the regulations of the U.S.
Food and Drug Administration. The test for XS comprises
dissolving a polymer sample in xylene under reflux in a
flask. The flask 1s then placed in a water bath at 25°C for
1 hour without stirring. The precipitate formed is then
removed by filtration and the solubles content is determined
by evaporating an aliquot of the filtrate followed by drying
and weighing the residue. The Xylene solubles consist
primarily of amorphous (atactic) polymer and a small amount
of low molecular weight polymer. The bulk density of
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polymer product (B.D.) is determined in gm/cm3.
Example I (First Procatalyst Precursor Embodiment)

A. Magnesium ethoxide (15g, 131 mmol), 159 (66
mol) of Ti(OC,Hg)», and 33.3g of ethanol were stirred
overnight in a 100°C o0il bath. Addition of an additional
33.3g of ethanol and 1 hr. heating did not produce a
solution. Triethylborate (9.6 g, 66 mol) was added and a
solution was obtained with a few minutes heating. The
stirred solution was cooled to room temperature and a
precipitate formed. This precipitate was recovered by
filtration, washed with ethanol and dried under flowing
nitrogen. Transparent rhombic crystals, 20.8g, were
obtained. Analysis: 5.7% Mg, 10.5% Ti, 0.4% B.

B. Magnesium ethoxide (60g, 524 mmol) and 78.29g
(275 mmol) of Ti(0-iCjgHy),4 were slurried overnight in the
absence of diluent while heated in a 135°C oil bath. The
resulting gray slush was slurried with 168g of ethanol and
18.9g (130 mmol) B(OCsHg)3. Upon heating in a 100°C oil
bath for 2 hours, a nearly clear solution resulted. After
cooling overnight, a precipitate formed which was recovered,
washed with ethanol and dried under flowing N, to yield 160g
of a moist powder.

C. In a 3-litre flask were slurried 188g (1.64
mole) of Mg(OCoHg)y, 3129 (1.1 mole) of Ti(0-1iCqHy)4, 5729
of ethanol and 447g of a 3% solution of
Mg (OCoHg)2.1.2B(0CoHg)3 1in ethanol (0.55 mole Mg, 0.66 mole
B). After stirring overnight at 70°C the solution was
cooled to form a precipitate. The precipitate was collected
by filtration, rinsed with ethanol and dried briefly under
flowing N, to produce about 600g of a moist, crystalline
solid.

D. Rhombic crystals (37.8g) prepared according to
the procedure of Example I.A were slurried into 170g of
chlorobenzene and then boiled to a weight of 50g. The
resulting solution was clear and stable.

E. An ethanol-moist powder (160g) prepared by the
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procedure of Example I.B was slurried in about 500g of
isooctane and the resulting solution was boiled to a weight
of 319g. The resulting slightly cloudy solution was
filtered through a medium porosity frit to produce a
solution of about 3% magnesiumn.

F. An ethanol-moist powder (600g) prepared
according to Example I.C was slurried in 1800 ml of
iscoctane. The resulting mixture was distilled at a head
temperature of from about 69°C to about 93°C until about
1600 ml of solvent were collected. The slightly cloudy
solution was filtered through a medium porosity frit to
produce 963g of a clear solution. Analysis: Mg = 1.24
mmol/ml, Ti 0.835 mmol/ml and B = <0.1 mmol/ml.

G. Procatalysts were produced from the
procatalyst precursor solutions of Examples I.D-F by
employing a digest at 110°C for 60 minutes in 150 ml of
TiCl,, utilizing sufficient solution to provide 30~50 mmol
magnesium. Sufficient diisobutyl phthalate was also present
to provide a concentration of about 40 mmol/litre. The
resulting solid product was washed at 110°C with 150 ml of a
50/50 by volume mixture of chlorobenzene and TiCl,
containing 6 mmol/litre of phthaloyl chloride. This was
followed by a 30 minute wash at 110°C with the 50/50
mixture. The resulting solid procatalyst was washed twice

with isooctane at room temperature and dried under N, at
50°C.

The contacting of the precursor solutions and the
first wash solution was accomplished by two methods. In

method 1, the diisobutyl phthalate was added to the
precursor solution and the mixture was added dropwise to 150
ml of stirred TiCl, mixture at room temperature. After 20
minutes, the mixture was heated to 110°C for the remainder
of the digest pericd. Method 2 1is similar, except the
precursor solution and ED were held overnight at room
termperature before being added to the TiCl, mixture.

H. Polymerization catalysts were produced from
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the procatalysts of Example I.G. Triethylaluminum was used
as cocatalyst and diisobutyl phthalate as SCA. Using these
catalysts, propylene was polymerized in a slurry-phase
process in liquid propylene. The results are shown in Table
I where "Source'" indicates the particular procedure of
Example I employed to produce the procatalyst precursor
solution and "Method" indicates the method of Example I.G by
which the procatalyst was formed. Also shown are results
using a catalyst produced from Mg(OCyHg)o, rather than a

procatalyst of the invention.
TABLE 1

L 3

im IL Source Method

Ti in catalyst, :i
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Example IT (Second Procatalyvst Precursor Embodiment)

A. Magnesium turnings (2.44g, 100 mmol),
Ti(OCoHg)s (8.8g of 95%, 33 mmol) and B(OCoHg)3 (4.86g, 33
mmol) were slurried in 71.3g of chlorobenzene in a 0.23
litre (8 oz) bottle and 3.5g of 3.5% FeCly in ethanol were
added. A balloon was attached to the bottle and the mixture
was stirred while heated in a 65°C oil bath. After 40
minutes, the volume of the balloon was about 200 mnl.

Additional ethanol, 3.7 g, was added and the evolution of Hjp
became more vigorous, providing 200 ml of gas in about 4
minutes. After 30 more minutes the evolution of gas had
ceased and another 2.5g of ethanol was added. After a total
of 4 hours, nearly all the Mg had reacted to give a
solution. An additional 0.5g of FeClj solution was added
and the mixture was stirred overnight when all the Mg had
reacted. The solution had a magnesium content of 2.2% and a
molar B/Mg/Ti ratio of 1/3/1.

B. To 49g of a solution produced according to
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Example IX.A, 1.32g (54 mmol) of Mg turnings, 4g of 95%
TiCl, (17 mmol) and 5g of the 3% FeClz in ethanol were
added. After stirring overnight while placed in a 65°C oil
bath, a slightly cloudy solution resulted. About 0.l1g of Mg
had not reacted. The solution had a molar B/Mg/Ti ratio of
0.5/3/1.

C. Magnesium turnings (62.9g, 2.59 moles),
Ti(OC,Hg) 4, 200g of 95%, 0.83 mmol, B(OCyHg)3, 60.7g, 0.42
mole and 96g of 2% FeClg in ethanol were mixed 1in 750g of
isooctane in a 2-litre, 3-neck flask equipped with a reflux
condenser. The flask and contents were heated to abkout 65°C
and hydrogen evolved. After about 2 hours, 95g of ethanol
was added and after 2 more hours 49g of ethanol was added.
After stirring for a total of 36 hours at 60°C the solution
which resulted was filtered while warm to recover 2.73g of
magnesium. The filtrate was 1297g of a clear, olive drab
solution having a magnesium content of 4.6% and a molar
B/Mg/Ti ratio of 0.5/3/1.

D. Using the solutions of Examples II.A-C, olefin
polynmerization procatalysts were produced by the method of
Example I.G. A third method of mixing the precursor
solution was also employed. In method 3, the solution of
procatalyst precursor was added to the TiCl, digestion
solution at 110°C and diisobutyl phthalate was added to the
resulting mixture.

E. The procatalysts of Example II.D were
converted to catalysts and evaluated in the polymerization
of propylene according to the procedure of Example I.H. The
results are shown in Table II where "Ratio" indicates the
molar B/Mg/Ti ratio and "Procedure" indicates the method
used to produce the procatalysts as well as the solvent
employed.
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Run 5 was repeated except that the SCA was

tetramethylpiperidine. The yield was 38.6 kg polymer/g cat
and the XS was 7.3%.

Example ITT (Third Procatalyst Precursor Embodiment)
A. Olefin polymerization procatalyst precursors

were prepared by contacting Mg(OC,Hg)s, Ti(OCoHg)4 and o=
cresol in varying proportions in various solvents and the
resulting mixtures were heated at temperatures from about
50°C to about 110°C. By way of illustration, in a flask
equipped with a reflux condenser, 116g (0.01 mole) of

Mg (OCyHg) 5, 81.2g9 (0.34 mole) of Ti(OCoHg)4 and 73g (0.67
mole) of o-cresol were slurried in 276g of isooctane. After
stirring for over 1 hour at 85°C, a relatively non-viscous
solution resulted which contained 4.5% Mg by weight. The
molar ratio of cresol/Ti/Mg was 2/3/1. Solutions of similar
concentrations were prepared using various molar ratios of
reactants. A number of these solutions are described in
Table III where the proportions of reactants are indicated
and viscosity of the solution is estimated between 1
(similar to water) and 5 (similar to jelly). The solvents
employed are listed where CB is chlorobenzene, iCg is
isooctane, CH is cyclohexane and DCM is dichloromethane.
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B. The solutions of Example III.A were used in
the production of procatalysts by the general procedure of
Example I.G. Methods 1 of mixing and 2 of mixing were the
same as in Example I.G. but a third method, method 3', was

also used in which the TiCl, solution was added dropwise to
the mixture of diisobutyl phthalate and the precursor

) . » 3 -
bbbt b 7 4, nre—

>
th

solution.

C. The procatalysts of Example III.B were
converted to catalysts by the general procedures of Example
I.H. Evaluations of these catalysts by the procedure of
Example I.H are shown in Table IV. The "ratio" column
indicates the molar proportions of reactants as well as the

solvent used. Jmmmﬁly
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Example IV (Fourth Procatalyst Precursor Embodiment)
A, In a 0.23 litre (8 o0z) bottle, 2.0g (10.5

mmol) of TiCly, 3.76g (15.7 mmol) of 95% Ti(OCoHg)4, 8.129
(71 mmol) of Mg(OC,Hg)»> and 94g (8.7 mmol) of o-cresol were
slurried in 100g of chlorobenzene and 5.4g of ethanol were

added while the mixture was stirred at 440 rpm. The bottle
was capped and immersed in an oil bath at 105°C. The

Mg (OCoHg) 2 quickly dissolved but the solution remained
murky. After about 1 hour the cap was removed and the
mixture was stirred for 2 more hours and filtered while hot.
The solids thus obtained were washed with warm
chlorobenzene, with isooctane and dried under flowing Ns,.
The solids, 9.2g, were nearly white, opague spheroids.

B. In a flask equipped with a
polytetrafluoroethylene stir paddle were slurried 39.6g (165
mmol) of 95% Ti(OCoHg),, 8.12g (710 mmol) of Mg(OC,Hg)» and
9.4g (86.7 mmol) of o-cresol, 52.59g (1.14 mole) of ethanol
and 800g of chlorobenzene. While the mixture was stirred at
300 rpm under a Ny blanket, a solution of 18g (95 mmol) of
TiCl, in 200g of chlorobenzene was rapidly added. The flask
was heated to 60°C-65°C and nearly all solids dissolved
after 2 hours. The mixture was then heated to 92°C and a
stream of N, was passed over the surface of the flask
contents and the evolved ethanol was collected. After
stirring overnight, the volume had decreased by about 5% and
a musky solution resulted. The slurry was filtered while
hot and the recovered solids were washed with chlorobenzene,
twice with isooctane and dried under flowing nitrogen. A
vield of 110.4g of primarily opaque spheroids in the 15«70
micron size range was obtained. The particles analyzed
contained 13.6% by weight Mg and 8.1% by weight Ti.

C. The procatalyst precursors of Example IV.A and
B were converted to procatalysts by a procedure

substantially similar to that of Example I.G. The

35 procatalyst obtained from the Example IV.A precursor

contained 2.4% wt. Ti, 18.7% wt. Mg and 60% wt. Cl. The
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procatalyst obtalined from the precursor of Example IV.B
contalined 2.89% wt. Ti, 19.4% wt. Mg and 59.8% wt. Cl.

D. The procatalysts of Examples IV.C were
converted to catalysts by mixing with triethylaluminum
cocatalyst and diisobutyldimethoxysilane SCA. The
quantities of components gave a molar Al1/Si/Ti ratio of
70/20/1. The components were mixed prior to injection into
a l-litre autoclave containing propylene and the resulting
polymerization using liquid propylene diluent took place at
67°C for 1 hour. Molecular hydrogen (43 mmol) was also
added. The results of the polymerizations are shown in
Table V which shows the precursor origin of the catalyst.
The term "H" 1ndicates that the catalyst was injected into
the autoclave with contents heated to 67°C. The term "R"
indicates that the catalyst was injected into the autoclave
at room temperature and the total contents heated to 67°C
over a 15-minute period. 1In each case, the final polymer
was obtalned as essentially spheroidal particles.

IABLE V

S

_Precursor l hUCCUOD I ch]d I BD ,
IV.A 35.4 3.3 0.390
R 36.6 32 | 0.447
H 33.1 3.5 0.413
_ R 50.0 3.2

0.471

Example V (Fifth Procatalyst Precursor Embodiment)

A. A solution containing about 1% wt. Mg was
prepared by mixing 36g (0.31 mole) of Mg (OCyHg) o, 25.2g of
95% T1(0OC; Hg), (0.105 mole) and 22.7g (0.21 mole) of o-cresol 1n
670g of chlorobenzene in a sealed container and stirred
overnlight while the container was in a 130°C oil bath. The
molar ratio of o-cresol/Mg/Ti was 2/3/1.

In a 0.23 litre (8 oz) bottle, 128.6g of this
solution was mixed with 7.3g of MgCl,;.6Co,HgOH (19.6 mmol)
and 86g of chlorobenzene. The bottle and contents were

heated 1n a 95°C 01l bath and the contents were stirred for
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2 hours at 450 rpm. The 01l bath was heated to 105°C and
the mixture stirred overnight. The resulting slurry was
filtered while warm and the recovered solids were washed
with chlorobenzene and isooctane and dried under flowing N,.
A yield of 6.8g of solid spheroids was obtained.

B. Employing the procedure of Example V.A. a
solution of a molar cresol/Mg/Ti ratio of 1/3/1 was
prepared. A 43.55g portion of this solution was mixed with
7.39g (19.6 mmol) of MgCl,.6Co,HgOH and 86g of chlorobenzene.
The bottle was capped and placed in a 90°C oil bath as the
contents were stirred at 450 rpm. After 2 hours the bottle
was uncapped and some foaming was observed as the oil bath
temperature was raised to 93°C. After stirring overnight,
the resulting slurry was filtered while warm and the
recovered solids washed with chlorobenzene (warm and then
cool), twice with isooctane and dried under flowing Ns.
Cream colored, rough spheroids (9.2g) were obtained.

C. The procatalyst precursors of Example V.A. and
B were converted to procatalysts by the general procedures
of Example I.G. The procatalyst from Example V.A. contailned
2.4% wt. Ti, 18.7% wt. Mg and 60.0% wt. Cl. The procatalyst
from Example V.B contained 2.25% wt. Ti, 16.0% wt. Mg and
57.7% wt. Cl.

D. The procatalysts of Example V.C. were
converted to catalysts and employed to polymerize propylene
by procedures substantially similar to those of Example IV.D
except that the polymerization temperature was 65°C and only
the H type of catalyst addition was used. The evaluation of
the polymers is shown in Table VI.

Sowmxaof

Precursor Yield
— 413
32 | 0.366

A similar polymerization using a catalyst produced
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and evaluated by the general methods of Example V.A, C and D
but using the R type of catalyst addition gave a yield of
37.8%, an XS value of 3.9% and the polymer had B.D. of
0.407.
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CLAIMS:
1. A process for preparing a compound useful as a solid

olefin polymerization procatalyst precursor which contains
moieties of magnesium, titanium, a titanium oxide, and
chloride, characterized by contacting at an elevated
temperature from 60 to 130°C in a solvent, a magnesium
alkoxide, a titanium tetraalkoxide and a phenolic compound,
reacting the resulting product with a magnesium halide

alcoholate, removing alcohol and recovering the resulted
solid precursor, wherein each alkoxide is a C,.4 alkoxide and
the phenolic compound is a phenol or a C, s alkyl, C,_

alkoxy-, halo-, or a di(C,. alkyl)amino-substituted phenol.

2. The process of claim 1, wherein the magnesium halide

alcoholate is MgCl,-6C,H.OH.

3. The process of claim 2, wherein the magnesium alkoxide

1s magnesium diethoxide.

4 . The process of claim 1 wherein the phenol is o-cresol.

5. The process of claim 1, wherein the solvent 1S

1sooctane, cyclohexane, chlorobenzene or dichloromethane.

6. A compound useful as a solid olefin polymerization
procatalyst precursor prepared according to the process of

any one of claims 1-5.

7. A solid olefin polymerization procatalyst characterized
in that it is obtained by contacting the compound of claim 6
with a titanium tetrahalide, an electron donor, and

optionally a halohydrocarbon.

8. The procatalyst of claim 7, wherein the titanium

tetrahalide is titanium tetrachloride.
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9. The procatalyst of claim 7, wherein the electron donor

ig an alkyl ester of an aromatic monocarboxylic- oOr

dicarboxylic- acid.

10. The procatalyst of claim 8, wherein the electron donor
is an alkyl ester of an aromatic monocarboxylic- or

dicarboxylic- acid.

11. The procatalyst of claim 7, wherein the halohydrocarbon

is present and 1s chlorobenzene.

12. An olefin polymerization catalyst obtained by

contacting a procatalyst as claimed in claim 7 with an

organoaluminum compound cocatalyst and a selectivity control

agent.

13. The olefin polymerization catalyst of claim 12, whereiln
the cocatalyst is a trialkylaluminum compound.
14. The olefin polymerization catalyst of claim 12, whereln

the

1)

the selectivity control agent is an organosilane O:

formula R’,Si(OR), .,where R’ is alkyl or aryl of up to 10

carbon atoms, R is alkyl of up to 4 carbon atoms, and g 1s 1

or 2.

15. A process for polymerizing a lower o-olefin having up

to 4 carbons, said process comprising contacting at least

one said lower o-olefin under polymerization conditions with

a catalyst as claimed i1in claim 12.
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