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CATALYST FOR THE MABUJ'ACTURB OP POLYETHYLENE 
WITH A HARROW MOLECULAR WEIGHT DISTRIBUTION 

A supported ethylene/alpha-olefin copolymerization 

catalyst composition of this invention is prepared in a 

multi-step process. The process comprises forming a slurry 

5 by mixing a solid, porous carrier and a mixture consisting 

of (1) a non-polar solvent free of any electron donor 

solvent(s), (2) at least one organomagnesium compound of 

the formula Ra.MgR'n where R and R' are the same or different 

alkyl groups, preferably C4-C10 alkyl groups, more 

10 preferably C4-C9 alkyl groups, and most preferably both R 

and R' are butyl groups, and.m and n are each o, 1 or 2, 

providing that m + n is equa·1 to the valence of Mg, and 

( 3) at least one silane compound of the formula R1 xSiR2 
Y 

wherein x is 1, 2, 3, or 4 and y is o, 1, 2, or 3, provided 

15 that x+y is 4: R1 is the R...,-0 alkoxy group wherein Rw is a 

hydrocarbyl group of 1 to 10 carbon atoms: and R2 is a 

halogen atom, preferably chlorine, or a hydrocarbyl group 

of 1 to 10 carbon atoms, or a hydrogen atom. 

The mixture is then contacted with at least one 

20 transition metal compound soluble in the non-polar solvent, 

to form a transition metal containing intermediate (or the 

catalyst precursor). The transition metal-containing 

intermediate is subsequently contacted with a cocatalyst, 

trialkylaluminum compound. 

25 The resulting activated catalyst composition has a 

higher productivity in the copolymerization of ethylene 

with alpha-olefins and improved alpha~olefin incorporation 

properties compared to similar catalyst compositions 

prepared without the silane. The catalyst can produce 

30 ethylene copolymers having relatively narrow molecular 

weight distributions and low densities. 

The invention is directed to forming certain catalysts 

for ethylene-olefin copolymerization. In accordance with 

preferred embodiments of the invention, the proportions of 

35 the components of the catalyst precursor of the invention 

satisfy the equation K = [Ti]/ ([Mg] + 4 [Sil) which is less 
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than 0.4 and preferably o.23 to 0.31. The "[Ti]", "[Mg]" 
and "[Si]" in the formula refer to the concentrations of Ti 
(provided by the transition metal compound, e.g. TiC14); 

the concentration of Mg provided by the organomagnesium 
5 compound and the concentration of Si provided: by. the silane 

·compound. The concentration of each is calculated in· units 
of mmol/gram of silica support; outside of this K range, 
the toughness of the ,resins.produced in polymerization 
reactions catalyzed by the catalysts of the invention and 

10 the strength of the films fabricated therefrom decline. 
Herein, a new process f.or the production of these 

catalysts is described. T.he new prpqess is directed to 
optimizing the mixing of the components of the catalyst in 
order to maintain. the activity/productivity of the catalyst 

15 in scale-up ~ynthesis and commercial manufacture. 
catalysts produced according to aspects of the present 
invention may be described in terms of the manner in which 
they are made. Suitable carrier materials for the cata.lyst 
precursors include solid, porous materials .such as silica, 

20 alumina and combinations thereof. such carrier materials 
may be amorphous or crystalline. These carriers may be in 
the form of particles having a particle size of from 0.1 
micron to 250 microns, preferably from 10 to 200 microns, 
and most preferably from 10 to 80 microns. Preferably, the 

25 carrier is shaped in the form of spherical particles, e.g. , 
spray-dried silica. The ca·rrier material should be porous. 
The internal porosity of these carriers may be larger than 

' 3 0.2 cm /g. The specific surface area of these materials is 
at least 3 m2/g, preferably at least 50 m2/g, and more 

30 preferaJ:?ly from 150 to 1500 m2/g. 
It is desirable to remove physically bound water from 

the carrier material prior to contacting it with catalyst 
iJ;tgredients. This water removal may be accomplished by 
heating the carrier material to a temperature .from about 

35 l00°C to the temperature at which sintering of the carrier 
occurs. A suitable range of temperatures may be from l00°C 
to 800°C, better from 150°C to 650°C. 
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If the chosen carrier is porous silica, silanol groups 

in the carrier may be present when the carrier is contacted 

with catalyst ingredients in accordance with an aspect of 

the present invention. The silanol groups may be present 

5 in an amount from about o. 5 to about 5 mmol of OH groups 

per gram of carrier but a preferred range is from about 0.3 

to about 0.9 mmol'of OH groups per gram of carrier. Excess 

OH groups present in the carrier may be removed by heating 

the carrier for a sufficient time at a sufficient 

10 temperature. A relatively small number of OH groups may be 

removed by heating the carrier from 150°C to 250°C, whereas 

a relatively large number of OH groups may be removed by 

·heating at 500 to 800°C, most especially, from 550°C to 

650°C. The duration of the heating may be from 16 to at 

15 least 4 hours. In a most preferred embodiment, the carrier 

is silica which, prior to the use thereof in the first 

catalyst synthesis step, has been dehydrated by fluidizing 

it by nitrogen or air and heating to at least 600°C for 4-

16 hours to achieve a surface hydroxyl group concentration 

20 of about o. 7 mmol per gram. The surface hydroxyl 

concentration of silica may be determined according to J.B. 

·Peri and A.L. Hensley, Jr., J. Phys. Chem., ll (8), 2926 

(1968). Internal porosity of carriers can be determined by 

a method termed the BET-technique, described by s. 
25 Brunauer, P. Emmett and E. Teller in Journal of the 

Amerjcan Chemjcal Spcjety, 60, pp. 209-319 (1938). 

Specific surf ace areas of carriers can be measured in 

accordance with the above-mentioned BET-technique with use 

of the standardized method as described in British 

30 Standard,s BS 4359, Volume 1, (1969). The silica of the 

most preferred embodiment is a high surface area, amorphous 

silica with the surface area = 300 m2/g and pore volume of 

1.65 cm3/g. It is a material marketed under the tradenames 

of Davison 952 or Davison 955 by the Davison Chemical 

35 Division of w. R. Grace and Company. While heating is a 

preferred means of removing OH groups inherently present in 

a carrier such as silica, other removal means are also 
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possible such as chemical means. For example, a·desired 

proportion of OH groups may be reacted with a che•ical 

agent such as an orqanoaluminum compound, e.q., 
triethylaluminum. 

s other examples of suitable carrier materials are 

described in the Graff, U.S. Patent No~ 4,173,547 in the 

passaqe extending from column 3, line 62, to column 5, line 

44. 
The carrier material is slurried in a mixture 

10 containing a non~polar solvent, an organomaqnesium compound 

and a silane compound described below. Preferably all 

subsequent steps for.catalyst precursor preparation are 

conducted at these temperatures about 25 to about 80°C,. 

preferably_to about 40 to about 65°C to ensure maximum 

15 catalyst activity. 
suitable non-polar solvents are materials in which all 

of the reactants used herein, e.g., the organomagnesium 

compound, the silane compound, and the .transition metal 

compound, are at least partially soluble and which are 

20 liquid at reaction temperatures. Preferred non-polar 

sol vents are alkanes, .- such as. isopentane, n-hexane, 

isohexane, n-heptane, octane, nonane; and decane, although 

a variety of other materials. including cycloalkanes, such 

as cyclohexane, aromatics, such as toluene and 

25 ethylbenzene, may also be employed. The most preferred 

non-polar solvents are isopentane, isohexane and heptane. 

As indicated above, the .solvent should be free of electron · 

donors and electron donor solvents: because those electron 

donor ( s) .. can react with the organomagnesium compound. 

30 Prior to use, the non-polar solvent should be purified, 

such as by percolation through silica qel and/or molecular 

sieves, to remove traces of water, oxygen, polar compounds, 

and other materials capable of adversely affecting catalyst 

activity. 
35 The organomagnesium compound has the empirical .formula 

RmMgR' n where R and R' are the same or different C2-C12 alkyl 

groups, preferably C4-C10 alkyl groups, more prefer(lbly C4-C8 



W097/1267S PCT/US96/12303 

-s-

alkyl groups, and most preferably both R and R' are butyl 

qroups, and m and n are each o, 1 or 2, providinq that m + 

n is equal to the valence of Mq~ 

In the most pref erred embodiment of the synthesis of 

5 this catalyst it is important to add only such an amount of 

the orqanomagnesium compound that will be deposited -· 

physically or chemically - onto the support since any 

excess of the orqanomagnesium compound in the solution may 

react with other synthesis chemicals and precipitate 

10 outside of the support. The carrier drying temperature 

affects the number of sites on the carrier available for 

the organomagnesium compound - the higher the drying 

temperature the lower the number of sites. Thus, the exact 

molar ratio of the organomagnesium compound to the hydroxyl 

15 groups · in the carrier will vary and must be determined c:>n a 

case-by-case basis to assure that only so much of the 

organomagnesium compound is added as will be deposited onto 

the support without leaving any excess of the 

organomagnesium compound in the solution. Because the 

20 molar amount of the organomagnesium compound depos~ted onto 

the support is greater than the molar content of hydroxyl 

qroups in the support·; the molar ratios given below are 

intended only as an approximate guideline and the exact 

amount of the organomagnesium compound in this embodiment 

25 must be controlled by.the functional limitation discussed 

above, i.e., it must not be greater than that which can be 

deposited onto the support. The amount of the 

organomagnesium compound which is.deposited onto the 

support can be determined by adding the organomagnesium 

30 compound to the slurry of the carrier until the 

organomagnesium compound is detected in the solvent. 

For example, for the silica··. carrier heated at about 

600°C, the amount of the orqanomagnesium compound added to 

the slurry is such that the molar ratio of Mg to the 

35 hydroxyl groups in the carrier is 1:1 to 4:1, preferably 

1.1:1 to 2~8:1, more preferably 1.2:1 to 1.8:1 and most 

preferably 1.4:1. 
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The silane compound used in the production of the: 

catalyst composition of the invention should be free of 
hydroxy groups. The preferred species ·.of · silane compound 
are those defined by Si (OR) 4 wherein R is a c1-c10 

5 hydrocarbyl group·, preferably a hydrocarbyl group of 2 · to 6 
carbon atoms. Hydrocarbyl groups include alkyl, aryl, 
arylalkyl, alkenyl and arylalkenyl, containing 1 to 10 .· 
carbon· atoms. Specific silane compounds·. which can be used 
in accordance with the invention include 

10 tetramethoxysilane, tetraethoxysilane, 

15 

tetraisopropoxysilane,.tetrapropoxysilane, 
tetrabutoxysilane, tetraphenoxysilane,· tetrakis(2-
methoxyethoxy)silane, tetrakis(2-ethylhexoxy)silane, and 
tetraallyloxysilane. 

The amount of the silane compound is such that the 
molar ratio of the silane.compound .to Mg is 0.40 to l.OO, 
preferably o.50 to a.so, more preferably 0.55 to 0.75 and 
most preferably 0.66. For the preparation of higher 
density (at.least 0.94 g/cc) polymers· and copolymers of 

20 ethylene, it was discovered that the catalyst exhibits 
higher activity when the catalyst is prepared with a total 
[silane]:[Mg] molar ratio at the minimum end of the range 
of o.4 to 1.0, that is, at 0.4 ra'ther,than at 1.0 •. 

Formation·of the contact mixture of the 
25 organomagnesium compound, the silane compound and the inert 

solvent with subsequent slurrying of the carrier therein 
obviates the necessity of equipment requiring high-mixing 
capabilities for the commercial scale-up of catalyst 
production. Therefore, the present synthetic method 

30 particularly allows fora complete contact of all 
components on any scale. In preferred embodiments, the 
:mixture of the organomagnesium compound, the silane 
compound and the inert solvent is prepared first and 
subsequently the carrier is slurried therein prior to 

35 precipitation of any components from the solution. · The 
total amount of the silane compound may be added in one 
step to form the liquid mixture. However, the invention 
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contemplates addition of only a portion of the total amount 

of the silane compound to the mixture with a subsequent 

addition of the remaining portion of the silane to the 

silica slurry. In accordance with the invention, it is 

5 most preferred to add all silane to the slurry of carrier 

prior to incorporating transition metal compound into the 

catalyst precursor. 
Finally, the slurry is contacted with at least one 

transition metal compound soluble in the non-polar solvent, 

10 preferably, after the addition of the silane compound is 

completed. This synthesis step is conducted at about 25 to 

about 70°C, preferably at about 30 to about 65°C, and most 

preferably at about 45 to about 60°C. In a preferred 

embodiment, the amount of the transition metal .compound 

15 added is not greater than that which can be deposited onto 

the carrier. The exact molar ratio of Mg to the transition 

metal will therefore vary (depending, e.g., on the carrier 

drying temperature) and must be determined on a case-by­

case basis. For example, for the silica carrier heated at 

20 200 to 850°C, the amount of the transition metal compound 

is such that the molar ratio of the transition metal, 

derived from the transition metal compound, to the hydroxyl 

groups of the carrier is l to 2.0, preferably 1.3 to 2.0. 

The amount of the transition metal compound is also such 

25 that the molar ratio of Mg to the transition metal is 0.5 

to 3, preferably 1 to 2. These molar ratios provide 

catalyst compositions which produce HOPE and LLDPE resins 

having low melt flow ratio values of 20 to 30. In 

particular, catalysts of the invention allow for the 

30 production of LLDPE resins characterized by MFR values less 

than 27. Film made of these LLDPE products exhibits 

excellent dart drop impact resistance and enhanced MD 

Elmendorf tear strength. As is known to those skilled in 

the art, such LLDPE resins.can ~e utilized to produce high-

35 strength film or injection molding products which are 

resistant to warping and shrinking. 
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suitable transition metal compounds used herein are 
compounds of metals of Groups IVA, VA, VIA or VIII of the 
Periodic' Chart of the Elements; as published by the Fisher 
Scientific Company, Cataloq No. 5-702-10, 1978 providinq 

5 that such compounds are ·soiuble in the non-polar solvents. 
The preferred transition metal compounds are titanium 
compounds, preferably tetravalent titanium compounds. The 
most preferred titanium compound is titanium tetrachloride. 
Mixtures of transition metal co:inp'C>unds may also be used and 

10 qenerally no restrictions are imposed on the transition 
metal compounds which may be included. Any transition 
metal compound that may be.used alone may also be used in 
conjunction with other transition metal compounds. 
Preferred solvents' for the tetravalent titanium compounds 

15 are isohexane ·or isopentane. 
The solution of the transition metal compound, such as 

the tetravalent titanium compound is added to the slurry 
containinq solid carrier and is heated to a suitable 
reaction temperature, e.g., to the reflux temperature of 

20 the solvent. The supported catalyst precursor formed from 
the four components described above is then activated with 
suitable activators. They include organometallic 
compounds. Preferably, the activators are trialkylaluminum 
compounds which contain alkyl qroups of 1 to 6 carbon 

25 atoms, preferably 1 to 4 carbon atoms. More preferably, 
the activators are triethylaluminum or trimethylaluminum. 
The most active catalyst is formed when the activator is 
trimethylaluminum. 

The catalyst 'may be activated in situ by adding the 
30 activator and catalyst precursor separately to the 

polymerization medium. It is also possible to combine the 
catalyst precursor and activator before introduction into 
the polymerization medium, e.g., for up to 2 hours at a 
temperature from -40 to about 80°C. 

35 A suitable amount of the activator expressed as the 
number of moles of th'e activator per qram atom of titanium 
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in the catalyst may be from l to 100 and is preferably 
qreater than·5. 

Ethylene and alpha-olefins may be copolymerized with 
the catalysts prepared accordinq to aspects of the present 

5 invention by any suitable process. such processes include 
polymerization reactions carried out in suspension, in 
solution or in the qas phase. Gas phase polymerizations 
are preferred·such as those takinq·place in stirred bed 
reactors and, especially, fluidized bed reactors. With the 

10 catalysts produced accordinq to aspects of the present 
invention, molecular weiqht of the polymers may be suitably 
controlled with hydroqen when the polymerization is carried 
out at relatively low temperatures, e.q., from about 30 to 
about 105°C. This control of molecular weight may be 

15 evidenced by a positive chanqe in melt indexes (I2 and I 21 ) 

of the polymer. ·The catalysts prepared accordinq to 
aspects of the present invention are hiqhly active and may 
have an activity of at least from about 3,000 to about 
10,000 qram of polymer produced per hour per qram of 

20 catalyst per 100 psi of ethylene pressure. 
The catalysts prepared accordinq to aspects of the 

present invention are particularly useful for the 
production of HOPE and LLDPE resins with densities below of 
0.96. The LLDPE resins may have a density of 0.94 q/cc or 

25 less, preferably 0.930 or less or even 0.925 q/cc or less. 
In accordance with certain aspects of the present 
invention, it is possible to achieve densities of less than 
0.915 q/cc and even 0.900 q/cc. 

These LLDPE resins may be polymers of ethylene with 
30 one or· more C3-C10 alpha-olefins. Thus, copolymers havinq 

two monomeric units are possible as well as terpolymers 
havinq three monomeric units. Particular examples of such 
polymers include ethylene/1-butene copolymers, ethylene/1-
hexene copolymers, ethylene/4-methyl-1-pentene copolymers, 

35 ethylene/l-butene/1-hexene terpolymers, 
ethylene/propylene/1-hexerte terpolymers and 
ethylene/propylene/1-butene terpolymers. 
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The term MFR is a ratio of I21/I2 ; 12 is measured 
according to ASTM D-1238, Condition E, measured at 190°C 
and reported as grams per 10 minutes; whereas I 21 is 
measured according to ASTM D-1238 Condition F, measured at 

5 10. 5 times the weight used in the measurement of I 2 • 

The molecular weight distribution of the polymers 
prepared in the presence of the catalysts of the present 
invention, as expressed by the MFR value, varies from about 
20 to 30, and is preferably 24-28, for LLDPE products 

10 having a density of. about 0.900 to about 0.940 g/cc and an 
I 2 (value) of about 0.1 to about 100~ As.is known to 
those skilled in tbe art, such MfR values are indicative of 
a relatively narrow molecular weight distribution of the 
polymers. The ~elatively low MFR values of polymers 

15 prepared with the catalysts of this invention also indicate 
that they are suitable for the preparation of various film 
products since such films are likely to have excellent 
strength properties. 

Ethylene copolymers produced in accordance with 
20 certain aspects of the present invention preferably contain 

at least about 80 percent by weight of ethylene units. 
Most preferably, the LLDPE resins of .the invention contain 
at least 2 weight percent, for example from 2 to 20 weight 
percent of an alpha-olefin. 

25 Preferably, the polymerization reaction is conducted 
by contacting a stream of the monomers, in a low pressure 
gas-phase process, such as in the low pressure fluidized 
bed process with a catalytically effective amount of the 
completely activated catalyst at a temperature and at a 

30 pressure sufficient to initiate the polymerizat!on 
reaction. 

In order to achieve the desired density ranges in the 
copolymers it is necessary to copolymerize enough of the 
alpha-ole~in comonomers with ethylene to achieve a level of 

35 1 to 5 mol percent of the C4 to Ce comonomer in the 
copolymer. The amount of comonomer needed to achieve this 
result will depend on the particular comonomer(s) employed. 
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In accordance with the invention, it has unexpectedly 

been found that using catalysts of the invention in a gas­

phase catalytic polymerization reaction, 1-hexene can be 

incorporated into ethylene copolymer chains with a high 

5 efficiency: a relatively small concentration of 1-hexene 

·in the gas phase can lead to a relatively large 

incorporation of 1-hexene into ·the copolymers. Thus, 1-

hexene can be incorporated into an ethylene copolymer chain 

in a gas-phase reactor in amounts up to -15 percent by 

10 weight, preferably 4-to 12 percent by weight, to produce 

LLDPE resins having a density of less than 0.940 g/cc. 

In gas-phase polymerization in a fluidized-bed 

reactor, the polymerization temperature should be held 

below the sintering temperature of polymer particles. For 

15 the production of ethylene copolymers in the process of the 

present invention, an operating temperature of 30° to 115°C 

is preferred and a temperature of 75° to 95°C is most 

preferred. Temperatures· of 75° to 90°C are used to prepare 

LLDPE products·having a density of 0.91 to 0.92, 

20 temperatures of 80° to 100°C are used to prepare LLDPE 

products having a density of 0.92 to 0.94, and temperatures 

of 90° to 115°C are used to prepare HOPE products having a 

density of 0.94 to 0.96. 
The fluidized-bed reactor is operated at pressures of 

25 less than 70 bars, with operation at the higher pressures 

in such ranges favoring heat transfer since an increase in 

pressure increases the unit volume heat capacity of the 

gas. The partially or completely activated catalyst 

composition is injected into the bed at a rate equal to its 

30 consumption. The production rate in the bed is controlled 

by the rate of the catalyst injection. The feed stream of 

gaseous monomer, with or without inert gaseous diluents, is 

fed into the reactor at a space time yield of about 2 to 10 

pounds/hour/cubic foot of the bed volume. 

35 Resins produced with catalysts of the invention 

exhibit excellent mechanical properties. Although there 

may be differences in catalyst productivity and 1-hexene 
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incorporation, which vary with.the type of the 
trialkylaluminum activator:used in the gas-phase _fluidized­
bed reactor, excellent mechanical properties of the.LLDPE 
resins inhere in the catalyst precursors of the invention 

5 independently of the identity of the cocatalyst. 
The LLDPE film exhibits'unexpectedly high dart drop 

impact strength an.d enhanced MD Elinendorf tear _strength 
compared to commercial standards. 

Slot-cast films formed- from etbylene/1-hexene. LLDPE 
10 resins with density of from 0.916 to 0.92 g/cm3 have 

especially desirable properties-_ as pallet stretch wrap. 
The following Examples illustrate the present 

invention. 

15 -EXAMPLES 
EXAHPLE l - 24.7 g of dry heptane was added under a dry 
nitrogen atmosphere to a 100 ml pear flask containing a 
magnetic stirring bar. 8.2 ml of a. 0.736 molar solution of 
dibutylmagnesium (6.04 mmol) in heptane was added at room 

20 temperature to.the flask followed by the addition of 1.34 
ml of neat tetraethyl orthosilicate (6.00 mmol). The 
contents of the flask were stirred for 50 min. and then 
6.09 g of Davison-grade 955 silica (previously calcined at 
600°C for twelve hours) was added to the_flask. The flask 

25 was placed into an oil bath held at 55-60°C and stirring 
continued for 50 min. N_ext, 2.2 ml of a 2.717 molar 
solution of titanium tetrachloride (5.98 mmol) in heptane 
was added to the flask and stirring continued for 40 min. 
Finally, the heptane was removed :by evaporation with_ a 

30 nitrogen purge and 9.96 g of a free-flowing catalyst powder 
was obtained. 

EXAMPLE 2 - Typical polymer_ization -conditions were as 
follows: A 1.6-liter stainless-steel autoclave at 48°C was 

35 filled with o.50 1 of dry heptane and 0.175 1 of dry 1-
hexene, and 3. o mmol _of trimethylaluminum ('l'MA) was added 
to·- the reactor while under a slow nitrogen. purge. _ Then the 

-1 
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reactor vent was closed, the stirring rate was set at 900 

rpm, the internal temperature was increased to 80°C, and·· 

the internal pressure was raised with hydrogen from 0.35 

bar to 1.75 bar. Ethylene was introduced to maintain the 

5 pressure at 120 psig. Next, 0.0367 q of catalyst precursor 

of EXAMPLE l was introduced into the reactor with ethylene 

over-pressure and the temperature was increased and held at 

85°C. The polymerization reaction was continued for 60 

min, then the ethylene supply was stopped and the reactor 

10 was cooled to room temperature. A yield of 127.l g of 

polyethylene was collected. Flow index (I21 ) of this 

polymer was 26.0 and the MFR value was 25.2. The polymer 

contained 2.45 mol% 1-hexene. 
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WHAT IS CLAIMED IS: 

1. A process for forming a catalyst composition for 
copolymerizing ethylene a,nd an alpha-olefin of 3 to 10 
carbon atoms comprising: a catalyst precursor and a 
trialkylaluminum cocatalyst to activate said catalyst 

s precursor, wherein the precursor formation process 
comprises 

(i) preparing a contact mixture of an inert solvent, 
dialkylmagnesium compound and tetraalkyl 
orthosilicate, which is free of precipitate 

10 wherein the alkyl group of said dialkylmagnesium 
compound contains 4 to 10 carbon atoms; and 
wherein the alkyl group of said tetralkyl 
orthosilicate contains 1 to 10 carbon atoms; 

15 

20 

25 

30 

(ii) adding silica to said contact mixture to form a 
slurry, wherein said adding is undertaken prior 
to formation of a precipitate in said contact 
mixture, 

wherein the silica has 0.4 to 0.9 mmol of OH 
groups per gram of silica; 
wherein the dialkylmagnesium compound is 
added in step (i) in an amount to provide a 
molar (Mg):(OH) ratio of 1.0 to 1.8 and 
wherein the tetraalkyl orthosilicate is 
added in step (i) in an amount to provide a 
(tetraalkyl orthosilicate):(Mg) molar ratio 
of about 0.40 to about 1.00; 

(iii) heating the slurry of step (ii) with stirring, to 
a temperature in the range of 40 to 6S°C, 

(iv) adding TiC14 to the heated slurry of step (iii) 
in an amount to provide a molar (Ti):(Mg) ratio 
of O. 7 to 1. 4 • 

I 1111111111111 11111 1111111 1111 
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2. The process of Claim 1, wherein the catalyst 

precursor composition is characterized by a K value, which 
is defined as K = (Ti)/{(Mg)+4(Si)}, wherein (Ti) is 
titanium molar concentration provided by TiC14 , (Mg) is 

5 magnesium molar concentration provided by dibutylmagnesium: 
(Si) is the silicon molar concentration provided by 
tetraethyl orthosilicate, and K is in the 0.23 to 0.31 
range. 

3. The process of claim 1 wherein the 
10 dialkylmagnesium is dibutylmagnesium. 

15 

4. A catalyst composition formed according to the 
process of claim 1. 

s. A catalyst composition formed according to the 
process of claim 2. 

6. A catalyst composition formed according to the 
process of claim 3. 
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