
CATALYST COAiPOSITIONS COMPRISING SMALL SILICA SUPPORT
MATERIALS AND METHODS OF USE IN POLYMERIZATION
REACTIONS FIELD OF THE INVENTION [0001] The present
invention relates to a polymerization process using
improved catalyst compositions. Specifically, the
catalyst compositions of the present invention relate
to a Ziegler-Natta type catalyst compound that
includes a small silica support material, and
demonstrate improved productivity. BACKGROUND OF THE
INVENTION [0002] Advances in polymerization and
catalysis have resulted in the ability to produce many
new polymers having improved physical and chemical
properties useful in a wide variety of superior
products and applications. With the development of new
catalysts, the choice of polymerization (solution,
slurry, high pressure or gas phase) for producing a
particular polymer have been greatly expanded. Also,
advances in polymerization technology have provided
more efficient, highly productive and economically
enhanced processes. [0003] As with any new technology
field, particularly in the polyolefins industry, a
small savings in cost often determines whether a
commercial endeavor is even feasible. The industry has
been extremely focused on developing new and improved
catalyst systems. Some have focused on designing the
catalyst systems to produce new polymers, others on
improved operability, and many more on improving
catalyst productivity. The productivity of a catalyst,
that is, the amount of polymer produced per gram of
the catalyst, usually is the key economic factor that
can make or break a new commercial development in the
polyolefin industry. 



[0004] Ziegler-Natta catalyst systems are utilized
extensively in commercial processes that produce high
density and low-density polyethylenes in a variety of
molecular weights. Production rates in certain gas
phase reactors may be limited in their ability to
discharge from the reactor the polymer particles that
are produced during the reaction. In certain of such
cases, an increase in the bulk density of the polymer
particles may increase the production rate of the
reactor. Generally, Ziegler-Natta catalysts that have
increasing activity and productivity,and that are used
in gas phase operations, may tend to produce polymer
products that have decreasing bulk density. If a
reactor is limited in its ability to discharge the
polymer product, the use of a high activity catalyst
may result in a decrease in the bulk density of the
polymer product. [0005] Background references include
U.S. Patent No. 4,405,495 and EP 0 043 220 A. [0006]
Considering the discussion above, a need exists for
higher productivity catalyst systems capable of
providing the efficiencies necessary for implementing
commercial polyolefin processes. Thus, it would be
highly advantageous to have a polymerization process
and catalyst system capable of producing polyolefins
with improved catalyst productivities and reactor
performance. BRIEF DESCRIPTION OF THE DRAWINGS [0007]
A more complete understanding of the present
disclosure and advantages thereof may be acquired by
referring to the following description taken in
conjunction with the accompanying drawings, wherein:
[0008] Figure 1 is an exemplary process flow diagram
for an exemplary reaction system with which an
exemplary catalyst system of the present invention may
be employed. 



[0009] Figure 2 is an exemplary silica dehydration
profile used in certain exemplary embodiments of the
present invention. [0010] Figure 3 illustrates
particle size distributions for a sample of Davison
955 silica, a sample of Davison 955 silica that was
screened through 325 mesh, and a sample of Ineos ES757
silica. [0011] Figure 4 is a graphical illustration of
ethylene flow versus reaction time for certain
exemplary polymerization processes employing exemplary
catalyst systems that used a variety of exemplary
support materials. [0012] Figure 5 is a graphical
illustration of the relationship between catalyst
system productivity and polymer product bulk density
for certain exemplary catalyst systems.[0013] Figure 6
is a graphical illustration of the relationship
between catalyst system productivity and polymer
product bulk density for certain exemplary catalyst
systems. [0014] While the present invention is
susceptible to various modifications and alternative
forms, specific exemplary embodiments thereof have
been shown by way of example in the drawings and are
herein described in detail. It should be understood,
however, that the description herein of specific
embodiments is not intended to limit the invention to
the particular forms disclosed, but on the contrary,
the intention is to cover all modifications,
equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the
appended claims. DETAILED DESCRIPTION [0015] It now
has been found that polymers {e.g., ethylene
homopolymers and copolymers) readily can be produced
with desirable physical properties and 



catalyst system productivities in a low pressure gas
phase fluid bed reaction process in the presence of a
specific high productivity catalyst that is
impregnated on a porous particulate silica having a
particle size in a particular range, as is also
detailed below. HIGH ACTIVITY CATALYST [0016] The
compounds used to form the catalysts of the present
invention include at least one titanium compound, at
least one magnesium compound, at least one electron
donor compound, at least one activator compound and at
least one silica material, exemplary embodiments of
which are illustrated below. [0017] Generally, the
titanium compound has the formula Ti(OR) aXb wherein
a. R is a C1 to C14 aliphatic or aromatic hydrocarbon
radical, or COR' where R' is a C1 to C14 aliphatic or
aromatic hydrocarbon radical; b. X is selected from
the group consisting of Cl, Br, I or a mixture
thereof;c. a is 0, 1 or 2; d. b is 1 to 4 inclusive;
and e. a+b=3 or 4. [0018] The titanium compounds
individually may be present in the catalysts of the
present invention, or the titanium compounds may be
present in combinations thereof. A nonlimiting list of
suitable titanium compounds includes TiCl , TiCl 4,
Ti(OCH 3)Cl 3, Ti(OC 6H5)Cl3, Ti(OCOCH 3)Cl3 and
Ti(OCOC 6H5)Cl3. [0019] Generally, the magnesium
compound has the formula MgX2 



wherein a. X is selected from the group consisting of
Cl, Br, I or mixtures thereof. [0020] Such magnesium
compounds may be present individually in the catalysts
of the present invention, or the magnesium compounds
may be present in combinations thereof. A nonlimiting
list of suitable magnesium compounds includes MgCl 2,
MgBr 2 and MgI2. In certain exemplary embodiments of
the present invention, the magnesium compound may be
anhydrous MgCl 2. Generally, the magnesium compound
may be present in the catalysts of the present
invention in an amount in the range of from 0.5 to 56
moles of magnesium compound per mole of titanium
compound. In certain exemplary embodiments of the
present invention, the magnesium compound may be
present in the catalysts of the present invention in
an amount in the range of from 1.5 to 11 moles of
magnesium compound per mole of titanium compound. In
certain exemplary embodiments of the present
invention, the magnesium compound may be present in
the catalysts of the present invention in an amount in
the range of from 1.5 to 7 moles of magnesium compound
per mole of titanium compound. Generally, the titanium
compound and the magnesium compound may be used in a
form that will facilitate their dissolution in the
electron donor compound, as described herein below.
[0021] The electron donor compound generally may be
any organic compound that is liquid at 25C, and that
may be capable of dissolving both the titaniumcompound
and the magnesium compound. A nonlimiting list of
suitable electron donor compounds includes such
compounds as alkyl esters of aliphatic and aromatic
carboxylic acids, aliphatic ethers, cyclic ethers and
aliphatic ketones. In 



certain embodiments, suitable electron donor compounds
may be alkyl esters of C1 to C4 saturated aliphatic
carboxylic acids; alkyl esters of C7 to C8 aromatic
carboxylic acids; C2 to C8, and preferably C3 to C4,
aliphatic ethers; C to C cyclic ethers, and, in
certain embodiments, C4 cyclic mono- or di-ethers; C3
to C , and, in certain embodiments, C3 to C4,
aliphatic ketones. In certain exemplary embodiments,
the electron donor compound may be methyl formate,
ethyl acetate, butyl acetate, ethyl ether, hexyl
ether, tetrahydrofuran, dioxane, acetone or methyl
isobutyl ketone, among others. [0022] The electron
donor compounds may be present individually in the
catalysts of the present invention, or they may be
present in combinations thereof. Generally, the
electron donor compound may be present in the range of
from 2 to 85 moles of the electron donor compound per
mole of the titanium compound. Li certain embodiments,
the electron donor compound may be present in the
catalysts of the present invention in an amount in the
range of from 3 to 10 moles of the electron donor
compound per mole of the titanium compound. [0023] The
activator compound generally has the formula wherein
X' is Cl, or OR'"; R" and R'" are the same or
different, and are C1 to C14 saturated hydrocarbon
radicals; d is Oto 1.5; e is 1 or 0; and c + d + e=3.
[0024] Such activator compounds may be present
individually in the catalysts of 



the present invention, or they may be present in
combinations thereof. A nonlimiting list of suitable
activator compounds includes Al(C 2Hs)3, Al(C
Hs)2Cl,Al(I-C 4H9)S, Al2(C2Hs)3Cl3, Al(i-C 4H9)2H,
A1(C6H13)3, Al(C 8Hn) 3, Al(C 2Hs)2H and Al(C
2Hs)2(OC2Hs). [0025] Generally, the activator compound
may be present in the catalysts of the present
invention in an amount in the range of from 10 to 400
moles of activator compound per mole of the titanium
compound, and in certain embodiments may be present in
the range of from 15 to 60 moles of the activator
compound per mole of the titanium compound, and in
certain embodiments may be present in the range of
from 2 to 7 moles of the activator compound per mole
of the titanium compound. [0026] The silica support
that may be employed in the catalysts of the present
invention generally has a particle size distribution
within the range of from 2 microns to 100 microns, and
a median particle size in the range of from 20 microns
to 50 microns, hi certain exemplary embodiments, the
silica support has a particle size distribution within
the range of from 2 microns to 80 microns hi certain
exemplary embodiments, the silica support has a median
particle size in the range of from 20 microns to 35
microns, and in the range of from 20 to 30 microns in
certain exemplary embodiments. In certain exemplary
embodiments, the silica support has a particle size
distribution in which no more than 10% of the
particles have a size below 10 microns, and no more
than 10% of the particles have a size greater than 50
microns. In certain exemplary embodiments, the silica
support has a particle size distribution in which no
more than 10% of the particles have a size below 12
microns, and no more than 8% of the particles have a
size greater than 50 microns. As the size of the
silica support decreases, the 



productivity of the supported catalyst generally
increases, as does the FAR value of film formed from
resin produced by the supported catalyst, hi certain
exemplary embodiments, this may be accompanied by an
increase in the bulk density and a decrease in the
average particle size of such resin. Accordingly, the
silica supports used in the improved catalysts of the
present invention may facilitate, inter alia, greater
productivity from the improved catalysts as well as
the production of polymers having greater bulk
density, hi certain exemplary embodiments, the
improved catalysts of the present invention comprising
these silica supports may have a productivity (as
based on a mass balance) that is atleast 3,000 pounds
polymer per pound of catalyst per hour; and that is at
least 4,500 pounds polymer per pound of catalyst per
hour in certain exemplary embodiments, and that is at
least 6,000 pounds polymer per pound of catalyst per
hour in certain exemplary embodiments, and that is at
least 7,000 pounds polymer per pound of catalyst per
hour in certain exemplary embodiments; and that is at
least 9,000 pounds polymer per pound of catalyst per
hour in certain exemplary embodiments. Certain
exemplary embodiments of the catalysts of the present
invention may have even greater productivities. In
certain exemplary embodiments, the polymers produced
from the processes of the present invention that
employ improved catalysts that include these silica
supports may have a settled bulk density of at least
21.5 pound per cubic foot in certain exemplary
embodiments; and at least 22.5 pound per cubic foot in
certain exemplary embodiments, and at least 23.5 pound
per cubic foot in certain exemplary embodiments; and
at least 24.0 pound per cubic foot in certain
exemplary embodiments. Certain exemplary embodiments
of the polymers produced from the processes of the
present invention that employ improved catalysts that
include 



these silica supports may have even greater settled
bulk densities. [0027] It also may be desirable for
such silica support to have a surface area of >200
square meters per gram, and in certain exemplary
embodiments, >250 square meters per gram. In certain
exemplary embodiments, the average pore volume of such
silica support ranges from 1.4 ml/gram to 1.8 ml/gram.
[0028] The silica support generally should be dry,
that is, free of absorbed water. Drying of the silica
support generally is performed by heating it at a
temperature of 600C. [0029] In any of the embodiments
described herein, the silica or at least one silica
support materials may have an average pore diameter >
220 Angstroms; alternatively, an average pore diameter
> 225 Angstroms; alternatively, an average pore
diameter > 230 Angstroms; alternatively, an average
pore diameter > 235 Angstroms; alternatively, an
average pore diameter > 240 Angstroms; alternatively,
an average pore diameter > 245 Angstroms;
alternatively, an average pore diameter > 250
Angstroms; alternatively, an average pore diameter >
255 Angstroms; alternatively, an average pore diameter
> 260 Angstroms; and,alternatively, an average pore
diameter > 265 Angstroms, as described along with the
method of measurement in more detail below. CATALYST
SYSTEM FORMATION OF PRECURSOR [0030] The improved
catalysts of the present invention may be prepared by
first preparing a precursor composition from the
titanium compound, the magnesium compound, and the
electron donor compound, as described below, then
impregnating the silica support with the precursor
composition, and then treating the impregnated
precursor composition with an activator compound as
described 



below. [0031] Generally, the precursor composition may
be formed by dissolving the titanium compound and the
magnesium compound in the electron donor compound at a
temperature in the range of from 20 C up to the
boiling point of the electron donor compound. The
titanium compound can be added to the electron donor
compound before, or after, the addition of the
magnesium compound, or concurrent therewith. The
dissolution of the titanium compound and the magnesium
compound may be facilitated by stirring, and in some
instances by refluxing, these two compounds in the
electron donor compound. After the titanium compound
and the magnesium compound are dissolved, the
precursor composition may be isolated by
crystallization or by precipitation with a C5 to C8
aliphatic or aromatic hydrocarbon such as hexane,
isopentane or benzene. The crystallized or
precipitated precursor composition may be isolated,
generally in the form of fine, free-flowing particles
having an average particle size in the range of from
10 to 100 microns. [0032] When prepared according to
the procedure above, the precursor composition has the
formula: Mg1 Ti1(OR)nXp[EDJq wherein: ED is the
electron donor compound; m is >0.5 to <56, and, in
certain exemplary embodiments, >1.5 to <11;n is 0, 1
or 2; p is >2 to <116, and, in certain exemplary
embodiments, >6 to <14; q is >2 to <85, and, in
certain exemplary embodiments, >3 to <10; R is a C1 to
C1 aliphatic or aromatic hydrocarbon radical, or COR' 



wherein R' is a C1 to C14 aliphatic or aromatic
hydrocarbon radical; X is selected from the group
consisting of Cl, Br, I or mixtures thereof; and the
subscript for the element titanium (Ti) is the arabic
numeral one. CATALYSTPREPARATION;IMPREGNATIONOF
PRECURSOR IN SUPPORT [0033] The precursor composition
then may be impregnated, in a weight ratio of about
0.003 to 1, and, in certain exemplary embodiments,
about 0.1 to 0.33, parts of the precursor composition
into one part by weight of the carrier material.
[0034] Before being impregnated, the silica support is
dehydrated at 600C, and also is treated with an
aluminum alkyl compound (e.g., "TEAL"). Dehydrated
silica supports that have been treated with TEAL may
be referred to herein as TEAL-on-silica, or "TOS." The
impregnation of the dehydrated, activated silica
support (e.g., the TOS) with the precursor composition
may be accomplished by dissolving the precursor
composition in the electron donor compound, and by
then admixing the dehydrated, activated silica support
with the precursor composition to impregnate the
dehydrated, activated silica support. The electron
donor compound then may be removed by drying at
temperatures of <60C. [0035] The silica support also
may be impregnated with the precursor composition by
adding the silica support to a solution of the
chemical raw materials used to form the precursor
composition in the electron donor compound, without
isolating the precursor composition from such
solution. The excess electron donor compound then may
be removed by drying, or by washing and drying at
temperatures of < 60C.ACTIVATION OF PRECURSOR
COMPOSITION 



[0036] Generally, the precursor composition will be
fully or completely activated, e.g., it will be
treated with sufficient activator compound to
transform the Ti atoms in the precursor composition to
an active state. Suitable activators include, but are
not limited to, tri-n-hexyl aluminum, triethyl
aluminum, diethyl aluminum chloride, trimethyl
aluminum, dimethyl aluminum chloride, methyl aluminum
dichloride triisobutyl aluminum, tri-n-butyl aluminum,
diisobutyl aluminum chloride, isobutyl aluminum
dichloride, (C2H5)AlCl 2, (C2H5O)AlCl 2, (C6H5)AlCl 2,
(C H5O)AlCl 2, (C6H12O)AlCl2 and the corresponding
bromine and iodine compounds). [0037] The precursor
composition first may be partially activated outside
the polymerization reactor with enough activator
compound so as to provide a partially activated
precursor composition having an activator compound/Ti
molar ratio of >0 to <10:l, and, in certain exemplary
embodiments, from 4 to 8:1. This partial activation
reaction may be carried out in a hydrocarbon solvent
slurry followed by drying of the resulting mixture (to
remove the solvent), at temperatures between 20 to
80C, and, in certain exemplary embodiments, between 50
to 70C. The solvent for the activator(s) should be
non-polar and capable of dissolving the activator(s),
but not the precursor composition. Among the solvents
which can be employed to dissolve the activator(s) are
hydrocarbon solvents, such as isopentane, hexane,
heptane, toluene, xylene, naptha and aliphatic mineral
oils such as but not limited to Kaydol(tm),
Hydrobrite(tm) 550 and the like. [0038] The resulting
product is a free-flowing solid particulate material
that readily may be fed to the polymerization reactor.
The partially activated and 



impregnated precursor composition may be fed to the
polymerization reactor where the activation may be
completed with additional activator compound, which
may be the same or a different compound. [0039] In
certain exemplary embodiments, the additional
activator compound and the partially activated
impregnated precursor composition optionally may be
fed to the reactor through separate feed lines. In
certain of such embodiments, theadditional activator
compound may be sprayed into the reactor in either
undiluted form {e.g., "neat"), or in the form of a
solution of the additional activator compound in a
hydrocarbon solvent (e.g., isopentane, hexane, or
mineral oil). Such solution may contain about 2 to 30
weight percent of the activator compound. In certain
of such embodiments, the additional activator compound
may be added to the reactor in such amounts as to
provide, along with the amounts of activator compound
and titanium compound fed with the partially activated
and impregnated precursor composition, a total Al/Ti
molar ratio in the reactor of >10 to 400, and, in
certain exemplary embodiments, from 15 to 60. The
additional amounts of activator compound added to the
reactor may react with, and complete the activation
of, the titanium compound in the reactor. [0040] In a
continuous gas phase process, such as the fluid bed
process disclosed below, discrete portions of the
partially activated precursor composition impregnated
on the silica support are continuously fed to the
reactor, along with discrete portions of additional
activator compound, during the continuing
polymerization process, and may replace active
catalyst sites that are expended during the course of
the reaction. [0041] In any of the embodiments
described herein, the catalyst system may exhibit high
catalyst activity. In certain embodiments, the
catalyst activity may be 



> 20,000 (g polymer), e.g., polyethylene/[(mmol
Ti)(h))]; alternatively, > 20,500 (g polymer), e.g.,
polyethylene/[(mniol Ti)(h))]; alternatively, > 21,000
(g polymer), e.g., polyethylene/[(mmol Ti)(h))]; >
22,000 (g polymer), e.g., polyethylene/[(mmol
Ti)(h))]; alternatively, > 22,500 (g polymer), e.g.,
polyethylene/[(mmol Ti)(h))]; alternatively, > 25,000
(g polymer), e.g., polyethylene/[(mmol Ti)(h))];
alternatively, > 27,500 (g polymer), e.g.,
polyethylene/[(mmol Ti)(h))]; alternatively, > 28,000
(g polymer), e.g., polyethylene/[(mmol Ti)(h))];
alternatively, > 28,500 (g polymer), e.g.,
polyethylene/[(mmol Ti)(h))]; alternatively, > 29,000
(g polymer), e.g., polyethylene/[(mmol Ti)(h))];
alternatively, > 29,500 (g polymer), e.g.,
polyethylene/[(mmol Ti)(h))]; alternatively, > 30,000
(g polymer), e.g., polyethylene/[(mmol Ti)(h))];
alternatively, > 32,500 (g polymer),
e.g.,polyethylene/[(mmol Ti)(h))]; and, alternatively,
> 35,000 (g polymer), e.g., polyethylene/[(mmol
Ti)(h))]. [0042] In other embodiments, alternatively
stated, the catalyst activity may be > 6,500 (g
polymer), e.g., polyethylene/(g precursor);
alternatively, > 7,000 (g polymer), e.g.,
polyethylene/(g precursor); alternatively, > 7,250 (g
polymer), e.g., polyethylene/(g precursor);
alternatively, > 7,500 (g polymer), e.g.,
polyethylene/(g precursor); alternatively, > 8,000 (g
polymer), e.g., polyethylene/(g precursor);
alternatively, > 8,500 (g polymer), e.g.,
polyethylene/(g precursor); and alternatively, > 9,000
(g polymer), e.g., polyethylene/(g precursor).
POLYMERIZATION [0043] The polymerization may be
conducted by contacting a stream of monomer(s), in a
gas phase process (such as in the fluid bed process
described 



below), and substantially in the absence of catalyst
poisons (e.g., moisture, oxygen, CO, CO2, and
acetylene) with a catalytically effective amount of
the completely activated precursor composition at a
temperature and at a pressure sufficient to initiate
the polymerization reaction. [0044] In order to
achieve the desired density ranges in certain
exemplary copolymers produced by the present
invention, it may be well to copolymerize enough of
the >C comonomers with ethylene to achieve a level of
>0 to 10 mol percent of the C3 to C8 comonomer in the
copolymer. The amount of comonomer that may be used to
achieve this result will depend on the particular
comonomer(s) employed. [0045] Table 1 below provides a
listing of the amounts, in moles, of various
comonomers that may be copolymerized with ethylene in
order to provide polymers having a desired density
range (e.g., within the range of from 0.91 to 0.97) at
any given melt index. Table 1 also indicates the
relative molar concentration, of such comonomers to
ethylene, which may be present in the recycled gas
stream of monomers under reaction equilibrium
conditions in the reactor.TABLE l [0046] Referring now
to Figure 1, illustrated therein is an exemplary
fluidized bed reaction system that may be used in the
practice of the processes of the present invention.
With reference thereto, the reactor 1 generally
includes a reaction zone 2 and a velocity-reduction
zone 3. [0047] The reaction zone 2 includes a bed of
growing polymer particles, formed polymer particles
and a minor amount of catalyst particles fluidized by
the continuous flow of gaseous components in the form
of make-up feed and recycle 



gas through the reaction zone 2. To maintain a viable
fluidized bed, the mass gas flow rate through the bed
generally will be above the minimum flow required for
fluidization, and, in certain exemplary embodiments,
may be in the range of from 1.5 to 10 times Gmf and,
in certain exemplary embodiments, in the range of from
3 to 6 times Gmf. Gmf is used in the accepted form as
the abbreviation for the minimum mass gas flow
required to achieve fluidization, as may be set forth
further in, for example, CY. Wen and Y.H. Yu,
"Mechanics of Fluidization," Chemical Engineering
Progress Symposium Series, Vol. 62, p. 100-111 (1966).
[0048] Generally, the bed will contain particles that
may prevent the formation of localized "hot spots" and
that may entrap and distribute the particulate
catalyst throughout the reaction zone 2. On start up,
the reactor 1 usually may be charged with a base of
particulate polymer particles before gas flow is
initiated. Such particles may be identical in nature
to the polymer to be formed, or may be different
therefrom. When different, the particulate polymer
particles provided as a base may be withdrawn with the
desired formed polymer particles as the firstproduct.
Eventually, a fluidized bed of the desired polymer
particles supplants the start-up bed. [0049] In
certain exemplary embodiments, the partially activated
precursor composition (impregnated on the SiO2
support) used in the fluidized bed may be stored for
service in a reservoir 4 under a blanket of a gas that
is inert to the stored material, such as nitrogen or
argon. [0050] Fluidization is achieved by a high rate
of gas recycle to and through the bed, typically in
the order of about 50 times the rate of feed of
make-up gas. The fluidized bed has the general
appearance of a dense mass of viable particles in
possible free-vortex flow as created by the
percolation of gas through the bed. 



The pressure drop through the bed may be equal to, or
slightly greater than, the mass of the bed divided by
the cross-sectional area, and thus may depend on the
geometry of the reactor 1. [0051] Make-up gas may be
fed to the bed at a rate equal to the rate at which
particulate polymer product is withdrawn. The
composition of the make-up gas may be determined by a
gas analyzer 5 positioned above the bed. The gas
analyzer 5 may determine the composition of the gas
being recycled, and the composition of the make-up gas
may be adjusted accordingly to maintain an essentially
steady state gaseous composition within the reaction
zone 2. [0052] To facilitate complete fluidization,
the recycle gas and, where desired, part of the
make-up gas, may be returned over gas recycle line 6
to the reactor 1 at point 7 below the bed. A gas
distribution plate 8 may be located at this point
above the point of return to aid in fluidizing the
bed. [0053] The portion of the gas stream that does
not react in the bed constitutes the recycle gas which
is removed from the reaction zone 2, preferably by
passing it into a velocity reduction zone 3 above the
bed where entrained particles may be given an
opportunity to drop back into the bed. [0054] The
recycle gas then may be compressed in a compressor 9
and then passed through a heat exchanger 10 wherein
the heat of reaction may be removed from it before it
is returned to the bed. The temperature of the bed is
controlled at an essentially constant temperature
under steady state conditions by constantly removing
heat of reaction. No noticeable temperature gradient
exists within theupper portion of the bed. A
temperature gradient will exist in the bottom of the
bed in a layer of about 6 to 12 inches, between the
temperature of the inlet gas and the temperature of
the remainder of the bed. The recycle gas is then
returned to 



the reactor 1 at its base 7 and to the fluidized bed
through distribution plate 8. The compressor 9 also
can be placed downstream of the heat exchanger 10.
[0055] The distribution plate 8 may play an important
role in the operation of the reactor 1. The fluidized
bed contains growing and formed particulate polymer
particles as well as catalyst particles. As the
polymer particles are hot and possibly active, it may
be well to prevent them from settling, for if a
quiescent mass is allowed to exist, any active
catalyst contained therein may continue to react and
cause fusion. Diffusing recycle gas through the bed at
a rate sufficient to maintain fluidization throughout
the bed is, therefore, beneficial. The distribution
plate 8 serves this purpose, and may be a screen,
slotted plate, perforated plate, a plate of the bubble
cap type and the like. The elements of the
distribution plate 8 all may be stationary, or the
distribution plate 8 may be of the mobile type
disclosed in U.S. Pat. No. 3,298,792. Whatever its
design, it generally will diffuse the recycle gas
through the particles at the base of the bed to keep
the bed in a fluidized condition, and also serve to
support a quiescent bed of resin particles when the
reactor 1 is not in operation. The mobile elements of
the distribution plate 8 may be used to dislodge any
polymer particles entrapped in or on the distribution
plate 8. [0056] Hydrogen may be used as a chain
transfer agent in the polymerization reaction of the
present invention. The ratio of hydrogen/ethylene
monomer employed generally will vary between 0 to 2.0
moles of hydrogen per mole of the ethylene monomer in
the gas stream. [0057] Any gas inert to the catalyst
and reactants can also be present in the gas stream.
In certain exemplary embodiments, the activator
compound may be added 



to the reaction system downstream from heat exchanger
10. Thus, the activator compound may be fed into the
gas recycle system from dispenser 11 through line 12.
[0058] Compounds of the formula Zn(R a)(Rb), wherein
Ra and Rb are the same or different C1 to C14
aliphatic or aromatic hydrocarbon radicals, may be
used (inconjunction with hydrogen), with the catalysts
of the present invention, as molecular weight control
or chain transfer agents, e.g., to increase the melt
index values of the copolymers that are produced. From
0 to 100, and, in certain embodiments, from 20 to 30
moles of the Zn compound (as Zn) would be used in the
gas stream in the reactor 1 per mol of titanium
compound (as Ti) in the reactor 1. The zinc compound
would be introduced into the reactor 1, preferably in
the form of a dilute solution (2 to 30 weight percent)
in a hydrocarbon solvent or absorbed on a solid
diluent material, such as silica, in amounts of 10 to
50 weight percent. These compositions tend to be
pyrophoric. The zinc compound may be added alone, or
with any additional portions of the activator compound
that are to be added to the reactor 1, from a feeder
(not shown) which could be positioned adjacent
dispenser 11. [0059] Generally, the fluid bed reactor
1 will be operated at a temperature below the
sintering temperature of the polymer particles to
ensure that sintering will not occur. For the
production of the polymers in the process of the
present invention, an operating temperature of 30 to
150C generally may be employed. In certain exemplary
embodiments, temperatures of 70 to 95C may be used to
prepare products having a density in the range of from
0.91 to 0.92, and temperatures in the range of from 80
to 100C may be used to prepare products having a
density in the range of >0.92 to 0.94. 



[0060] The fluid bed reactor 1 is operated at
pressures of up to 1000 psi, and in certain exemplary
embodiments may be operated at a pressure of from 150
to 400 psi, with operation at the higher pressures in
such ranges favoring heat transfer, because, inter
alia, an increase in pressure increases the unit
volume heat capacity of the gas. [0061] The partially
activated and SiO2 supported precursor composition is
injected into the bed at a rate equal to its
consumption at a point 13 that is above the
distribution plate 8. In certain exemplary
embodiments, the catalyst may be injected at a point
in the bed where good mixing of polymer particles
occurs. The injection of the catalyst at a point above
the distribution plate 8 may be beneficial because,
inter alia, the catalysts used hi the practice of the
invention are highly active, such that injection of
the catalyst into the area below the distribution
plate8 may cause polymerization to begin there and
eventually cause plugging of the distribution plate 8.
Injection into the viable bed, instead, aids in
distributing the catalyst throughout the bed and tends
to preclude the formation of localized spots of high
catalyst concentration which may result in the
formation of "hot spots." Injection of the catalyst
into the reactor 1 above the bed may result in
excessive catalyst carryover into the recycle line
where polymerization may begin and plugging of the
line and heat exchanger 10 eventually may occur.
[0062] A gas that is inert to the catalyst, such as
nitrogen or argon, may be used to carry the partially
reduced precursor composition, and any additional
activator compound or non-gaseous chain transfer agent
that is used, into the bed. [0063] The production rate
of the bed is controlled by the rate of catalyst
injection. The production rate may be increased by
simply increasing the rate of catalyst injection, and
may be decreased by reducing the rate of catalyst
injection. 



[0064] Because any change in the rate of catalyst
injection will change the rate of generation of the
heat of reaction, the temperature of the recycle gas
entering the reactor 1 may be adjusted upwards and
downwards to accommodate the change in rate of heat
generation. This facilitates the maintenance of an
essentially constant temperature in the bed. Complete
instrumentation of both the fluidized bed and the
recycle gas cooling system may be useful to
facilitate, inter alia, the detection of any
temperature change in the bed so as to enable the
operator to make a suitable adjustment in the
temperature of the recycle gas. [0065] Under a given
set of operating conditions, the fluidized bed is
maintained at essentially a constant height by
withdrawing a portion of the bed as product at a rate
equal to the rate of formation of the particulate
polymer product. Because the rate of heat generation
is directly related to product formation, a
measurement of the temperature rise of the gas across
the reactor 1 (the difference between inlet gas
temperature and exit gas temperature) may be
determinative of the rate of particulate polymer
formation at a constant gas velocity. [0066] In
certain exemplary embodiments, the particulate polymer
product may be continuously withdrawn at a point 14 at
or close to the distribution plate 8 and in suspension
with a portion of the gas stream that may be vented as
the particles settle to minimize further
polymerization and sintering when the particles
reachtheir ultimate collection zone. The suspending
gas may also be used to drive the product of one
reactor to another reactor. [0067] The particulate
polymer product conveniently may be withdrawn through
the sequential operation of a pair of timed valves 15
and 16 defining a segregation zone 17. While valve 16
is closed, valve 15 may be opened to emit a plug of
gas and product to the zone 17 between it and valve
15, which then may be closed. 



Valve 16 then may be opened to deliver the product to
an external recovery zone. Valve 16 then may be closed
to await the next product recovery operation. The
vented gas containing unreacted monomers may be
recovered from zone 17 through line 18 and
recompressed in compressor 19 and returned directly,
or through a purifier 20, over line 2 1 to gas recycle
line 6 at a point upstream of the recycle compressor
9. [0068] Finally, the fluidized bed reactor 1 is
equipped with an adequate venting system to allow
venting of the bed during start up and shut down. The
reactor 1 does not require the use of stirring means
and/or wall scraping means. The recycle gas line 6 and
the elements therein (e.g., compressor 9, heat
exchanger 10) generally should have smooth surfaces,
and should be devoid of unnecessary obstructions so as
not to impede the flow of recycle gas. [0069] The
highly active catalyst system of this invention may
yield a fluid bed product having an average particle
size of from 0.01 to 0.04 inches, and, in certain
exemplary embodiments, from 0.02 to 0.03 inches, in
diameter wherein the catalyst residue may be very low.
The polymer particles are relatively easy to fluidize
in a fluid bed. [0070] The feed stream of gaseous
monomer, with or without inert gaseous diluents, may
be fed into the reactor at a space time yield of about
2 to 10 pounds/hour/cubic foot of bed volume. [0071]
The term virgin resin or polymer as used herein means
polymer, in granular form, as it is recovered from the
polymerization reactor. [0072] The catalysts of the
present invention also may be used in the gas phase
reaction process and apparatus disclosed in U.S. Pat.
No. 4,255,542, which 



corresponds to European Patent Application No.
79101169.5, which was filed April 17, 1979 and which
was published on October 31, 1979 as Publication
No.4966. These references disclose the use of an
entirely straight sided fluid bed reactor that employs
heat exchange means within the reactor. POLYMER(S)
[0073] A variety of polymers may be produced as
products of the methods of the present invention. The
polymers that may be prepared with the catalysts of
the present invention include, inter alia, copolymers
that include a major mol percent (e.g., >90%) of
ethylene, and a minor mol percent (e.g., <10%) of one
or more C3 to C8 alpha olefins. Generally, the C3 to
C8 alpha olefins will not contain any branching on any
of their carbon atoms that may be closer than the
fourth carbon atom from the double bond. Examples of
suitable C3 to C8 alpha olefins include, but are not
limited to, propylene, butene-1, pentene-1, hexene-1,
4-methyl pentene-1, heptene-1 and octene-1. In certain
exemplary embodiments of the present invention, the C3
to C8 alpha olefins may include propylene, butene-1,
hexene-1, 4-methyl pentene-1 and octene-1. [0074] The
polymers that may be prepared with the catalysts of
the present invention generally have a molecular
weight distribution (MwMn) in the range of from 2.5 to
6.0. In certain exemplary embodiments of the present
invention, the polymers may have a molecular weight
distribution in the range of from 2.7 to 4.1. Another
means of indicating the molecular weight distribution
value (MwMn) of a polymer involves a parameter
referred to as the melt flow ratio (MFR). For the
polymers of the present invention, an MFR range of >20
to <40 corresponds to a MwMn value range of 2.5 to
6.0, and an MFR value range of >22 to <32 corresponds
to an MwMn value range of 2.7 to 4.1. 



[0075] The polymers that may be prepared with the
catalysts of the present invention generally have a
density in the range of from >0.91 to <0.97. In
certain exemplary embodiments, the polymers may have a
density in the range of from >0.916 to <0.935. In
certain exemplary embodiments, the density of certain
exemplary copolymers that may be prepared with the
catalysts of the present invention, at a given
copolymer melt index level, may be regulated by, inter
alia, the amount of the one or more C3 to C8
comonomers that may be copolymerized with the
ethylene. In certain embodiments of the present
invention in which C3 toC comonomers are not reacted
with ethylene in the presence of a catalyst of the
present invention, the ethylene generally will
homopolymerize with the catalysts of the present
invention, thereby providing homopolymers. In certain
exemplary embodiments, the homopolymers produced in
accordance with the present invention may have a
density of >0.96. Thus, the density of the polymers
that may be prepared with the catalysts of the present
invention progressively may be lowered through the
addition of progressively larger amounts of one or
more C3 to C comonomers. The amount of each of the
various C3 to C8 comonomers that may be used to
provide a copolymer having a desired density generally
will vary from comonomer to comonomer, under the same
reaction conditions. Thus, for an operator to provide
a copolymer having the same given density at a given
melt index level, the operator generally may add
larger molar amounts of the different C3 to C
comonomers, in the following order: C3 >C4 >Cs >C6 >C7
>C8. [0076] The polymers that may be prepared with the
catalysts of the present invention generally have a
standard or normal load melt index in the range of
from O.Ol to about 100. In certain exemplary
embodiments, the polymers may have a standard or
normal load melt index in the range of from 0.5 to 80.
The polymers 



may have a high load melt index (HLMI) in the range of
from 11 to 2000. The melt index of the polymers that
may be prepared with the catalysts of the present
invention may be a function of a variety of factors
including, inter alia, the temperature of the
polymerization reaction, the density of the copolymer,
the ratio of hydrogen to ethylene monomer present
during the reaction, and the ratio of C3 to C8
comonomer to ethylene monomer present during the
reaction. Thus, an operator may increase the melt
index of the polymers by, inter alia, increasing the
polymerization temperature, and/or by decreasing the
density of the copolymer, and/or by increasing the
hydrogen/ethylene monomer ratio, and/or by increasing
the ratio of C3 to C8 comonomer to ethylene monomer,
hi addition to hydrogen, an operator optionally may
include other chain transfer agents {e.g., dialkyl
zinc compounds) to further increase the melt index of
the polymers. [0077] The polymers of the present
invention generally have an unsaturated group content
of <1. In certain exemplary embodiments, the polymers
of the presentinvention may have an unsaturated group
content in the range of from O.l to <0.3 carbon-carbon
double bond per 1000 carbon atoms. [0078] The polymers
of the present invention generally have a residual
catalyst content, which may vary depending on the
productivity of the catalyst system. For a catalyst
system having a productivity level of >100,000 pounds
of polymer per pound of residual metal in the polymer,
the polymers of the present invention produced through
a process using such catalyst system may have a
residual catalyst content, expressed in terms of parts
per million (ppm) of titanium metal, in the range of
from >0 to <10 ppm. For catalyst systems having a
productivity level of >200,000 pounds of polymer per
pound of residual metal in the polymer, the residual
catalyst content may be in the range of from >0 to <5
ppm. For 



catalyst systems having a productivity level of
>500,000 pounds of polymer per pound of residual metal
in the polymer, the residual catalyst content in the
polymers produced therefrom may be in the range of
from >0 to <2 ppm. The homopolymers and copolymers of
the present invention are readily produced by the
processes of the present invention at productivities
of up to 500,000 pounds of polymer per pound of
residual metal in the polymer. [0079] The polymers of
the present invention generally are granular materials
that have an average particle size in the range of
from 0.01 to 0.06 inches in diameter. In certain
embodiments, the polymers have an average particle
size in the range of from 0.02 to 0.03 inches, in
diameter. The particle size may be an important factor
for the purposes of readily fluidizing the polymer
particles in a fluid bed reactor. The granular
copolymers and homopolymers of the present invention
have a bulk density in the range of from 19 pounds per
cubic foot to 35 pounds per cubic foot. Expressed in
different units, the granular copolymers and
homopolymers of the present invention have a bulk
density in the range of from 0.304 gram per cubic
centimeter to 0.561 gram per cubic centimeter. [0080]
The polymers of the present invention may be useful in
a variety of manners, including, but not limited to,
the production of film therefrom, as well as in other
molding applications. When the polymers of the present
invention are to be used for film-making purposes, an
operator may elect to use embodiments of the polymers
of the present invention that have a density in the
range of from>0.916 to <0.935, and in certain
embodiments, a density in the range of from >0.917 to
<0.928; a molecular weight distribution (Mw/Mn) in the
range of from >2.7 to <4.1, and in certain
embodiments, a molecular weight distribution (Mw/Mn)
in the range of from >2.8 to <3.1; and a standard melt
index in the range 



of from >0.5 to <5.0, and in certain embodiments, a
standard melt index in the range of from >0.7 to <4.0.
Generally, the films that may be produced from the
polymers of the present invention may have a thickness
in the range of from >0 to <10 mils, and in certain
embodiments, a thickness in the range of from >0 to <5
mils, and in certain embodiments, a thickness in the
range of from >0 to <1 mil. [0081] When the polymers
of the present invention are to be used in injection
molding of flexible articles (e.g., houseware
materials), an operator may elect to use embodiments
of the polymers of the present invention that have a
density in the range of from >0.920 to <0.940, and in
certain exemplary embodiments, a density in the range
of from >0.925 to <0.930; a molecular weight
distribution Mw/Mn in the range of from >2.7 to <3.6,
and in certain embodiments a molecular weight
distribution Mw/Mn in the range of from >2.8 to <3.1;
and a standard melt index in the range of from >2 to
<100, and in certain embodiments a standard melt index
in the range of from >8 to <80. [0082] To facilitate a
better understanding of the present invention, the
following examples of some of the exemplary
embodiments are given. In no way should such examples
be read to limit, or to define, the scope of the
invention. EXAMPLE 1 [0083] For laboratory-prepared
precursors, silicas first were dehydrated under
nitrogen flow in a laboratory Carbolite Vertical
Furnace, Model No. VST 12/32/400/ 2408 CP-FM supplied
by Carbolite, Inc., provided with a quartz glass tube
of 3.0 cm outer diameter and 70 cm in total length,
and two thermocouples. One thermocouple was placed in
a thermowell within the quartz glass tube, while the
other was affixed to the skin of the quartz glass tube
by placing it between the 



two folding halves of the furnace, then clamping the
folding halves shut. The thermocouples were hooked up
to a Nomad OM-SP 1700 data logger supplied by Omega
Engineering. A collection flask for excess blowout
silica was attached at the top of the tube, which in
turn was attached to a bubbler via a glass
elbow.[0084] About 25-30 grams of silica was poured
via a funnel into the quartz glass tube to fill the
tube about 2/3 full within the heating zone. A preset
program was started to begin the dehydration, using a
Eurotherm 2408 Programmable Temperature Controller. A
typical ramp and soak profile is shown in Figure 2.
The gas flow (in this case nitrogen) was preset to
about 50 -100 cubic centimeters per minute. [0085] At
the end of the dehydration cycle (typically
overnight), the silica was discharged into a clean,
dry, N2-purged bottle and maintained in an inert
atmosphere. The data logger information was downloaded
to a computer file. [0086] Three different silicas,
(DAVISON-955(tm) silica (comparative), screened
DAVISON-955(tm) silica (comparative), and INEOS
ES757(tm) silica (inventive), were used to prepare
laboratory-scale supported catalyst precursor
compositions. Certain properties of these silicas are
presented in the Tables 2 and 3 below. The screened
Davison-955 silica consisted of the fraction of
Davison 955 silica that passed through a 325 mesh (44
mm) screen. TABLE2 Summary of B.E.T. Surface Area and
Pore Volume of Davison 600, Davison 955 Screened
(through 325 Mesh) and Ineos ES757 SilicasTABLE 3
Summary of Pore Size by B.E.T. of Davison 600, Davison
955 Screened (through 325 Mesh) and Ltieos ES757
Silicas [0087] The nitrogen adsorption/desorption
analysis was performed on a 



Micromeritics Accelerated Surface Area & Porosimetry
instrument (ASAP 2405). The silica samples were
out-gassed overnight at 200 0C while under vacuum
prior to analysis to remove any physisorbed species
(i.e., moisture) from the sample's surface.
Approximately 0.5 gram of sample was used for the
analysis. [0088] Typically, B.E.T. surface areas,
corresponding to the methodology developed by
Brunauer, Emmett, and Teller, are achieved with a
precision of <3% relative standard deviation (RSD).
The instrument employs a static (volumetric) method of
dosing samples and measures the quantity of gas
(nitrogen) that can be physically adsorbed
(physisorbed) on a solid at liquid nitrogen
temperature. For the multi-point B.E.T. measurement,
the volume of nitrogen uptake was measured at 5
pre-selected relative pressure points (0.06, 0.08,
0.12, 0.16, and 0.20) at constant temperature. The
relative pressure is the ratio of the applied nitrogen
pressure to the vapor pressure of nitrogen at the
analysis temperature of 77 K. Pore sizes >~3,000 A
diameter (>0.30 mm) are not detected by this method
but can be detected with mercury porosimetry. [0089]
Test conditions for the nitrogen adsorption/desorption
isotherms include 15 second equilibration interval,
97-point pressure table (40 adsorption points,
40desorption points, 5-point B.E.T. surface area, 15
micropore points, and 1-point total pore volume),
2.5%/2.5 mmHg P/Po tolerance, and 120 min Po interval.
[0090] The B.E.T. surface area, pore volume, and pore
size results include surface area and porosimetry data
for pore sizes up to -3,000 angstroms diameter for the
silica samples. The adsorption and desorption results
includes pore sizes between -17-3,000 A diameter,
-0.0017-0.3 mm. A single point TPV was input at P/Po
0.995. [0091] There was complete closure of desorption
curve with the adsorption curve 



for the silica samples. However, differences in
results in adsorption vs. desorption data can occur
and is largely because desorption process behaves
differently than the adsorption process. Typically, an
adsorbate gas (nitrogen) will desorb much slower than
when it condenses to fill a material's pores. [0092]
Generally, desorption branch of an isotherm is used to
relate the amount of adsorbate lost in a desorption
step to the average size of pores emptied in the step.
A pore loses its condensed liquid adsorbate, known as
the core of the pore, at a particular relative
pressure related to the core radius by the Kelvin
equation. After the core is evaporated, a layer of
adsorbate remains on the wall of the pore. The
thickness of this adsorbed layer is calculated for a
particular relative pressure from the thickness
equation. This layer becomes thinner with successive
decreases in pressure, so that the measured quantity
of gas desorbed in a step is composed of a quantity
equivalent to the liquid cores evaporated in that step
plus the quantity desorbed from the pore walls of
pores whose cores have evaporated in that and previous
steps. Barrett, Joyner, and Halenda [Barrett, E.P.,
Joyner, L.G., Halenda, P.P., J . Am Chem. Soc. 1951 73
373-380.] developed the method (known as the BJH
method) which incorporates these ideas. [0093] A pore
filled with condensed liquid nitrogen has 3 zones:
[0094] The core - evaporates all at once when the
critical pressure for that radius is reached; the
relationship between the core radius and the critical
pressure is defined by the Kelvin equation. The
adsorbed layer - composed of adsorbed gas that is
stripped off a bit at a time with each pressure step;
the relationship between the thickness of the layer
and the relative pressure is defined by the
thicknessequation. The walls of the cylindrical pore
itself - the diameter of the empty pore is required to
determine the pore volume and area. End area is
neglected. 



[0095] The recommendation for using either adsorption
or desorption data is to use the adsorption data
instead of the desorption data for comparing results
between samples. Typically, the adsorption process is
very clean for BJH calculations. The desorption
process of N2 out of bottle-shaped pores can not
usually distinguish what fraction of pores is open vs.
closed (some open-ended vs. some closed-ended pores).
[0096] In general, the BET surface area, single point
total pore volume (TPV), and average pore diameter
(4V/A by BET) is best to use for comparing sample data
since it also would include any micropore data <~17 A
diameter but not <~4- 5 A diameter. However, the
adsorption data can also be used for comparing sample
data but is limited to surface area and porosimetry
analysis between -17 and -3,000 A diameter. [0097] The
hydroxyl content of the three silicas dehydrated at
600C was characterized by titration with TiCl4 in a
hexane solution. After washing and drying of the
treated silica, the titanium content of the treated
silica (a measure of the presence of hydroxyl groups
in the silica) was determined by a spectrophotometric
method. The hydroxyl content of the three silicas is
reported in the table below. The hydroxyl content was
determined by TiCl 4 titration that binds to the
surface OH-groups. The final titanium content,
measured by a spectrophotometric method, is an
indication of the OH-group content at a given
dehydration temperature of the silica. TABLE 4[0098]
The silicas used as support material in the three
laboratory-scale catalyst precursors have a particle
size distribution, measured in a MALVERN Mastersizer
2000 analyzer, as shown below, and in Figure 3. 



TABLE S [0099] MALVERN Particle Size Distribution of
Davison 600, Davison 955 Screened (through 325 Mesh)
and Ineos ES757 Silicas[0100] The particle size
distribution was measured with accuracy  1% on the
D(0.5) in the size range 0.020 -2000.000 microns.
Measurements were made in nheptane dispersion at room
temperature using Hydro 2000S, small volume
general-purpose automated sample dispersion unit.
[0101] Values of silicas particle size distribution
are given in Table 6, where D(0.5) refers to the
particle size in micron at which 50 w% of the sample
is below that value, D(0. 1) and D(0.9) respectively,
10 and 90 w% of the sample below. Span is a measure of
particle size distribution = [D(0.9)-D(0.1)]/D(0.5).
TABLE 6 Particle Size Distribution of Davison 955,
Screened (through 325 Mesh), and Ineos ES757 Silicas
Determined by MALVERN Analysis [0103] As shown in
Tables 2, 3 and 5, Davison-955 silica has higher
surface area and comparable pore volume than Ineos
ES757 silica. However, Ineos ES757 silica has larger
average pore diameter and smaller average particle
size and narrower particle size distribution than
Davison 955 silica. [0104] About 9.5 grams of each of
the three types of silica was placed in an ovendried,
air-free 100 mL Schlenk flask having a stir bar and
rubber septum, to which about 50 ml of dry, degassed
hexane and 3 mL of triethylaluminum (TEAL) heptane
solution (1.54 M) were added. Each of the three
mixtures was stirred for about 30 minutes in an oil
bath at 400C, after which point the oil bath
temperature was raised to 7O0C and vacuum dried to
complete dryness. The resulting mixtures may be
referred to as laboratory TEAL-on-silica (laboratory
TOS). [0105] For each type silica, laboratory catalyst
precursor compositions at mole 



ratios Mg/Ti=3 and Mg/Ti=5 were prepared according to
the following procedure. In an oven dried, air-free
100 mL Schlenk flask provided with stir bar and rubber
septum, about 0.35 grams of [TiCl 3, 0.33 AlCl 3], and
0.50 g of MgCl 2 were mixedin 18.5 niL of dry,
degassed tetrahydrofuran (THF) supplied by Aldrich.
The compound referred to as [TiCl3, 0.33 AlCl 3] is a
mixed compound that is obtained by reduction of TiCl 3
with metallic aluminum; the mixed compound thus
contains 1 molecule OfAlCl 3 per 3 molecules OfTiCl 3.
The operation was carried out in a "dry box." The
flask was then placed in an oil bath over a
stir/heating plate inside a hood. The septum was
replaced by a condenser with a glass joint and
provided with circulating cold water and a small N2
flow through it. The oil bath was heated at 8O0C,
resulting in an internal temperature between 70 and
72C. The system was maintained under stirring for
about 2 hours until all solids dissolved in the
refluxing THF. The solution was allowed to cool down,
and was transferred to another oven-dried, air-free
100 ml Schlenk flask provided with stir bar and rubber
septum containing 5.0 grams of laboratory TOS slurried
in 20 mL of THF. (The transfer of solution was
performed inside the dry box.) The flask was placed in
the oil bath and the mixture was stirred for about 30
minutes at 800C, then flushed with a N2 vent for about
4-5 hours until most of the THF evaporated. The
resulting catalyst precursors further were dried for 4
hours under vacuum (mechanical pump, 10"5 mmHg) in a
water bath at 45C. The elemental composition of the
laboratory prepared precursors was determined by
Induced Coupled Plasma (ICP) analysis and is reported
in the table below. TABLE 7 [0106] Precursor 1
comprised Davison 955 silica, had a magnesium/titanium
ratio of 3, and is taken as a control. 



[0107] Precursor 2 comprised Ineos ES-757 silica, and
had a magnesium/titanium ratio of 3.[0108] Precursor 3
comprised screened Davison 955 silica, and had a
magnesium/titanium ratio of 3. [0109] When precursors
having mole ratios Mg/Ti=5 were prepared, the MgCl 2
loading was increased to meet this ratio (e.g., the
ratio of Mg/Ti=5). To facilitate the solubility of
MgCl 2 in THF, an amount of ethanol (ranging within
EtOH/Mg mole ratios of from about 0.5 to about 2) was
added to the THF solvent. [0110] The light pink
free-flowing powder precursors were then ready to be
tested in polyethylene polymerization reactions.
[0111] A one liter stirred stainless steel jacketed
reactor-autoclave equipped with a stirrer and a
thermocouple was used for the polymerization reactions
with Precursors 1-3. The reactor was thoroughly dried
under a nitrogen purge at elevated temperatures
(>100C) before each run. About 40 mL of dry, degassed
1-hexene (a co-monomer) was added via syringe to the
empty reactor that was cooled at 60 0C after purging,
or, in certain experiments, 40 mL of condensed 1-
butene was loaded to reactor by an automated injection
pump. About 500 mL of dry degassed isobutane was
converted into liquid in a pressure tower and fed to
the reactor. At this point tri-ethyl aluminum alkyl
(TEAL) was injected to reactor with a syringe as a
dilute (1.54 M) heptane solution. The TEAL acts as
cocatalyst and also scavenges impurities (e.g., oxygen
or moisture) that could deactivate the catalyst.
Unless otherwise noted, 0.4 mmole TEAL was used in
each experiment. The liquids were stirred at 650 rpm
while the reactor was heated until the working
temperature of 850C was reached. Next, a
computer-controlled flow meter introduced about 1000
or 1500 mL of hydrogen, after which (and by the same 



mechanism) ethylene was fed until the reactor reached
a total pressure of 125 psi. The polymerization
reaction then was initiated by introducing 0.04 grams
of laboratory catalyst precursor by means of a
pressure injection device, which further will be
described. The final pressure of the reactor was 380
psi. Ethylene was allowed to flow to maintain its
partial pressure of 125 psi. The reactor operative
variables (e.g., temperature, pressure and ethylene
flow) were recorded along the reaction time, and
stored in a computer through a data acquisition
system. After a reaction period of 30 minutes, the
ethylene flow was stopped, and the reactor was
depressurized to ambient pressure while the
temperature of thereactor was reduced to about 45C, at
which point the reactor was opened. The mass of
polymer produced by the reaction was determined after
allowing all of the remaining comonomer to evaporate,
until the polymer weight stabilized for a desired
period of time, which generally was in the range of
from 1 to 4 hours. [0112] The catalyst injection
system used to conduct these experiments consists of a
5 mL stainless steel cylinder provided with valves and
connectors in its extremes, coupled to a 50 mL
cylinder that is attached via a flexible metal tubing
to a 500 mL stainless steel bomb. The stainless steel
bomb is capable of holding up to 400 psi of N . The
catalyst precursor first was weighed and placed inside
the 5 mL cylinder. About 5 mL of isopentane was placed
in the 50 mL cylinder. The cylinders then were coupled
through the connectors, but valves (resembling globe
valves) isolated the content of each from the other.
All these operations were carried out inside a dry
box. After loading the catalyst, the device was
removed from the dry box and connected to a reactor
port through the small cylinder. In a nearly vertical
position, the 5 mL-50 mL cylinders tandem was
connected through the extreme of the large cylinder to
the bomb pressurized with 



N2 at 400 psi by a flexible metal tubing. The bomb was
isolated from the cylinders by another valve, such
that the bomb could be pressurized either before or
after being connected to the cylinders. Through a
fast, and coordinated, opening/closing of valves, the
nitrogen confined in the bomb pushed the isopentane
contained in the large cylinder through the small
cylinder, thus impelling the catalyst to the reactor.
It was proved that the catalyst was quantitatively
transferred into the pressurized reactor. [0113] The
results of the polymerization tests using laboratory
catalyst precursors are set forth in the table
below.TABLE 8 [0114] The laboratory-prepared catalyst
precursors having a magnesium-totitanium mole ratio of
3, with small particle size ES757 silica ("Precursor
2") demonstrated superior performance to that
displayed by other laboratory-prepared catalyst
precursors having similar compositions but different
silica supports. These findings are additionally
supported, and may be better visualized, by Figure 4,
which depicts a plot of ethylene flow versus reaction
time that was obtained during laboratory isobutane
slurry polymerizations. Figure 4 displays the ethylene
flow (as recorded by a computer-controlled Hastings
mass flow meter Model HFC 202) versus reaction time.
The ethylene flow is expressed as standard liters per
minute (SLPM), which is the volume occupied by a given
mass of gas at standard temperature and pressure
(e.g., 0 degrees C and 1 atmosphere of pressure).
Therepresentation of the ethylene flow during the
reaction time may be referred to as the "kinetic
profile." [0115] The greater ethylene uptake
corresponding to laboratory prepared precursors
employing ES757 silica (as compared to precursors
employing different silica support materials) is
consistent with the comparatively greater 



yield of polymer product that was shown in Table 8.
[0116] A statistical analysis of the laboratory
polymerization results (performed using software
supplied by JMP Software) established the standard
deviation and confidence interval by analyzing the
variance (anova). The analysis of the variance checks
whether differences among the means exist. [0117] The
statistical results are presented in Table 9 The
comparison between means and the corresponding 95%
confidence interval indicates that silica Ineos ES 757
produced a catalysts precursor with activity that is
significantly higher than activity of catalysts
precursors made with Davison 955 and Davison 955
screened (through 325 Mesh). TABLE 9 [0118] Thus,
Example 1 demonstrates, inter alia, that laboratory
catalyst precursors prepared with silica support
materials that have a smaller particle size, a
narrower particle size distribution and average pore
diameter of at least > 220 angstroms may demonstrate
desirable productivity and may be useful in
polymerization processes to generate polymer products
having desirable physical properties. EXAMPLE 2 [0119]
Scaled-up catalyst compositions were prepared in a
pilot plant laboratory using a jacketed vessel (that
may be referred to as a mix tank) according to
theprocedure set forth below. The capacity of the mix
tank is on the order of about 2 pounds of catalyst
material. [0120] Silica dehydrated at 600C has a
hydroxyl nominal concentration of 0.7 mmole OH/gram.
The TEAL-on-Silica ("TOS") prepared for these
scaled-up batches has a target aluminum loading of 0.5
mmole/gram. As TEAL reacts with 



hydroxyl according to a 1-to-l molar ratio, then about
0.2 mmole OH/gram will remain unreacted on the TOS.
[0121] First, about 850 grams of silica were charged
to the mix tank, for ES 757 silica and Davison 955-600
silica. About 3.5 liters of isopentane then were
added, after which about 0.59 grams of 10% TEAL in
isopentane (0.93 ml) were added for every gram of
silica charged. The TEAL reacts exothermically with
the silica to form ethane. Accordingly, the TEAL
charge was metered so as to keep the reactor
temperature under a target setting of 35C. The
foregoing mixture was mixed for 30 minutes at a
pressure of 10 psig. Drying was initiated by heating
the jacket to 60 0C and reducing the internal reactor
pressure to 5 psig. A nitrogen sweep was initiated.
When the internal reactor temperature had stabilized
between 55C and 600C for 2 hours, the mix tank
contents were discharged. As noted above, the target
aluminum loading for the scaled-up TEAL-on-Silica
(scaled-up TOS) was 0.5 mmole/gram silica. [0122]
Scaled-up catalyst precursors were prepared according
to the following procedure. About 3,500 grams of
tetrahydrofuran (THF) was charged to the mix tank. The
water content of the THF was less than 40 ppm of
water. Magnesium chloride (MgCl 2) was added to the
dry THF. The mix tank was pressurized to 5 psig and
heated until the contents reached a temperature of
60C. Stirring at 150 rpm was initiated. About 38.6
grams of ethanol were added, which dissolves the MgCl
2 almost instantly. Mixing continued for about 30
minutes, after which about 66.8 grams OfTiCl 3, 0.33
AlCl 3 were charged. The mixture was mixed for an
hour. The mix tank then was cooled so that the
temperature of the contents fell below 50C. About 800
grams of scaled-up TOS was charged and mixed for 



about 30 minutes. [0123] The contents of the mix tank
then were dried by heating the jacket of the mix tank
to about 85C, and reducing the internal pressure
within the jacket by anincremental inch of pressure at
a time until the pressure reached - 5 inches of
mercury. The internal pressure then was reduced to
full vacuum, and a nitrogen sweep was initiated. When
the temperature of the contents stabilized between 80
and 830C for three hours, the mix tank was pressurized
to 5 psig, and cooled to below 4O0C, at which point
the scaled-up catalyst was discharged. [0124] The
catalyst precursors prepared as described above then
were converted into catalyst compositions by treatment
with at least one, and no more than two, activators.
The relative amounts of the activator(s) were varied
with respect to Ti content, to provide an Al:Ti molar
ratio of about 1 to 5 of each one of the activators.
First, about 800 grams of catalyst precursor was
charged to a clean and inert mix tank. About 1,600
grams of solvent was slurried into the mix tank. The
mixture was stirred at about 150 rpm, and the mix tank
was pressurized to 5 psig. The mixture was mixed for
30 minutes, before drying was initiated through
heating the jacket of the mix tank to 60C. A nitrogen
sweep also was begun, once the material became
free-flowing. The material was dried until the reactor
temperature stabilized at about 57C for one hour. The
mix tank then was cooled to below about 400C, and the
catalyst composition contained therein was discharged
therefrom. [0125] Different catalyst formulations were
prepared by varying the relative amounts of the
selected activators, one of them containing an halogen
atom, in such a way that their respective Al/Ti molar
ratios were within the range of from 1 to 5. A total
of 9 different catalyst formulations were prepared,
comprising 



precursors prepared with both Davison 955 and ES757
silicas. The catalyst formulations comprising
precursors prepared with Davison 955 silicas were
labeled as A, C, D and E. The catalyst formulations
comprising precursors prepared with Ineos ES757
silicas were labeled as Al, Cl, Dl, and El. As each
catalyst series progresses from A to E there is a
consistent increase of the Al/Ti mole ratio for the
halogen-containing activator, which is accompanied by
an increase, although to a lower magnitude, of the
non-halogen containing activator. The sample catalyst
compositions prepared as described above then were
used in polymerization reactions.[0126] A one liter
stirred stainless steel jacketed reactor-autoclave
equipped with a stirrer and a thermocouple was used
for the polymerization reactions. The reactor was
thoroughly dried under a purge of nitrogen at 100C for
1 hour and cooled down to 45C before each run. About
0.8 mL of heptane dilute solution (1.54 M) of TEAL
then was added to the reactor to act as cocatalyst and
passivate any impurities. After stirring for 15
minutes, 0.15 gram catalyst was charged. The reactor
then was sealed, and 1500 or 3000 cubic centimeters of
hydrogen was charged as indicated in the tables that
follow, after which the reactor was heated to 65C. At
this point, ethylene flow was initiated, and continued
until the reactor reached polymerization conditions of
200 psi at 85C. [0127] Ethylene was allowed to flow to
maintain the reactor pressure at 200 psi during the 30
minute reaction period. Ethylene uptake is measured
through a computer-controlled flow meter. The
temperature of the reactor was reduced to 45C while
the reactor was depressured to ambient pressure, after
which the reactor was opened. After allowing the
solvent to evaporate, the mass of polymer produced
from the reaction was determined. The polymer produced
from the 



reaction then was characterized to determine a number
of parameters, including Melt Flow Index (MI), High
Load Melt Flow (HLM) and bulk density (BD). [0128]
Tables 10 and 1 1 below set forth certain parameters
determined from laboratory ethylene
homo-polymerizations conducted as set forth above with
experimental scaled-up improved precursors. [0129]
Table 12 sets forth certain parameters determined from
laboratory ethylene homo-polymerizations conducted as
set forth above with scaled-up catalyst formulations
at activation Al/Ti ratios located in the low end and
in the medium end of the 1 to 5 range are compared to
parameters of conventional Control Catalysts 1 and 4
(medium Al/Ti ratio range, e.g., containing an Al/Ti
ratio that is about 2.5) and Control Catalysts 2 and 3
(at the lower end of the Al/Ti ratio range, e.g.,
containing an Al/Ti ratio that is close to 1) at
comparable Al/Ti ratios.TABLE 10 TABLE 11TABLE 12
[0130] The relationship between productivity and bulk
density of the experimental scaled-up catalysts is
illustrated in Figure 5. [0131] Example 2
demonstrates, inter alia, that the improved
experimental catalysts prepared using supports that
use ES757 silica having a smaller particle size, a
narrower particle size distribution, and a larger
average pore diameter of at least > 220 angstroms
appear to demonstrate a desirable
productivity-vs.-bulkdensity relationship, which may
correlate across a variety of magnesium-totitanium
ratios. EXAMPLE 3 [0132] Sample catalyst compositions
prepared in the manner described above were reacted in
a polymerization process in a pilot plant
reactor.[0133] Polymerization was conducted in a 24
inch diameter gas-phase fluidized 



bed reactor operating at approximately 300 psig total
pressure. The reactor bed weight was approximately 500
- 600 pounds. Fluidizing gas was passed through the
bed at a velocity of approximately 2.0 feet per
second. The fluidizing gas exiting the bed entered a
resin-disengaging zone located at the upper portion of
the reactor. The fluidizing gas then entered a recycle
loop and passed through a water-cooled heat exchanger
and cycle gas compressor. The shell side water
temperature was adjusted to maintain the reaction
temperature to the specified value. Ethylene,
hydrogen, 1-hexene and nitrogen were fed to the cycle
gas loop just upstream of the compressor at quantities
sufficient to maintain the desired gas concentrations.
Triethylaluminum cocatalyst was fed to the reactor in
quantities sufficient to support reaction. Gas
concentrations were measured by an on-line vapor
fraction analyzer. The catalyst was fed to the reactor
bed through a stainless steel injection tube at a rate
sufficient to maintain the desired polymer production
rate. Nitrogen gas was used to disperse the catalyst
into the reactor. Product was withdrawn from the
reactor in batch mode into a purging vessel before it
was transferred into a product drum. Residual catalyst
and cocatalyst in the resin were deactivated in the
product drum with a wet nitrogen purge. [0134] The
properties of the sample catalyst compositions, and
the results of the polymerization reactions are set
forth in the tables below.TABLE 13TABLE 14 [0135] The
above example demonstrates, inter alia, the inventive
catalysts prepared with ES757 silica led to both
enhanced productivity and polymer products that
demonstrated, for example, improved settled bulk
density. The unexpected increase of the resin bulk
density with increased productivity is generally
opposite to that demonstrated by polymerizations
conducted with 



conventional catalysts, and is highly beneficial for
the fluid bed gas phase operation. These findings are
further illustrated in Figure 6. [0136] Therefore, the
present invention is well adapted to carry out the
objects and attain the ends and advantages mentioned
as well as those that are inherent therein. While the
invention has been depicted, described, and is defined
by reference to exemplary embodiments of the
invention, such a reference does notimply a limitation
on the invention, and no such limitation is to be
inferred. The invention is capable of considerable
modification, alternation, and equivalents in form and
function, as will occur to those ordinarily skilled in
the pertinent arts and having the benefit of this
disclosure. The depicted and described embodiments of
the invention are exemplary only, and are not
exhaustive of the scope of the invention.
Consequently, the invention is intended to be limited
only by the spirit and scope of the appended claims,
giving full cognizance to equivalents in all
respects.What is claimed is: 1. A process for making
polyolefins, the process comprising contacting, in a
reactor, ethylene and at least one comonomer selected
from the group consisting of C3 to C alpha olefin in
the presence of a supported catalyst system, the
supported catalyst system comprising at least one
titanium compound, at least one magnesium compound, at
least one electron donor compound, at least one
activator compound, and at least one silica support
material, the at least one silica support material
having a median particle size in the range of from 20
to 50 microns and an average pore diameter > 220
Angstroms; wherein the at least one silica support
material has no more than 10% of the particles having
a size less than 10 microns and no more than 10% of
the particles having a size greater than 50 microns. 



2. The process of claim 1, wherein the at least one
magnesium compound has the formula MgX2, wherein X is
selected from the group consisting of Cl, Br, I or
mixtures thereof. 3. The process of claim 2, wherein
the at least one magnesium compound is selected from
the group consisting of: MgCl2, MgBr2 and MgI . 4. The
process of any of the preceding claims, wherein the at
least one titanium compound has the formula Ti(OR)aXb,
wherein R is selected from the group consisting of: a
C1 to C14 aliphatic hydrocarbon radical, a C1 to C14
aromatic hydrocarbon radical, and COR' where R' is a
C1 to C14 aliphatic or aromatic hydrocarbon radical; X
is selected from the group consisting of Cl, Br, I and
mixtures thereof; a is selected from the group
consisting of 0, 1 and 2; b is 1 to 4 inclusive; and a
+ b = 3 or 4. 5. The process of any of the preceding
claims, wherein the at least one titanium compound is
selected from the group consisting of: TiCl3, TiCl4,
Ti(OCH3)Cl3, Ti(OC6H5)Cl3, Ti(OCOCH3)Cl3 and
Ti(OCOC6H5)Cl3.6. The process of any of the preceding
claims, wherein the at least one silica support
material has a median particle size in the range of
from 20 to 35 microns. 7. The process of any of the
preceding claims, wherein the at least one silica
support material has a median particle size in the
range of from 20 to 30 microns. 8. The process of any
of the preceding claims, wherein the at least one
silica support material has a particle size
distribution in which no more than 10% of the
particles have a size below 12 microns, and no more
than 8% of the particles have a size above 50 microns.



9. The process of any of the preceding claims, wherein
the at least one silica support material has a surface
area of at least 200 square meters per gram. 10. The
process of any of the preceding claims, wherein the at
least one silica support material has an average pore
volume of at least 1.4 ml/gram. 11. The process of any
of the preceding claims, wherein the at least one
silica support material has an average pore diameter >
225 Angstroms. 12. The process of any of the preceding
claims, wherein the at least one silica support
material has an average pore diameter > 230 Angstroms.
13. The process of any of the preceding claims,
wherein the at least one silica support material has
an average pore diameter > 235 Angstroms. 14. A
supported catalyst system comprising at least one
titanium compound, at least one magnesium compound, at
least one electron donor compound, at least one
activator compound, andat least one silica support
material, the at least one silica support material
having a median particle size in the range of from 20
to 50 microns and an average pore diameter > 220
Angstroms; wherein the at least one silica support
material has no more than 10% of the particles having
a size less than 10 microns and no more than 10% of
the particles having a size greater than 50 microns.
15. The supported catalyst system of claim 14, wherein
the at least one magnesium compound has the formula
MgX2, wherein X is selected from the group consisting
of Cl, Br, I or mixtures thereof. 16. The supported
catalyst system of claim 14, wherein the at least one
magnesium compound is present in the catalyst system
in an amount in the range of from 1.5 to 7 moles of
magnesium compound per mole of titanium compound. 17.
The supported catalyst system of any of claims 14-16,
wherein the at 



least one titanium compound has the formula Ti(OR)aXb,
wherein R is selected from the group consisting of: a
C1 to C1 aliphatic hydrocarbon radical, a C1 to C14
aromatic hydrocarbon radical, and COR' where R1 is a
C1 to C14 aliphatic or aromatic hydrocarbon radical; X
is selected from the group consisting of Cl, Br, I and
mixtures thereof; a is selected from the group
consisting of 0, 1 and 2; b is 1 to 4 inclusive; and a
+ b = 3 or 4. 18. The supported catalyst system of any
of claims 14-17, wherein the at least one titanium
compound is selected from the group consisting of:
TiCl3, TiCl4, Ti(OCH3)Cl3, Ti(OC6H5)Cl3, Ti(OCOCH3)Cl3
and Ti(OCOC6H5)Cl3. 19. The supported catalyst system
of any of claims 14-18, wherein the at least one
silica support material has a median particle size in
the range of from 20 to 35 microns.20. The supported
catalyst system of any of claims 14-19, wherein the at
least one silica support material has a median
particle size in the range of from 20 to 30 microns.
21. The supported catalyst system of any of claims
14-20, wherein the at least one silica support
material has a particle size distribution in which no
more than 10% of the particles have a size below 12
microns, and no more than 8% of the particles have a
size above 50 microns. 22. The supported catalyst
system of any of claims 14-21, wherein the at least
one silica support material has an average pore
diameter > 225 Angstroms. 23. The supported catalyst
system of any of claims 14-21, wherein the at least
one silica support material has an average pore
diameter > 230 Angstroms. 24. The supported catalyst
system of any of claims 14-21, wherein the at least
one silica support material has an average pore
diameter > 235 Angstroms. 




