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COMPOSITIONS THAT CAN PRODUCE 
POLYMERS 

FIELD OF THE INVENTION 

[0001] This invention is related to the ?eld of composi 
tions that can be used to polymerize monomers into at least 
one polymer. 

BACKGROUND OF THE INVENTION 

[0002] The production of polymers is a multi-billion dollar 
business. This business produces billions of pounds of 
polymers each year. Millions of dollars have been spent on 
developing technologies that can add value to this business. 

[0003] One of these technologies is called metallocene 
catalyst technology. Metallocene catalysts have been knoWn 
since about 1960, hoWever, their loW productivity did not 
alloW them to be commercialiZed. About. 1975, it Was 
discovered that contacting one part Water With tWo parts 
trimethylaluminum to form methyl aluminoXane, and then 
contacting such methyl aluminoXane With a metallocene 
compound, formed a metallocene catalyst that had greater 
activity. HoWever, it Was soon realiZed that large amounts of 
expensive methyl aluminoXane Were needed to form an 
active metallocene catalyst. This has been a signi?cant 
impediment to the commercialiZation of metallocene cata 
lysts. 

[0004] Borate compounds have been use in place of large 
amounts of methyl aluminoXane. HoWever, this is not sat 
isfactory, since borate compounds are very sensitive to 
poisons and decomposition, and can also be very eXpensive. 

[0005] It should also be noted that having a heterogeneous 
catalyst is important. This is because heterogeneous cata 
lysts are required for most modem commercial polymeriZa 
tion processes. Furthermore, heterogeneous catalysts can 
lead to the formation of substantially uniform polymer 
particles that have a high bulk density. These types of 
substantially uniformed particles are desirable because they 
improve the efficiency of polymer production and transpor 
tation. Efforts have been made to produce heterogeneous 
metallocene catalysts, hoWever, these catalysts have not 
been entirely satisfactory. 

[0006] Therefore, the inventors provide this invention to 
solve these problems. 

SUMMARY OF THE INVENTION 

[0007] An object of this invention is to provide a process 
that produces a composition that can be used to polymeriZe 
monomers into at least one polymer. 

[0008] Another object of this invention is to provide said 
composition. 

[0009] Another object of this invention is to provide a 
process to polymeriZe monomers into at least one polymer 
using said composition. 

[0010] Another object of this invention is to provide a 
manufacture that comprises at least one said polymer. 

[0011] Another object of this invention is to provide a 
machine that comprises at least one said manufacture. 
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[0012] In accordance With one embodiment of this inven 
tion, a process to produce a composition of matter is 
provided. Said process comprises (or optionally, consists 
essentially of, or consists of) contacting an organometal 
compound, a solid LeWis acid compound, and an organoalu 
minum compound to produce said composition, Wherein 
said composition consists essentially of (or optionally, con 
sists of) a post-contacted organometal compound, a post 
contacted solid LeWis acid compound, and optionally, a 
post-contacted organoaluminum compound. 
[0013] In accordance With another embodiment of this 
invention, a composition of matter is provided. Said com 
position consists essentially of a post-contacted organometal 
compound, a post-contacted solid LeWis acid compound, 
and optionally, a post-contacted organoaluminum com 
pound. 
[0014] In accordance With another embodiment of this 
invention, a process to polymeriZe monomers into at least 
one polymer using said composition is provided. Said pro 
cess comprises contacting said composition With monomers. 

[0015] In accordance With another embodiment of this 
invention a manufacture is provided. Said manufacture 
comprises at least one said polymer. 

[0016] In accordance With another embodiment of this 
invention a machine is provided. Said machine comprises at 
least tWo said manufactures. 

[0017] These objects, and other objects, Will become more 
apparent to those With ordinary skill in the art, by reading 
this disclosure. 

[0018] It should be noted that the phrase “consisting 
essentially of” means that the only other items (such as, for 
eXample, process steps, and other compounds) included 
Within the scope of the claims are those items that do not 
materially affect the basic and novel characteristics of the 
claimed invention. 

[0019] It should also be noted that the phrase “consisting 
of” means that the no other items (such as, for eXample, 
process steps, and other compounds) are included Within the 
scope of the claims, eXcept items that are impurities ordi 
narily associated With a composition, or items that are 
process steps ordinarily associated With a process. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Organometal compounds used in this invention 
have the folloWing general formula. 

(X1)(X2)(X3)X4)M1 
[0021] In this formula, M1 is selected from the group 
consisting of titanium, Zirconium, and hafnium. Currently, it 
is most preferred When M1 is Zirconium. 

[0022] In this formula (X1) is independently selected from 
the group consisting of (hereafter “Group OMC-I”) cyclo 
pentadienyls, indenyls, ?uorenyls, substituted cyclopentadi 
enyls, substituted indenyls, such as, for eXample, tetrahy 
droindenyls, and substituted ?uorenyls, such as, for 
eXample, octahydro?uorenyls. 

FORMULA ONE: 

[0023] The substituents on the substituted cyclopentadi 
enyls, substituted indenyls, and substituted ?uorenyls, can 
be aliphatic groups, cyclic groups, combinations of aliphatic 
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and cyclic groups, and organometallic groups, as long as 
these groups do not substantially, and adversely, affect the 
polymerization activity of the composition. Additionally, 
hydrogen can be a substituent. 

[0024] Suitable examples of aliphatic groups are hydro 
carbyls, such as, for eXample, paraffins and ole?ns. Suitable 
eXamples of cyclic groups are cycloparaf?ns, cycloole?ns, 
cycloacetylenes, and arenes. Additionally, alkylsilyl groups 
Where each alkyl contains 1-12 carbon atoms, alkyl halide 
groups Where each alkyl contains 1-12 carbon atoms, or 
halides, can also be used. 

[0025] Suitable eXamples of such substituents are methyl, 
ethyl, propyl, butyl, tert-butyl, isobutyl, amyl, isoamyl, 
heXyl, cycloheXyl, heptyl, octyl, nonyl, decyl, dodecyl, 
2-ethylheXyl, pentenyl, butenyl, phenyl, chloro, bromo, and 
iodo. 

[0026] In this formula (X3) and (X4) are independently 
selected from the group consisting of (hereafter “Group 
OMC-II”) halides, aliphatic groups, cyclic groups, combi 
nations of aliphatic and cyclic groups, and organometallic 
groups, as long as these groups do not substantially, and 
adversely, affect the polymeriZation activity of the compo 
sition. 

[0027] Suitable examples of aliphatic groups are hydro 
carbyls, such as, for eXample, paraffins and ole?ns. Suitable 
eXamples of cyclic groups are cycloparaf?ns, cycloole?ns, 
cycloacetylenes, and arenes. Currently, it is preferred When 
(X3) and (X4) are selected from the group consisting of 
halides and hydrocarbyls, Where such hydrocarbyls have 
from 1 to 10 carbon atoms. 

[0028] HoWever, it is most preferred When (X3) and (X4) 
are selected from the group consisting of ?uoro, chloro, and 
methyl. 

[0029] In this formula, (X2) can be selected from either 
Group OMC-I or Group OMC-II. 

[0030] When (X2) is selected from Group OMC-I, it 
should be noted that (X1) and (X2) can be joined With a 
bridging group, such as, for eXample, aliphatic bridging 
groups, cyclic bridging groups, combinations of aliphatic 
and cyclic bridging groups, and organometallic bridging 
groups, as long as the bridging group does not substantially, 
and adversely, affect the polymeriZation activity of the 
composition. 

[0031] Suitable eXamples of aliphatic bridging groups are 
hydrocarbyls, such as, for eXample, paraf?ns and ole?ns. 
Suitable examples of cyclic bridging groups are cyclopar 
af?ns, cycloole?ns, cycloacetylenes, and arenes. Addition 
ally, it should be noted that silicon and germanium are also 
good bridging units. 

[0032] Various processes are knoWn to make these com 
positions. See, for example, US. Pat. Nos. 4,939,217; 5,210, 
352; 5,436,305; 5,401,817; 5,631,335, 5,571,880; 5,191, 
132; 5,480,848; 5,399,636; 5,565,592; 5,347,026; 5,594, 
078; 5,498,581; 5,496,781; 5,563,284; 5,554,795; 5,420, 
320; 5,451,649; 5,541,272; 5,705,478; 5,631,203; 5,654, 
454; 5,705,579; and 5,668,230; the entire disclosures of 
Which are hereby incorporated by reference. 
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[0033] Speci?c eXamples of such compositions are as 
folloWs: 

[0034] bis(cyclopentadienyl) hafnium dichloride; 

[0035] bis(cyclopentadienyl) Zirconium dichloride; 

[0036] [ethyl(indenyl)2] hafnium dichloride; 

[0037] [ethyl(indenyl)2] Zirconium dichloride; 

[0038] [ethyl(tetrahydroindenyl)2] hafnium dichloride; 

[0039] [ethyl(tetrahydroindenyl)2] Zirconium dichlo 
ride; 

[0040] bis(n-butylcyclopentadienyl) hafnium dichlo 
ride; 

[0041] bis(n-butylcyclopentadienyl) Zirconium dichlo 
ride; 

[0042] ((dimethyl)(diindenyl) silane) Zirconium dichlo 
ride; 

[0043] ((dimethyl)(diindenyl) silane) hafnium dichlo 
ride: 

[0044] ((dimethyl)(ditetrahydroindenyl) silane) Zirco 
nium dichloride; 

[0045] ((dimethyl)(di(2-methyl indenyl)) silane) Zirco 
nium dichloride; and 

[0046] bis(?uorenyl) Zirconium dichloride. 

[0047] Organoaluminum compounds have the folloWing 
general formula. 

A1(X5)n(X6)3.n 
[0048] In this formula (X5) is a hydrocarbyl having from 
1-20 carbon atoms. Currently, it is preferred When (X5) is an 
alkyl having from 1 to 10 carbon atoms. HoWever, it is most 
preferred When (X5) is selected from the group consisting of 
methyl, ethyl, propyl, butyl, and isobutyl. 

[0049] In this formula (X6) is a halide, hydride, or alkoX 
ide. Currently, it is preferred When (X6) is independently 
selected from the group consisting of ?uoro and chloro. 
HoWever, it is most preferred When (X6) is chloro. 

[0050] In this formula “n” is a number from 1 to 3 
inclusive. HoWever, it is preferred When “n” is 3. 

FORMULA TWO: 

[0051] Examples of such compounds are as folloWs: 

[0052] trimethylaluminum; 

[0053] triethylaluminum; 
[0054] tripropylaluminum; 

[0055] diethylaluminum ethoXide; 

[0056] tributylaluminum; 
[0057] triisobutylaluminum hydride; 

[0058] 
[0059] 

[0060] Currently, triethylaluminum is preferred. 

triisobutylaluminum; and 

diethylaluminum chloride. 

[0061] Solid LeWis acid compounds are compounds that 
have LeWis acidity. It is preferred When said solid LeWis 
acid compounds comprise solid miXed oXides. It is also 
preferred When said solid miXed oXide compounds comprise 
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oxygen and at least tWo elements selected from the group 
consisting of groups 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
and 15 of the periodic table, including lanthanides and 
actinides (See HaWley’s Condense Chemical Dictionary, 
11th Edition). HoWever, it is preferred When the elements are 
selected from the group consisting of Al, B, Be, Bi, Cd, Co, 
Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, Sb, Si, Sn, Sr, Th, Ti, V, W, 
P, Y, Zn and Zr. It is important that these solid mixed oxide 
compounds have electron WithdraWing ability, While not 
Wanting to be bound by theory, it is believed that solid mixed 
oxide compounds should have high LeWis acidity. HoWever, 
it is hard to accurately measure the Lewis acidity of these 
solid mixed oxide compounds, or other solid LeWis acid 
compounds, so other methods have been used. Currently, 
comparing the activities of solid mixed oxide compounds, or 
solid LeWis acid compounds, under acid catalyZed reactions 
is preferred. 

[0062] Suitable examples of solid mixed oxide com 
pounds include, but are not limited to, mixtures of A1203, 
B203, BeO, Bi2O3, CdO, C0304, Cr2O3, CUO, Fe2O3, 
Ga2O3, La2O3, Mn2O3, M003, NiO, P205, Sb2O5, SiO2, 
SnO2, Sro, ThO2, TiO2, V205, W03, Y2O3, ZnO, and ZrO2. 
Currently, a solid mixed oxide compound containing three or 
more elements is preferred. One preferred solid mixed oxide 
compound comprises a mixed oxide that has oxygen bonded 
to Zr, B, and Al. Additionally, it should be noted that solid 
mixed oxide compounds that comprise Al—O and tWo other 
element-oxygen bonds are currently preferred. 

[0063] It is important that the solid mixed oxide com 
pound is calcined. This calcining can be conducted in an 
ambient atmosphere, preferably a dry ambient atmosphere, 
at a temperature in the range of about 300° C. to about 900° 
C., and for a time in the range of about 1 minute to about 100 
hours. Currently, temperatures from about 500° C. to about 
700° C. and a time in the range of about 1 hour to about 10 
hours, are preferred. 

[0064] Solid mixed oxide compounds, should have pore 
volumes greater than about 0.01 cc/g, preferably greater than 
about 0.1 cc/g, and most preferably, greater than about 1 
cc/g. 

[0065] Solid LeWis acid compounds should have surface 
areas greater that about 1 m2/g, preferably greater than 100 
m2/g, and most preferably greater than 200 m2/g. 

[0066] Solid mixed oxide compounds should have surface 
areas greater that about 1 m2/g, preferably greater than 100 
m2/g, and most preferably greater than 200 m2/g. 

[0067] Solid mixed oxide compounds can be produced in 
a variety of Ways, such as, for example, co-gelling, or 
impregnation of one compound onto another. 

[0068] The compositions of this invention can be pro 
duced by contacting an organometal compound, a solid 
LeWis acid compound, preferably a solid mixed oxide com 
pound, and an organoaluminum compound, together. This 
contacting can occur in a variety of Ways, such as, for 
example, blending. Furthermore, each of these compounds 
can be fed into the reactor separately, or various combina 
tions of these compounds can be contacted together before 
being further contacted in the reactor, or all three compounds 
can be contacted together before being introduced into the 
reactor. Currently, one method is to ?rst contact the orga 
nometal compound and the solid LeWis acid compound 
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together, for about 1 minute to about 24 hours, preferably, 
about 1 minute to about 1 hour, at a temperature from about 
10° C. to about 200° C., preferably about 25° C. to about 
100° C., to form a ?rst mixture, and then contact this ?rst 
mixture With an organoaluminum compound to form the 
composition. 
[0069] During contacting, or after contacting, the mixtures 
or the composition can be calcined. This calcining can be 
conducted in an ambient atmosphere, preferably a dry ambi 
ent atmosphere, at a temperature in the range of about 300° 
C. to about 900° C., and for a time in the range of about 1 
minute to about 100 hours. Currently, temperatures from 
about 500° C. to about 700° C. and a time in the range of 
about 1 hour to about 10 hours, are preferred. 

[0070] After contacting, the composition consists essen 
tially of, (or consists of) a post-contacted organometal 
compound, a post-contacted solid LeWis acid compound, 
and optionally, a post-contacted organoaluminum com 
pound. It should be noted that the post-contacted solid LeWis 
acid compound is the majority, by Weight, of the composi 
tion. Since the exact order of contacting is not knoWn, it is 
believed that this terminology best describes the composi 
tion’s components. 

[0071] The composition of this invention has an activity 
greater than a compound that uses the same organometal 
compound, and the same organoaluminum compound, but 
uses untreated Ketjen grade B alumina (see comparative 
examples 4, 5, and 6) instead of the solid LeWis acid 
compounds of this invention. This activity is measured 
under slurry polymeriZation conditions, using isobutane as 
the diluent, and With a polymeriZation temperature in the 
range of 50 to 150° C., and an ethylene pressure of in the 
range of 400 to 800 psig. HoWever, it is preferred if the 
activity is greater than 100 grams polyethylene per gram of 
solid LeWis acid compound per hour (hereafter “gP/ 
(gS-hr)”), more preferably greater than 150, even more 
preferably greater than 200, even more preferably greater 
than 250, and most preferably greater than 300. This activity 
is measured under slurry polymeriZation conditions, using 
isobutane as the diluent, and With a polymeriZation tempera 
ture in the range of 90° C., and an ethylene pressure of in the 
range of 550 psig. The reactor should have substantially no 
indication of any Wall scale, coating or other forms of 
fouling. 
[0072] These compositions are often sensitive to hydrogen 
and sometimes incorporate comonomers Well, and usually 
produce polymers With a loW HLMI/MI ratio. 

[0073] One of the important aspects of this invention is 
that no aluminoxane needs to be used in order to form the 
composition. This also means that no Water is needed to help 
form such aluminoxanes. This is bene?cial because Water 
can sometimes kill a polymeriZation process. Additionally, it 
should be noted that no borate compounds need to be used 
in order to form the composition. In summary, this means 
that the composition, Which is heterogenous, and Which can 
be used for polymeriZing monomers, can be easily and 
inexpensively produced because of the substantial absence 
of any aluminooxane compounds or borate compounds. 
Additionally, no organochromium needs to be added, nor 
any MgCl2 needs to be added to form the invention. 

[0074] The monomers useful in this invention, are unsat 
urated hydrocarbons having from 2 to 20 carbon atoms. 
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Currently, it is preferred When the monomer is selected from 
the group consisting of ethylene, propylene, 1-butene, 3-me 
thyl-1-butene, 1-pentene, 3-methyl-1-pentene, 4-methyl-1 
pentene, 1-hexene, 3-ethyl-1-hexene, 1-heptene, 1-octene, 
1-nonene, 1-decene, and mixtures thereof. HoWever, When a 
homopolymer is desired, it is most preferred to use ethylene, 
or propylene, as the monomer. Additionally, When a copoly 
mer is desired, it is most preferred to use ethylene and 
hexene as the monomers. 

[0075] Processes that can polymeriZe monomers into 
polymers are knoWn in the art, such as, for example, slurry 
polymeriZation, gas phase polymeriZation, and solution 
polymeriZation. It is preferred to perform a slurry polymer 
iZation in a loop reactor. Furthermore, it is even more 
preferred to use isobutane as the diluent in a slurry poly 
meriZation. Examples of such technology can be found in 
US. Pat. Nos. 4,424,341; 4,501,885; 4,613,484; 4,737,280; 
and 5,597,892; the entire disclosures of Which are hereby 
incorporated by reference. 

[0076] It should be noted that under slurry polymeriZation 
conditions these compositions polymeriZe ethylene alone, or 
ethylene With a 1-ole?n, or propylene very Well. In particu 
lar, the compositions used in this process produce good 
quality polymer particles Without substantially fouling the 
reactor. When the composition is to be used in a loop reactor 
under slurry polymeriZation conditions, it is preferred When 
the particle siZe of the solid mixed oxide compound is in the 
range of about 10 to about 1000 microns, preferably 25 to 
500 microns, and most preferably, about 50 to about 200 
microns, for best control during polymeriZation. 

[0077] After the polymers are produced, they can be 
formed into various manufactures, such as, for example, 
household containers and utensils, drums, fuel tanks, pipes, 
geomembranes, and liners. Various processes can form these 
manufactures. Usually, additives and modi?ers are added to 
the polymer in order to provide desired effects. It is believed 
that by using the invention described herein, manufactures 
can be produced at a loWer cost, While maintaining most, if 
not all, of the unique properties of polymers produced With 
metallocene catalysts. 

[0078] Additionally, these manufactures can be part of a 
machine, such as, for example, a car, so that the Weight of 
the car Will be less, With the attended bene?ts thereof. 

EXAMPLES 

[0079] These examples provide additional information to 
a person skilled in the art. These examples are not meant to 
be construed as limiting the scope of the claims. 

DESCRIPTION OF THE POLYMERIZATIONS 
RUNS 

[0080] All polymeriZation runs Were conducted in a steel 
reactor that had a volume of 2.2 liters. This reactor Was 
equipped With a marine stirrer. During the polymeriZations 
this stirrer Was set to run at 400 rpm. This reactor Was also 
surrounded by a steel jacket that Was connected to a steel 
condenser. The steel jacket contained methanol that Was 
boiling. The boiling point of the methanol Was controlled by 
varying the nitrogen pressure that Was applied to the steel 
condenser and the steel jacket. This control method permit 
ted precise temperature control (105° C.). 
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[0081] First, a solid oxide compound (either a solid 
unmixed oxide or a solid mixed oxide) Was charged, under 
nitrogen, to the reactor, Which Was dry. Second, organometal 
compound solution Was added to the reactor by syringe. 
Third, 0.6 liters of isobutane Was charged to the reactor. 
Fourth, organoaluminum compound Was added to the reac 
tor. Fifth, 0.6 liters of isobutane Was charged to the reactor. 
Sixth, ethylene Was added to the reactor to equal 550 psig 
pressure. Seventh, the reactor Was heated to 90° C. This 
pressure Was maintained during the polymeriZation. During 
polymeriZation, stirring continued for the speci?ed time. 
Activity Was determined by recording the How of ethylene 
into the reactor to maintain pressure. Seventh, after the 
speci?ed time, the ethylene How Was stopped and the reactor 
sloWly depressuriZed. Eighth, the reactor Was opened to 
recover a granular polymer poWder. 

[0082] In all inventive runs, the reactor Was clean With no 
indication of any Wall scale, coating or other forms of 
fouling. The polymer poWder Was removed and Weighed. 
Activity Was speci?ed as grams of polymer produced per 
gram of solid oxide compound charged per hour. 

[0083] In some cases the solid oxide compound and the 
organometal compound Were ?rst pre-contacted, in the reac 
tor, for about half an hour at 90° C. in one liter of isobutane 
before the organoaluminum compound and ethylene Were 
added to the reactor. 

PREPARATION OF SOLID OXIDES 

[0084] Silica, grade 952, having a pore volume of 1.6 cc/g 
and a surface area of about 300 square meters per gram Was 
obtained from W. R. Grace. About 10 grams of this material 
Was placed in a 1.75 inch quartZ tube, Which Was ?tted at the 
bottom With a sintered quartZ. While the silica Was sup 
ported on the disk, dry air Was bloWn up through the disk at 
the linear rate of about 1.6 to 1.8 standard cubic feet per 
hour. An electric furnace around the quartZ tube Was then 
turned on and the temperature Was raised at the rate of 400° 
C. per hour to a temperature of 600° C. At that temperature, 
the silica Was alloWed to ?uidiZe for three hours in the dry 
air. AfterWard, the silica Was collected and stored under dry 
nitrogen. 

[0085] Some alumina samples Were also prepared by the 
procedure described in the silica preparation. A commercial 
alumina sold as Ketjen grade B alumina Was obtained, 
having a pore volume of about 1.78 cc/g and a-surface area 
of around 340 square meters per gram. The temperatures use 
in the preparation of these aluminas Were 400° C., 600° C., 
and 800° C. 

[0086] A silica-alumina Was also obtained from W. R. 
Grace (MS 13-110 containing 13% alumina and 87% silica). 
This silica-alumina had a pore volume of 1.2 cc/g and a 
surface area of about 300 square meters per gram. This 
silica-alumina Was prepared as described in the silica prepa 
ration. The temperature use in the preparation of this silica 
alumina Was 600° C. 

[0087] A silica-titania Was obtained by co-gellation as 
described in US. Pat. No. 3,887,494 (“DeitZ”). Titanyl 
sulfate Was dissolved in concentrated sulfric acid, to form a 
?rst mixture. AfterWards, a sodium silicate solution Was 
sloWly added, With vigorous stirring, to this ?rst mixture, to 
form a second mixture. When the pH of the second mixture 
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reached about 6, this second mixture gelled into a homog 
enous, substantially-clear ?rst product. This ?rst product 
Was then aged, at 80° C. and a pH 7, for three hours, 
followed by Washing it nine times With Water, and tWo times 
in 1% ammonium nitrate, to form a second product. This 
second product, Which Was a gel, Was then aZeotropically 
dried in ethyl acetate, to form a third product. This third 
product contained 8% titanium. It also had a surface area of 
450 square meters per gram and a pore volume of 2.0 cc/g. 
This silica-titania Was then prepared as described in the 
silica preparation. The temperature use in the preparation of 
this silica-titania Was 600° C. 

[0088] An alumino-phosphate Was prepared according to 
US. Pat. No. 4,364,855 (McDaniel). Aluminum nitrate (380 
grams) and mono-ammonium phosphate (94 grams) Was 
dissolved in deioniZed Water to form a ?rst mixture. About 
170 milliliters of ammonium hydroxide Was then added to 
this ?rst mixture to form a second mixture. At a pH of about 
8 this second mixture gelled to form a ?rst product. This ?rst 
product Was then Washed tWice in Water, and once in 
n-propanol, before drying overnight at 80° C. under a 
vacuum, to form a second product. This second product 
contained a phosphorus to aluminum molar ratio of 0.8, a 
pore volume of 2.1 cc/g, and a surface area of 250 square 
meters per gram. This alumino-phosphate Was then prepared 
as described in the silica preparation. The temperature use in 
the preparation of this alumina-phosphate Was 600° C. 

[0089] Another aluminophosphate support Was made 
according to the preparation above but the phosphorous to 
aluminum molar ratio Was adjusted to equal 0.4. This mixed 
oxide had a pore volume after calcining of 2.5 cc/g and a 
surface area of 450 m2/g. The mixed oxide Was activated by 
calcination at 750° C. 

Comparative Examples 1-2 

[0090] These examples demonstrate that an organometal 
compound contacted With an organoaluminum compound, 
provides little, if any, polymeriZation activity. 

[0091] A polymeriZation run Was made as described ear 
lier. First, an organometal compound Was added to the 
reactor (2 ml of bis(n-butylcyclopentadienyl) Zirconium 
dichloride solution (0.5 grams per 100 ml of toluene)). 
Second, half of the isobutane Was then added to the reactor. 
Third, 2 ml of 15 Weight percent triethyl aluminum for 
example 1, or 2 ml of 25 Weight percent ethyl aluminum 
dichloride (EADC) for example 2, Were added to the reactor. 
Fourth, the other half of the isobutane Was added to the 
reactor. 

[0092] Ethylene Was then added to the reactor but no 
polymeriZation activity Was observed. After one hour of 
contacting, the reactor Was depressuriZed and opened. 

[0093] In each case, no polymer Was found. These results 
are shoWn in Table-I. 

Comparative Examples 3-6.9 and Examples 7-8 

[0094] These examples demonstrate that contacting a solid 
oxide compound, With an organometal compound, and With 
an organoaluminum compound, provided little, if any, poly 
meriZation activity. 

[0095] Each of the solid oxide compounds described ear 
lier Was added to the reactor, folloWed by an organometal 
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compound (2 ml of bis(n-butylcyclopentadienyl) Zirconium 
dichloride solution (0.5 grams per 100 ml of toluene), and 
then the organoaluminum compound (triethylaluminum). 
These examples are shoWn in Table-I. 

[0096] The ?rst tWo examples shoW that contacting an 
organometal compound With an organoaluminum compound 
provides little, if any, polymeriZation activity. The silica 
example produced almost no polymer. Alumina, Which is 
regarded as more acidic than silica, produced more polymer, 
but still the activity Was very loW. The alumino-phosphate, 
silica-alumina, and silica-titania supports exhibited only 
marginal activity. Activity is expressed in Table-I as 
gP/(gS-hr). 

Comparative Example 10 & Examples 11-12 

[0097] These examples shoW hoW to produce a composi 
tion that can be used to polymeriZe monomers into poly 
mers. Additionally, these examples shoW the importance of 
the organoaluminum compound. 

[0098] A solid mixed oxide compound Was prepared by 
co-gelling approximately equal mole parts of boria, alumina, 
and Zirconia. Aluminum nitrate nonahydrate (287 grams), 
boric acid (35 grams), and Zirconyl nitrate dihydrate (25 
grams), Were dissolved in deioniZed Water (500 milliliters) 
to form a ?rst mixture. This ?rst mixture Was then gelled by 
contacting this ?rst mixture With concentrated (28 Weight 
percent NH3 in Water) ammonium hydroxide (210 millili 
ters), using a stirrer, to form a second mixture. This second 
mixture, Which Was a gel, Was Washed once in four liters of 
Water, folloWed by ?ltration, and than another Wash in four 
liters of n-propanol. After being dried overnight in a vacuum 
oven at 100° C., the dry gel Was pushed through a 35 mesh 
screen. A ten gram sample Was prepared as described in the 
silica preparation to produce a solid mixed oxide compound. 
The temperature use in the preparation of this sample Was 
600° C. 

[0099] In Example 10 the activity for ethylene polymer 
iZation Was Zero. In Example 111 the reactor ?lled With 
polymer, giving a high activity. This polymer Was found to 
have a melt index of 0 and a high load melt index of 1.2. In 
Example 12 high activity Was also obtained. See Table-I 

Comparative Example 13 

[0100] Another three component solid mixed oxide com 
pound Was prepared by co-gellation of about 47.5 mole 
percent boria, 47.5 mole percent alumina, and 5 mole 
percent Zirconia. Aluminum nitrate nonahydrate (187 
grams), boric acid (31 grams), and Zirconyl nitrate dihydrate 
(14 grams), Were dissolved in deioniZed Water (500 millili 
ters) to form a ?rst mixture. This ?rst mixture Was then 
gelled by contacting this ?rst mixture With concentrated 
ammonium hydroxide (130 milliliters), using a stirrer, to 
form a second mixture. This second mixture, Which Was a 
gel, Was Washed once in four liters of Water, folloWed by 
?ltration, and then Wash in four liters of n-propanol. After 
being dried overnight in a vacuum oven at 100° C., the dry 
gel Was pushed through a 35 mesh screen. Aten gram sample 
Was prepared as described in the silica preparation to pro 
duce a solid mixed oxide compound. The temperature use in 
the preparation of this sample Was 600° C. After calcination, 
the surface area Was found to be 491 m2/g and the pore 
volume Was found to be 0.86 cc/g. 
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[0101] In this example the compositions activity for eth 
ylene polymerization Was satisfactory. The polymer Was 
found to have a melt index of 0.1 and a high load melt index 
of 3.19 giving a shear response (HLMI/MI) of 31. 

Comparative Example 14 

[0102] An aqueous cogel Was made by a procedure similar 
to that above containing about 67 mole percent alumina and 
33 mole percent Zirconia. Aluminum nitrate nonahydrate 
(187 grams) and Zirconyl nitrate dihydrate (67 grams), Were 
dissolved in deioniZed Water (500 milliliters) to form a ?rst 
mixture. This ?rst mixture Was then gelled by contacting this 
?rst mixture With concentrated ammonium hydroxide (140 
milliliters), using a stirrer, to form a second mixture. This 
second mixture, Which Was a gel, Was Washed once in four 
liters of Water, folloWed by ?ltration, and then Wash in four 
liters of n-propanol. After being dried overnight in a vacuum 
oven at 100° C., the dry gel Was pushed through a 35 mesh 
screen. A ten gram sample Was prepared as described in the 
silica preparation to produce a solid acid compound. The 
temperature use in the preparation of this sample was 6000 
C. After calcination, the surface area Was found to be 319 
m2/g and the pore volume Was found to be 0.55 cc/g. 

Comparative Example 15 
[0103] Acogel Was made anhydrously to contain about 50 
mole percent alumina and 50 mole percent boria. Aluminum 
isopropoxide (150 grams of 33 Weight percent in butanol) 
and boric acid (15 grams) Were dissolved in n-propanol (750 
milliliters) to form a ?rst mixture. This ?rst mixture sloWly 
thickened. A solution of 7.5 milliliters of Water combined 
With 7.5 milliliters of concentrated ammonium hydroxide 
Was added to this ?rst mixture to cause gellation. The gel 
Was then dried in a vacuum oven at 100° C. overnight and 
then Was ground through a 35 mesh sieve. A sample Was 
calcined in air at 600° C. to yield a pore volume of 0.84 cc/g 
and a surface area of 378 square meters per gram. When 
tested for polymeriZation activity it yielded an activity of 25 
g/g/h. 

Comparative Example 16 & Example 17 

[0104] Ketjen grade B alumina (13.8 grams) Was impreg 
nated With a solution of 14 milliliters of Zirconium butoxide 
butanol complex in 26 ml of isopropanol. This made a damp 
poWder Which Was then dried in a vacuum oven overnight at 
100° C., and then calcined in air at 700° C. ApolymeriZation 
test delivered nine grams of polymer for an activity of 26 

[0105] The procedure of example 16 Was folloWed except 
that the Zirconia Was gelled in place before calcination. 
Ketjen B alumina (27.4 grams) Was impregnated With a 
solution of 27 milliliters of Zirconium butoxide-butanol 
complex in 23 milliliters of isopropanol to make a damp 
poWder. Then, 2 milliliters of concentrated ammonium 
hydroxide combined With 5 milliliters of Water Was also 
added to the dry poWder after the Zirconium butoxide had 
been added so that a Zirconia gel Would form Within the 
pores of the alumina. This material Was vacuum dried 
overnight at 100° C., pushed through a 35 mesh sieve, and 
calcined in air at 700° C. 

Example 18 
[0106] Alumina Was impregnated With boria in this 
example. Boric acid (7.33 grams) Was dissolved in 43 
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milliliters of methanol. This solution Was then added to 21.8 
grams of Ketjen grade B alumina. The mixture Was shaken 
until a uniform state of Wetness Was achieved. Then the 
material Was dried in a vacuum oven overnight at 90° C. and 
pushed through a 35 mesh screen. After being calcined in air 
at 600° C. the compound Was found to have a pore volume 
of 1.02 cc/g and a surface area of 319 square meters per 
gram. 

Example 19 

[0107] Alumnio-phosphate With a P/Al of 0.4 Was also 
tested after calcination at 750° C. 

TABLE I 

Ex. # A1 ° C.2 S3 OAC4 P5 T6 A7 

18 None NA 0.0000 2 TEA 0 61.1 0 
2 None NA 0.0000 2 EADC 0 28.0 0 
3 Silica 600 0.5686 2 TEA 0.65 63.0 1 
4 Alumina 800 0.6948 1 TEA 2.7 30.7 8 
5 Alumina 600 0.2361 2 TEA 6.9 60.9 29 
6 Alumina 400 0.8475 1 TEA trace 57.2 0 
7 Alumino- 600 0.8242 1 TEA 45 66.0 50 

Phosphate 
8 Silica- 600 0.3912 1 TEA 8.3 40.0 32 

Alumina 
9 Silica- 600 0.1392 2 TEA 0 60.0 0 

Titania 
10 Zr-Al-B 600 0.9462 none 0.4 46.4 0 
11 Zr-Al-B 600 1.0805 2 TEA 310.0 60.5 285 
12 Zr-Al-B 600 0.3080 2 TEA 76.4 60.0 248 
13 Zr-Al-B 600 .8742 2 TEA 262.7 60.0 301 
14 Zr-Al 600 1.5694 2 TEA 12.1 25.0 19 
15 B-Al 600 1.1408 2 TEA 10.6 22.0 25 
16 Zr-Al 700 0.9066 2 TEA 9.0 25.5 26 
17 Zr-Al 700 0.1732 2 TEA 9.0 21.2 147 
18 B-Al 600 0.8527 2 TEA 11.8 22.5 37 
19 Alumino- 750 0.1267 2 TEA 33.1 60.2 260 

Phosphate 

Table-I Notes 
1This is the solid unmixed oxide compound used, or the solid mixed oxide 
compound used. 
2This is the calcining temperature. 
3This is the amount of solid oxide compound, in grams, being contacted 
With the other compounds. 
4This is the amount, in milliliters of organoaluminum compound used and 
the type of organoaluminum used. The TEA Was a 15 Weight percent solu 
tion of triethylaluminum in heptane. 
5This is the amount of polymer produced in grams. 
6This is the amount of time used in minutes. 
7This is the activity in gP/(gS - hr). 
8The amount of organometal compound used Was 25 micromoles. The 
type of organometal compound used Was bis(n-butylcyclopentadienyl) Zir 
conium dichloride. This organometal compound Was in a solution that 
contained 0.5 grams of bis(n-butylcyclopentadienyl) Zirconium dichloride 
per 100 milliliters of toluene. Additionally, these example Were run at 90° 
C., under 550 psig ethylene, in 1.2 liters of isobutane. 

1-25. (canceled) 
26. A polymer produced using a polymeriZation process 

comprising contacting, under polymeriZation conditions, at 
least one monomer and a catalyst composition, 

Wherein the catalyst composition is produced by a process 
comprising contacting at least one organometal com 
pound, at least one organoaluminum compound and at 
least one solid mixed oxide compound, 

Wherein the organometal compound has the folloWing 
general formula 
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wherein 

M1 is selected from titanium, Zirconium, or hafnium; 

(X1) is a cyclopentadienyl, an indenyl, a ?uorenyl, a 
substituted cyclopentadienyl, a substituted indenyl, or a 
substituted ?uorenyl; 

(X3) and (X4) are independently a halide, an aliphatic 
group, a cyclic group, a combination of aliphatic and 
cyclic groups, or an organometallic group; 

(X2) is a cyclopentadienyl, an indenyl, a ?ourenyl, a 
substituted cyclopentadienyl, a substituted indenyl, a 
substituted ?uorenyl, a halide, an aliphatic group, a 
cyclic group, a combination of aliphatic and cyclic 
groups, or an organometallic group; 

(X1) and (X2) are optionally joined by an aliphatic bridg 
ing group, a cyclic bridging group, a combination of 
aliphatic and cyclic bridging groups, or an organome 
tallic bridging group; and 

the substituents on the substituted cyclopentadienyls, sub 
stituted indenyls and substituted ?uorenyls are inde 
pendently an aliphatic group, a cyclic group, a combi 
nation of aliphatic and cyclic groups, an organometallic 
group, or hydrogen; 

Wherein the organoaluminum compound has the folloW 
ing general formula 

AL(X5)n(X6)3 n, 

Wherein 

(X5) is a hydrocarbyl having from 1-20 carbon atoms; 

(X6) is a halide, hydride, or alkoXide; and 

n is a number from 1 to 3 inclusive; 

Wherein the solid miXed oXide compound comprises a 
miXed oXide of at least tWo elements of group 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 of the periodic 
table, including lanthanides and actinides; and 

Wherein there is a substantial absence of aluminoXanes 
and borate compounds. 

27. The polymer of claim 26, Wherein the catalyst com 
position is characteriZed by an ethylene polymeriZation 
activity of greater than 150 gP/(gS-hr) When measured under 
slurry polymeriZation conditions, using isobutane as a dilu 
ent, at a polymeriZation temperature of about 90° C., and at 
an ethylene pressure of about 550 psig. 

28. The polymer of claim 26, Wherein the organometal 
compound is: 

bis(cyclopentadienyl)hafnium dichloride; 
bis(cyclopentadienyl)Zirconium dichloride; 

[ethyl(indenyl)2]hafnium dichloride; 
[ethyl(indenyl)2]Zirconium dichloride; 

[ethyl(tetrahydroindenyl)2]hafnium dichloride; 
[ethyl(tetrahydroindenyl)2]Zirconium dichloride; 

bis(n-butylcyclopentadienyl)hafnium dichloride; 

bis(n-butylcyclopentadienyl)Zirconium dichloride; 

((dimethyl)(diindenyl)silane)Zirconium dichloride; 
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((dimethyl)(diindenyl)silane)hafnium dichloride; 

((dimethyl)(ditetrahydroindenyl)silane)Zirconium dichlo 
ride; 

((dimethyl)(di(2-methyl indenyl)silane)Zirconium dichlo 
ride; 

bis(?uorenyl)Zirconium dichloride; or 

any combination thereof. 

29. The polymer of claim 26, Wherein the organoalumi 
num compound is: 

trimethylaluminum; 

triethylaluminum; 

tripropylaluminum; 

diethylaluminum ethoXide; 

tributylaluminum; 

triisobutylaluminum; 

diethylaluminum chloride; or 

any combination thereof. 

30. The polymer of claim 26, Wherein the solid miXed 
oXide compound comprises a miXed oXide of at least tWo of 

A1203, B203, BeO, Bi2O3, CdO, C0304, Cr2O3, CuO, 
Fe2O3, Ga2O3, La2O3, Mn2O3, M003, NiO, P205, Sb2O5, 
SiO2, SnO2, SrO, ThO2, TiO2, V205, W03, Y2O3, ZnO, or 
ZrO2. 

31. The polymer of claim 26, Wherein the solid miXed 
oXide compound comprises a miXed oXide of at least tWo 
elements from Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, 
Mo, Ni, Sb, Si, Sn, Sr, Th, Ti, V, W, P, Y, Zn, or Zr. 

32. The polymer of claim 26, Wherein the solid miXed 
oXide compound comprises a miXed oXide of Zirconium, 
boron, and aluminum. 

33. The polymer of claim 26, Wherein the solid miXed 
oXide compound is calcined from about 300° C. to about 
900° C. from about 1 minute to about 100 hours. 

34. The polymer of claim 26, Wherein the catalyst com 
position is characteriZed by a substantial absence of orga 
nochromium compounds or MgCl2. 

35. The polymer of claim 26, Wherein the solid miXed 
oXide compound has a pore volume greater than about 0.01 
cc/g. 

36. The polymer of claim 26, Wherein the solid miXed 
oXide compound has a surface area great than about 1 m2/g. 

37. The polymer of claim 26, Wherein the organometal 
compound comprises bis(n-butylcyclopentadienyl)Zirco 
nium dichloride, the organoaluminum compound comprises 
triethylaluminum, and the solid miXed oXide compound 
comprises a miXed oXide of Zirconium, boron, and alumi 
num. 

38. The polymer of claim 26, Wherein the polymeriZation 
conditions comprise slurry polymeriZation conditions, gas 
phase polymeriZation conditions, or solution polymeriZation 
conditions. 

39. The polymer of claim 38, Wherein the slurry poly 
meriZation is conducted in a loop reactor. 
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40. The polymer of claim 39, wherein the monomer and 
catalyst system are contacted in the presence of a diluent that 
comprises isobutane. 

41. The polymer of claim 26, Wherein the solid miXed 
oXide compound has a siZe in the range of about 10 to about 
1000 microns. 

42. The polymer of claim 26, Wherein the solid miXed 
oXide compound has a siZe in the range of about 50 to 200 
microns. 

43. The polymer of claim 26, Wherein the monomer is 
ethylene, propylene, 1-butene, 3-methyl-1-butene, 1-pen 
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tene, 3-methyl-1-pentene, 4-methyl-1-pentene, l-hexene, 
3-ethyl-1-heXene, 1-heptene, l-octene, 1-nonene, 1-decene, 
or any combination thereof. 

44. The polymer of claim 26, Wherein at least one 
monomer is ethylene. 

45. The polymer of claim 26, Wherein the monomer is 
ethylene and an aliphatic l-ole?n having 3 to 20 carbon 
atoms per molecule. 


