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POLYMER SUPPORTED CHROME 
CATALYST FOR OLEFINS 

POLYMERIZATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a polymer supported chromium 

catalyst composition used for ole?n polymerization, novel 
methods of producing such catalysts and methods of poly 
merizing and copolymerizing alpha-ole?ns to produce high 
density polyethylene polymers With high melt indices and 
superior morphology. This invention relates to the prepara 
tion of neW catalyst formulation comprising of a chromium 
compound, a magnesium containing compound or an alumi 
num compound a metal alkoxy compound and a polymeric 
material support, mainly chloromethylated cross linked sty 
rene-DVB copolymer or polyvinylchloride. 

2. Description of the Related Art 
The basic chromium oxide catalyst Was discovered by J. P. 

Hogan and R. L. Banks at Phillips Petroleum. The catalyst, 
along With associated solution and slurry processes, Was 
licensed WorldWide and this catalyst composition still 
accounts for a large fraction of the high density polyethylene 
produced today. Phillips has continued to be active in research 
to improve through out the years and modi?ed their basic 
catalyst, as described in US. Pat. Nos. 3,445,367, 3,622,521, 
3,879,362, 3,950,316, 3,985,676, 3,974,101, and 4,049,896. 
Many of the Phillips licensees have also folloWed the same 

pattern, and that can be seen from the volume of their patents, 
pursued active programs in this area. The catalyst has been 
further studied in a number of academic laboratories With the 
objective of understanding the chemistry of the active site and 
of the polymerization. 

These catalysts consisted of a chromium (VI) oxide sup 
ported on a high surface refractory oxide support. Generally 
the support is amorphous microspheroidal silica. The catalyst 
is prepared by activating the chromium containing support at 
temperatures of 500° C. to 1000° C. in a dry, oxygen contain 
ing atmosphere. Modifying materials such as titanium and 
?uoride are generally added prior to the activation. 
A large number of chromium compounds can be used in the 

preparation of these catalyst, all are presumably converted to 
Cr(V I) oxide under these activation conditions. Chromium 
(VI) oxide (CrO3) is itself unstable at temperatures above 
3500 C. and decomposes to chromium (III) oxide (Cr2O3) and 
oxygen. This leads to the conclusion that Cr (VI) species in 
the catalyst after activation is not a simple Cr2O3, but the 
product of an interaction of the chromium (III) oxide With the 
support surface. One such proposed product is a surface chro 
mate ester. 

Also, despite the extensive use of the described supports 
for ole?n polymerization catalysts, the support materials 
themselves have several de?ciencies. For example, in the case 
of chromate silica high calcinations temperatures in the range 
500° C. to 1000° C. are required for the folloWing: (1) oxi 
dizing all Cr species present to Cr (VI) species, (2) removals 
of all organic & volatile materials, (3) removals of most 
chemically bound Water from the silica surface, (4) complet 
ing ionic association of chromium and modi?ers With silica. 

This represents a signi?cant portion of the preparation time 
of the catalyst. Further, silica supported this Way is typically 
done by contacting silica With chromium compound prior to 
the deposition of the titanium component. 

This procedure is usually troublesome. Also, the use of 
silica as a support results in the support remaining largely in 
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2 
the product, Which can affect the product properties, such as 
optical properties, or processing. 

BRIEF SUMMARY OF THE INVENTION 

One of the objectives of the catalyst described in the 
present invention is to overcome the di?iculties encountered 
in the prior art development to produce polymers With supe 
rior morphology, ?nes free and good bulk densities making it 
suitable especially for Gas phase process technology Which 
favors higher bulk density polymer to maintain higher pro 
ductivity. 

In the present invention no high temperature calcinations 
betWeen 500° C. to 900° C. required to activate the chromium 
in the catalyst, in fact the Whole catalyst preparation is per 
formed in a slurry solution of no more than 70° C. Accord 
ingly, the preparation is conducted by simple drying of the 
polymer support at normal temperatures of no more than 100° 
C., then the sequential addition of the catalyst compositions. 
The present invention provides highly active supported 

chromium catalyst composition for ethylene and other ole?ns 
polymerization and also for ethylene copolymerization With 
e?icient incorporation of comonomer. This catalyst produces 
polymers With superior spherical morphology, improved bulk 
density and almost 0% ?nes. 

This catalyst composition component comprises of at least 
one chromium compound, mainly chromium acetylaceto 
nate, or chromium hexa?ouroacetonylacetonate, or chro 
mium diethylmalonate. One magnesium compound, or alu 
minum compound, metal alkoxy compound and de?ned 
polymer particles mainly chloromethylated cross linked sty 
rene-DVB copolymer or polyvinylchloride. The polymer par 
ticles used in catalyst preparation have a mean particle diam 
eter of 5 pm to 200 um and a pore volume of at least 0.05 
cm3/ g and a pore diameter of at least from 50 Angstroms to 
200 Angstroms, preferably from 100 Angstroms to 200 Ang 
stroms and a surface area of from 0.1 m2/ g to 5 m2/ g, prefer 
ably from 0.2 m2/g to 3 m2/ g. 
The catalyst composition, When used in conjunction With 

an organoaluminum compound or a mixture of organoalumi 
num compounds, can be used for ole?n polymerization to 
produce medium or high density polyethylene and copoly 
mers of ethylene With alpha-ole?ns having about 3 to 18 
carbon atoms. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

Preferred embodiments of the invention are disclosed here 
inbeloW With reference to the draWings. 

FIG. 1 is a general vieW of the chloromethylated cross 
linked styrene-DVB copolymer support, shoWing perfect 
spherical morphology. 

FIG. 2 is a general vieW of the of the producedpolyethylene 
polymer, shoWing superior spherical morphology, narroW 
particle size distribution and no ?nes. 

FIG. 3 is a GPC pro?le of the HDPE resin produced by the 
polymer supported chromium catalyst. 

DETAILED DESCRIPTION OF THE INVENTION 

As shoWn in FIGS. 1-3, the solid catalyst composition 
(catalyst precursor) used in the present invention contains at 
least one chromium compound, one magnesium compound 
or an aluminum compound, one metal alkoxy compound and 
a polymeric material support having a mean particle diameter 
of 5 pm to 200 um and a pore volume of at least 0.05 cm3/g 
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and a pore diameter of at least from 50 Angstroms to 250 
Angstroms, preferably from 100 Angstroms to 200 Ang 
stroms and a surface area of from 0.1 m2/ g to 5 m2/ g, prefer 
ably from 0.2 m2/g to 3 m2/ g. 
At least one chromium compound is used for the prepara 

tion of the catalyst in the present invention. The chromium 
used can be represented by the general formula Cr 
(R1COCHCOR2)3. Where are Rl:H, alkyl or aryl group or 
any hydrocarbon Which contains 1 to 20 carbon atoms all of 
Which can be halogenated compounds also it could be an 
alkoxy or aryloxy group or any hydrocarbon Which contains 
1 to 20 carbon atoms, and R2:H, alkyl or aryl group or any 
hydrocarbon Which contains 1 to 20 carbon atoms all of Which 
can be halogenated compounds also it could be an alkoxy or 
aryloxy group or any hydrocarbon Which contains 1 to 20 
carbon atoms. 

Preferable examples of the above mentioned chromium 
compounds include the folloWing: chromium (Ill) acetylac 
etonate, chromium (Ill) hexa?oro acetylacetonate and chro 
mium (Ill) diethyl malonate. 

The metal alkoxy compound used for the catalyst synthesis 
in this invention can be represented in the general formula 
M(OR)n, in Which M can be any metal, more preferably a 
transition metal like titanium, Zirconium, vanadium, 
hafnium, etc.; R is an alkyl group or any hydrocarbon Which 
contains 1 to 20 carbon atoms; and n is the number of the 
alkoxy groups depends on the oxidation number of the used 
metal. 

The metal alkoxy compound can be also represented in the 
general formula M(OR)aXb Wherein R represents a hydrocar 
bon residue having 1 to 20 carbon atoms, M is a metal more 
preferably a transition metal, X represent a halogen atom and 
a and b represent number satisfying (1 éaé4), (0ébé3) and 
(a+b:4) in the case of a tetra valance metal, and n represent 
the number of alkoxy groups according to the oxidation state 
of the used metal. 

Preferable examples of the above mentioned metal alkoxy 
compounds include the folloWing; tetraethoxy titanium, tet 
ramethoxy titanium, tetrabutoxy titanium, tetrapropoxy tita 
nium, tetraisobutoxy titanium, terapentoxy titanium, tri 
ethoxychloro titanium, diethoxydichloro titanium, 
trichloethoxy titanium, etc. Similarly these compounds can 
include other metals e. g., Zirconium, vanadium, hafnium etc. 

The magnesium compound used for the catalyst synthesis 
in the invention include Grignard compounds represented by 
the general formula RlMgX, wherein R1 is a hydrocarbon 
group of 1 to 20 carbon atoms and X is a halogen atom, 
preferably chlorine. Other preferable magnesium compounds 
are represented by the general formula R2MgR3, in Which R2 
and R3 are each a hydrocarbon group of 1 to 20 carbon atoms. 

Preferable examples of the above mentioned magnesium 
compounds include the folloWing; dialkylmagnesium such as 
diethylmagnesium, dipropylmagnesium, diisoproylmagne 
sium, dinbutylmagnesium, diisobutylmagnesium butylethyl 
magnesium, dihexylmagnesium, dioctylmagnesium; alkyl 
magnesium chloride such as ethylmagnesium chloride, butyl 
magnesium chloride, hexylmagnesium chloride and the like. 

The catalyst in the present invention suitably synthesiZed 
With an aluminoxane represented by the general formula 
R5R6Al4OiAlR7R8, Where R5, R6, R7, and R8 are either 
same or different linear, branched or cyclic alkyl group of 1 to 
12 carbons; such as methyl, ethyl, propyl or isobutyl. The 
preferred examples are methylaluminoxane and modi?ed 
methylaluminoxane (MMAO) or a mixture of aluminum 
alkyls and MAO. 

The polymer particles used in the present invention are in 
the form of distinct spherical particles, on Which the active 
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4 
catalyst composition is chemically bonded, Wherein the ratio 
of active catalyst composition to polymeric support is less 
than 2% by Weight. 
The polymer particles used in the present invention have a 

perfect spherical shape With a mean particle diameter of 5 pm 
to 200 pm, a pore volume of at least 0.05 cm3/ g, a pore 
diameter of at least from 50 Angstroms to 250 Angstroms, 
preferably from 100 Angstroms to 200 Angstroms and a sur 
face area of from 0.1 m2/ g to 5 m2/ g, preferably from 0.2 m2/ g 
to 3 m2/ g. 

Examples of the polymeric supports used in the catalyst 
preparation of the present invention include thermoplastic 
polymers. Mainly the polymer particles of chloromethylated 
cross linked styrene-DVB copolymer and PVC are of the 
most preferred embodiments. 
The polymer particles used in the present invention have 

surface active sites such as labile chlorine atoms. Preferably, 
these active sites are reacted stoichiometrically With the orga 
nometallic compound, namely a magnesium containing com 
pound. 
The use of the polymer particles mentioned in this inven 

tion Which is used in catalyst preparation offers signi?cant 
advantages over traditional ole?n polymeriZation catalysts 
using supports such as silica or magnesium chloride. In com 
parison to the silica supported catalyst, the polymer particles 
described in catalyst preparation of the invention require no 
high temperature and prolonged dehydration steps prior to 
their use in catalyst synthesis, thereby simplifying the syn 
thesis process and thus reducing the overall cost of catalyst 
preparation. In addition, unlike silica supported metallocene 
catalysts preparation, the present invention does not require a 
big amount of organoaluminum compounds in the prepara 
tion of the catalyst. 

According to most of the embodiments, chloromethylated 
cross linked styrene-DVB copolymer support is used. The 
synthesis of the solid catalyst composition in the present 
invention involves introducing the polymeric material 
described above into a vessel and then adding a diluent. 
Suitable diluents include isopentane, hexane, cyclohexane, 
heptane, isooctane and pentamethylheptane or ethers such as 
diethylether, methyltertiarybutylether, dibutylether, toluene, 
etc. The polymeric material is then treated With a magnesium 
compound described above at a temperature in the range of 
about 20° C. to 1 10° C. The ratio of magnesium compound to 
the polymer support can be in the range of 0.05 mmol to 20 
mmol per gram polymer, preferably, 0.1 mmol to 10 mmol per 
gram polymer, and more preferably 0.2 mmol to 2 mmol per 
gram polymer. This is usually folloWed by the addition of the 
metal alkoxy compound most preferably tetraethoxy titanium 
in he range of 0.01 mmol to 0.09 mmol per gram polymer. 
Again the treatment is done in this stage at a temperature of 
about 20° C. to 110° C. for at least half an hour. 
Then a suitable amount of chromium compound is added to 

the reaction mixture in the range of 0.01 mmol to 0.09 mmol 
per gram polymer and left agitating for about one hour With 
out changing the reaction temperature. The solvent then is 
removed by ?ltration and the remaining of solvent ere vapor 
iZed using a nitrogen purge at a temperature in the range of 
about 20° C. to 80° C. 

Optionally the catalyst can be preactivated With an alumi 
num alkyl compound most preferably a aluminoxane com 
pound, the preferred examples are methylaluminoxane and 
modi?ed methylaluminoxane (MMAO, Type 3A, 7% Al in 
n-heptane from AkZo -Nobel) or a mixture of aluminum alkyls 
and standard MAO in toluene. 
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The ratio of Aluminoxane compound to the support is 
usually ranging between 0.1 ml to 0.7 ml of 10% aluminxane 
to give no more than 2% of Al loading in the ?nal catalyst. 

The solid catalyst composition is then dried using a nitro 
gen purge at a temperature in the range of 20° C. to 100° C., 
preferably 30° C. to 80° C. or vacuum. 

The catalyst composition of this invention is not subjected 
to halogenation, e.g., chlorination treatments. The thus 
formed catalyst composition is activated With suitable activa 
tors, also knoWn as co-catalysts or catalyst promoters for 
ole?n polymerization. The preferred compounds for activa 
tion of the solid catalyst composition are organoaluminum 
compounds. 

The catalyst can be suitably activated by organoaluminum 
compounds represented by the general formula R4nAlX3_n, in 
Which R4 represents a hydrocarbon group having 1 to 10 
carbon atoms, X represents a halogen atom or an alkoxy 
group, and n represents a number satisfying 0§n§3. 

Illustrative but not limiting examples include trialkylalu 
minums such as trimethylaluminum, triethylaluminum, tri 
isobutylaluminum, trinhexylaluminum; dialkylaluminum 
chloride such as dimethylaluminum chloride, diethylalumi 
num chloride; alkylaluminum dichloride such as methylalu 
minum dichloride, ethylaluminum dichloride; dialkylalumi 
num methoxide such as dimethylaluminum methoxide, 
diethylaluminum ethoxide. The preferred activators of the 
above general formula are trimethylaluminum, triethylalumi 
num, triisobutylaluminum and trinhexylaluminum. The cata 
lyst in the present invention may also be suitably activated 
With an aluminoxane represented by the general formula 
R5 R6Al4OiAlR7R8, Where R5 , R6, R7 and R8 are either the 
same or different linear, branched or cyclic alkyl group of 1 to 
12 carbons; such as methyl, ethyl, propyl or isobutyl. The 
preferred examples are methylaluminoxane and modi?ed 
methylaluminoxane (MMAO). 

Mixtures of alkylaluminum compounds and aluminoxanes 
compounds described above can also be conveniently used 
for catalyst activation. The alkylaluminum compound or alu 
minoxane compounds in this invention can be used in the 
range of about 1 mole to 3000 moles of aluminum per one 
mole of transition metal in the said catalyst, and more pref 
erably in the range of about 50 moles to 1500 moles per one 
mole of transition metal. 

The catalyst composition described in the present inven 
tion can operate in polymerizing alpha-ole?ns in slurry and 
gas phase processes. Gas phase polymerization can be carried 
out in stirred bed reactors and in ?uidized bed reactors. A 
pressure in the range of 5 bars to 40 bars is suitable for the 
polymerization, preferably 10 bars to 35 bars. Suitable poly 
merization temperatures are in the range of 30° C. to 1 10° C., 
preferably 50° C. to 95° C. In addition to polyethylene 
homopolymer, ethylene copolymers With C3-Cl0 alpha-ole 
?ns are readily prepared by the present invention. 

Particular examples include ethylene/propylene, ethylene/ 
1-hexene, ethylene/1-butene, ethylene/1-octene and ethyl 
ene/ 4 -methyl- 1 -pentene. 

EXAMPLES 

The folloWing examples are intended to be illustrative of 
this invention. They are, of course, not to be taken in any Way 
limiting on the scope of this invention. Numerous changes 
and modi?cations can be made With respect to the invention. 

Example 1 

Synthesis of Catalyst A 

TWo grams of the polymeric support chloromethylated 
cross linked styrene-DVB copolymer (spheres of 50 um aver 
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6 
age particle sizes) Were placed in the catalyst preparation 
vessel (CPV) Which consists of three-necked round bottom 
?ask, ?tted With a ?lter Which connected With a side tube 
ending up With a Rota tap, also the (CPV) equipped With a 
condenser and stirrer. The (CPV) containing the polymeric 
support Was evacuated doWn to 30 mm Hg pressure for 30 
minutes While stirring at 110° C. The (CPV) and its contents 
Were then purged With dried nitrogen and the polymeric sup 
port Was slurried using 30 cm3 of dry toluene at 40° C. Then 
4 mmol of butylmagnesium chloride (supplied by Aldrich, 
2.0 molar in diethyl ether) Was added to the slurry and the 
resultant mixture Was stirred for 15 minutes at 40° C. After 
Which 0.3 mmol of tetraethoxy titanium Was added to the 
mixture and left mixing for 30 minutes at 40° C. Then 0.3 g of 
Cr(lll) acetylacetonate in 10 cm-3 toluene Was added to the 
mixture and left mixing for 60 minutes at 60° C. The solvent 
then Was removed by ?ltration and the remaining solvent Was 
evaporated using a nitrogen purge at 80° C. FolloWed by three 
time Washing using toluene after Which the catalyst Was dried 
at 80° C. to yield a free-?oWing solid catalyst. 
The elements analysis of the solid catalyst shoWed that the 

catalyst contain 1.3 Wt. % of titanium, 1.2 Wt. % of magne 
sium and 0.38 Wt. % of chromium. 

Example 2 

Ethylene Hompolymerization 

TWo liters autoclave Was purged With nitrogen at 130° C. 
for 30 minutes. The autoclave Was cooled to 80° C. under a 
?oW of nitrogen and one liter of n-hexane Was introduced to 
the autoclave. The autoclave Was charged With 0.2 bar of 
hydrogen and 13.8 bar of ethylene. Then 3.5 mmol of TEA 
solution Was injected into the autoclave by means of a catalyst 
injection pump, Was folloWed by injection of 0.065 g of the 
solid catalystA described in Example 1 after being slurried in 
20 cm3 of n-hexane. The autoclave temperature Was raised up 
to 95° C. and ethylene polymerization Was carried out for 60 
minutes While ethylene supplied on demand to maintain the 
total autoclave pressure at 15 bars. The polymerization pro 
cess consumed 253 liters of ethylene and produced 261 grams 
of polyethylene. Thus the catalyst activity Was 10567 g PE/ g 
Crh at 13 bars, and a catalyst productivity of 4015 g PE/kg cat 
h. 
GPC of the produced polyethylene shoWed that an average 

molecular Weight of 662663 and a number average molecular 
Weight of 68329. The molecular Weight distribution of the 
produced polyethylene Was narroW With the value of 9.7. The 
produced polyethylene has 0.34 g/cm3 as a bulk density. 

Example 3 

Synthesis of Catalyst B 

TWo grams of the polymeric support chloromethylated 
cross linked styrene-DVB copolymer (spheres of 50 um aver 
age particle sizes) Were placed in the catalyst preparation 
vessel (CPV) Which consists of three-necked round bottom 
?ask, Where is he bottom of the vessel ?tted With a ?lter Which 
connected With a side tube ending up With a Rota tab, also the 
(CPV) equipped With a condenser and stirrer. The (CPV) 
containing the polymeric support Was evacuated doWn to 30 
mm Hg pressure for 30 minutes While stirring at 110° C. The 
(CPV) and its contents Were then purged With dried nitrogen 
and the polymeric support Was slurried using 30 cm3 of dry 
toluene at 40° C. Then 4 mmol of butylmagnesium chloride 
(supplied by Aldrich, 2.0 molar in diethyl ether) Was added to 
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the slurry and the resultant mixture Was stirred for 15 minutes 
at 40° C. After Which 0.3 mmol of tetraethoxy titanium Was 
added to the mixture and left mixing for 30 minutes at 40° C. 
Then 0.4 g of Cr(lll) hexa?uro acetylacetonate in 10 cm“3 
toluene Was added to the mixture and left mixing for 60 
minutes at 60° C. The solvent then is removed by ?ltration 
and the remaining of solvent are vaporized using a nitrogen 
purge at 80° C. FolloWed by three time Washing using toluene 
after Which the catalyst Was dried at 80° C. to yield a free 
?oWing solid catalyst. 

Example 4 

Ethylene Hompolymerization 

One liters autoclave Was purged With nitrogen at 130° C. 
for 30 minutes. The autoclave Was cooled to 80° C. under a 
?oW of nitrogen and one liter of n-hexane Was introduced to 
the autoclave. The autoclave Was charged With 7 bar of eth 
ylene. Then 3 mmol of TMA solution Was injected into the 
autoclave by means of a catalyst injection pump, Was fol 
loWed by injection of 0.07 g of the solid catalyst B described 
in Example 3 after being slurried in 20 cm3 of n-hexane. The 
autoclave temperature Was raised up to 90° C. and ethylene 
polymerization Was carried out for 60 minutes While ethylene 
supplied on demand to maintain the total autoclave pressure 
at 7 bars. The polymerization process produced 60 grams of 
polyethylene. Thus the catalyst productivity is 857 g PE/ g cat 
h. 

Example 5 

Synthesis of Catalyst C 

TWo grams of the polymeric support chloromethylated 
cross linked styrene-DVB copolymer (spheres of 50 um aver 
age particle sizes) Were placed in the catalyst preparation 
vessel (CPV) Which consists of three-necked round bottom 
?ask, Where is he bottom of the vessel ?tted With a ?lter Which 
connected With a side tube ending up With a Rota tab, also the 
(CPV) equipped With a condenser and stirrer. The (CPV) 
containing the polymeric support Was evacuated doWn to 30 
mm Hg pressure for 30 minutes While stirring at 110° C. The 
(CPV) and its contents Were then purged With dried nitrogen 
and the polymeric support Was slurried using 30 cm3 of dry 
toluene at 40° C. Then 4 mmol of butylmagnesium chloride 
(supplied by Aldrich, 2 .0 molar in diethyl ether) Was added to 
the slurry and the resultant mixture Was stirred for 15 minutes 
at 40° C. 

After Which 0.3 mmol of tetraethoxy titanium Was added to 
the mixture and left mixing for 30 minutes at 40° C. Then 0.3 5 
g of Cr(lll) diethyl malonate in 10 cm-3 toluene Was added to 
the mixture and left mixing for 60 minutes at 60° C. The 
solvent then is removed by ?ltration and the remaining of 
solvent are vaporized using a nitrogen purge at 80° C. Fol 
loWed by three time Washing using toluene after Which the 
catalyst Was dried at 80° C. to yield a free-?oWing solid 
catalyst. 

Example 6 

Ethylene Hompolymerization 

One liter autoclave Was purged With nitrogen at 130° C. for 
30 minutes. The autoclave Was cooled to 80° C. under a ?oW 
of nitrogen and one liter of n-hexane Was introduced to the 
autoclave. The autoclave Was charged With 7 bar of ethylene. 
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8 
Then 4 mmol of TEA solution Was injected into the autoclave 
by means of a catalyst injection pump, Was folloWed by 
injection of 0.07 g of the solid catalyst C described in 
Example 5 after being slurried in 20 cm3 of n-hexane. The 
autoclave temperature Was raised up to 90° C. and ethylene 
polymerization Was carried out for 60 minutes While ethylene 
supplied on demand to maintain the total autoclave pressure 
at 7 bars. The polymerization process produced 90 grams of 
polyethylene. Thus the catalyst productivity is 1286 g PE/g 
cat h. 

Example 7 

Synthesis of Catalyst D 

TWo grams of the polymeric support chloromethylated 
cross linked styrene-DVB copolymer (spheres of 50 um aver 
age particle sizes) Were placed in the catalyst preparation 
vessel (CPV) Which consists of three-necked round bottom 
?ask, Where is he bottom of the vessel ?tted With a ?lter Which 
connected With a side tube ending up With a Rota tab, also the 
(CPV) equipped With a condenser and stirrer. The (CPV) 
containing the polymeric support Was evacuated doWn to 30 
mm Hg pressure for 30 minutes While stirring at 110° C. The 
(CPV) and its contents Were then purged With dried nitrogen 
and the polymeric support Was slurried using 30 cm3 of dry 
toluene at 40° C. Then 4 mmol of butylmagnesium chloride 
(supplied by Aldrich, 2.0 molar in diethyl ether) Was added to 
the slurry and the resultant mixture Was stirred for 15 minutes 
at 40° C. After Which 0.3 mmol of tetraethoxy titanium Was 
added to the mixture and left mixing for 30 minutes at 40° C. 
Then 0.15 g of Cr(III) diethyl malonate and 0.15 g of Cr(lll) 
acetylacetonate in 10 cm“3 toluene Was added to the mixture 
and left mixing for 60 minutes at 60° C. The solvent then is 
removed by ?ltration and the remaining of solvent are vapor 
ized using a nitrogen purge at 80° C. FolloWed by three time 
Washing using toluene after Which the catalyst Was dried at 
80° C. to yield a free-?oWing solid catalyst. 

Example 8 

Ethylene Hompolymerization 

One liter autoclave Was purged With nitrogen at 130° C. for 
30 minutes. The autoclave Was cooled to 80° C. under a ?oW 
of nitrogen and one liter of n-hexane Was introduced to the 
autoclave. The autoclave Was charged With 7 bar of ethylene. 
Then 4 mmol of TEA solution Was injected into the autoclave 
by means of a catalyst injection pump, Was folloWed by 
injection of 0.07 g of the solid catalyst D described in 
Example 7 after being slurried in 20 cm3 of n-hexane. The 
autoclave temperature Was raised up to 90° C. and ethylene 
polymerization Was carried out for 60 minutes While ethylene 
supplied on demand to maintain the total autoclave pressure 
at 7 bars. The polymerization process produced 60 grams of 
polyethylene. Thus the catalyst productivity is 857 g PE/ g cat 
h. 

Example 9 

Synthesis of Catalyst E 

TWo grams of the polymeric support chloromethylated 
cross linked styrene-DVB copolymer (spheres of 50 um aver 
age particle sizes) Were placed in the catalyst preparation 
vessel (CPV) Which consists of three-necked round bottom 
?ask, Where is he bottom of the vessel ?tted With a ?lter Which 



US 8,247,342 B2 

connected With a side tube ending up With a Rota tab, also the 
(CPV) equipped With a condenser and stirrer. The (CPV) 
containing the polymeric support Was evacuated doWn to 30 
mm Hg pressure for 30 minutes While stirring at 110° C. The 
(CPV) and its contents Were then purged With dried nitrogen 
and the polymeric support Was slurried using 30 cm3 of dry 
toluene at 40° C. Then 4 mmol of diethyl aluminum chloride 
(supplied by Aldrich, 2 .0 molar in diethyl ether) Was added to 
the slurry and the resultant mixture Was stirred for 15 minutes 
at 40° C. 

After Which 0.3 mmol of tetraethoxy titanium Was added to 
the mixture and left mixing for 30 minutes at 40° C. Then 0.3 
g of Cr(lll) acetylacetonate in 10 cm“3 toluene Was added to 
the mixture and left mixing for 60 minutes at 60° C. The 
solvent then is removed by ?ltration and the remaining of 
solvent are vaporized using a nitrogen purge at 80° C. Fol 
loWed by three time Washing using toluene after Which the 
catalyst Was dried at 80° C. to yield a free-?owing solid 
catalyst. 

The elements analysis of the solid catalyst shoWed that the 
catalyst contain 0.85 Wt. % of titanium, 1.53 Wt. % of alumi 
num and 2.27 Wt. % of chromium. 

Example 10 

Ethylene Hompolymerization 

One liter autoclave Was purged With nitrogen at 130° C. for 
30 minutes. The autoclave Was cooled to 80° C. under a How 
of nitrogen and one liter of n-hexane Was introduced to the 
autoclave. The autoclave Was charged With 7 bar of ethylene. 
Then 2.5 mmol of TMA solution and 1.5 cm3 of modi?ed 
methylaluminoxane (MMAO, Type 3A, 7% Al in n-heptane 
from Akzo-Nobel) Was injected into the autoclave by means 
of a catalyst injection pump, Was folloWed by injection of 
0.07 g of the solid catalyst E described in Example 9 after 
being slurried in 20 cm3 of n-hexane. The autoclave tempera 
ture Was raised up to 90° C. and ethylene polymerization Was 
carried out for 60 minutes While ethylene supplied on demand 
to maintain the total autoclave pressure at 7 bars. The poly 
merization process produced 25 grams of polyethylene. Thus 
the catalyst productivity is 357 g PE/g cat h. 

Example 11 

Synthesis of Catalyst F 

TWo grams of the polymeric support chloromethylated 
cross linked styrene-DVB copolymer (spheres of 50 um aver 
age particle sizes) Were placed in the catalyst preparation 
vessel (CPV) Which consists of three-necked round bottom 
?ask, Where is he bottom of the vessel ?tted With a ?lter Which 
connected With a side tube ending up With a Rota tab, also the 
(CPV) equipped With a condenser and stirrer. The (CPV) 
containing the polymeric support Was evacuated doWn to 30 
mm Hg pressure for 30 minutes While stirring at 110° C. The 
(CPV) and its contents Were then purged With dried nitrogen 
and the polymeric support Was slurried using 30 cm3 of dry 
toluene at 40° C. Then 4 mmol of butylmagnesium chloride 
(supplied by Aldrich, 2.0 molar in diethylether) Was added to 
the slurry and the resultant mixture Was stirred for 15 minutes 
at 40° C. After Which a solution of (2 cm3 of MMAO type 3A, 
7% Al from Akzo-Nobel in 20 cm3 of n-hexane) Was added to 
the mixture and left mixing for 30 minutes at 40° C. Then 0.3 
g of Cr(lll) acetylacetonate in 10 cm“3 toluene Was added to 
the mixture and left mixing for 60 minutes at 60° C. The 
solvent then is removed by ?ltration and the remaining of 
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10 
solvent are vaporized using a nitrogen purge at 80° C. Fol 
loWed by three time Washing using toluene after Which the 
catalyst Was dried at 80° C. to yield a free-?owing solid 
catalyst. 

Example 12 

Ethylene Hompolymerization 

One liter autoclave Was purged With nitrogen at 130° C. for 
30 minutes. The autoclave Was cooled to 80° C. under a How 
of nitrogen and one liter of n-hexane Was introduced to the 
autoclave. The autoclave Was charged With 7 bar of ethylene. 
Then 2.5 mmol of TMA solution and 1.5 cm3 of modi?ed 
methylaluminoxane (MMAO, Type 3A, 7% Al in n-heptane 
from Akzo-Nobel) Was injected into the autoclave by means 
of a catalyst injection pump, Was folloWed by injection of 
0.07 g of the solid catalyst F described in Example 11 after 
being slurried in 20 cm3 of n-hexane. The autoclave tempera 
ture Was raised up to 90° C. and ethylene polymerization Was 
carried out for 60 minutes While ethylene supplied on demand 
to maintain the total autoclave pressure at 7 bars. The poly 
merization process produced 7 grams of polyethylene. Thus 
the catalyst productivity is 100 g PE/g cat h. 

What is claimed is: 
1. A catalyst composition for polymerizing of ole?ns com 

prising: 
a solid catalyst precursor consisting essentially of at least 

one chromium compound, at least one magnesium com 
pound, at least one metal alkoxy compound, a polymeric 
material support, and an optional aluminum compound; 
and 

a co-catalyst comprising at least one aluminum compound. 
2. The catalyst composition of claim 1, Wherein the chro 

mium compound is represented by the general formula Cr 
(Ill) (RlCOCHCOR2)3, wherein R1 and R2 are alkyl groups 
or any hydrocarbon Which contains 1 to 20 carbon atoms. 

3. The catalyst composition of claim 2, Wherein the chro 
mium compound is chromium acetylacetonate, chromium 
hexa?ouroacetonyl acetonate, or chromium diethylmalonate. 

4. The catalyst composition of claim 1, Wherein the poly 
meric support is composed of particles having a mean particle 
diameter of 5 pm to 200 um, a pore volume of at least 0.05 
ml/ g up to 0.1 ml/ g, a surface area from 0.1 m2/ g, and a pore 
diameter of at least from 90 Angstroms to 300 Angstroms. 

5. The catalyst composition of claim 4, Wherein the par 
ticles are chloromethylated cross linked styrene-DVB 
copolymer or polyvinylchloride. 

6. The catalyst composition of claim 1, Wherein the mag 
nesium compound is a reagent With a chemical formula 
RaMgX2_a Wherein R is a hydrocarbyl group having 1 to 20 
carbon atom and X is a halogen or an alkyl group and 0§a§2 

7. The catalyst composition of claim 5, Wherein the mag 
nesium compound is diethylmagnesium, dibutylmagnesium, 
butylethylmagnesium, dihexylmagnesium, butyloctyl mag 
nesium, ethylmagnesium chloride, butylmagnesium chlo 
ride, hexylmagnesium chloride or mixtures thereof. 

8. The catalyst composition of claim 1, Wherein the metal 
alkoxy compound is a reagent With a formula M(OR)n, in 
Which M is a transition metal selected from the group tita 
nium, vanadium, zirconium, and hafnium; O is oxygen; R is 
an alkyl group or any hydrocarbon branched or non-branched 
Which contains 1 to 20 carbon atoms; and n is the number of 
the alkoxy groups depending on the oxidation number of the 
transition metal used. 
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9. The catalyst composition of claim 8, wherein the metal 
alkoxy compound is tetraethoxy titanium, tetrabutoxy tita 
nium, or tetraethoxy Zirconium. 

10. The catalyst composition of claim 1, Wherein the alu 
minum is an aluminoxane compound represented in the gen 
eral formula R5R6Al4OiAlR7R8 Where R5, R6, R7 and R8 
each represent a hydrocarbyl group having 1 to 10 carbon 
atoms or/and can be represented in the general formulas 
R4nAlX3_n each represent a hydrocarbyl group having 1 to 10 
carbon atoms, X represents a halogen atom, and n represents 
a number satisfying Oénéi 

11. The catalyst composition in claim 1, Wherein the alpha 
ole?ns are propylene, l-butene, l-pentene, l-hexene, l-hep 
tene or l-octene or mixtures thereof. 

12 
12. A polymer product produced by the catalyst composi 

tion of claim 1, Wherein the polymer is a high density poly 
ethylene With a broad molecular Weight distribution ranging 
betWeen 6 to 15 MW/Mn. 

13. The catalyst composition in claim 1, Wherein said solid 
catalyst precursor further includes an aluminum compound. 

14. The catalyst composition of claim 13, Wherein the 
aluminum compound is trialkylaluminum, alkyl aluminum 

10 chloride, and/ or (MAO) methylaluminum. 


