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MyC12(THF) 1.5 preci pi tates upon heating and the )
polymerization catalyst is, therefore, the provision of a process for production of a catalyst

which allows control and adjustment of the structures and sizes of the catalyst's particles and
particle size distribution, and yet remains a relatively simple process.

20 [03] However, reported processes utilizing cafalysts containing magnesium and
titanium often require a long series of synthetic steps. The synthetic step are designed to
provide a catalyst with a high magnesium content because highei‘ concentrations of magnesium
increase the activity of the catalyst and result in polymers having more desirable properties. By
providing the catalyst on a support material, many of the synthetic steps can be simplified or

25  eliminated. Unfortunately, even where the catalyst is impregnated on a support material, the
amount of catalyst that can be incorporated is limited by solubility of the magnesium
component in the preparative solvent.

[04] For typical magnesium sources, such as magnesium halides, their solubility in
polar organic solvents actually decreases from about room temperature to the boiling point of

30  such solvents. The reduced solubility is thought to result from the formation of polymeric
magnesium halide-solvent complexes with lower solubility, such as MgCl(THF)is2. For
example, solutions of ulira-pure magnesium chloride in tetrahydrofuran (THF) form a solid
having an approximate composition of MgCly(THF), s precipitates upon heating and the




3 0 NOv 2006 WO 2004/007572 PCT/ US2003/ 021906 -2- maxi num concentration of
MyCl 2 obtainable in such a solution is |ess than about 0.75 noles
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noticeably decreased to less than 0.5 noles/liter. However, when co rcra
grade magnggj WMsPtRride is used, its maximum sol ubili | I s | owered,
pr esumabl ya?ue t/o é|rrpurities such as water, 5 to about %8%5%8@@51903

MyCl z/liter. In these cases, the solubility is only about 0.35 noles/liter
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[06] Thus, new supported catalysts incorporating a relatively higher concentration of
magnesium halide within the catalyst particle would be useful. Such higher concentrations

20  should be achieved by a process that does not cause problems in later stages of manufacturing,

SUMMARY OF THE INVENTION
[07] In view of the above needs, the invention provides in one embodiment, a
supported catalyst composition, comprising the reaction product of: 1) a catalyst precursor
25  composition itself comprising a reaction product of a) 2 magnesium halide, b) a solvent, ¢) an
electron donor compound, and d) a transition metal compound wherein the transition metal is a
Group 3-10 or Lanthanide element; 2) a porous inert support; and ¢) a cocatalyst composition.
[08] In another aspect the invention provides methods of making a supported catalyst
composition comprising 1) forming a magnesivm-containing solution, the solution itself
30  comprising a reaction product of a) a magnesium halide, b) a solvent; and c) an electron donor
compound; 2) contacting the magnesium-containing solution with a transition metal compound

wherein the transition metal a Groups 3-10 or Lanthanide element to form a catalyst precursor



wherein the transition nmetal a G oups 3-10 or Lanthanide elenent to forma
cat al yst precursor 30NOV2006 WO 2004/ 007572 PCT/ US2003/ 021906 - 3-
conposition; 3) contacting the dissolved catal yst precursor conposi t?:BrWWW
a porous i Yoo/ ort to forma resultant mxture; 4) Hﬁ' ng%t he resul tant
m xture to forma Supported catalyst precursor corrposﬂ’?

activating the supported catal yst precursor conposition wth a cocat al yst
conposition. 5 [091 Also disclosed are nethods of making a polyners. The

nmet hods conprise reacting at |east one, pol yol efin nononer in the presence
of a supported catalyst conposition conprising a reaction product of. 1) a
magnesi um cont ai ni ng solution, the solution itself conprising a reaction
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Is 2 to 4 inclusive a+b=3 0
carbon atoms. Preferred alcohols mclude methanol, ethanol, propanol, isopropanol, butanol, 2-

ethyl hexanol, 1-dodecancl, cyclohexanol, and t-butyl phenol. Iu some embodiments, the

mofar ratio of alcohol to magnesium is less than about 1.75, In other embodiments, the molaf

ratio of the alcohol to magnesium ranges from about 0.1 to about 1.1. In still other
20  embodiments, the molar ratio of the alcohol to magnesium ranges from about 0.1 to about 0.75.

In some embodiments, a molar ratio of the alcohol to magnesium rénges from about 0.1 to

about 0.5 is preferred.

[11] Preferred transition metal compounds suitable in embodiments of the

compositions and methods described herein include compounds of titamium, zirconium,
25  hafnium, vanadium, niobium, tantalum, or combinations thereof. Some fitanium compounds

follow the formula:

TiR).Xs

wherein R is R’ or COR’ where R' is a C; to Cy4 aliphatic or aromatic hydrocarbon radical, X is

selected from Cl, Br, I, or mixtures thereof, a is 0 or 1, b is 2 fo 4 inclusive, and a+b=3 or 4.
30 Exemplary titanium compounds include TiCl, TiCly, Ti(OCeHs)Cls, Ti(OCOCH3)Cls,

Ti(OCOC¢Hs)Cls, or mixtures thereof.



30 Exenplary titanium conpounds include TiCl3i Ti Cl4, Ti (OC6H5) CL13,

Ti (OCOCH3) A 3, Ti (0OCOC6H5) C13, or mxtures thereof 3 0 NOV 2006 WO

2004/ 007572 PCT/ US2003/ 021906 -4- [12] The solvent is sel ected from thg0 NOY 2005
group consist i al kyl esters of aliphatic and aronatic carboxylic

aci ds, et hlgfds#orag/%ﬂggp"azl i phatic ketones. Preferred al kyl eBtHUS081244E s

i nclude, but are not limted to, nethyl acetate, ethyl acetate, ethyl
propi onate, nethyl propionate, ethyl benzoate, and conbi nations thereof.
Preferred ethers include diethyl ether,, diisopropyl ether, 5 and di-n-butyl
et her, ethylisopropyl ether, nethyl but“y‘f"et her, nmethylallyl ether, ethyl
vinyl ether, tetrahydrofuran, 2-nethyl tetrahydrofuran, and conbi nations
thereof. In sébl dibsivent it selected fionnipg cmpcapsising ot aflal esiers ofalivhpiicangd

ket one s | ade.s e, A |
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al kyl 1estigiigde @lol d2dtire 6 Rich6lSent£yCl i ¢ ethers, and aliphatic ketones; m
ranges fromO0.5 to 56; nis O, 1, or 2; p ranges from4 to 116; g ranges

from2 to 85; [b¥Hd Magapyen Ialiden fopuse ingthg disclopesl eamositioas ancludg, bwisseinetent s,
r ranges : bﬁ@ﬁ t . ' ;

conposi t i%ﬁ%&@’r 1337I|gtrcl'(?2l’ ur @rﬂg%’rrlg[ Elegﬁé’ lglg%ﬂx%rtj}ﬁi]ém%% ﬁglgg% ﬁ%’%ﬂ{ﬁ ;E%g)tggweﬁs a
Lew s acigichvhiiidet hesybabaliyesit to prepate resurson oinapdasitions and catalyad goatposifibns that
conposition. Some suitab s acids follow the formula RgMX3_g wherein R

| e Lew
is R or ané‘i’aﬁﬁn@%%‘r‘giﬂﬁgm‘}l% a substituted or unsubstituted aliphatic

or argymatic hydrocarbyl group M _goR)bo[h4 carbon atoms, X is
sel ected fromthe group consi st[liq%giof &g Br)11 p{S:annd m xtures thereof; and

g ranges Whasin ROH pomprises adinparmor branghsd @leohol having between one and about 25 carbon
atoms, R is R’ or COR’ wherein each R’ is individually an aliphatic hydrocarbon radical

having between 1 and about 14 carbon atoms or an aromatic hydrocarbon radical having
between 1 and aboﬁt 14 carbon atoms; X is individually Cl, Br, or I; S is selected from the
20  group comsisting of alkyl esters, aliphatic ethers, cyclic ethers, and aliphatic ketones; m fanges
from '0.5 to 56; nis 0, 1, or 2; p ranges from 4 to 116; q ranges from 2 to 85; and 1 ranges from
0.1 to 1.9. In some preferred embodiments, r ranges from 0.1 to less than about 0.5.
[14] In some embodiments, compositions herein further m':omprise a mixture or
reaction product of a Lewis acid with the catalyst precursor composition or catalyst
‘25  composition. Some suitable Lewis acids follow the formula R,;MX3., wheren R is R' or OR'
or NR'; wherein R' is a substituted or unsubstituted aliphatic or aromatic hydrocarbyl group
containing 1 to 14 carbon atoms, X is selected from the group consisting of Cl, Br, I, and
mixtures thereof; and g ranges 0-3, and M is aluminum or boron.
[15] Exemplary aluminum-containing Lewis acids include tri-n-hexyl aluminum,
30 triethyl aluminum, diethyl aluminum chloride, trimethyl aluminum, dimethyl aluminum
chloride, methyl aluminum dichloride, triisobutyl aluminum, tri-n-butyl aluminum, diiosbutyl
aluminum chloride, isobutyl aluminum dichloride, (CHs)AICL, (C:HsO)AICL, (CeHs)AICL,



[ 15] Exenpl ary al um num containing Lewis acids include tri-n-hexyl alum num
30 triethyl alum num diethyl alum numchloride, trimnmethyl alum num

di methyl alum num chloride, nethyl alum numdichloride, triisobutyl 23 NOV 2006
al um num | alum num diiosbutyl alum num chI or| e i_sobuty

al um num dw%“?;‘rf@ﬁ%% (C2HB) Al C12, (C2HB0) Al Ol 2, (CeH5) AT YS20034288p 4/ 007572
PCT/ US2003/ 021906 2 3 NOV 2006 -5_ (C6H50) Al C12, (06H130) Al Cl2, and

conbi nati ons thereof. Exenplary boron-containing Lewis acids i ncl ude BCL3i
BBr3, B(C2H5)Cl2, B(0OC2H5)Cl2, B(OC2H5)2Cl, B(C6H5)Cl2i B(OC6H5) Cl2i

B( C6H13) C12, B(0C6H13) C12 and B(OC6H5)2Cl, and conbi nations thereof. [161
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of the invent '[[?HI] ' Wﬂfé@h@ﬁz@of 18 GhipRte@ bardlysi0bal oﬁ%ﬁseﬁl%reﬁ'?&inétcﬂai’t{du%y

t enperat ure. FI GU | ustrates the solubility profile of several
enmbodi rredmtedf prefeered zﬁppomt@é nairabst compasifiomschave an @verngerpaticle size of Rh@i 1 to
concentra L an, and al cohol : My ratio THF. [221 FIGURE 3 illustrates the
struct urea ot §R gkerrpl ary magnesi um hal i de- contai ni ng catal yst conponent.

[ 23] 15l GURE 4 [19]] usbmatmsyrhdrzatifie provgssay idiseloséd hamal yidvided Tsolyméreltavingr f or

greater than or equal o about 90 mol percent ethylene and less than or equal to about 10 mol
percent of one or more comonomers. Preferred polymers have a density ranging from about

0.88 g/em® to about 0.98 gicm’®,

20 BRIEF DESCRIPTION OF THE DRAWINGS
[20] FIGURE 1 illustrates solubility behavior of MgCly sclutions for three
embodiments of the invention in THF as a function of alcohol confent and solution
temperature,
[21] TFIGURE 2 illustrates the solubility profile of several embodiments of the
25  invention as a function of temperature, MgCl, concentration, and alcohol:Mg ratio THF.
22] FIGURE 3 illustrates the structure of an cxemplary magnesium halide-
containing catalyst component.
[23] FIGURE 4 illustrates the thermogravimetric analysis (TGA) behavior for
embodiments of the inventive catalyst component.

30 [24] FIGURE 5 illustrates a fluidized bed reaction system useful in embodiments of

the invention.




enbodi nents of the inventive catal yst conponent. 30 [24] FIGURE 5
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conpound” are considered to be “substantially free of other electron donor
conpoundgis'defined above is also specifically disclosed.

[27]1 Any reference herein to “electron donor compounds™ refers to compounds that
modify the solubility of a magnesium halide in the electron donor solvent so that the solubility
does not decrease over any temperature interval up to the boiling point of the electron donor

20  solvent. As used herein “electron donor compounds” do not include “solvents™ as they are
defined below, even when such solvents have electron donor character. Exemplary electron
donor compounds include alcohols, thiols, weakly donating amines and phosphines. As used
herein the term “substantially free of other electron donor compounds” means that other
“electron donor compounds,” as they are defined herein, are not present at concentrations

25  higher than levels normally found as impurities in solvent-grade supplies of such compounds.
Thus, compositions having a solvent with electron donating characte_ristics and an “electron
donor compound” are considered to be “substantially free of other electron donor compounds.”
In some embodiments, “substantially free of” means less than 1%, 0.1%, 0.01% or 0.001% by
weight.

30 [28] Useful solvenis include any ether, ketone, or ester compound. While such
solvents possess electron donor characteristics, any reference herein to a “solvent” or

“golvents” does not include those compounds defined above as “electron donor compounds.”
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ketones may include other functional groups such as unsaturations, as in allylmethyl ketone.
Each of these compounds fits the formula R(C=0)R’ wherein the carbon atom of the carbonyl
20  group of the molecule forms bonds to two other carbon atoms.

[31] Useful ester solvents include any compound of the general formula
R(C=0)OR’. In such compounds the carbon atom of the carbonyl group forms one bond to a
carbon atom and another bond to an oxygen atom. R and R’ are individually selected from
substituted or unsubstituted hydrocarbyl groups and may be the same or different. In some

25  embodiments, the ester include alkyl esters of aliphatic and aromatic carboxylic acids. Cyclic
esters, saturated esters and halogenated esters are also included in this group. Exemplary, but
non-limiting, esters include methyl acetate, ethyl acetate, sthyl propionate, methyl propionate,
and sthyl benzoate. Again, specifically enumerated compounds are intended only as examples
of types of compounds that are suitable. Any compound meeting the general formula

30 R(C=0)OR’ functionality is envisioned.

[32] Any suitable solvent may be contacted with the magnesium source by directly

mixing as magnesium halide with the solvent. In some embodiments, the magnesium halide is
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aliphatic alcohol with from about 1 to about 25 carbon atoms. In some embodiments, the

alcohol is a monodentate alcohol. As used herein the term “monodentate alcohol” refers to

20 those in which R may be provided that the substitution does not result in a molecule with more
than one hydroxyl (OH) functionality that coordinates to the magnesium atom in solution.
Exemplary such alcohols may include methanol, ethanol, propanol, isopropanol, and butanol.
Alcohols containing a longer chain aliphatic group such as 2-ethylhexanol or 1-dodecanol also
form solutions in which the solubility of the magnesium halide increases with temperature.

25  Alcohols with more carbon atoms are also useful. The aleohol may also be a cyclic alcohol
such as cyclohexanol or an aromatic alcohol such as t-butyl phenol.

[35] In some embodiments, the ratio of electron donor compound to magnesium
added to the solution is less than or equal to about 1.9, less than about 1.75, less than 1.5, or
less than 1.0. In other embodiments, the ratio of electron donor compound to magnesium is

30 less than about 0.75, less than about 0.5, or less than about 0.25. In still other embodiments,

the molar ratio of electron donor to the magnesium is about 0.1. Other embodiments may have
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[37] Figure 1 illustrates the solubility profile of magnesium chloride solutions as a
function of temperature in tetrahydrofuran and an alcohol. As Figure 1 illustrates,
20  compositions having no alcohol generally have a solubility of magnesium halide that increases
from about 0.5 moles magnesium per liter to a maximum of less than about 0.65 moles
maghesium per liter at about 30°C. Above 30°C the solubility gradually decreases until the
boiling point of the solvent is reached. In contrast, mixtures to which an alcohol, such a
ethanol, has been added have a solubility of magnesium halide that does not decrease as the
25  temperature is increased up to the boiling point of the solvent. For instance, mixtures having a
ratio of ethanol to magnesium is about 0.5 show that the solubility of magnesium at 15°C the is
gbout 0,75 mol/liter. The solubility of magnesium chloride increases as the temperature
increases up to about 30°C where the concentration of magnesium in solution is about 1.75
moles/liter. As the temperature is increased above 30°C, the solubility remains substantially

30  constant until the boiling point is reached.
[38] Figure 1 also illustrates the solubility behavior of mixtures having a ratio of

alcohol to magnesium that is about 1. At 25°C the concentration of magnesium present in
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ratio of 0.5 reach a concentration of 0.75M in magnesium at about 15°C while a mixture with a

20 ratio of 1.0 reaches 0.75M at about 33°C. Where the mixture is prepared to have a ratio of 1.5

or 2.0 moles of alcohol to magnesium chloride, the solutions achieve a magnesium

concentration of about 0.75M at about 47°C and 53°C, respectively. Thus, data set 210
indicates that mixtures with higher alcohol:magnesium ratios tend to be less soluble.

[40] Thus, Figure 2 illustrates that smaller ratios of alcohol to magnesium chloride

25 produce solutions with a higher concentration of dissolved magnesium. The decrease in

solubility with increasing ROH/MgCl; ratio suggests that small amounts of added ROH prevent

the formation of the polymeric MgCL(THF), adduct, and addition of larger amounts of ROH,

or additional aicohols, drives the solution towards less soluble adducts containing more ROH.

The ratio of ROH/Mg employed determines the maximum solubility can be reached and the

30 temperature needed. Data sets 220-260 of Figuwre 2 indicate that for a given

alcohol:magnesium ratio, increasing the temperature increases the amount of magnesium that is

soluble. For example, solutions having an alcohol:magnesium molar ratio of 0.5 have a
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20 | [42] Figure 3 illustrates the x-ray, single crystal structure of an exemplary catalyst
component isolated as a solid. As Figure 3 illustrates, this compound comprises a magnesium-
centered molecule. In this embodiment, the compound has two THF electron donor solvent
molecules bonded to the magnesium, as well as, two halides in thé form of chlorine and two
alcohol molecules. Thus, the precursor has the formula MgCLROH,THF;, in which ROH is

25  isopropyl alcohol. Analogous compounds where ROH is ethanol can also be isolated. In this
particular embodiment, the structure illustrated is generally referred to as a trans-octahedral
magnesium-centered structure since ligands of the same type are related through a center of
symmetry on the magnesium atom. However, such a structure is not required for any
gmbodiment of the catalyst component. In other embodiments, the component may be

30 mixtures of two or more individual compounds, For example, in one embodiment, the

component may comptise a mixture of MgCLROH, THF; and MgCLROH; THF;, Any number
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have a coordinatively unsaturated and polymeric, rather than a nononeric,
st r uct ur ecomposition to 50°C - 200°C, with one of the ll)LIF molecules being lost first, followed by both

ROH and THF (Figure 4). Thus, in some embodiments the catalyst component may have a
coordinatively unsaturated and polymeric, rather than a monomeric, structure.

[45] In forming a catalyst precursor, a magnesium component is contacted with a

20  titanium source. Suitable magnesium components are disclosed in copending applications by
Burkhard E. Wagner, ez, al. entitled “Enhanced Solubility of Magnesium Halides and Catalysts
and Polymerization Processes Employing Same”, filed on July 15, 2002, incorporated herein
by reference; “Spray-Dried Polymerization Catalyst and Polymerization Processes Employing
Same”, filed on July 15, 2002, incorporated herein by reference; and “Spray-Dried

25  Polymerization Catalyst and Polymerization Processes Employing Same”, filed on July 15,
2002, incorporated herein by reference.

[46] Tramsition metal compounds that are soluble in the solvent may be used as a
source of transition metal for the catalyst. The quantity of a transition metal compound or
mixture of fransition metal compounds, used in preparing catalysts precursors may vary widely

30  depending on the type of catalyst desired. In some embodiments, the molar ratio of magnesium
to transition metal compound may be as high as about 56, preferably about 20 to about 30. In

other embodiments, the molar ratio of magnesium to transition metal compound is as low as
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Enpl oyi ng Sanme", filed on July 15, 20f}2, incorporated herein by reference.
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composition has a formula following the general equation
[Mg(ROH),JTi(OR):X[S)y

where ROH is a linear or branched alcohol having between one and about 25 carbon atoms, R
20  is R’ or COR’ where each R’ is individually an aliphatic hydrocarbon radical having between

one and about 14 carbon atoms or an aromatic hydrocarbon radical having between one and

about 14 carbon atoms, X is individually CI, Br, or I. In the formula, S is a solvent selected

from the group consisting of alkyl esters of aliphatic and aromatic carboxylic acids, aliphatic

ethers, cyclic ethers, and aliphatic ketones, m ranges from 0.5 to 56, n is 0, 1, or 2, p ranges
25 from 4 to 116, ¢ ranges from 2 to 85, and r ranges from 0.1 to 1.9. In some embodiments, of

the formula r is 0.25, 0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5 or 1.75.

[49] Catalyst precursor compositions are contacted with a porous inert support to
form a supported or impregnated catalyst precursor composition. Typically a solution
containing the mixture or reaction product of the magnesium-halide composition and the

30 titanium source is contacted with the support material. Suitable supports are solid, particulate
compounds or compositions which are inert to the other components of the catalyst

composition, and to the other active components of the reaction system. In some embodiments,
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polymer particle morphology of the resulting ethylene polymers.

[50] After the catalyst precursor composition has been contacted with the support

20  material, excess solvent can be removed. Any suitable method can be used. Generally, excess

solvent is removed by heating, applying reduced pressure, or a combination of both. In some

embodiments, the supported catalyst precursor is then obtained as a fine, free-flowing powder.

In some embodiments, the supported catalyst precursor may have characteristics or a mixture

of crystalline, phases, amorphous phases, or have characteristics or a mixture with crystalline

25 and amorphous components, Average particle size of the supported catalyst precursor

composition is generally determined by the particle size of the support, indicating that in at

least some embodiments, the solubility of the magnesium halide was not exceeded and that the
catalyst precursor composition is impregnated within the pores of the support material.

[51] Generally, the ratio of precursor catalyst composition to support material is

30 about 0.1 to 1, and preferably about 0.1 to 0.5. Further discussion of impregnation of solid

supports with catalyst precursors is to be found in US patent 4,302,565, which is incorporated

herein by reference in its entirety. The ratio of precursor composition to support material
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the Lewi &°
solvenis are employed together with the Lewis acid compound(s) in such amounts that the

resulting solution contains from about 1 percent by weight to about 25 percent by weight of the
20  Lewis acid compound(s).

[53] If desired, supported catalyst precursor composition may be added to the inert
solvent to form a shury before the Lewis acid compound(s) is dissolved in the solvent.
Alternatively, the Lewis acid compound(s) can be dissolved in an inert solvent before it is
combined with the supported catalyst precursor composition. This techmique is particularly

25  suitable when a gas such as BCl, is employed. Altematively, if desired, the Lewis acid can be
directly added to the dry precursor composition.

[54] Generally, useful Lewis abid compounds have the structures REA]X}g and

RgBXS_g where R is R' or OR' or NR" and R’ is a substituted or unsubstituted aliphatic
hydrocarbyl group containing 1 to 14 carbon atoms, or a substituted or unsubstituied aromatic

30  hydrocarbyl radical containing from 6 to 14 carbon atoms; X is selected from the group

consisting of Cl, Br, I, and mixtures thereof; and g in each case is 0-3.
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[59] In some embodiments, the supported catalyst precursor is partially activated

20 outside the polymerization reactor with cocatalyst in a hydrocarbon slurry. This partial
activation is optional. After contacting the supported catalyst precursor composition with the
cocatalyst, the hydrocarbon solvent is removed by drying and the catalyst composition can be
fed to the polymerization reactor where the activation is completed with additional amounts of
any suitable cocatalyst. In the first stage the supported catalyst precursor is reacted with the

25 cocatalyst to provide a molar ratio of ALTi (r)f about 0.1, 0.5, 1, 2, 5, or 6. In some
embodiments, the activation is carried out in a hydrocarbon solvent followed by drying of the
resulting mixture, to remove the solvent, at a temperature of at least 20, 30 40 or 50 °C.. In
some embodiments the temperature is less than 50, 60, 70 or 80 °C. Anocther alternative partial
activation procedure is described in US 6,187,866 in which the partial activation procedure

30 occurs in a continuous fashion.

[60] In some embodiments, especially those in which the catalyst has not been fully

activated, additional activator compound can be added to the polymerization reactor to further
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partially activated catal yst or the supported _catalyst precursor
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S Urry coms etk 40 67 nane aifitnt SRRue 35 A GRER OB et e B r ayed
into the fFBRGESFatd fe biiotied Btalista sol ution thereof in a hydrocarbon sol vent
such as isopentane, hexane, or mneral oil. This solution usually contains

about 2 to 30 [6Hi gHmbedinants ofshe edtalydvdeserined gbovegumplssised énsolution, Ywenetal yst
may al so é’d@—pﬁgsgep%l}}tgerfﬁﬁoﬂs.e%ﬁﬁ%ﬁ’teh Q:at%BJs’fs Chegcgﬁa% apéfvebﬁld)rr" %e %@M&ﬁeﬂr use in

shury polymerization according to any suitable techniques. In some embodiments, such

catalysts are prepared in the same manner as those used in gas phase polymerizations. Shury

20  polymerization conditions include polymerization of Cy-Cyo olefin, diolefin, cycloolefin, or
mixture thereof in an aliphatic solvent at a temperature below that at which the polymer is
readily soluble in the presence of the supported catalyst. Slury phase processes suited for

ethylens homopolymerization and copolymerizations of ethylene with C; to Cg c-olefins, such

as for example, 1-butene, 1-hexene, 4-methyl-1-pentene, and 1-octene, may also be performed

25  with embodiments of the inventive catalysts, High density polyethylene (HDPE), medium
density polyethylene (MDPE), and linear low density polyethylene (LLDPE) may be prepared.

[62] In a continuous gas phase process, the partially or completely activated

precursor compositions are continuously fed to the reactor, with discrete portions of any

additional activator compound needed to complete the activation of the partially activated

30  precursor composition, during the continuing polymerization process in order to replace active

catalyst sites that are expended during the course of the reaction.



10 on a support. In sone enbodi nents, the support contains about 10 to about
50 wei ght percent of the activator for this purpose. The additi onal
cocatal yst is added to the reactor in such anounts to produce, in the
reactor, a total AIMnolar ratio of about 10, about 15, about 25, aﬁb%ﬁoﬁgws
about 60, or about 200 to 1. In other enmbodi Riss tio
maybe abou?aagggk@%w%bout 400 to 1. The additional anounts oﬁm%@?ngtor
conpound added to the reactor 15 further activate the supported catal yst.

[ 61] Enbodi nents of the catal ysts descri bed above may be used in solution,
slurry or gas-phase pol ynerizations. §y§Qorted catal ysts descri bed above
may be prepared for use in slurry polynerization according to any suitable

techni ques. In odi ments, .such cat sts. a repared in the sane
manner as thosLéﬁg?dﬁ%mgia%g%ﬁgécgoﬁoﬁvnjé’ﬂcg]ﬁ cofne egllﬁf F@f%%mﬁo% JIveas P4t i on
condi t i onsthiylens,uitiea ek yieve frotésoNsRh £2nGRE i€ e probeat Aeidtibed YeloROlaRA i N,
or mxture thereof in &g al i phatic solvent at a tenperature bel ow fhat at
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copol yneri zations of ethylene wit | as f'or ‘exanpl e,
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25 with ' 1 f the i q | ysts. .High it | h
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process, the I;;r)rgrt I all iq or conpletely activated precursor conpositions are
cont i nuou&rslelinscpugly ay hduicaacl-bgxenaiend 4dnsdvktlepepisne.i &mgenstalathy reagtieti mapnal

activator e . t he. \vation of, the partiall
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proced$ i nnder dirrytod gaepase eonditions eSuchpirateysss ars uk&iscdaliaéroiall e fe @gtignr i ng
t he course]ggi}‘ t he _rea(it ion. -C(%E%#a\lw-éOOG VWO 2004/ 007572 PCT/ US2003/ 021906
- 18- [ 63] PSPy R g » Bpdumdspely) polyedisiensc BBy b iree d9hg a
stream of de&i@gbg%yleh@@i%. phase process, such as in the fluid bed
process described below, and” substantially in the absence of catal yst

poi s ?) ns s UIC h aﬁf4¥mi Aftﬂ!lri@zeddxglgm};iomste@o&m ‘tamdtlad incgzs yhen @olyitetization. Fluid
conposi 1 O feeRiof St P R of MR HPU S, Ritbn® b BuBLaPLEEEIPR8: 1o

initiase twhich pelmb@poartli Kuteih BC tdf@Bnce EMDMTE N@ifitaty.Of HbWe e B ebhvREichd, al yst

are suitable for the polynerizatjon of C2-C6 ol efins including hor_mpofymars
and copol YHEFS Jlusates aberemplary fud badarsciny sysiem vaich can peoised in embgdiments angd

4, - met hyl of hieRBRNERE- ThE rAERET S considhCof £RGHALHRY2 and 2 velocity reduction zone
14.  The reaction zone 12 comprises a bed of growing polymer particles, formed polymer

particles and a minor amount of catalyst particles fluidized by the continuous flow of

20 polymerizable and modifying gaseous components in the form of make-up feed and recycle gas
through the reaction zone. The mass gas flow rate through the bed is sufficient for flnidization.
Giris used in the accepted form as the abbreviation for the minimum mass gas flow required to
achieve fluidization, C. Y. Wen and Y. H. Yu, "Mechanics of Fluidization,”" Chemical
Engineering Progress Symposiurm Series, Vol. 62, p. 100-111 (1966). In some embodiments

)5 the mass gas flow rate is 1.5, 3, 5, 7 or 10 times Gpr. The bed is prepared to avoid the
formation of localized "hot spots" and to entrap and distribute the particulate catalyst
throughout the reaction zone. On stait up, the reaction zone is usnally 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 different therefrom. When different, they are withdrawn

30 with the desired formed polymer particles as the first product. Eventually, a fluidized bed of
the desired polymer particles supplants the start-up bed.



be perforned at any conditions suitable for Ziegler-Natta type
pol yneri zati ons conducted 10 under slurry or gas phase conditions. Such
processes are used comrercially for the production of high density 3 0 WOV 2006

pol yet hyl en di um density pol yet hyl ene ( MDPE), ' ow
density pol %@W@n?ﬁmpa. [64) A fluidized bed react .P?%RISS%‘*;’ @?‘ng"éﬁlan be

used in gas phase polynerization. Fluid bed reaction systens are di scussed

in detail in U S Patents Nos. 4,302,565 and 4, 379,759 15 which are

i ncorporated herein by reference in thei Lg entirety. However for convenience,
e

Figure 5 illustrates an exenplary fluid bed reactor system which can be used

i n enmbodi nents the invention. The reactor 10 consi sts a.reactiqn zone
12 and a vel oci E@i re@??c?%aﬁ{}z%ﬁgmpﬁ?ﬁy %cﬁlé’atf“galéelc}’r&?f (‘ZOE??P@“E%?%‘B Fd}_?lp'étigseﬁ Bed
of growi ngtieofluidigsd D& is Erefsably SorEatoP QdrYiB®in aRadeivotd 5 uAdd PbIERIRS bf Mgyt
of catalyst particles fluidjzed hy the continuous flow of 20 pol yneri zabl e

and nodi f y phdsies ik the stopetiasiedal; siok penitregemosftgrbke- up feed and recycl e gas
through the reafgst ONpaRiAitiod EadiBSs : t [
sufficient for &I%!u |lzat | g(r)lﬂ-l&e%i 'y rdlgg%'u%%g%éngﬁ %aes Ilagg@g%%e%i&for m gstﬁef Reed’
abbr evi at i typidally it fhe ondenicfiabnubri8 ngathefrbtowf feed of mekle-tp gasm cHheefhedized bed has
fluidizatign, C Y. Wen and,Y. ,H Yu, "Mechanics.of. Fl uidjzation," em cal
Engi neer | ngeHFOEEL SEPRIRE0 O et P o} ERDSGAHS incpsSeiple YOI oM dbne
enbodi ment srezed biehdHisolatash dfl gavvitirigh thSbell. SThedresure Ary thtdhchitheEBedGs ofipg bed
I's prepared to avoid the formation of |ocalized "hot spots™ and to entrap

and di st ri Bupeshighdy geaater dhansthe mess af (istbed dividaddtoiie crase sectionel asen. 2B ie thuen
start up, ' | y charged with a base of particul ate
pol yrmer pa??ﬁgpeg@%e %reéﬁgggbﬁhg\?#?@'i nitiated. Such particles may be
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C
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free- vor t exiddRWoR Blaiel0AbRIMR Yolnb6f RRHLS a8 fifdizRl t8Asedt hr ough the bed. The
pressure drop through the bed is equal
[69] The portion of the gas stream which does not react in the bed constitutes the
recycle gas which is removed from the polymerization zone, preferably by passing it into a

20  velocity reduction zone 14 above the bed where entrained particles are given an opportunity to
drop back into the bed. Particle return may be aided by a cyclone 22 which may be part of the
recycle line. Where desired, the recycle gas may then be passed through a preliminary heat
exchanger 24 designed to cool small entrained particles to sticking in the downstream heat
exchanger 26.

25 [70] The recycle gas is compressed in a compressor 25 and then passed through a
heat exchanger 26 where it is stripped of heat of reaction before it is returned to the bed. By
constantly removing heat of reaction, no noticeable temperature gradient appears to exist
within the upper portion of the bed. A temperature gradient exists in the botiom of the bed in a
layer of about 6 to 12 inches, between the temperature of the inlet gas and the temperature of

30  the remainder of the bed. Thus, it has been observed that the bed acts to adjust the temperature
of the recycle gas above this bottom layer of the bed zone to make it conform to the

temperature of the remainder of the bed thereby maintaining itself at an essentially constant



to or slightly greater than the nmass of the bed divided by the cross
sectional area. It is thus dependent on the geonetry of the reactor. :ﬁNﬁV2%6
[67] Make-up gas is generally fed to the bed at a rate equal to the rat’e

whi ch part | ymer product is withdrawn. The co t he
make- up gagwﬁgh%@§3§%1ned by a gas anal yzer 16 p05|t|oﬁ§§ﬁ§%@8@2@ﬁe bed.
The gas anal yzer determ nes the conposition of the gas being recycled and
t he conposition of the nake-up gas is adjusted accordingly to nmaintain an
essential ly steady state gaseous conp05ﬁ}|on within the reaction zone. 15
[68] To insure proper fluidization, the“recycle gas and where desired, part

of the keu as are et ur fot ereator at 8 bel ow t ebed
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in the bed constitutes the recycle gas which is renoved fromthe
pol ymer i zmméﬁﬂﬁﬁﬁéheﬁreéﬂ@ﬂaﬁl%ﬁ by passing it into a 20 velocity reduction

zone 14 above L{y to
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through a heat exchanger 26 where it is stripped of heat of reactlon bef ore
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the tenmperature o e, r us I I as opserve
that the BEdehledvedisised %ﬁ%@%é@%&?@ %g%ﬂtecvﬁ"e“sr%?é&%i’é diEiFabs i s
bot t om | aié%?cl@%aé ﬂBFou%ﬁ%eZﬁé}ﬁclb@aﬁB&‘Baée%f%"lﬁé&&@l&@p {3 il £1TRRIAA Y5 R, t he

remai nder o e bed thereby maintaining itsel an essentially consfant 3
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h
6 and o PHESPI HARSutSEaRFt Sl e L B BRAR sh bl BBE R elleshdifiadtor 2
can also bethelpdaed upstream of the heat exchanger 26. [711 The fluidized

bed contains grown nd for rticulate partlc es as 5 well as
catal yst partibPbs. I%éoﬁli‘emﬁgﬁ FP@& aﬁét"ﬁ?‘%l‘r earr e‘ﬁtdfl the pPlyyedrapR reaeliqty o

they nmust TRE ratio of hydrogen/ethylene employed varies between about 0 to about 2.0 moles of

hydrogen per mole of the ethylene in the gas stream.
{73] Compounds of the structure ZnR,Ry,, where R, and Ry, are the same or different
20 C; to Cy4 aliphalic or aromatic hydrocarbon radicals, may be used in conjunction with
hydrogen, as molecular weight control or chain transfer agents to increase the melt index
values of the polymers that are produced. From about § to 50, and preferably about 20 mols to
about 30 mols of the Zn compound (as Zn) would be used in the gas stream in the reactor per
mol of titanium compound (as Ti) in the reactor. The zinc compound would be introduced into
25  the reactor preferably in the form of a dilute solution (2 to 30 weight percent) in hydrocarbon
solvent or absorbed on a solid diluent, such as silica, of the types described above, in amounts
of about 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 from a feeder, not shown, which would feed the compound to the
30  hottest portion of the gas recycle system, such as adjacent to feeder 27 disclosed herein.
[74] Any gas inert to the catalyst and reactants can also be present in the gas siream.
The activator compound is preferably added to the reaction system at the hottest portion of the



prevented fromsettling, for if a quiescent nmass is allowed to exist, any
active catalyst contained therein may continue to react and cause fu§igdiily 200§
Recycle gas is diffused through the bed at a rate sufficient to maintain
fluidizati ase of the bed. The distribution pl 0 serves this
pur pose angaﬁgéw“@%QPscreen, slotted plate, perforated }mgmapgie of the
bubbl e 10 cap type and the like. The elenents of the plate may all be
stationary, or the plate nay be of the nobile type disclosed in U S. Pat.

No. 2,298,792. Watever its design, it should diffuse the recycle gas
through the particles at the base of the bed to keep themin a fluidized

condition nd al so serye to sypport. g qujescent bed of resin particles
when the ’;E'é%?i"t Bt sfrga.q%g&%ﬁﬁo%géq ﬁ’Firﬁ)"ﬁf"lﬁq"ﬁé‘OWBﬂWa@ {50 tashest grchanger i thve nay

be used tgefdired, 98 GOANYpeR: ¥ T BroRM ide®7&S entrapped in or 15 on the plate.
[ 721 Hydrogen may be used as a chain transfer agent in the polynerization

reaction. Thd7%ht ile efsurs drbgargroehddes met exepln wpdrating iterspdrattuee dreloxbdhe 0 to

about 2. 0_.1mml. | . lLe of the ethylene in the gas stream
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inert tot atal yst and reactants.ca so.be present. in the gas stream
The act | VRIS BirgBERIA Fo8ve BeitH0S, 8l selivadconalat i he ekt tihe
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recycle gas stream Addition i'nto the recycle |line downstreamfromthe heat
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concentration which may result in the formation of “hot spots.”

[78] A gas which is inert to the catalyst such as nitrogen or argon may be nsed to
20 carry the partially or completely reduced precursor composition, and any additional activator
compound that is needed, into the bed. Alternatively, a mixture of solvents, such as isopentane,
pentane, hexane, or the like, may be used as carrier for catalysts present in slury form.
Nitrogen may also be used in conjunction with the carrier.
[79] The production rate of the bed is controlled by the rate of catalyst injection. The
25 production rate may be increased by simply increasing the rate of catalyst injection and
decreased by reducing the rate of catélyst injection,

[80] Since changes in the rate of catalyst injection changes the rate of generation of
the heat of reaction, the femperature of the recycle gas is adjusted upwards or downwards to
accommodate the change in rate of heat generation. This insures the mainienance of an

30 essentially constant temperature in the bed. Complete instrumentation of both the fluidized bed

and the recycle gas cooling system, is, of course, necessary to detect any temperature change in



sintering tenperature are desired. For the production of ethylene
honmopol yners, an operating 5 tenperature of about 30C to 115C 1is 7.0 NGY 2006
preferred, and a tenperature of about 90C to 105C. is preferably used tG(j‘i
prepare pro g a density of about 0.961 to 0.96 The
fluid bed rg‘g‘g%@rml S %per ated at pressures of up to abouﬁ)%/f%aooéé?l]% %and is
preferably operated at a pressure of fromabout 150 to 350 psi, wth
operation at the higher pressures in such ranges favoring heat transfer
since an increase in pressure increases 2;zhe unit 10 volume heat capacity of
the gas. [77] The partially or conpletely activated precursor conposition is

injected ipt bed rateeual to its consunption_ at a point 30
which is aﬁ’@&@ FH@S&? §’E‘%ﬁ%§ﬁ WEraAT 4P &nakp 2 suppble adigsmpnt inthe deppgrafure qf dbe
injected alecglppisnt above the di st ribution plate. . Since the di scI osed
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t enperat ure changh(‘a’ in . 30NOV2006 WO 100;&{ PCT/ US2003/ 0 1]?06 22 t he
_bed so as FsEhABIVE 3P He oBFHeH 40 Gt P progpel 19 g mveth etwedqyg and
tenper at ur g,19f 36 Rihich 84&! Qo8BS Valve 38 is then opened to deliver the product to an external

recovery zone. Valve 38 is then closed to await the next product recovery operation. A

fluidized bed discharge process according to U.S. Patent No. 4,621,952, incorporated herein by
20 reference in its entirety, may also be used.

[84] Finally, the fluidized bed reactor is equipped with an adequate venting systemn to
allow venting the bed during start up and shut down. The reactor does not require the use of
stirring means and/or wall scraping means.

[85] The supported catalyst system described herein appears to yield a fluid bed

25  product with an average particle size between about 0.005 to about 0.06 inches, sometimes
gbout 0.02 to about 0.04 inches and having a catalyst residue that is unusually low. For typical
polymerization conditions, catalyst residues in the polymers range from about 0.1 to about 10
ppm of titanium.

[86] The feed stream of gaseous monomer, with or without inert gaseous diluents, is

30 fed into the reactor at a space time yield of about 2 to 10 pounds/hour/cubic foot of bed

volume.



[81] Under a given set of operating conditions, the fluidized bed is

mai ntai ned at essentially a constant height by withdrawi ng a porti ony, PRIV fmes
bed as product at a rate equal to 5 the rate of formation of the

parti cul at product. Since the rate of heat gen Lon. i irectly
rel at ed to%%(?%)ljg%/@% ormation, a neasurenent of the terrpgﬁﬁ@gﬁ)gs‘ﬁzﬁ%og of the
gas across the reactor (the difference between inlet gas tenperature and
exit gas tenperature) is determnative of the rate of particul ate pol yner
formati on at a constant gas velocity. _[2%2_] The particul ate pol ynmer product
Is preferably continuously wthdrawm at "a point 10 34 at or close to the

di stribution te. 20 and in _suspepsion.with a portion of the.gas stream
Which s vent a8 berBe atsealed yRE FERe 3aHeL & SuficariianThed Fufk Toft ot
pol yner i zagdsaen@nd. Oindk&dhi Mgsureert is the npayihd| (RE), bbadted ab@irdingtd ASEVID-
collection.z .The_suspendin as may al so be use ..as nmentioned above,

one. ] d

to drive t4é @?%H%%F%ﬂ@%&ﬁ&&@@%ﬁ%@ém el ® Kilograny) (ken eepgred #cul at e

ol yrmer [ refer i 1 he ) [ : ation
D 3 pa rra e 18 S Pifelt Skl iheoOHO Ralal} e RN ke S ORI T
val ve 88 values chugsegi frovaihvaat 991 o ahoen &00®b grmistlOampl. ulylalf flgegatans apetbeuct t o
t he zone 40, between it.and .valve 36 which.,is then c Is then
openad ¢ o HarY Rt pot R So g il peboldi AT hra 2B LBpifenf, ¢
then cl osgghgt 1 fiived thetvirggtitaiséd i the uglt ih@sOe iPo eTld e flokr rafd igiiﬂldezaegr bed

di scharge process according to U S.- Patent No. 4,621, 952 incor;i)orat,e
herein byPropational & theeolesilar weightiof tha Rolymery Hhusothp bishsethe melaquiariweighty ¢ he

f1uidize ' ' L felot ' ' | I ow
O & af 1déw r@c&tﬂhﬂ&f‘@ ﬂgé f%htﬁﬁﬁ@ﬁ%@%ﬁeai’. efitd fe ?Mﬁtﬁt’iﬂo{l\‘ﬂ:lé%m o

venting the bed during start up and shut down. The reactor does not |
the ube ofs theratiordfrmgeltblamsratnty e melt indsor Tpisreprstatasswith 88 molseulguppight ed

wth on ausragenSE fie PRturChSlBef L BRTaR i nfuted bkl Y5bipute RRER
sonet i mesdisteibatitns 0. Blythers alrepsredOudide khnd esalgie dastibed hereiahavey MEFR eslueiue

that is unusually |ow For typical polynerization conditions, catalyst
resi dues JaRgingEoRAboHAIL0 2B3iHA% r om about 0.1 to about 10 ppm of titani um

[ 86] The feed e JagaToloyys Y arumm HeNdid/D | :
diluents, is g%rfe ﬂletr%ﬁt% gH’?gact or ﬁze%%%%g%geﬁﬁe?g%ygeﬁ#mg%%g?%to 10

poundsd houdensitppLfrdmebows0.856d abars DGFe/cnE aEEaROAbin aNOT0BH Wiih Z28TM D-792

PCT/ US2003/ O 06 ,-23-. [ 87] The .ecul ar Lght_.of b 0l F S

conveni ent Vﬁi%lﬁ & I%!%‘{“g 45 [ﬂa}d% QfmﬁEcloﬁaP g B AELSH 2t Yoo @%o %ppr%g& eduﬁbnum
crystallinity. Measurement for density is then made in a density gradient colurmn.

EXAMPLES
[89] The following examples are given to illustrate various embodiments of the
20  invention described herein. They should not be construed to limit the invention otherwise as

described and claimed herein. All numerical values are approximate.

Preparation of Comparative 3:1 Mg/Ti, 0.25 mmol Ti/g Precursor

[90] Tn a glass-lined 4 liter mixing vessel equipped with a helical paddle stirrer and
25  extemnal heating jacket was placed 2913g (3.28 liter) of dry tstrahydrofuran (THF) under
nitrogen, Then was added 87 g (0.91 mol) anhydrous MgCl, powder followed by 61g (0.31
mol) aluminum-reduced titanivm trichloride (TiCl3-AA). The slurry turned from chalk white
to aqua-green. Heating at a jacket temperature of 70-75°C for five hours under nitrogen caused
all solids to dissolve. A blue-green solution was formed.
30 [91] Grace Davison Sylopol 955 was passivated by dehydration at 600°C, followed
by treatment with 5.5 wt.% triethyl aluminum in isopentane slurry. The silica was dried by

evaporation. 530 g of the above passivated silica was added 1o the 4 liter mixing vessel imder



measurenents. One such neasurenent is the nelt index (M), obtained
according to ASTM D- 1238, Condition E, neasured at 190C and an appli 25311 @fiﬂ)
of 2.16 kilogram (kg), reported as grans per 10 mnutes. Polymners pr 06

using sone @ AbMgh$described herein have M 5 val ues r fr about
0.01 to about 10,000 grans/10 mn. Melt flowrate is ano f‘ﬂ‘g*’%‘#é‘{zﬁ% for

characterizing polynmers and is neasured according to ASTM D-1238, Condition
F, wusing 10 tinmes the weight used in the nelt index test above. The nelt
flowrate is inversely proportional toz% he nol ecul ar wei ght of the polynmer.
Thus, the higher the nolecul ar wei ght he | ower the melt flowrate,

| t hough th | a t, | t th
Fatio of HB0EUD a0 T30 & B tion@ehiont Brmised NP B gk  SltoR syt wh added,* | "°
nol ecul ar IRWG by adbihibl 3smgtdf<a@y HFD Fortl Qﬁléél? W@ﬁﬁe-pﬁ@‘l@ﬂmw RPLd Beirpat es

narrower nol ecul ar wei di stributions mers prepared using sone

cat al yst sW@eéleaﬁ@daéW%g"& axtpEgle) ARk tompageigre Eﬁléri@lxﬁ@ for By howstndg reducadout

40. [88] r d t

ner of n e tRACEC (PR ReRGuPf ERBIE R e fichy BRF b ok SRR
nmeasur £d Br m@ndmmpmcwsbhwéﬁmlﬁfgkﬁﬁom thewrebseh Anplysiguie23 % Ahde778hdlg,
condition af. 100 roa uilibrium crystallinity.
I\/Easurerreﬁﬁsg/‘bﬁ g’gﬁ%%f@% ﬁ\{lt&&e%ﬁ ?C)lgq%@?ty gradi ent col um. EXAMPLES
[89] The followi ng exanples are given to illustrate various enbodi nents of

the 20 invention descrl bed here| 0. The shoul d not _be construed to limt
t he i nventiUSHIDISH SR ) /Tl 0 feCuzs)
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(3((2)89I1| ter%edof dr et ragdrof éFSQ%BW&}\t e%fbt rggéidpeThen(W added 87

al um num nedy i atvélapblhamf dmité Eh ﬁsn%)a st s&mraad&féﬁrtﬁmgor
chal k white tgg%aqﬁ]g?%eergr\ Heat i ny at'E ad@gcket Eerrperature of 70-75C ?or

five hour assivaisd silicer eﬂtmamatmgd at 85Ci 5 ope hgs s dhe dackat fpmperagire gvgs

Gehyar at i Gere ARG Aais] Hea TG RN Tty ks 0L RE2 BAETIR BP0 1

I n i sapentitrugesiwiepy A s‘blhd nsdsk of:premrd«ras Eotmioy whishapiated tai the. sp&:ﬁ@af@hedfehcdie
above passj.vat ed | R dde m Xi sel er 0 Nov
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vessel and whmh contained large chips that replicated the shape of the vessel wall and the

stirrer blade.

20  Preparation of an ethanol-modified 5:1 Mg/Ti Precursor (0.25 mmol Ti/g)
[93]) The same equipment as described above was used. 4022 g dry THF and 184 g

(1.93 mol) anhydrous MgCl, powder were stirred at 65°C for 5 hours. The nominal shury
concentration was 0.48 mmol Mg/g THF. A milky-white shury containing undissolved MgCi2
was formed. 90 g of 200 proof ethanol (1.95 mol, 1:1 ROH/Mg) was then added. A clear

25  solution was formed which was allowed to cool to room temperature over night.
[94] 1500 g (720 mmol Mg) of an ethanol-modified MgClz solution (~0.6 M) was
charged to the 4 liter mix tank, followed by 39 g (0.19 mol) aluminum-reduced TiCls (TiCls-
AA), followed by an additional 440 g (211 mmol) MgCl; solution. The green solution was
heated to 50°C, and inspected for precipitation. All components remained in solution. Then
30  was added 487 g of the passivated Grace-Davison Sylopol 955 silica, and the slurry was stirred
at 55°C for one hour. The jacket temperature was increased to 90°C, and 5” of vacuum was

applied. The slurry was dried for 2 hours over a 15" nitrogen sweep. 597g freely flowing



nitrogen, and 1750 g of the previously prepared MgCl 2/ Ti C13 sol ution in THE
was added, followed by another 337g of dry THE to forma freely-fl ow ng

bl ue-purple slurry. The slurry was heated to 70-75C external jacket 3.0 NOY 2006
tenperature and m xed for two hours under reduced pressure (5 inches

vacuum to r{gysdeie, sol vent/slurrying agent. 619 g dry,Pd‘Tr,,gs%Mm;b@éM ng 5

3:1 inpregnated precursor was discharged fromthe vessel. Analysis: 1.23 %

A, 1.77% M, 1.18%Ti, 12.2% THE (0.72 nmol M/ g, 0.25 nmol Ti/qg).

Atterrpt ed Preparation of an unnodi fied 5:1 Mg/ Ti. 0.25 mmol Ti/g precursor

[ 921 The above experinent was repeated, .except that 88.3 g (0.93 not) Md 2
and 39 10 g (0.19 nol) TiCl3-AA in 19509 THE sol ution were used. No

addi ti onal

AT i g0l Vb Ay Iak dERmg Rt Chre yRond IS B0 F ofRAERE |V
chal ky whi tr@I@&ﬂmﬂwlmhcdtSnﬁ@C Am’alyells a@dlmmolnTuﬁ Ko ngnol ddgie 1486 %6 STHE,ca,
e Lo g B ! et U Y S BRI o
hours over sartify siliva pdfich sideqge Bggloveptiond sol i d mass of precursor was forned

which rotated at the speed of the helical stirrer around which it was
pl astered. The solid nmass of precursor did not flowfreely fromthe vessel

and whi ch (Pgﬂ;_aﬁlngﬁgfd,tﬁ&gﬁoﬁ%&)pregmsrepI i cated the shape of the vessel wall

and the stirrer Preparation of an ethanol -nodified 5:1 M/ Ti
Precursor (O. 25 [Qﬁhnl Tl‘ﬁ Faghe pBRpduTtreassabore s wee e neke diss othbbetbiarmbomodifivds

St irrod at Pt R Aty ol st eibalRh PE@?%%@%‘@&W&??Q A Bt B8 o

My/ g THE. Apﬁfobﬂz}tcl%[?i:@aﬁﬂuﬁdry3q(1ﬂgﬂh mZBJmﬂlBﬂTﬁ§pﬂeU@§orB/Eﬁb3 1 ahds: 1 ROMR:
g of 200 proof ethanol %1 95 nol was t hen added. A clear 5

1:
sol uti o wddio gRéradt e Tih 08 anmpl E’J&Href’@s?fﬁll '} BOESMS Tetion direshaflewipgepon-
ni ght. [94], g%lﬁ%@ra@b &%éﬁ@*f&t%ﬁaﬁé&ﬂ%ﬁ&?&no' nodi fied MgCLl2 solution (-0.6

M was cha the 4 1iter mx ta [1owed by 39 g (0.19 nol)
al um num reduced Ti C13 (Ti C13- AA), followed by an additional 440 g (211

mmol ) Md 2;, sol t| 9 cil'he [een s %Ro"*ﬁoﬁ‘ﬁﬁ%ﬂﬂﬁ{&m and i nspected

for precipi 'ncu F-sorutrot—rnen 30 was added

487 g of the pa%%]Vaﬂﬁﬂng&ﬁ@hE%xVh@ﬂﬁ DRl caftfit plebingdr (dARENAINED 24 Wikl Was
stirred at 55C for one h . acket tenperature was increased to 90C
. and 5" 18f VigulRy w0l Mgl 1b& Aﬂ?H‘L)sHTQHﬂF%Q a&e@g@ Wag Eepsfesied fo eyt Btepinds vegsels®

nitrogen s k g g .
PCTI US200 371\%%&? é%%gg%g gt &2 YenfgoPiBY THAPNEYER0Ea 1960 20944201 fo form & freely
flowing shury. Then was charged 837 ml (325 mmol, 0.45 mmol /mmol THF) of 10%
diethylaluminum chloride (DEAC) in isopentane, The freely-flowing tan slurry was stirred for

30 minutes, and 423 m! (145 mmol, 0.20 mmol / mmol THF) of 20% tri-n-hexyl aluminum

20  (TNHAL) in isopentane was added. The dark brown slurry was stirred for 30 minutes, and was

then dried at 70°C jacket temperature with 5 psi nitrogen purge for two hours. 500g of freely-

i flowing tan catalyst was recovered. Analysis: 0.55 mmol Alg; 0.20 mmol Ti/g; 0.87 mmol
Mg/g; 3.2 mmol chloride/g.

_ [97] Other supported catalyst precursors were analogously reduced with the

L 25  appropriate amount of reducing agents to give 0.45 DEAC/THF and 0.20 TNHAL/THF ratios.

All were freely-flowing dark brown powders.

_ | Ethylene Polymerization Process in a Slurry Reactor

I_ [98] Each laboratory scale polymerization irial was conducted as follows. To 500 ml
| 30 of hexane in a 1 liter slurry polymerization autoclave were added 1.25 mmeol of
triethylaluminum ((C,H;);Al) under nitrogen, followed by a mineral oil slury of catalyst

precursor containing from 0.0075 mmol to 0.030 mmol of Ti as indicated. Higher activity



precursor catal yst was di scharged. There was no solid residue on the walls,
and only mnimal residue on the helical stirrer. Analysis: 0.26 imoly dl'mﬂgzg%

1.19 mmol My/g, 11.35 % THF, 2.63% ethanol. Particle size distribution
(Mal vern 26QQy, , entially unchanged fromthe starti artlcle
size (no aggl%rrera?"lgzzz) 5 Preparation of other rmdlfledPg‘&é@éoé@ﬁg(P[%] The

sane procedures as above were used to nake the other ethanol -nodified
precursors used bel ow, except that the am)unts of al cohol, Myd 2, and
Ti d 3- AA were adjusted appropriately. 2 repared were 3:1 I\/g/Tl, 0. 25 nmol
Ti/ g precursors at 0 5 1 and 1:1 RO-VIVg fo ratio, and 3:1 I\/g/Tl, 0. 49 nmmol
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| liter sfufry pol yndki zat 0@ dut @¢| qvediler e ad@ded 1. 25 dnoll &b 0.36
triethylal ufn hum ( (JCZH5) BADPR6undeBO nift r gigen,| f oR#ewed (byl.4 m 38r al 0387

slurry of &adn@hit exaRFIQGUR 8 DE/(nE@Dtaiut-1RGoohd 04)) Hin Q OF/y dalld-nit modi B0 ol of
Ti as indicated. H gher activity 30NOV2006 WD 2004/007572

e Uﬁ;OOB/ 024 89 6 ’lzaglel demonstrates that supported catalysts of Examples 2-3 and 5-6 have

at4 o ted? ad f#H0Dows. THOB00

higher activity on a per-Ti basis and per g-catalyst basis than comparative Example A.
Moreover, supported catalysts of Examples 2-6 do not result in a significant drop in resin bulk
density despite the higher catalyst productivity.

[100] Slurry polymerization reactions were also performed using reduced supported

15  catalysts. These reduced supported catalysts also have higher activity than the comparative
catalyst without a significant drop in bulk density.
Table I
Bulk
i . Ti Ti .. . b M, .
Run | Mg:Ti | ROH:Mg mmollg | (umol) Activity" | Productivity de/min MFR De;;}ty,
T* 3 0 0.20 29 3000 600 0.75 28 0.398
g 3 0.5 0.23 9 4000 900 1.3 28 0.383
9 3 1 0.33 33 3300 1100 0.7 27 041
10 5 0.5 0.19 8.2 5350 1000 1.1 26 0.373
Il 5 1 0.20 1.9 5150 1000 1.2 28 0.388
*Comparative example; a: in g PE/(mmol titanjum-hr-100psi Cy); b: in g PE/(g catalyst-hr-100psi Cp)
20 [101] The data of Table IT demonstrates the relationship between partial activation in

the mix tank and subsequent catalyst activity of the control catalyst and resin bulk density. As
a result of partial activation with DEAC/TNHAL, catalyst activity of the control catalyst is

decreased when compared to results with the corresponding control precursor. The partially



catal ysts were run at a |lower charge to nmaintain contrqol over the
pol yneri zation, and other catalysts were run at the sane catal yst char
where feasible. The reactor was pressurized to 40 psig with hydroger% qu@ 2006
then further pressurized to a total of 200 psig with ethylene. The
pol yneri zat WO dnduct ed at a tenperature of 85C forpdwbszommaivesr .
Results for these 5 slurry polynerizations are recorded in Table | al ong
with the results for Conparative Exanple 1. Table | ROWNWTI Ti a Prod M
Bulk Run My/Ti My mmollg (mol) Activity Productivityb Mdg/mn MFR Density,
g/cc 1* 3 0 0.25 29 6180 1550 0.5 31 3836 2 3 0.5 0.28 29 6700 1900 0.8 26
0.325 3 3 1 0.28 31 7000 1950 1 27 0.354 4 3 1 0.42 39 5000 2100 0.6 29
0.332 5 #&ti9atsd Gr2Brs@fs GTHHO ARG iivadBioR) sBIB oby Fhisl rélatRMsRP. %@%a?aﬂ;%% élscf‘ 28
ve exanpl e; (mrol titani um hr-2100ps b:

0.337 *: at
oo b (BB et foger acSBialyeh DR A B RIS oA Renell, &
suppor t edcé%éfli!sﬁ'ﬁ/ﬂ{ ?mglf phiX Issdcaw% aﬁtﬂ géo@ rEt?ﬂ%uub'dgﬁkﬂgxé‘a&t Péf ' k}’a}&@/m Cover

per-Ti basis and g-ca basi s than conparative
supportedméi@#%ﬂl%/@ﬁéoaéﬂlglﬁfbﬁﬁbll‘éscha@iwlﬁmnsmfsmgm n a significant drop in
resin pulls density despite the higher catalyst productivity. [100] Slurry
pol yneri zation reactions were al so perfornmed using reduced supported 15

cat al yst sEthykesRolymetirtidn Prpparia aFhidBad Redctoral so have hi gher activity than

t he corrpar ativy tal yst w.thaqut significant drop in bulk density. Table
|l Bul k r\@mﬂ. w ﬂlﬁdmagﬁ ofl rpaqiony, ﬁwpqrﬁai&ue@uwtedyme@gsom of MFR

Density, Tﬂ:ﬁe ﬁ*w&eqls@d 30 239 pRALGIBPBed HioR9 SAn 8- 900
1.3 28°0.383 9 3 1 0.33 g%spssoo 1100 BZ@ﬁzgﬁz %wﬁ? Ali% é lgg% gh%g ﬂ% ‘@%&
1000 1.1 teacter, QimcthuvcslumeGOimhrc_hns Bpable 00palyhedzie8ofiB8& a rate of 5-7 Ib/hr at

10 300 psi pressure was used. A 5 Ib startup bed of nominally identical nature as the resin to be

produced was employed. Triethyl aluminum was fed through a separate feed line to give a
40:1 AL:Ti ratio in the reactor. The reaction temperature was 88°C; 1-hexene and hydrogen

were also fed into the reactor in amounts indicated in Table III to control polymer density and

molecular weight..
15 Table 11 '
Example | Mg/Ti |ROH/Mg| C; Partial Ci/C, | By/C, |Residence | Productivity, MI, |Density,

Pressure, psi Time,lvs | DbPEA T | dg/min glee

12#* 3 0 95 0.15 0.22 4 225,000 0.6 0.918

13 3 0.5 95 0.17 0.22 34 710,060 1.8 0.917

14 5 0.5 95 0.15 0.22 ND (a) > 1,500,000 ND ND

15 5 0.5 85 0.15 0.3 2.9 1,000,000 2.5 0.917

16 5 0.5 85 0.16 0.68 3.1 320,000 20 0918

17# 3 0 85 0.16 0.68 ND (b) < 100,000 ND ND

*Comparative Bxample; ND == not determined
(a) too active for process conditions; (b) not sufficiently active for process conditions.

[103] The results in Table III show that the catalysts are readily able to make polymers

for which the catalyst of the prior art were not sufficiently active to main a sufficient

20 production rate, or gave too low a resin particle size due to the low catalyst activity. For

example, the comparative catalysts of Examples 12 and 17 have productivity values of 225,000

and <100,000 1b polyethylene/Ib Ti. On the other hand, each of the catalysts of Examples 13 —

16 have catalyst productivities of 320,000 1b polyethylene/lb Ti or higher. In fact, while the

comparafive catalysts are not active enough, the catalyst of Example 14 is too active for the

25  employed ethylene partial pressure. The data also demonstrate that these catalysts are able to
make a film-grade polymer at lower ethylene partial pressure than the catalyst of the prior art.

[104] While the invention hag been described with a limited mumber of embodiments,

these specific embodiments are not intended to limit the scope of the invention as otherwise



*Conparative exanple; a: in g PE/(mol titaniumhr-100psi C2); b: in g PE/ (g
catal yst-hr-100psi C2) 20 [101] The data of Table Il denpbnstrates the

rel ati onshi p between partial activation in the mx tank and subsequ%rﬂeNU“OUﬁ-
catal yst activity of the control catalyst and resin bulk density. As

result of p [ vation wth DEAC/ TNHAL, catal yst a e
control cat 2??5’?64{02%%ecreased when conpared to results (i).td[Tﬁds%%og%wBJ]
correspondi ng control precursor. The partially 3 0 NOV 2006 WO 2004/ 007572
PCT/ US2003/ 021906 -27- activated precursors of the current invention still
obey this relationship. The catalysts algo show higher activity on a per
g-cat al yst basis than conparative Exarrpl e 7. Additionally, a catalyst with

hi gh per-p c | bqu densi t can obt.ai.ned by
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fluid bed reactor, the (g_art I al l%aﬂct | vat precursors of Table Il were used

i n gas phaGiARee, PRe G R4T5| HHRRTIGAPY Biescaiyit sl AP IE SPIBHASE SopyaitigRtiand
reactor of gagﬂsrslmev@éraﬂanmt & WMab&Rod that BRARLE:f ;RﬂAblvxﬁ(éP%h&d B9cabalh

a rate of | b/ hr at 10 300 psi pressure was used b startup be of
nom nal §y Végnior esimple: irtemperatiie pressire, mendseer cpn@m;r@m \pahm@rrpbmppewatlon,

Tri et hyl t 1 Al:
ratio in th@%ﬁﬁ P%%gmtrere]‘%ggs |gon r%t gart%l%ggv ﬁ%@}rgl asﬁ%mon
hydr ogen weueﬁaﬁdaa@ oh&detldf&@acﬁb@cﬁrﬁi&%@ﬁnaymeaﬁﬂumww ﬁ@lddqateﬁﬂ;odmwiﬁalﬂf@hd Il
to control ol%/ ensr ty an%? npl ecu‘iﬁgr weight.. 15 Table I1]1

My/ Ti | ROMREIBIm 1 5 peaseqipm eondiiens e qﬂrqfdlaf‘c%mbﬂderp@ntwe d@@ﬁéfrdt y,
Pressure, R%h rdie | r

225,000 0.6 0. 91%6%1% s Ocdifaci B n'Biclsbr s thSke SR pylh bRl o0
0.15 0102 mprq aytalysts s5owtameonsNDIND smge Se:ptcs @Eh GimibarOor3diffegent caﬁa@lmaoxz. 5

0,07 130 SRt St AR e '

active for cpilpte sy alsodndlndnsidit{ved oﬂahersmédlﬁemem bthepetboBmEms, (e 89R6Sed

condi tions.
catalysts do not include, or are substantially free of, any compounds not etmmerated herein.

Moreover, variations and modifications therefrom exist. It should be recognized that the

15  process described herein may be used to make polymers which also incorporate one or more
additional comonomers. The incorporation of additional comonomers may result in beneficial
properties which are not available to homopolymers or copolymers. While the processes are
described as comprising one or more steps, it should be understood that these steps may be
practiced in any order or sequence unless otherwise indicated. These steps may be combmed

20 or separated. Finally, any number disclosed herein should be construed to mean approximate,
regardless of whether the word “about” or “approximate” is used in describing the number.
Last but not the least, the claimed supported catalysts are not limited to the processes described
herein. They can be prepared by any suitable process. The appended claims intend to cover all
such variations and modifications as falling within the scope of the invention.

25



[103] The results in Table Il show that the catalysts are readily able to
make polyners. for which the catalyst of the prior art were not sufficiently
active to main a sufficient 20 product icgg rate, or gave too |low a r 9iNGV 2006
particle size due to the |ow catatyst acfivity. For exanple, the conparative
catal ysts of Exanples 12 and 17 have productivity values of 225,000 and
<100, 000 I b polyethylene/lb Ti. On the other hand, each of the catal ysts of
: -Exanpl es 131: 16Ahapmredeathlysticopiposhicd, owinpiiasy b ré32Bor0f8dkd opol yet hyl ene/ | b
- Ti or higher. In }f %%tamwg@(Igu the ~comparative catalysts are pot active
enough, the catafySt oF BRANpIa "TAPP P FEEREFRE & 1926H0R RIS O hp| oy ed

et hyl ene partial pres$usmagitsimaballenl so denonstrate that these catal ysts

Than the catalyst of Db carad eetpkEies Bt BHE oS bk BRGuAe e aREHf °

described with a linmited miiphaic af aenfatic carboryliz atitig sthesp end dliphetritedetiesent s

are not intended to It d.he. seon : i i OR- therwise.3 E>-N u V
2006 VIO 2004/ 007572 Tk (R ”5137‘5‘5%‘%%93}%@_“59%‘3%%# Aol O Lo Bt |
“Modi fication and vari at i ofsomatigplochel hiune betwsen &and2f ebematomxi sad  For

exanpl e, various ot hegy) 2¢dhdifiotSen HmRRHWhslCmb ehalifon x?s'asﬁrdagsuﬁﬁd to
further enhance one or m)r% properties of the catalyst and catalys :
precursor conpositions an® herefrom 1t is understood that
r‘pﬁr aneters of pad)yapbloafineBRuponcesses may 5 vary, for exanple, in
wt@nperature, pressure, nononer goncentration, polyner concentration,

hydr ogen parti al®pf 8RSt SoraPasHiogn Therefore, catalysts which do not
fulfill the sel eghdrsin thetsirphortc datdlysitomposiioets sObstdn@any fredlofadtiioh idomsy may

nevert hel ess _be used in enpodi ment.s of..the jnventi nder anot her. set of
reaction co%"&?ﬁ“i“a%s". F\f\%ﬁ“ R COPPIYRA BWB%W&E@%@?&VF’S@W Qﬁ?}t"
- reference tvingsictwges 1catd ab yartbon it yndeheremike prlkc tatides theredcctor dofort wo,

three, four i -1 a‘P Qj‘ .yl taneously in a single reactor
With siml a?a%ﬁg?P%%é%ggé%aegl I %%1%%!;[ ecul ar wei ght and/ or conononer
incorporatign. In s nbodi ments the supported, catal ysts may al so i ncl ude
addi tives o ot H%F‘eﬁi?”gi°$P’éF’§$alsHPm@Fat@ GATRBHEE, P jported catalysts
do not include, #)rfoakiesibghafibhabhiidiieRifon conjigePa4oEs feducestiner at ed
herein. Mreover, variations.an di fications therefromexist. It should
be recogni zed that tKe #37456EE8 scribed herein may be used to nake

pol ymers whi ch al so iipcersplesitseidabienlrzelzomee fromdte toap abnataring od albplesteihed

i ncorporation of additi . 0, esul t .l i1Cis oparties
“which are not availabl & %ﬂ?&%@%&%%?gﬁ%ﬂggﬁ%me%%s.Qge\%lgﬁhgh?#em%r%’o%gsses
are described as cofipr aselegirandonsr compand cepyrising 2 Sneatica bivackyiodiphatisod t hat
t)1ese steps may be pragihagd: dﬁﬁﬁﬁb)ﬁx%rﬂéﬁ&eaﬂﬁ 258 85 8660 highRSS ot herw se

I ne

¢
"Tndi cated. These_st egs .may be co L . .
: b) conmcting the magnesium~-containing solution with a trapsition metal compound

wherein the transition rustal a Groups 3-10 or Lamhanide element to form a catalyst
precursor composition, wherein the catalyst composition is substantially free of electron

donor compounds other than those compdsing a Haear or branched aliphatic or aromatic
“aleohol having between 1 and 25 carbon atoms, and wherei the ratio of the electron donor
compotnd to magnesium in the catalyst composition is less thau or equal 1o 1.9;

¢} contacting the dissolved catalyst precursor composition with a porous inert
support to form a resultant mixture; _

d) drying the resultant mixture to form a supported catalyst precursor coraposition;

and




20 or separated. Finally, any nunber disclosed herein should be construed to
mean approxi mate, regardless of whether the word "about" or " appro%@%?m%
is . used in describing the nunber. Last but not the |least, the claing )
supported catalysts are not linmted to tHB8 processes described herein. They
can be prepared by any suitable process. The appended clains intend to cover
all such variations and nodifications as falling within the scope of the

i nvention. 25 3 6.1, p ed catalyst conpositi.Qn, co i sing
the reaction pr og)gcul:@{‘(l)%gl ) B8 grgfpgﬁg@tt%%aﬁ%cﬁrg%gm%o% 110N conpr icgcig‘%r[ &
reacti on preggpeesigf. ) a nmagnesium halide; ii) a solvent said sol vent

sel ected fromthe group consisting of alkyl esters of aliphatic and -
aromati c carnboxy laleied SSmaldhd' & polynRf doRbHiAR kSt RAGSIne Polyolef@nlafich rON
donor conpoyng co r|S|ng a lrpear, or branched al,iphatic of ‘aromgtic -

al cohol havith® BERRIE AT & Supparieteatalysh gmRAsHios comRHsing g joagtion AR PEN et al
conpound wher ei na} AenighadthideaRinie salutinfi camiidada Radifhn @bduetst: hani de

el enent; and ~: b) .ﬁdé)orous. i eaéj.tg support; n" c) a cocatalyst conposition -
wherei n the suppor PAFFB 8% posi tion is substantially free of electron
donor conpounds otifyes séliaan shidosveno sgisdtai frgmatht ighepr contisitnof Bikgl edterpbit i C
or aromatic al cohol ayin etween 1,and.25.carbon at o ngd wherei,n the
nolar ratio of the elgei }4?1 Hgonor: c&a?ﬁ%ﬂﬁcfnfu%’ﬁﬂéﬁ&%%gcEeetg%esﬁ{g‘n or
equal to 1.9. 2. Aiijetrhelictoin derdarmgmposnd pomprising atlieys or bramplasi slipkatic or
“0nprising, a) forni i Lni |k nprising a reaction
“Ht'oduct of i) a rrag%gl?%m gqu‘l%%e | @e@&%&?ﬁc&?@ sg#Vent selected from
the group consi sti fif} otrawsdtion mesl eomparid vicrqih she Tarsivignanetaipg Grompsrbbkpt i ¢
acids, ethers, and aly Iaﬁh{dgeh%;eg?es; and iii) an electron donor conpound
conprising a linear or branched al'i phatic or aromatic al cohol having
between | and 25b}c&FBWAtE§rF§PPQ§$ ntacti ng the magnesi um cont ai ni ng
solution Wi th a §rarséddipn chBbiticeonpound wherein the transition netal a

G oups 3-10 or Lanthanide el enent to form a, catalyst recursor conpqgsition,
wher ei n thewg‘ﬁ’ie’i’l TRENCERIFSR TR FOEIOR, 1hE FanRton P ngcf E’I“i’c??’f’ﬁ'l’?r&)’ onor
conpounds ofdisya dabudyit blROEEor@ePLHiifidEhdahd suppadiedaiiabisbsuaimditioh ipdwaitbnially

aromati c free of gleciron donor compounds other than those comprising a linear ot branched aliphatic
or aromatic alcoho} having between 1 and 25 carbon atorms wherein the moler ratio of the

electron donor compound to megnesium s less than or equal to 1.9.




al cohol having between 1 and 25 carbon atonms, and wherein the ratio of the .
el ectron donor conmpound to magnesiumin the catal yst conposition is Im 008
than or equal to 1.9; c) contacting the dissolved catal yst precursor?JB
conposition with a porous inert -support to iorma resultant m xture; d)
drying the resultant m xture to forma suppf) ted catal yst precursor
conposition; and 3-0-NOV -2006 - ~a e) activating the supported catal yst
precursor conposition with a cocalatyst conposition. 3. A method of making
a polynmer, conprising reacting at | east one polyolefin nonomer -in the
presence of a suppckted 4 atpyoytsd camlypiomkiirsn comppsiticd, P9mpriting thé esofisroduct
of ., a) a nagnesi Ung: & L gk ni-ng sol ution conprising a reaction product of- i)
a magnesium halide;”" 11) a solvent said solvent selected fromthe group

consi sting of alkyl est @} ssGhalysspregimacy congnsition eomtiisingeaedion praingixifds,
ethers, and aliphatic ketoneg, et Hafla£! €ctron donor conpound
conprising a linear or branc?eﬁg??%ﬁg%li c of aromatic al cohol havi ng _
between | and 25 carbon at on#} 3spjvent wichsedvent eleoladifaom thergroumepnaisiraoh t he
transition metal a G oups 3-10 orafaadit-Rast SnehE RN iromblic 8arBeyRieSicidier t
support; and c) a cocatalyst conpositi gn,v\,he,r i n magnesi um cont ai ni ng
solution, the transition metal coRpEdaliphetic K¥PRS5upport form a cat al yst |
prgcurso_r lcf)fTDOfSi ti Onf anfi t hii)Sup pRéfked dbﬁbﬂlcgﬁipoﬁmmﬂ_h ﬁiﬁﬁiaiﬂghhslinear or
substantially ree of electron nor, _coppounds ot her 0S onpri si ng
a tipear or branched aliphatic o %@8&3%%5953’??3?3 ﬁé’@ﬁ“ﬁ@ %%?‘?ﬁg‘%eﬁw.g‘)’and 25
carhbn atons wherein the nolar rat ewl2f cattos ateghspetd on donor conpound to
magnesi umis |l ess than or eqyal, 4.Q.dk %j - : Kted
catal yst precursor conpositio ,a corr%“r”?:snle%glzjg? réac%%%%ﬂéﬁag%ﬁ&%%} Esa) a
catal yst' precursor conposition cohfgravginly o leatenilonlepenidart of - i) a
magnesi um hal i de; b) a porous inert suppost;

wherein the supported catalyst composition is substantiaily free of elecitron

donor compounds other than those comprising a linear or branched aliphatic or -
aromatic alcohiol having between 1 and 25 carbon atoms and wherein the
molar ratio of the electron donor compound to magnesium is less than or equal

10 1.9.

5. The composition of claim 4, wherein the transition metal compornd

follows the formula: | |
:f) TiER)Hn ~

wherein

R is R’ or COR’ wheze R is a C; to Cy4 aliphatic or aromatic .
hydrocarbon radical, X is selected from Cl, Br, I, or mixiures thersof, ais 0 or

1, bizs 2 tp 4 inclusive, and a+b=3 or 4.
' ]

6. The composition of claim 4, wherein the eleciron donor compound is
selected from the group consisting of methanol, ethanol, propanct,
isopropauol, butanol, Z-ethyl hexanol, 1-dodecancl, cyclohexanol, and t-butyl

- phenol.

[ v L el L



i) a solvent said solvent selected fromthe group consisting of

esters of aliphatic and aromatic carboxylic agids, ethers, and ali @&Nﬂ‘tmﬁ
ketones; iii) an electron donor conpound conprising a li near or branched

al i phatic or aromatic al cohol hawi ng between ~) 1 and 25 carbon atons; and
iv) a transition rretal conpound wherein the transition netal is a Goup
3-10 or "Lant hani de efemenfhe gerapasition qisilaimst wherein dg ot estematedradipheticramd
supported catal yst ceR@sk thdxif mm&w&awﬁﬁ @Bu;?l:&sté’u of $RARN
corrpounds ot her than thos npri si ng | i near or bra atic or
aromatic al cohol havFet Mé‘ﬁ"’ﬁ"e’ﬁﬂﬁl E’B’P@?tﬁdﬁe%i’l&!ﬁp‘% R g‘?ﬂ?"?tﬁsémdrml ar
ratio of the el ectromrﬂmaﬁtoneﬂm\ﬂ,nd to magnesiumis |less than or equal to
1.9. 5. The conposition of claim4, wherein the transition netal conmpound
follows the formula:gTi ( | R to
Cl4 aliphatic or ar o?rat [ ?M%Po r%gég{o odrlll ra .%cgf‘ﬁg‘% 'S seeg;%%ég 1$rtf?)‘?n§’I %

or mxtures thereof , ¥&%W sconméﬁmg of digthyd epherodissoprapyl thee  andndi-meyB efier, 4. 1

6. The conposition oOfmghs@biud etﬁé}%ﬂéﬂﬂriﬁm e%&a%%e glaﬁﬂn&ﬁe&@fﬂ?f? 1 efher,

selected fromthe group consi sting of nmethanol anol pr opano
i sopr opanol , but anol *& yéif‘ﬂwmh%?? ?‘Iihﬁﬂ]&fé‘@&nw RPER oS £ and
t-bu phenol R 3 30NOV2006 7. The conposi tion of

cl ai' m¥ wherein t he 2l kyIMﬂamsﬁbnafc]phm#md:emﬁdth&Mmselactbabfxybi'n teaci ds
€l ected from t h 0% éi | Sk ”chgé = JotffIC ﬁ%@n r%ﬂch?)faﬂ)&é €,
i benzc?at I 'on

et hyl propionate, at e, K
t her eof . 7 u}ra openty]meﬂ'xyl ketone, 3- mmu—ti—heptanbne, 2—ch10r0¢yclo-pemanone,

allylmethyl ketone, and combinations theteof.

10.  The composition of clxim 4, wherein the composition furiber includes
a second solvent selected from the group punsisﬁng of atkyl esters of aliphatic
and aromatic carboxylc acids, aliphatic ethers, cyclic ethers, and a¥iphatic
ketones. |

1l. . The oomposition of claim 4, wherein the supported catalyst
coraposition comprises a composition of the formula
[Mg(ROH), ] TiI(ORYMGSTq

whersin

ROH comprises a linear or branched alcohol having betwsen one and
25 carbon atoms, R.is Y or COR’ wherein each R’ is individually an aliphatic
hydrocarbon radical having between one and 14 carbon atoms or &n aromatic
hydrocarbon radical having between one and 14 carbon atoms, X is
individually CI, Br, or I, 8 is a compound selected from the group consisting
of alkyl esters, aliphatic ethers, cyclic ethets, and aliphatic ketones, m ranges
from 0.5 tn 56, n is 0, 1, or 2, p ranges from 4 to 116, q ranges f'mmlto'ss,
and r ranges from 0.1 t0 1.5. |

12.  The composition of claim 4, further including a reaction product of a
Lewis acid with the composition.



8. The conposition of claim4 wherein the ethers are selected fromthe

group consisting of diethyl ether, diisopnpyl ether, and di-n.-butyl Il\mrlﬂﬁﬁ
et hyl i sopropyl other, methyl butyl ether, nethylallyl ether, ethyl viﬁ@l

et her, tetrahydrofuran, 2-nethyl tetrahydrofuran, and conbi nations thereof.
9. The conposition of claim4 wherein the RB8tones are selected fromthe -
group consi sting of acetone, nethyl ethyl ketone, cycl ohexanone, :

oycl openty] net hyi ketone, 3-bmmmop- -heptanone, 2-chl orocycl o-pentanone,

al I yhnet hyl ketone, and_conbi nations thereof 10. The conposition of claim4,
wherei n the conposicti orfie srrRasitiom ef glais 4, whereinothel taest suppprtdwk ectuelded r om t he
group consi sting Gfeardfligydate BaBlod e@fal & 3 RARIfetera Pt pedr@MaL | ¢ carboxylic
acids, aliphatic ethers, cyclic ethers, and aliphatic ketones. 11. The"

conposi tion of cl aji,m 4, rein.the. suoport.ed.catal yst . osi.tion

conpri ses a corrpoglfzti_orflrh g?g‘%’?‘és‘?&ﬁ%@%’gp’?%’%@?% ‘r’n%%&-t\}%% PIEP " her ei n
RO13 conprises a |tianwkrsizgrofdrta@éhpat. al cohol havi ng bet ween one and 25
carbon atons, P. is R or COR wherein each R is individually an aliphatic

hydr ocar bon radi cals. haw sigpheidRefeatneiioddnfRRen atons or ‘an aromatic
hydr ocar bon radi cal having het weg? one and 14 c ons, X is

tbon at
individual ly O, Br, or |, & A" XHREEHTH coupe oé'dmf"%ofrﬁ”?'he group.
consisting of alkyl esters, aliPhati<mesdesinshalige;l i c et hers, and aliphatic
ketones, mranges fromO0.5 to 58, n j - 20r from4 to 116,
g.ranges from2 to 85, andr rauges ??%?n@ﬁ%?ﬂdtsg.l%#bgﬁ%gwﬁﬁg tg‘grgrﬁ%uﬁ tion of
cl-a;{f)m 4, Rather including aconsitng ofialsyloehtars oDéalipkatit and sroxwiid caibokyliche
cofrposition. 3 0 NOV 2006 ?cids,gﬁeégmdgpﬁhﬁﬁ'ﬁgﬂﬂs“ on of claim4, wherein

the inert support has a surface  area o reater than or equal to 3 square
nmeters per gram 14. The conposii} on Zfelecign dener copaowid compeising 33#&8%t i on has

an average particle size Ofythakdhed BibHARR orlRomMicsdIHO! LG CIRiaEST and
conposition, made from =

25 carbon atoms ; and _
iv) a firansition metal compound whersin the
transition metal is a Group 3-10 or Lanthanide element; and
k) a porous inert support; and
: c) | a vocatalyst composition’
wherein the supported catalyst composition is substaniially free of
- electron donor compounds other then those comprising a linear or branched
aliphatic or aromatic alcohol having betwearn 1 and 25 carbon atoms and
wherein the molar ratio of the electron donor compound to Teagnesium is less
than or equal to 1.9.

n_J



a) a catalyst precursor conposition nmade from i) a nmagnesiumhalide; ii) a
sol vent said solvent selected fromthe group | consisting of al kyl esters
of “aliphatic and aromatic carboxylic acids, ethers, and aliphatic keﬁcgrrm;z[]@fj
iii) an el ectron donor- conpound conprising a linear or branched aliphatic
or aromatic al cohol having between 1 aHi 25 carbon atons; and iv) a
transition netal conpound wherein the transition netal is a Goup 3-10 or
Lant hani de el enent; and b) a porous inert support; and c) a cocatalyst
conposition wherein the supported catal yst conposition is substantially free
of electron nor .conpoynds ot her than those conprisin | i near or
branched al i gﬁ'atié“rﬂ‘%m'ﬁf?fdrﬂ%”a?“@mﬁg CHl ﬁh‘ifﬁﬂ’g?"ﬂ@%ﬁl S4P:25 carbon at ons
and wherein the nol ar s)atérming » nbgnesitedontimisoaditonemiefith:t 0 magnesi umi s
|l ess than or equal to I.$Q. 6 1 6. A nmethod of making a .
supported catal yst conpos?’tﬁrg?&eén%@%g&bm a) form ng a magnesi um cont ai ni ng
solution made from i) &) negpelesnimidralvedseleciel fmmsthé gemp cowsigingol vent
selected fromthe group c k5t L : I 1o Ut Jie and
aromati c carboxylic aci ds,gpﬁigﬁwr S, og‘nﬁaaw%t%ogﬁ%g?{)nes%ﬁgﬁé hs|§i i) an
el ectron donor conpound c8®pwi giedipbatickatenss:e#d branched al i phatic or .
aromati c al cohol having szt \meelpdmaatﬁm;%oﬁ@aﬁmc@&@?ﬁg B) 1sRPt@ACt i ng the

nmet a

magnesi um contai ni ng sol ufi on]_fgl%_h a_ transition . conmpound wherein the
transition netal a G oupS8™%¢ fphticer sppgic aloebrl iaving bdwestal cat al yst

precursor conposition, whesEideshthm gkl yst conposition is substantially

free of electron donor .Go unds gt her than -thase conprising a |inear or
branched ali phatic or ahﬁo%??cgng fho' Segnesium-conlatiing ~ solufion with

frangition metal compound whersin the transition metal a
Groups 3-10 or Lanthanide element fo form a catalyst
precursor compogition, wherein the catalyst composition is
substantially fiee of eleciron donor compounds other than
those comprising a Hnear or branched aliphatic or aromatic
" pleohol baving between I and 25 cerbon atorns, and

wherein the ratio of the electron donor compound to
mapgnesium in the .catalyst compogition is less than or equal
o 1.9; '

o) contacting the dissolved catalyst precursor composition

 with a porous fnext suppori: to form a resultant mixture;

d) drying the resuliznt mixture to form a supported catalyst

precursor cormposition; and | _

] activating the supported catalyst precurser composition

with & cocatalyst composition.




al cohol having between | and 25 carbon atons, and wherein the ratio of the
el ectron donor conpound to magnesiumin the catalyst conposition is |less _
than or equal to 1.9; o) contacting the dissolved catalyst precursoz{];\m 2006
conposition wth a porous inert support to forma resultant m xture;

drying the resultant mXxture to forma supported catal yst precursor
conposition; and e) activating the supported catal yst precursor conposition

. -wWith a cocatal yst composition. 30NOv2d06 17. A method of making a pol yner,

made fromreacting at | east one polyolefin nmononer in the presence of a
supported catal yst conposition said catalyst conposition made froma
reacti on product of; a) a magnesium containing solution conprising a-
reaction .product of i) a magnesiumhalide; ii) a solvent said solvent
selected fromthe group consisting of alkyl esters of aliphatic and
aromati ¢ car bidxyl ik medhcdsof ebkisg st palpoier |k ok réaﬁﬁﬂg\es 1eaajnﬁhsi ii) an

el ectron don in r c ic or
aromatic al cg{%ﬁwf@\%ng e{ﬂ)véﬂeeﬁh\g&n : %%Earbe?i cagg;{asPc mpuﬁ} adtran5| tion

met al conpourf@ialifsesemnesitinn mage fawi ¢ teoationgreduwetofGet ups 3- 10 or Lant hani de
el enent; b) a porous ipggrt §m%ﬁmmmg§s@ug&p@gﬁﬁryﬂ scohpasi tion wherein

magnesi um cont ai ni ng sol uti on the transitron netal corrpound and inert
support forma catal yst rﬂ"é@& r conposition and the supported catal yst

conposition is substantiallg frq;,em@%wgbﬁq{ahw donor corrpounds ot her than-

those conprising a linear Qr branched al.i tic,o oma i ¢ al cohol having
between r | and 25 carbon @t G s B’%?%EF HHNE el ectron
donor consisting of alkyl esters of alxphai:c and

aromatic carboxylic acids, ethers, and aliphatic
ketones; and |
iii})  an electron donor compound comprising & linear
or branched aliphatic or aromatic alcohol having between 1 and
25 carbon atoms; '
ivy a transition metal compound wherein the
transition metal 2 Groups 3-10 or Lanthanide element;
b) aporous inert support; and -
¢) a cocatalyst composition
wherein magnesium-containing solution, the transition metal compound, and
inert support form a catalyst Precursor composition and the supported catalyst
composition is snbstantially free of electron donor corpounds other than those
comprising a linear or branched aliphatic or aromatic alcohol having between
1 and 25 carbon atoms wherein the molax ratio of the electron donor
compound to magnesium is less than or equal to 1.9.




conpound to magnesiumis |less than or equal to. 1:9. 30NOV2OO6 18. A
supported catal yst precursor conposition, made fromthe reaction producﬁ of
a) a catalyst precursor conposition nade froma reaction product Qf3iﬂ) @,2005

magnesi umhalide; ii) a solvent said solvent selected fromthe group
consi sting of alkyl esters of aliphatic and aromatic carboxylic acids,
ethers, and aliphatic ketones; iii) an electron donor conpound conprising a

| inear or branched aliphatic or aromatic™al cohol . havi ng between I and 25
carbon atons; and iv) a transition nmetal conpound wherein the transition
metal is it Goup 3-10 or Lanthanide elenent; and b) a porous inert support;
wherein the supported catal yst conposition is substantially free of el ectron
donor conpounds ot her than those conprising a |inear or branched aliphatic -
or aromatic alcohgl having between 1 and 25 carbon atons and wherein the
mol ar ratio of the%el eet PEROHEh SRS RISRUFET COMAREHANs made fom dhesreapiion or

equal to 1.9 product of .
a) a catalyst precursor composition made from a reaction
product of

i) & magnesium halide;

ii)  a solvent said solvent selected from the gronp
consisting of alkyl esters of aliphatic and
aromatic carboxylic acids, ethers, and aliphatio
.kfatunas;

i) an electron do:ior compound compﬁéiug a linear or
branched aliphatic or aromatic alcohol having between 1 and
25 varbon stoms; and . |
iv) a transition metal compound whergin the tansition
metal is 2 Group 3-10 or Lanthanide element; and
b) apotous inert suppo:t;
wherein the suppotted catalyst composition is substantially free of eleciron
donor compounds other than those comprising 2 linear or branched aliphatic or
aromatic glcohol having between 1 and 25 carbon atoms and wherein the
molar ratio of the elestron doner compound to magnesimm £ Jess than or equel
te 1.9,
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