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(57) ABSTRACT 

A method for preparing a spray dried catalyst and a low 
viscosity, loW foam spray dried catalyst system for ole?n 
polymerization are provided. In one aspect, the method 
includes preparing a catalyst system comprising one or more 
components selected from the group consisting of metal 
locenes, non-metallocenes, and activators, adding mineral 
oil to the catalyst system to form a slurry, and adding one or 
more liquid alkanes having three or more carbon atoms to 
the slurry in an amount sufficient to reduce foaming and 
viscosity of the slurry. In one aspect, the catalyst system 
includes one or more catalysts selected from the group 

consisting of metallocenes, non-metallocenes, and a com 
bination thereof, Wherein the catalyst system is spray dried. 
The system further includes mineral oil to form a slurry 
comprising the catalyst system, and one or more liquid 
alkanes having three or more carbon atoms in an amount 
sufficient to reduce foaming and viscosity of the slurry. 
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DE-FOAMING SPRAY DRIED CATALYST 
SLURRIES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] Embodiments of the present invention generally 
relate to a spray dried catalyst slurry. More particularly, 
embodiments of the present invention relate to a spray died 
catalyst slurry for gas phase ole?n polymeriZation. 

[0003] 2. Description of the Related Art 

[0004] A number of methodologies used for delivering 
catalysts to reactors require the catalyst to be supported on 
an inert carrier such as silica. Impregnating a catalyst on a 
support has often been found to cause a signi?cant decrease 
in catalyst activity. In addition, large particles (>25 
micrometers) of the support material have frequently been 
found in the ?nished polymer product. These particles may 
adversely affect polymer properties. This has been observed 
in ?lm applications Where unexploded silica particles appear 
as defects or gels. 

[0005] Spray-drying techniques have been employed as an 
alternative to supported particles. Once a catalyst has been 
spray dried, the spray dried catalyst is added to a diluent to 
form a catalyst slurry and pumped to a polymeriZation 
reactor. Ahigh solids concentration Within the catalyst slurry 
is desirable to reduce the amount of slurry. Areduction in the 
amount of slurry reduces transportation expenses. A reduc 
tion in the amount of slurry also reduces the amount of 
diluent that must be ultimately isolated and either discarded 
or recycled. This separation process is timely and can greatly 
increase capital cost. 

[0006] HoWever, a high solids concentration typically 
increases the slurry viscosity. A high solids concentration 
also increases the amount of foaming Which is typically 
generated by cooling gas during formation of the spray dried 
catalysts. A high slurry viscosity and foaming often cause 
handling problems, storage problems as Well as reactor 
injection problems. 

[0007] There is a need, therefore, for a spray dried catalyst 
slurry that has an increased solids content, a loW viscosity, 
and a limited amount of foam. 

SUMMARY OF THE INVENTION 

[0008] A method for preparing a spray dried catalyst and 
a loW viscosity, loW foam spray dried catalyst system for 
ole?n polymeriZation are provided. In one aspect, the 
method includes preparing a catalyst system comprising one 
or more components selected from the group consisting of 
metallocenes, non-metallocenes, and activators, adding min 
eral oil to the catalyst system to form a slurry, and adding 
one or more liquid alkanes having three or more carbon 
atoms to the slurry in an amount sufficient to reduce foaming 
and viscosity of the slurry. In one aspect, the catalyst system 
includes one or more catalysts selected from the group 
consisting of metallocenes, non-metallocenes, and a com 
bination thereof, Wherein the catalyst system is spray dried. 
The catalyst system further includes mineral oil to form a 
slurry comprising the catalyst system, and one or more 
liquid alkanes having three or more carbon atoms in an 
amount suf?cient to reduce foaming and viscosity of the 
slurry. 
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[0009] Further, a method for ole?n polymeriZation is 
provided. In one aspect, the method comprises preparing a 
catalyst system useful for ole?n polymeriZation, adding 
mineral oil to the catalyst system to form a slurry, adding one 
or more liquid alkanes having three or more carbon atoms to 
the slurry in an amount suf?cient to reduce foaming and 
viscosity of the slurry, and transferring the slurry to a gas 
phase reactor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] So that the manner in Which the above recited 
features of the present invention can be understood in detail, 
a more particular description of the invention, brie?y sum 
mariZed above, may be had by reference to embodiments, 
some of Which are illustrated in the appended draWings. It is 
to be noted, hoWever, that the appended draWings illustrate 
only typical embodiments of this invention and are therefore 
not to be considered limiting of its scope, for the invention 
may admit to other equally effective embodiments. 

[0011] FIG. 1 is a schematic representation of an eXem 
plary spray dry apparatus suitable for forming spray dried 
catalyst according to embodiments described herein. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0012] A spray dried catalyst slurry and a method for 
delivering the slurry to a polymeriZation reactor are pro 
vided. In one aspect, the spray dried catalyst slurry includes 
mineral oil, at least one catalyst system, and one or more 
liquid alkanes having from three to tWelve carbon atoms. It 
has been surprisingly found that the one or more liquid 
alkanes reduces the viscosity of the slurry by at least 30 
percent, and also reduces foaming. Foaming is typically a 
result of evolved gas formed by a reaction of volatile 
components and impurities Within the catalyst slurry, 
Whereby this evolved gas forms a foam due to the surface 
tension of the oil slurry. 

[0013] The concentration of the components in the slurry 
is controlled to reduce the viscosity of the slurry and to 
reduce foaming. In one aspect, the spray dried catalyst slurry 
contains up to 20 percent by Weight of the one or more liquid 
alkanes. In another aspect, the slurry contains up to 15 
percent by Weight of the one or more liquid alkanes. In yet 
another aspect, the slurry contains up to 10 percent by 
Weight of the one or more liquid alkanes. Preferably, the 
slurry contains betWeen about 2 percent by Weight and 15 
percent by Weight of the one or more liquid alkanes. More 
preferably, the slurry contains betWeen about 2 percent by 
Weight and 10 percent by Weight of the one or more liquid 
alkanes. 

[0014] The concentration of the components in the slurry 
is also controlled to maXimiZe the amount of the catalyst 
system Within the slurry. Due to the presence of the liquid 
alkane, the slurry may contain up to 50 percent by Weight of 
the catalyst system. In one aspect, the slurry contains at least 
10 percent by Weight of the catalyst system. In another 
aspect, the slurry contains at least 15 percent by Weight of 
the catalyst system. In yet another aspect, the slurry contains 
at least 20 percent by Weight of the catalyst system. Pref 
erably, the slurry contains from 5 percent by Weight to about 
35 percent by Weight of the catalyst system. More prefer 
ably, the slurry contains from 10 percent by Weight to about 
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30 percent by Weight of the catalyst system or from 15 
percent by Weight to about 25 percent by Weight of the 
catalyst system. 

[0015] The one or more liquid alkanes are preferably 
liquid under polymerization conditions and relatively inert. 
Exemplary liquid alkanes include, but are not limited to, 
isopentane, hexane and heptane. Preferably, the liquid 
alkane is hexane. 

[0016] The spray dried catalyst slurry preferably has a 
viscosity of from 300 to 1,500 centipoise (cP), such as from 
300 to 400 centipoise (cP) at 25° C. In one aspect, the spray 
dried catalyst slurry has a viscosity of from 300 to 1,000 cP 
at 25 ° C. In another aspect, the spray dried catalyst slurry has 
a viscosity of from 300 to 500 cP at 25° C. In yet another 
aspect, the spray dried catalyst slurry has a viscosity of from 
300 to 400 cP at 25° C. 

[0017] The spray dried catalyst slurry may be utiliZed in 
conjunction With any suitable polymeriZation catalyst. 
Exemplary polymeriZation catalysts include, but are not 
limited to, metallocenes, Group 15 containing compounds, 
phenoxide transition metal compositions, Group 5 or 6 metal 
imido complexes, bridged bis(arylamido) Group 4 com 
pounds, derivatives thereof, and combinations thereof. 

[0018] The term “catalyst system” may include any num 
ber of catalysts in any combination as described herein, as 
Well as any activator in any combination as described herein. 
The term “catalyst” is used interchangeably With the term 
“catalyst component”, and includes any compound or com 
ponent, or combination of compounds or components, that is 
capable of increasing the rate of a chemical reaction, such as 
the polymeriZation or oligomeriZation of one or more ole 
?ns. As used herein, in reference to Periodic Table “Groups” 
of Elements, the “new” numbering scheme for the Periodic 
Table Groups are used as in the CRC Handbook of Chem 
istry and Physics (David R. Lide ed., CRC Press 81st ed. 
2000). 
[0019] In one aspect, the catalyst system is a mixed 
catalyst system of at least one metallocene catalyst compo 
nent and at least one non-metallocene component. The 
mixed catalyst system may be described as a bimetallic 
catalyst composition or a multi-catalyst composition. As 
used herein, the terms “bimetallic catalyst composition” and 
“bimetallic catalyst” include any composition, mixture, or 
system that includes tWo or more different catalyst compo 
nents, each having a different metal group. The terms 
“multi-catalyst composition” and “multi-catalyst” include 
any composition, mixture, or system that includes tWo or 
more different catalyst components regardless of the metals. 
Therefore, terms “bimetallic catalyst composition,”“bime 
tallic catalyst,”“multi-catalyst composition,” and “multi 
catalyst” Will be collectively referred to herein as a “mixed 
catalyst system” unless speci?cally noted otherWise. 

[0020] Non-metallocene Component 

[0021] Exemplary non-metallocene component include, 
but are not limited to, a Group 15-containing catalyst. 
“Group 15-containing catalysts“, as referred to herein, 
include Group 3 to Group 12 metal complexes, Wherein the 
metal is 2 to 4 coordinate and the coordinating moiety or 
moieties include at least tWo Group 15 atoms, and up to four 
Group 15 atoms. In one embodiment, the Group 15-con 
taining catalyst is a complex of a Group 4 metal and from 
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one to four ligands such that the Group 4 metal is at least 2 
coordinate and the coordinating moiety or moieties include 
at least tWo nitrogens. 

[0022] In one embodiment, the Group 15-containing cata 
lyst may include, but is not limited to, Group 4 imino-phenol 
complexes, Group 4 bis(amide) complexes, and Group 4 
pyridylamide complexes that are active toWards ole?n poly 
meriZation to any extent. In another embodiment, the Group 
15-containing catalyst may be described by the folloWing 
formula (I): 

[0023] Each X is independently selected from halogen 
ions, hydrides, C1 to C12 alkyls, C2 to C12 alkenyls, C6 to C12 
aryls, C7 to C20 alkylaryls, C1 to C12 alkoxys, C6 to C16 
aryloxys, C7 to C18 alkylaryloxys, C1 to C12 ?uoroalkyls, C6 
to C12 ?uoroaryls, C1 to C12 heteroatom-containing hydro 
carbons, halogenated C6 to C16 aryloxys, and substituted 
derivatives thereof. 

[0024] M is selected from Group 3 to Group 12 atoms in 
one embodiment; and selected from Group 3 to Group 10 
atoms in a more particular embodiment; and selected from 
Group 3 to Group 6 atoms in yet a more particular embodi 
ment; and selected from Ni, Cr, Ti, Zr and Hf in yet a more 
particular embodiment; and selected from Zr and Hf in yet 
a more particular embodiment. 

[0025] Each [3 and y are groups that each comprise at least 
one Group 14 to Group 16 atom; and [3 (When present) and 
y are groups bonded to M through betWeen 2 and 6 Group 
14 to Group 16 atoms, at least tWo atoms being Group 
15-containing atoms. 

[0026] More particularly, [3 and y are groups selected from 
Group 14 and Group 15-containing: alkyls, aryls, alkylaryls, 
and heterocyclic hydrocarbons, and chemically bonded 
combinations thereof in one embodiment; and selected from 
Group 14 and Group 15-containing: C1 to C10 alkyls, C6 to 
C12 aryls, C6 to C18 alkylaryls, and C4 to C12 heterocyclic 
hydrocarbons, and chemically bonded combinations thereof 
in a more particular embodiment; and selected from C1 to 
C10 alkylamines, C1 to C10 alkoxys, C6 to C20 alkylary 
lamines, C6 to C18 alkylaryloxys, and C4 to C12 nitrogen 
containing heterocyclic hydrocarbons, and C4 to C12 alkyl 
substituted nitrogen containing heterocyclic hydrocarbons 
and chemically bonded combinations thereof in yet a more 
particular embodiment; and selected from anilinyls, 
pyridyls, quinolyls, pyrrolyls, pyrimidyls, purinyls, imi 
daZyls, indolyls, C1 to C6 alkyl substituted groups selected 
from anilinyls, pyridyls, quinolyls, pyrrolyls, pyrimidyls, 
purinyls, imidaZyls, indolyls; C1 to C6 alkylamine substi 
tuted groups selected from anilinyls, pyridyls, quinolyls, 
pyrrolyls, pyrimidyls, purinyls, imidaZyls, indolyls, amine 
substituted anilinyls, pyridyls, quinolyls, pyrrolyls, pyrim 
idyls, purinyls, imidaZyls, and indolyls; hydroxy substituted 
groups selected from anilinyls, pyridyls, quinolyls, pyrro 
lyls, pyrimidyls, purinyls, imidaZyls, and indolyls; methyl 
substituted phenylamines, and chemically bonded combina 
tions thereof in yet a more particular embodiment; 

[0027] Each 0t is a linking (or “bridging”) moiety that, 
When present, forms a chemical bond to each of [3 and y, or 
tWo y’s, thus forming a “vow” or “yot[3” ligand bound to M; 
0t may also comprise a Group 14 to Group 16 atom Which 
may be bonded to M through the Group 14 to Group 16 atom 
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in one embodiment; and more particularly, 0t is a divalent 
bridging group selected from alkylenes, arylenes, alk 
enylenes, heterocyclic arylenes, alkylarylenes, heteroatom 
containing alkylenes, heteroatom containing alkenylenes 
and heterocyclic hydrocarbonylenes in one embodiment; 
and selected from C1 to C10 alkylenes, C2 to C10 alkenylenes, 
C6 to C12 arylenes, C1 to C10 divalent ethers, C6 to C12 0- or 
N-containing arylenes, C2 to C10 alkyleneamines, C6 to C12 
aryleneamines, and substituted derivatives thereof in yet a 
more particular embodiment; 

[0028] a is an integer from 0 to 2; a is either 0 or 1 in a 
more particular embodiment; and a is 1 in yet a more 
particular embodiment; b is an integer from 0 to 2; g is an 
integer from 1 to 2; Wherein in one embodiment, a is 1, b is 
0 and g is 2; and 

[0029] n is an integer from 0 to 4 in one embodiment; and 
an integer from 1 to 3 in a more particular embodiment; and 
an integer from 2 to 3 in yet a more particular embodiment. 

[0030] As used herein, “chemically bonded combinations 
thereof” means that adjacent groups, ([3 and y groups) may 
form a chemical bond betWeen them. In one embodiment, 
the [3 and y groups are chemically bonded through one or 
more 0t groups there betWeen. 

[0031] As used herein, the terms “alkyleneamines” and 
“aryleneamines” describe alkylamines and arylamines 
(respectively) that are de?cient by tWo hydrogens, thus 
forming chemical bonds With tWo adjacent y groups, or 
adjacent [3 and y groups. Thus, an eXample of an alkylene 
amine is —CH2CH2N(CH3)CH2CH2—, and an eXample of 
a heterocyclic hydrocarbylene or aryleneamine is 
—C5H3N—(divalent pyridine). An “alkylene-arylamine” is 
a group such as, for eXample, 

—CH2CH2(C5H3N)CH2CH2—. 
[0032] In yet another embodiment, the Group 15-contain 
ing catalyst may be represented by the structures (II) and 
(III): 

<11) 

[0033] Wherein E and Z are Group 15 elements indepen 
dently selected from nitrogen and phosphorus in one 
embodiment; and nitrogen in a more particular embodiment; 

[0034] L is selected from Group 15 atoms, Group 16 
atoms, Group 15-containing hydrocarbylenes and a Group 
16 containing hydrocarbylenes in one embodiment; Wherein 
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R3 is absent When L is a Group 16 atom; in yet a more 
particular embodiment, When R3 is absent, L is selected from 
heterocyclic hydrocarbylenes; and in yet a more particular 
embodiment, L is selected from nitrogen, phosphorous, 
anilinyls, pyridyls, quinolyls, pyrrolyls, pyrimidyls, puri 
nyls, imidaZyls, indolyls; C1 to C6 alkyl substituted groups 
selected from anilinyls, pyridyls, quinolyls, pyrrolyls, 
pyrimidyls, purinyls, imidaZyls, and indolyls; C1 to C6 
alkylamine substituted groups selected from anilinyls, 
pyridyls, quinolyls, pyrrolyls, pyrimidyls, purinyls, imi 
daZyls, indolyls; amine substituted anilinyls, pyridyls, 
quinolyls, pyrrolyls, pyrimidyls, purinyls, imidaZyls, and 
indolyls; hydroXy substituted groups selected from anilinyls, 
pyridyls, quinolyls, pyrrolyls, pyrimidyls, purinyls, imi 
daZyls, and indolyls; methyl-substituted phenylamines, sub 
stituted derivatives thereof, and chemically bonded combi 
nations thereof; 

[0035] L‘ is selected from Group 15 atoms, Group 16 
atoms, and Group 14 atoms in one embodiment; and selected 
from Group 15 and Group 16 atoms in a more particular 
embodiment; and is selected from groups as de?ned by L 
above in yet a more particular embodiment, Wherein “EZL” 
and “EZL‘” may be referred to as a “ligand”, the EZL and 
EZL‘ ligands comprising the R* and Rl-R7 groups; 

[0036] L and L‘ may or may not form a bond With M; 

[0037] y is an integer ranging from 0 to 2 (When y is 0, 
group L‘, *R and R3 are absent); 

[0038] M is selected from Group 3 to Group 5 atoms, 
Group 4 atoms in a more particular embodiment, and 
selected from Zr and Hf in yet a more particular embodi 
ment; 

[0039] n is an integer ranging from 1 to 4 in one embodi 
ment; n is an integer ranging from 2 to 3 in a more particular 

embodiment; 

[0040] R1 and R2 are independently: divalent bridging 
groups selected from alkylenes, arylenes, heteroatom con 
taining alkylenes, heteroatom containing arylenes, substi 
tuted alkylenes, substituted arylenes and substituted heteroa 
tom containing alkylenes, Wherein the heteroatom is 
selected from silicon, oXygen, nitrogen, germanium, phos 
phorous, boron and sulfur in one embodiment; selected from 
C1 to C20 alkylenes, C6 to C12 arylenes, heteroatom-contain 
ing C1 to C20 alkylenes and heteroatom-containing C6 to C12 
arylenes in a more particular embodiment; and in yet a more 
particular embodiment selected from —CH2—, 
—C(CH3)2—> —C(C6H5)2—> —CH2CH2—> 
—CH2CH2CH2—, —Si(CH3)2—, —Si(C6H5)2—, 
—C6H1O—, —C6H4—, and substituted derivatives thereof, 
the substitutions including C1 to C4 alkyls, phenyl, and 
halogen radicals; 

[0041] R3 is absent in one embodiment; a group selected 
from hydrocarbyl groups, hydrogen radical, halogen radi 
cals, and heteroatom-containing groups in a more particular 
embodiment; and selected from linear alkyls, cyclic alkyls, 
and branched alkyls having 1 to 20 carbon atoms in yet a 
more particular embodiment; 

[0042] *R is absent in one embodiment; a group selected 
from hydrogen radical, Group 14 atom containing groups, 
halogen radicals, and a heteroatom-containing groups in yet 
a more particular embodiment; 
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[0043] R4 and R5 are independently: groups selected from 
alkyls, aryls, substituted aryls, cyclic alkyls, substituted 
cyclic alkyls, cyclic arylalkyls, substituted cyclic arylalkyls 
and multiple ring systems in one embodiment, each group 
having up to 20 carbon atoms, and betWeen 3 and 10 carbon 
atoms in a more particular embodiment; selected from C1 to 
C20 alkyls, C1 to C20 aryls, C1 to C20 arylalkyls, and het 
eroatom-containing groups (for eXample PR3, Where R is an 
alkyl group) in yet a more particular embodiment; and 
[0044] R6 and R7are independently: absent in one embodi 
ment; groups selected from hydrogen radicals, halogen 
radicals, heteroatom-containing groups and hydrocarbyls in 
a more particular embodiment; selected from linear, cyclic 
and branched alkyls having from 1 to 20 carbon atoms in yet 
a more particular embodiment; 

[0045] R1 and R2 may be associated With one another, 
and/or R4 and R5 may be associated With one another as 
through a chemical bond. 

[0046] Described yet more particularly, the Group 15-con 
taining catalyst can be described as the embodiments shoWn 
in structures (IV), (V) and (VI) (Where “N” is nitrogen): 

(IV) 

— W 

[0047] The structure (IV) represents pyridyl-amide struc 
tures, structure (V) represents imino-phenol structures, and 
structure (VI) represents bis(amide) structures; 
[0048] W is an integer from 1 to 3, and 1 or 2 in a more 
particular embodiment, and 1 in yet a more particular 
embodiment; 
[0049] M is a Group 3 to Group 13 element, a Group 3 to 
Group 6 element in a more particular embodiment, and a 
Group 4 element in yet a more particular embodiment; and 
[0050] n is an integer ranging from 0 to 4, and from 1 to 
3 in a more particular embodiment, and from 2 to 3 in yet 
a more particular embodiment, and 2 in yet a more particular 
embodiment. 
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[0051] Each X is independently selected from halogen 
ions, hydrides, C1 to C12 alkyls, C2 to C12 alkenyls, C6 to C12 
aryls, C7 to C20 alkylaryls, C1 to C12 alkoXys, C6 to C16 
aryloXys, C7 to C18 alkylaryloXys, C1 to C12 ?uoroalkyls, C6 
to C12 ?uoroaryls, C1 to C12 heteroatom-containing hydro 
carbons, halogenated C6 to C16 aryloXys, and substituted 
derivatives thereof. 

[0052] In structures (IV), (V), and (VI), R1’ is selected 
from hydrocarbylenes and heteroatom-containing hydrocar 
bylenes in one embodiment, and selected from —SiR2—, 
alkylenes, arylenes, alkenylenes and substituted alkylenes, 
substituted alkenylenes and substituted arylenes in another 
embodiment; and selected from —SiR2—, C1 to C6 alky 
lenes, C6 to C12 arylenes, C1 to C6 substituted alkylenes and 
C6 to C12 substituted arylenes in another embodiment. 

[0053] R is selected from C1 to C6 alkyls and C6 to C12 
aryls; and R2’, R3’, R4’, R5’, R6’ and R* are independently 
selected from hydride, C1 to C10 alkyls, C6 to C12 aryls, C6 
to C18 alkylaryls, C4 to C12 heterocyclic hydrocarbyls, sub 
stituted C1 to C10 alkyls, substituted C6 to C12 aryls, substi 
tuted C6 to C18 alkylaryls, and substituted C4 to C12 hetero 
cyclic hydrocarbyls and chemically bonded combinations 
thereof in one embodiment. 

[0054] R* is absent in a particular embodiment; and in 
another embodiment, R*—N represents a nitrogen contain 
ing group or ring such as a pyridyl group or a substituted 
pyridyl group that is bridged by the R1’ groups. In yet 
another embodiment, R*—N is absent, and the R1’ groups 
form a chemical bond to one another. 

[0055] In one embodiment of structures (IV), (V), and 
(VI), R1’ is selected from methylene, ethylene, 1-propylene, 
2-propylene, =Si(CH3)2, =Si(phenyl)2, —CH=, 
—C(CH3)=, —C(pheny1)2—, —C(phenyl)=(Wherein 
“=” represents tWo chemical bonds), and the like. 

[0056] In a particular embodiment of structure (V), R2 and 
R4’ are selected from 2-methylphenyl, 2-n-propylphenyl, 
2-iso-propylphenyl, 2-iso-butylphenyl, 2-tert-butylphenyl, 
2-?uorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methyl 
4-chlorophenyl, 2-n-propyl-4-chlorophenyl, 2-iso-propyl-4 
chlorophenyl, 2-iso-butyl-4-chlorophenyl, 2-tert-butyl-4 
chlorophenyl, 2-methyl-4-?uorophenyl, 2-n-propyl-4 
?uorophenyl, 2-iso-propyl-4-?uorophenyl, 2-iso-butyl-4 
?uorophenyl, 2-tert-butyl-4-?uorophenyl, 2-methyl-4 
bromophenyl, 2-n-propyl-4-bromophenyl, 2-iso-propyl-4 
bromophenyl, 2-iso-butyl-4-bromophenyl, 2-tert-butyl-4 
bromophenyl, and the like. 

[0057] In yet another particular embodiment of structures 
(IV) and (VI), R2’ and R3’ are selected from 2-methylphenyl, 
2-n-propylphenyl, 2-iso-propylphenyl, 2-iso-butylphenyl, 
2-tert-butylphenyl, 2-?uorophenyl, 2-chlorophenyl, 2-bro 
mophenyl, 4-methylphenyl, 4-n-propylphenyl, 4-iso-propy 
lphenyl, 4-iso-butylphenyl, 4-tert-butylphenyl, 4-?uorophe 
nyl, 4-chlorophenyl, 4-bromophenyl, 6-methylphenyl, 6-n 
propylphenyl, 6-iso-propylphenyl, 6-iso-butylphenyl, 6-tert 
butylphenyl, 6-?uorophenyl, 6-chlorophenyl, 
6-bromophenyl, 2,6-dimethylphenyl, 2,6-di-n-propylphe 
nyl, 2,6-di-iso-propylphenyl, 2,6-di-isobutylphenyl, 2,6-di 
tert-butylphenyl, 2,6-di?uorophenyl, 2,6-dichlorophenyl, 
2,6-dibromophenyl, 2,4,6-trimethylphenyl, 2,4,6-tri-n-pro 
pylphenyl, 2,4,6-tri-iso-propylphenyl, 2,4,6-tri-iso-bu 
tylphenyl, 2,4,6-tri-tert-butylphenyl, 2,4,6-tri?uorophenyl, 
2,4,6-trichlorophenyl, 2,4,6-tribromophenyl, 2,3,4,5,6-pen 
ta?uorophenyl, 2,3,4,5,6-pentachlorophenyl, 2,3,4,5,6-pent 
abromophenyl, and the like. 



US 2005/0182210 A1 

[0058] In another embodiment of structures (IV), (V), and 
(VI), X is independently selected from ?uoride, chloride, 
bromide, methyl, ethyl, phenyl, benZyl, phenyloXy, ben 
ZloXy, 2-phenyl-2-propoXy, 1-phenyl-2-propoXy, l-phenyl 
2-butoXy, 2-phenyl-2-butoXy and the like. 

[0059] As used herein, “chemically bonded combinations” 
means that adjacent groups may form a chemical bond 
betWeen them, thus forming a ring system, either saturated, 
partially unsaturated, or aromatic. 

[0060] Non-limiting examples of the Group 15-containing 
catalyst are represented by the structures (VIIa)-(VIIf) 
(Where “N” is nitrogen): 

(VIIa) 

(VIIb) 

(VIIc) 
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-continued 
1 (VIId) 

R4 R3 

@N N \ \ / 2 
M R 
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[0061] In structures (VIIa) through (VIIf) M is selected 
from Group 4 atoms in one embodiment; and M is selected 
from Zr and Hf in a more particular embodiment; 

[0062] n is an integer ranging from 0 to 4, and from 2 to 
3 in a more particular embodiment; and 

[0063] R1 through R11 in structures (VIIa) through (VIIf) 
are selected from hydride, ?uorine radical, chlorine radical, 
bromine radical, methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, tert-butyl and phenyl. 

[0064] Each X is independently selected from halogen 
ions, hydrides, C1 to C12 alkyls, C2 to C12 alkenyls, C6 to C12 
aryls, C7 to C20 alkylaryls, C1 to C12 alkoXys, C6 to C 16 
aryloXys, C7 to C18 alkylaryloXys, C1 to C12 ?uoroalk yls, C6 
to C12 ?uoroaryls, C1 to C12 heteroatom-containing hydro 
carbons, halogenated C6 to C16 aryloXys, and substituted 
derivatives thereof. Preferably, at least one X is a halogen 
tated aryloXy group or a derivative thereof. More preferably, 
at least one X is a penta?uorophenoXy group. 

[0065] Metallocene Catalyst Component 

[0066] Exemplary metallocene catalyst components 
include, but are not limited to, “half sandWich” and “full 
sandWich” compounds having one or more Cp ligands 
(cyclopentadienyl and ligands isolobal to cyclopentadienyl) 
bound to at least one Group 3 to Group 12 metal atom, and 
one or more leaving group(s) bound to the at least one metal 



US 2005/0182210 A1 

atom. Hereinafter, these compounds Will be referred to as 
“metallocenes” or “metallocene catalyst components”. 

[0067] The Cp ligands are one or more rings or ring 
system(s), at least a portion of Which includes J's-bonded 
systems, such as cycloalkadienyl ligands and heterocyclic 
analogues. The ring(s) or ring system(s) typically comprise 
atoms selected from the group consisting of Groups 13 to 16 
atoms, and more particularly, the atoms that make up the Cp 
ligands are selected from the group consisting of carbon, 
nitrogen, oxygen, silicon, sulfur, phosphorous, germanium, 
boron and aluminum and combinations thereof, Wherein 
carbon makes up at least 50% of the ring members. Even 
more particularly, the Cp ligand(s) are selected from the 
group consisting of substituted and unsubstituted cyclopen 
tadienyl ligands and ligands isolobal to cyclopentadienyl, 
non-limiting examples of Which include cyclopentadienyl, 
indenyl, ?uorenyl and other structures. Further non-limiting 
examples of such ligands include cyclopentadienyl, cyclo 
pentaphenanthreneyl, indenyl, benZindenyl, ?uorenyl, 
octahydro?uorenyl, cyclooctatetraenyl, cyclopentacy 
clododecene, phenanthrindenyl, 3,4-benZo?uorenyl, 9-phe 
nyl?uorenyl, 8-H-cyclopent[a]acenaphthylenyl, 7H-diben 
Zo?uorenyl, indeno[1,2-9]anthrene, thiophenoindenyl, 
thiopheno?uorenyl, hydrogenated versions thereof (e.g., 4,5, 
6,7-tetrahydroindenyl, or “H4Ind”), substituted versions 
thereof (as described in more detail beloW), and heterocyclic 
versions thereof. 

[0068] The metal atom “M” of the metallocene catalyst 
compound, as described throughout the speci?cation and 
claims, may be selected from the group consisting of Groups 
3 through 12 atoms and lanthanide Group atoms in one 
embodiment; and selected from the group consisting of 
Groups 3 through 10 atoms in a more particular embodi 
ment, and selected from the group consisting of Sc, Ti, Zr, 
Hf, V, Nb, Ta, Mn, Re, Fe, Ru, Os, Co, Rh, Ir, and Ni in yet 
a more particular embodiment; and selected from the group 
consisting of Groups 4, 5 and 6 atoms in yet a more 
particular embodiment, and a Ti, Zr, Hf atoms in yet a more 
particular embodiment, and Zr in yet a more particular 
embodiment. The oxidation state of the metal atom “M” may 
range from 0 to +7 in one embodiment; and in a more 
particular embodiment, is +1, +2, +3, +4 or +5; and in yet a 
more particular embodiment is +2, +3 or +4. The groups 
bound the metal atom “M” are such that the compounds 
described beloW in the formulas and structures are neutral, 
unless otherWise indicated. The Cp ligand(s) form at least 
one chemical bond With the metal atom M to form the 
“metallocene catalyst compound”. The Cp ligands are dis 
tinct from the leaving groups bound to the catalyst com 
pound in that they are not highly susceptible to substitution/ 
abstraction reactions. 

[0069] In one aspect, the one or more metallocene catalyst 
components are represented by the formula (II): 

CpACpBMXn (VIII) 

[0070] Wherein M is as described above; each X is chemi 
cally bonded to M; each Cp group is chemically bonded to 
M; and n is 0 or an integer from 1 to 4, and either 1 or 2 in 
a particular embodiment. 

[0071] The ligands represented by CpA and CpB in formula 
(VIII) may be the same or different cyclopentadienyl ligands 
or ligands isolobal to cyclopentadienyl, either or both of 
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Which may contain heteroatoms and either or both of Which 
may be substituted by a group R. In one embodiment, CpA 
and CpB are independently selected from the group consist 
ing of cyclopentadienyl, indenyl, tetrahydroindenyl, ?uore 
nyl, and substituted derivatives of each. 

[0072] Independently, each CpA and CpB of formula (VIII) 
may be unsubstituted or substituted With any one or com 
bination of substituent groups R. Non-limiting examples of 
substituent groups R as used in structure (II) include hydro 
gen radicals, alkyls, alkenyls, alkynyls, cycloalkyls, aryls, 
acyls, aroyls, alkoxys, aryloxys, alkylthiols, dialkylamines, 
alkylamidos, alkoxycarbonyls, aryloxycarbonyls, carbo 
moyls, alkyl- and dialkyl-carbamoyls, acyloxys, acylami 
nos, aroylaminos, and combinations thereof. 

[0073] More particular non-limiting examples of alkyl 
substituents R associated With formula (II) includes methyl, 
ethyl, propyl, butyl, pentyl, hexyl, cyclopentyl, cyclohexyl, 
benZyl, phenyl, methylphenyl, and tert-butylphenyl groups 
and the like, including all their isomers, for example tertiary 
butyl, isopropyl, and the like. Other possible radicals include 
substituted alkyls and aryls such as, for example, ?uorom 
ethyl, ?uroethyl, di?uroethyl, iodopropyl, bromohexyl, 
chlorobenZyl and hydrocarbyl substituted organometalloid 
radicals including trimethylsilyl, trimethylgermyl, methyldi 
ethylsilyl and the like; and halocarbyl-substituted organo 
metalloid radicals including tris(tri?uoromethyl)silyl, meth 
ylbis(di?uoromethyl)silyl, bromomethyldimethylgermyl 
and the like; and disubstituted boron radicals including 
dimethylboron for example; and disubstituted Group 15 
radicals including dimethylamine, dimethylphosphine, 
diphenylamine, methylphenylphosphine, Group 16 radicals 
including methoxy, ethoxy, propoxy, phenoxy, methylsul?de 
and ethylsul?de. Other substituents R include ole?ns such as 
but not limited to ole?nically unsaturated substituents 
including vinyl-terminated ligands, for example 3-butenyl, 
2-propenyl, S-hexenyl and the like. In one embodiment, at 
least tWo R groups, tWo adjacent R groups in one embodi 
ment, are joined to form a ring structure having from 3 to 30 
atoms selected from the group consisting of carbon, nitro 
gen, oxygen, phosphorous, silicon, germanium, aluminum, 
boron and combinations thereof. Also, a substituent group R 
group such as 1-butanyl may form a bonding association to 
the element M. 

[0074] Each X in formula (VIII) is independently selected 
from the folloWing: halogen ions, hydrides, C1 to C12 alkyls, 
C2 to C12 alkenyls, C6 to C12 aryls, C7 to C20 alkylaryls, C1 
to C12 alkoxys, C6 to C16 aryloxys, C7 to C18 alkylaryloxys, 
C1 to C12 ?uoroalkyls, C6 to C12 ?uoroaryls, and C1 to C12 
heteroatom-containing hydrocarbons and substituted deriva 
tives thereof in a more particular embodiment; hydride, 
halogen ions, C1 to C6 alkyls, C2 to C6 alkenyls, C7 to C18 
alkylaryls, C1 to C6 alkoxys, C6 to C14 aryloxys, C7 to C16 
alkylaryloxys, C1 to C6 alkylcarboxylates, C1 to C6 ?uori 
nated alkylcarboxylates, C6 to C12 arylcarboxylates, C7 to 
C alkylarylcarboxylates, C1 to C6 ?uoroalkyls, C2 to C6 
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?uoroalkenyls, and C7 to C18 ?uoroalkylaryls in yet a more 
particular embodiment; hydride, chloride, ?uoride, methyl, 
phenyl, phenoxy, benZoxy, tosyl, ?uoromethyls and ?uo 
rophenyls in yet a more particular embodiment; C1 to C12 
alkyls, C2 to C12 alkenyls, C6 to C12 aryls, C7 to C20 
alkylaryls, substituted C1 to C12 alkyls, substituted C6 to C12 
aryls, substituted C7 to C20 alkylaryls and C1 to C12 heteroa 
tom-containing alkyls, C1 to C12 heteroatom-containing 
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aryls and C1 to C12 heteroatom-containing alkylaryls in yet 
a more particular embodiment; chloride, ?uoride, C1 to C6 
alkyls, C2 to C6 alkenyls, C7 to C18 alkylaryls, halogenated 
C1 to C6 alkyls, halogenated C2 to C6 alkenyls, and haloge 
nated C7 to C18 alkylaryls in yet a more particular embodi 
ment; ?uoride, methyl, ethyl, propyl, phenyl, methylphenyl, 
dimethylphenyl, trimethylphenyl, ?uoromethyls (mono-, di 
and tri?uoromethyls) and ?uorophenyls (mono-, di-, tri-, 
tetra- and penta?uorophenyls) in yet a more particular 
embodiment. 

[0075] Other non-limiting examples of X groups in for 
mula (VIII) include amines, phosphines, ethers, carboxy 
lates, dienes, hydrocarbon radicals having from 1 to 20 
carbon atoms, ?uorinated hydrocarbon radicals (e.g., —C6F5 
(penta?uorophenyl)), ?uorinated alkylcarboxylates (e.g, 
CF3C(O)O*), hydrides and halogen ions and combinations 
thereof. Other examples of X ligands include alkyl groups 
such as cyclobutyl, cyclohexyl, methyl, heptyl, tolyl, trif 
luoromethyl, tetramethylene, pentamethylene, methylidene, 
methyoxy, ethyoxy, propoxy, phenoxy, bis(N-methylanil 
ide), dimethylamide, dimethylphosphide radicals and the 
like. In one embodiment, tWo or more X’s form a part of a 
fused ring or ring system. 

[0076] In another aspect, the metallocene catalyst compo 
nent includes those of formula (VIII) Where CpA and CpB are 
bridged to each other by at least one bridging group, (A), 
such that the structure is represented by formula (IX): 

CpA(A)CpBMXn (IX) 

[0077] These bridged compounds represented by formula 
(IX) are knoWn as “bridged metallocenes”. CpA, CpB, M, X 
and n are as de?ned above for formula (VIII); and Wherein 
each Cp ligand is chemically bonded to M, and (A) is 
chemically bonded to each Cp. Non-limiting examples of 
bridging group (A) include divalent hydrocarbon groups 
containing at least one Group 13 to 16 atom, such as but not 
limited to at least one of a carbon, oxygen, nitrogen, silicon, 
aluminum, boron, germanium and tin atom and combina 
tions thereof; Wherein the heteroatom may also be C1 to C12 
alkyl or aryl substituted to satisfy neutral valency. The 
bridging group (A) may also contain substituent groups R as 
de?ned above for formula (VIII) including halogen radicals 
and iron. More particular non-limiting examples of bridging 
group (A) are represented by C1 to C6 alkylenes, substituted 
C1 to C6 alkylenes, oxygen, sulfur, R‘2C=, R‘2Si=, 
—Si(R‘)2Si(R‘2)—, R‘2Ge=, R‘P=(Wherein “=” repre 
sents tWo chemical bonds), Where R‘ is independently 
selected from the group consisting of hydride, hydrocarbyl, 
substituted hydrocarbyl, halocarbyl, substituted halocarbyl, 
hydrocarbyl-substituted organometalloid, halocarbyl-substi 
tuted organometalloid, disubstituted boron, disubstituted 
Group 15 atoms, substituted Group 16 atoms, and halogen 
radical; and Wherein tWo or more R‘ may be joined to form 
a ring or ring system. In one embodiment, the bridged 
metallocene catalyst component of formula (IX) has tWo or 
more bridging groups 

[0078] Other non-limiting examples of bridging group (A) 
include methylene, ethylene, ethylidene, propylidene, iso 
propylidene, diphenylmethylene, 1,2-dimethylethylene, 1,2 
diphenylethylene, 1,1,2,2-tetramethylethylene, dimethylsi 
lyl, diethylsilyl, methyl-ethylsilyl, tri?uoromethylbutylsilyl, 
bis(tri?uoromethyl)silyl, di(n-butyl)silyl, di(n-propyl)silyl, 
di(i-propyl)silyl, di(n-hexyl)silyl, dicyclohexylsilyl, diphe 
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nylsilyl, cyclohexylphenylsilyl, t-butylcyclohexylsilyl, di(t 
butylphenyl)silyl, di(p-tolyl)silyl and the corresponding 
moieties Wherein the Si atom is replaced by a Ge or a C 
atom; dimethylsilyl, diethylsilyl, dimethylgermyl and dieth 
ylgermyl. 

[0079] In another embodiment, bridging group (A) may 
also be cyclic, comprising, for example 4 to 10, 5 to 7 ring 
members in a more particular embodiment. The ring mem 
bers may be selected from the elements mentioned above, 
from one or more of B, C, Si, Ge, N and O in a particular 
embodiment. Non-limiting examples of ring structures 
Which may be present as or part of the bridging moiety are 
cyclobutylidene, cyclopentylidene, cyclohexylidene, cyclo 
heptylidene, cyclooctylidene and the corresponding rings 
Where one or tWo carbon atoms are replaced by at least one 
of Si, Ge, N and O, in particular, Si and Ge. The bonding 
arrangement betWeen the ring and the Cp groups may be 
either cis-, trans-, or a combination. 

[0080] The cyclic bridging groups (A) may be saturated or 
unsaturated and/or carry one or more substituents and/or be 
fused to one or more other ring structures. If present, the one 
or more substituents are selected from the group consisting 
of hydrocarbyl (e.g., alkyl such as methyl) and halogen (e. g., 
F, Cl) in one embodiment. The one or more Cp groups Which 
the above cyclic bridging moieties may optionally be fused 
to may be saturated or unsaturated and are selected from the 
group consisting of those having 4 to 10, more particularly 
5, 6 or 7 ring members (selected from the group consisting 
of C, N, O and S in a particular embodiment) such as, for 
example, cyclopentyl, cyclohexyl and phenyl. Moreover, 
these ring structures may themselves be fused such as, for 
example, in the case of a naphthyl group. Moreover, these 
(optionally fused) ring structures may carry one or more 
substituents. Illustrative, non-limiting examples of these 
substituents are hydrocarbyl (particularly alkyl) groups and 
halogen atoms. 

[0081] The ligands CpA and CpB of formula (VIII) and 
(IX) are different from each other in one embodiment, and 
the same in another embodiment. 

[0082] In yet another aspect, the metallocene catalyst 
components include mono-ligand metallocene compounds 
(e.g., mono cyclopentadienyl catalyst components) such as 
described in WO 93/08221 for example. In this embodiment, 
the at least one metallocene catalyst component is a bridged 
“half-sandwich” metallocene represented by the formula 
(X)I 

CpA(A)QMXn (X) 

[0083] Wherein CpA is de?ned above and is bound to M; 
(A) is a bridging group bonded to Q and CpA; and Wherein 
an atom from the Q group is bonded to M; and n is 0 or an 
integer from 1 to 3; 1 or 2 in a particular embodiment. In 
formula (X), CpA, (A) and Q may form a fused ring system. 
The X groups and n of formula are as de?ned above in 
formula (VIII) and In one embodiment, CpA is selected 
from the group consisting of cyclopentadienyl, indenyl, 
tetrahydroindenyl, ?uorenyl, substituted versions thereof, 
and combinations thereof. 

[0084] In formula (X), Q is a heteroatom-containing 
ligand in Which the bonding atom (the atom that is bonded 
With the metal M) is selected from the group consisting of 
Group 15 atoms and Group 16 atoms in one embodiment, 
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and selected from the group consisting of nitrogen, phos 
phorus, oxygen or sulfur atom in a more particular embodi 
ment, and nitrogen and oxygen in yet a more particular 
embodiment. Non-limiting examples of Q groups include 
alkylamines, arylamines, mercapto compounds, ethoxy 
compounds, carboxylates (e.g., pivalate), carbamates, aZe 
nyl, aZulene, pentalene, phosphoyl, phosphinimine, pyrrolyl, 
pyroZolyl, carbaZolyl, borabenZene other compounds com 
prising Group 15 and Group 16 atoms capable of bonding 
With M. 

[0085] In yet another aspect, the at least one metallocene 
catalyst component is an unbridged “half sandWich” metal 
locene represented by the formula (XI): 

CpAMQqXn (XI) 
[0086] Wherein CpA is de?ned as for the Cp groups in 
(VIII) and is a ligand that is bonded to M; each Q is 
independently bonded to M; Q is also bound to CpA in one 
embodiment; X is a leaving group as described above in 
(VIII); n ranges from 0 to 3, and is 1 or 2 in one embodiment; 
q ranges from 0 to 3, and is 1 or 2 in one embodiment. In one 
embodiment, CpA is selected from the group consisting of 
cyclopentadienyl, indenyl, tetrahydroindenyl, ?uorenyl, 
substituted version thereof, and combinations thereof. 

[0087] In formula (XI), Q is selected from the group 
consisting of ROOi, RO—, R(O)—, —NR—, —CR2—, 
—S—, —NR2, —CR3, —SR, —SiR3, —PR2, —H, and 
substituted and unsubstituted aryl groups, Wherein R is 
selected from the group consisting of C1 to C6 alkyls, C6 to 
C12 aryls, C1 to C6 alkylamines, C6 to C12 alkylarylamines, 
C1 to C6 alkoxys, C6 to C12 aryloxys, and the like. Non 
limiting examples of Q include C1 to C12 carbamates, C1 to 
C12 carboxylates (e.g., pivalate), C2 to C20 allyls, and C2 to 
C20 heteroallyl moieties. 

[0088] Described another Way, the “half sandWich” met 
allocenes above can be described for example, US. Pat. No. 
6,069,213: 

CPAWQZGDXU Of T(CPAM(Q2GZ)Xn)m (XII) 

[0089] Wherein M, CpA, X and n are as de?ned above; 

[0090] Q2GZ forms a polydentate ligand unit (e.g., piv 
alate), Wherein at least one of the Q groups form a bond With 
M, and is de?ned such that each Q is independently selected 
from the group consisting of —O—, —NR—, —CR2— and 
—S—; G is either carbon or silicon; and Z is selected from 
the group consisting of R, —OR, —NR2, —CR3, —SR, 
—SiR3, —PR2, and hydride, providing that When Q is 
—NR—, then Z is selected from the group consisting of 
—OR, —NR2, —SR, —SiR3, —PR2; and provided that 
neutral valency for Q is satis?ed by Z; and Wherein each R 
is independently selected from the group consisting of C1 to 
C10 heteroatom containing groups, C1 to C10 alkyls, C6 to 
C12 aryls, C6 to C12 alkylaryls, C1 to C10 alkoxys, and C6 to 
C12 aryloxys; 

[0091] n is 1 or 2 in a particular embodiment; and 

[0092] T is a bridging group selected from the group 
consisting of C1 to C10 alkylenes, C6 to C12 arylenes and C1 
to C10 heteroatom containing groups, and C6 to C12 hetero 
cyclic groups; Wherein each T group bridges adjacent 
“CpAM(Q2GZ)Xn” groups, and is chemically bonded to the 
CpA groups. 
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[0093] m is an integer from 1 to 7; m is an integer from 2 
to 6 in a more particular embodiment. 

[0094] In another aspect, the at least one metallocene 
catalyst component can be described more particularly in 

structures (XIIIa), (XIIIb), (XIIIc), (XIIId), (XIIIe), and 
(XIIIf): 

(XIIIa-i) 

(XIIIa-ii) 

(XIIIb) 

(x1110) 
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[0095] wherein in structures (XIIIa) to (XIIIf), M is 
selected from the group consisting of Group 3 to Group 12 
atoms, and selected from the group consisting of Group 3 to 
Group 10 atoms in a more particular embodiment, and 
selected from the group consisting of Group 3 to Group 6 
atoms in yet a more particular embodiment, and selected 
from the group consisting of Group 4 atoms in yet a more 
particular embodiment, and selected from the group con 
sisting of Zr and Hf in yet a more particular embodiment; 
and is Zr in yet a more particular embodiment; 

[0096] Wherein Q in (XIIIa) to (XIIIf) is selected from the 
group consisting of alkylenes, aryls, arylenes, alkoXys, ary 
loXys, amines, arylamines (e.g., pyridyl) alkylamines, phos 
phines, alkylphosphines, substituted alkyls, substituted 
aryls, substituted alkoXys, substituted aryloXys, substituted 
amines, substituted alkylamines, substituted phosphines, 
substituted alkylphosphines, carbamates, heteroallyls, car 
boXylates (non-limiting eXamples of suitable carbamates 
and carboXylates include trimethylacetate, trimethylacetate, 
methylacetate, p-toluate, benZoate, diethylcarbamate, and 
dimethylcarbamate), ?uorinated alkyls, ?uorinated aryls, 
and ?uorinated alkylcarboXylates; Wherein the saturated 
groups de?ning Q comprise from 1 to 20 carbon atoms in 
one embodiment; and Wherein the aromatic groups comprise 
from 5 to 20 carbon atoms in one embodiment; 
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[0097] Wherein each R* is independently: selected from 
the group consisting of hydrocarbylenes and heteroatom 
containing hydrocarbylenes in one embodiment; and 
selected from the group consisting of alkylenes, substituted 
alkylenes and heteroatom-containing hydrocarbylenes in 
another embodiment; and selected from the group consisting 
of C1 to C12 alkylenes, C1 to C12 substituted alkylenes, and 
C1 to C12 heteroatom-containing hydrocarbylenes in a more 
particular embodiment; and selected from the group con 
sisting of C1 to C4 alkylenes in yet a more particular 
embodiment; and Wherein both R* groups are identical in 
another embodiment in structures (XIIIf); 

[0098] A is as described above for (A) in structure (IX), 
and more particularly, selected from the group consisting of 
a chemical bond, —O—, —S—, —SO2—, —NR—, 
=SiR2, =GeR2, =SnR2, —R2SiSiR2—, RP=, C1 to C12 
alkylenes, substituted C1 to C12 alkylenes, divalent C4 to C12 
cyclic hydrocarbons and substituted and unsubstituted aryl 
groups in one embodiment; and selected from the group 
consisting of C5 to C8 cyclic hydrocarbons, —CH2CH2—, 
=CR2 and =SiR2 in a more particular embodiment; Wherein 
and R is selected from the group consisting of alkyls, 
cycloalkyls, aryls, alkoXys, ?uoroalkyls and heteroatom 
containing hydrocarbons in one embodiment; and R is 
selected from the group consisting of C1 to C6 alkyls, 
substituted phenyls, phenyl, and C1 to C6 alkoXys in a more 
particular embodiment; and R is selected from the group 
consisting of methoXy, methyl, phenoXy, and phenyl in yet 
a more particular embodiment; 

[0099] Wherein A may be absent in yet another embodi 
ment, in Which case each R* is de?ned as for R1-R13; 

[0100] each X is as described above in (VIII); 

[0101] n is an integer from 0 to 4, and from 1 to 3 in 
another embodiment, and 1 or 2 in yet another embodiment; 
and 

[0102] R1 through R13 are independently: selected from 
the group consisting of hydrogen radical, halogen radicals, 
C1 to C12 alkyls, C2 to C12 alkenyls, C6 to C12 aryls, C7 to 
C20 alkylaryls, C1 to C12 alkoXys, C1 to C12 ?uoroalkyls, C6 
to C12 ?uoroaryls, and C1 to C12 heteroatom-containing 
hydrocarbons and substituted derivatives thereof in one 
embodiment; selected from the group consisting of hydro 
gen radical, ?uorine radical, chlorine radical, bromine radi 
cal, C1 to C6 alkyls, C2 to C6 alkenyls, C7 to C18 alkylaryls, 
C1 to C6 ?uoroalkyls, C2 to C6 ?uoroalkenyls, C7 to C18 
?uoroalkylaryls in a more particular embodiment; and 
hydrogen radical, ?uorine radical, chlorine radical, methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, heXyl, 
phenyl, 2,6-di-methylpheyl, and 4-tertiarybutylpheyl groups 
in yet a more particular embodiment; Wherein adjacent R 
groups may form a ring, either saturated, partially saturated, 
or completely saturated. 

[0103] The structure of the metallocene catalyst compo 
nent represented by (XIIIa) may take on many forms such as 
disclosed in, for example, US. Pat. Nos. 5,026,798, 5,703, 
187, and 5,747,406, including a dimmer or oligomeric 
structure, such as disclosed in, for example, US. Pat. Nos. 
5,026,798 and 6,069,213. 

[0104] In a particular embodiment of the metallocene 
represented in (XIIId), R1 and R2 form a conjugated 6-mem 
bered carbon ring system that may or may not be substituted. 
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[0230] methylphenylsilyl(tetramethyl 
cyclopentadienyl)(cycloheptylamido)titanium Xn, 
[0231] methylphenylsilyl(tetramethyl 
cyclopentadienyl)(cyclooctylamido)titanium Xn, 
[0232] methylphenylsilyl(tetramethyl 
cyclopentadienyl)(cyclononylamido)titanium Xn, 
[0233] methylphenylsilyl(tetramethyl 
cyclopentadienyl)(cyclodecylamido)titanium, Xn, 
[0234] methylphenylsilyl(tetramethyl 
cyclopentadienyl)(cycloundecylamido)titanium Xn, 
[0235] methylphenylsilyl(tetramethyl 
cyclopentadienyl)(cyclododecylamido)titanium Xn, 
[0236] methylphenylsilyl(tetramethyl 
cyclopentadienyl)(sec-butylamido)titanium Xn, 
[0237] methylphenylsilyl(tetramethyl 
cyclopentadienyl)(n-octylamido)titanium Xn, 
[0238] methylphenylsilyl(tetramethyl 
cyclopentadienyl)(n-decylamido)titanium Xn, 
[0239] methylphenylsilyl(tetramethyl 
cyclopentadienyl)(n-octadecylamido)titanium Xn, 
[0240] diphenylsilyl(tetramethylcyc 
lopentadienyl)(cyclopropylamido)titanium Xn, 
[0241] diphenylsilyl(tetramethylcyc 
lopentadienyl)(cyclobutylamido)titanium Xn, 
[0242] diphenylsilyl(tetramethylcyc 
lo entadien l c clo ent lamido titanium X , P y y P y n 

[0243] diphenylsilyl(tetramethylcyc 
lopentadienyl)(cycloheXylamido)titanium Xn, 
[0244] diphenylsilyl(tetramethylcyc 
lopentadienyl)(cycloheptylamido)titanium Xn, 
[0245] diphenylsilyl(tetramethylcyc 
lopentadienyl)(cyclooctylamido)titanium Xn, 
[0246] diphenylsilyl(tetramethylcyc 
lopentadienyl)(cyclononylamido)titanium Xn, 
[0247] diphenylsilyl(tetramethylcyc 
lopentadienyl)(cyclodecylamido)titanium Xn, 

1 en s1 tetramet c c 0248 d'ph yl 'lyl hyl y 
lopentadienyl)(cycloundecylamido)titanium Xn, 

1 en s1 tetramet c c [0249] d'ph yl 'lyl( hyl y 
lopentadienyl)(cyclododecylamido)titanium Xn, 

1p eny s1 y tetramet y cyc openta 1eny sec 0250 d'h l'll hll d'l 
butylamido)titanium Xn, 

1p eny s1 y tetramet y eyc openta 1eny n-oc 0251 d'h l'll hll d'l 
tylamido)titanium Xn, 

1p eny s1 y tetramet y eyc openta 1eny n- e 0252 d'h l'll hll d' l d 
cylamido)titanium Xn, 
[0253] diphenylsilyl(tetramethylcyclopentadienyl)(n-oc 
tadecylamido)titanium Xn, 

[0254] 
[0255] By “derivatives thereof”, it is meant any substitu 
tion or ring formation as described above; and in particular, 
replacement of the metal “M” (Cr, Zr, Ti or Hf) With an atom 

and derivatives thereof. 
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selected from the group consisting of Cr, Zr, Hf and Ti; and 
replacement of the “X” group With any of C1 to C5 alkyls, C6 
aryls, C6 to C10 alkylaryls, ?uorine or chlorine; n is 1, 2 or 

[0256] It is contemplated that the metallocene catalysts 
components described above include their structural or 
optical or enantiomeric isomers (racemic mixture), and may 
be a pure enantiomer in one embodiment. 

[0257] As used herein, a single, bridged, asymmetrically 
substituted metallocene catalyst component having a race 
mic and/or meso isomer does not, itself, constitute at least 
tWo different bridged, metallocene catalyst components. 

[0258] The “metallocene catalyst component” may com 
prise any combination of any “embodiment” described 
herein. 

[0259] Activators 

[0260] The catalyst system may also include one or more 
activators. As used herein, the term “activator” is de?ned to 
be any compound or combination of compounds, supported 
or unsupported, Which can activate a single-site catalyst 
compound (e.g., metallocenes, non-metallocenes, etc.), such 
as by creating a cationic species from the catalyst compo 
nent. 

[0261] In certain embodiments, either or both of the cata 
lyst components may be contacted With a catalyst activator, 
herein simply referred to as an “activator.” Typically, this 
involves the abstraction of at least one leaving group (X 
group in the formulas/structures above) from the metal 
center of the catalyst component. The catalyst components 
of the present invention are thus activated toWards ole?n 
polymeriZation using such activators. Embodiments of such 
activators include Lewis acids such as cyclic or oligomeric 
poly(hydrocarbylaluminum oxides) and so called non-coor 
dinating activators (“NCA”) (alternately, “ioniZing activa 
tors” or “stoichiometric activators”), or any other compound 
that can convert a neutral metallocene catalyst component to 
a metallocene cation that is active With respect to ole?n 
polymeriZation. 

[0262] More particularly, it is Within the scope of this 
invention to use LeWis acids such as alumoXane (e.g., 
“MAO”), modi?ed alumoXane (e.g., “TIBAO”), and alky 
laluminum compounds as activators, and/or ioniZing acti 
vators (neutral or ionic) such as tri (n-butyl)ammonium 
tetrakis(penta?uorophenyl)boron and/or a trisper?uorophe 
nyl boron metalloid precursors to activate desirable metal 
locenes described herein. MAO and other aluminum-based 
activators are Well knoWn in the art. IoniZing activators are 
Well knoWn in the art and are described by, for eXample, 
Eugene You-Xian Chen & Tobin J. Marks, Cocatalysts for 
Metal-Catalyzed Ole?n Polymerization: Activators, Activa 
tion Processes, and Structure-Activity Relationships 100(4) 
CHEMICAL REVIEWS 1391-1434 (2000). The activators 
may be associated With or bound to a support, either in 
association With the catalyst component (e.g., metallocene) 
or separate from the catalyst component, such as described 
by Gregory G. Hlatky, Heterogeneous Single-Site Catalysts 
for Ole?n Polymerization 100(4) CHEMICAL REVIEWS 
1347-1374 (2000). 

[0263] The aluminum alkyl (“alkylaluminum”) activator 
may be described by the formula AlR§3, Wherein R§ is 
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selected from the group consisting of C1 to C20 alkyls, C1 to 
C20 alkoxys, halogen (chlorine, ?uorine, bromine) C6 to C20 
aryls, C7 to C25 alkylaryls, and C7 to C25 arylalkyls. Non 
limiting examples of aluminum alkyl compounds Which 
may be utilized as activators for the catalyst precursor 
compounds for use in the methods of the present invention 
include trimethylaluminum, triethylaluminum, triisobutyla 
luminum, tri-n-hexylaluminum, tri-n-octylaluminum and 
the like. 

[0264] Examples of neutral ionizing activators include 
Group 13 tri-substituted compounds, in particular, tri-sub 
stituted boron, tellurium, aluminum, gallium and indium 
compounds, and mixtures thereof. The three substituent 
groups are each independently selected from alkyls, alk 
enyls, halogen, substituted alkyls, aryls, arylhalides, alkoxy 
and halides. In one embodiment, the three groups are 
independently selected from halogen, mono or multicyclic 
(including halosubstituted) aryls, alkyls, and alkenyl com 
pounds and mixtures thereof. In another embodiment, the 
three groups are selected from alkenyl groups having 1 to 20 
carbon atoms, alkyl groups having 1 to 20 carbon atoms, 
alkoxy groups having 1 to 20 carbon atoms and aryl groups 
having 3 to 20 carbon atoms (including substituted aryls), 
and combinations thereof. In yet another embodiment, the 
three groups are selected from alkyls having 1 to 4 carbon 
groups, phenyl, naphthyl and mixtures thereof. In yet 
another embodiment, the three groups are selected from 
highly halogenated alkyls having 1 to 4 carbon groups, 
highly halogenated phenyls, and highly halogenated naph 
thyls and mixtures thereof By “highly halogenated”, it is 
meant that at least 50% of the hydrogens are replaced by a 
halogen group selected from ?uorine, chlorine and bromine. 
In yet another embodiment, the neutral stoichiometric acti 
vator is a tri-substituted Group 13 compound comprising 
highly ?uorided aryl groups, the groups being highly ?uo 
rided phenyl and highly ?uorided naphthyl groups. 

[0265] In another embodiment, the neutral tri-substituted 
Group 13 compounds are boron compounds such as a 
trisper?uorophenyl boron, trisper?uoronaphthyl boron, 
tris(3,5-di(tri?uoromethyl)phenyl)boron, tris(di-t-butylm 
ethylsilyl)per?uorophenylboron, and other highly ?uori 
nated trisarylboron compounds and combinations thereof, 
and their aluminum equivalents. Other suitable neutral ion 
iZing activators are described in US. Pat. No. 6,399,532 B1, 
US. Pat. No. 6,268,445 B1, and in 19 ORGANOMETAL 
LICS 3332-3337 (2000), and in 17 ORGANOMETALLICS 
3996-4003 (1998). 

[0266] Illustrative, not limiting examples of ionic ioniZing 
activators include trialkyl-substituted ammonium salts such 
as triethylammonium tetra(phenyl)boron, tripropylammo 
nium tetra(phenyl)boron, tri(n-butyl)ammonium tetra(phe 
nyl)boron, trimethylammonium tetra(p-tolyl)boron, trim 
ethylammonium tetra(o-tolyl)boron, tributylammonium 
tetra(penta?uorophenyl)boron, tripropylammonium tetra(o, 
p-dimethylphenyl)boron, tributylammonium tetra(m,m 
dimethylphenyl)boron, tributylammonium tetra(p-tri-?uo 
romethylphenyl)boron, tributylammonium 
tetra(penta?uorophenyl)boron, tri(n-butyl)ammonium tet 
ra(o-tolyl)boron and the like; N,N-dialkyl anilinium salts 
such as N,N-dimethylanilinium tetra(phenyl)boron, N,N 
diethylanilinium tetra(phenyl)boron, N,N-2,4,6-pentam 
ethylanilinium tetra(phenyl)boron and the like; dialkyl 
ammonium salts such as di-(isopropyl)ammonium tetra(p 
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enta?uorophenyl)boron, dicyclohexylammonium tetra(phe 
nyl)boron and the like; triaryl carbonium salts (trityl salts) 
such as triphenylcarbonium tetra(phenyl)boron and triph 
enylcarbonium tetra(penta?uorophenyl)boron; and triaryl 
phosphonium salts such as triphenylphosphonium tetra(phe 
nyl)boron, triphenylphosphonium tetra(penta?uorophenyl 
)boron, tri(methylphenyl)phosphonium tetra(phenyl)boron, 
tri(dimethylphenyl)phosphonium tetra(phenyl)boron and 
the like, and their aluminum equivalents. 

[0267] In yet another embodiment of the activator of the 
invention, an alkylaluminum can be used in conjunction 
With a heterocyclic compound. The heterocyclic compound 
includes at least one nitrogen, oxygen, and/or sulfur atom, 
and includes at least one nitrogen atom in a particular 
embodiment. The heterocyclic compound includes 4 or 
more ring members in one embodiment, and 5 or more ring 
members in another embodiment. 

[0268] The heterocyclic compound for use as an activator 
With an alkylaluminum may be unsubstituted or substituted 
With one or a combination of substituent groups. Examples 
of suitable substituents include halogen, alkyl, alkenyl or 
alkynyl radicals, cycloalkyl radicals, aryl radicals, aryl sub 
stituted alkyl radicals, acyl radicals, aroyl radicals, alkoxy 
radicals, aryloxy radicals, alkylthio radicals, dialkylamino 
radicals, alkoxycarbonyl radicals, aryloxycarbonyl radicals, 
carbomoyl radicals, alkyl- or dialkyl-carbamoyl radicals, 
acyloxy radicals, acylamino radicals, aroylamino radicals, 
straight, branched or cyclic, alkylene radicals, or any com 
bination thereof. The substituents groups may also be sub 
stituted With halogens, particularly ?uorine or bromine, 
heteroatoms or the like. 

[0269] Non-limiting examples of hydrocarbon substitu 
ents include methyl, ethyl, propyl, butyl, pentyl, hexyl, 
cyclopentyl, cyclohexyl, benZyl or phenyl groups and the 
like, including all their isomers, for example tertiary butyl, 
isopropyl, and the like. Other examples of substituents 
include ?uoromethyl, ?uoroethyl, di?uoroethyl, iodopropyl, 
bromohexyl or chlorobenZyl. 

[0270] In one embodiment, the heterocyclic compound is 
unsubstituted. In another embodiment one or more positions 
on the heterocyclic compound are substituted With a halogen 
atom or a halogen atom containing group, for example a 
halogenated aryl group. In one embodiment the halogen is 
selected from chlorine, bromine and ?uorine, and selected 
from ?uorine and bromine in another embodiment, and the 
halogen is ?uorine in yet another embodiment. 

[0271] Non-limiting examples of heterocyclic compounds 
utiliZed in the activator of the invention include substituted 
and unsubstituted pyrroles, imidaZoles, pyraZoles, pyrro 
lines, pyrrolidines, purines, carbaZoles, and indoles, phenyl 
indoles, 2,5 -dimethyl pyrroles, 3-penta?uorophenyl pyrrole, 
4,5,6,7-tetra?uoroindole or 3,4-di?uoropyrroles. 

[0272] In one embodiment, the heterocyclic compound 
described above is combined With an alkylaluminum or an 
alumoxane to yield an activator compound Which, upon 
reaction With a catalyst component, for example a metal 
locene, produces an active polymeriZation catalyst. Non 
limiting examples of suitable alkylaluminums include trim 
ethylaluminum, triethylaluminum, triisobutylaluminum, tri 
n-hexylaluminum, tri-n-octylaluminum, tri-iso 
octylaluminum, triphenylaluminum, and combinations 
thereof. 
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[0273] Other activators include those described in WO 
98/07515 such as tris (2,2‘,2“-nona?uorobiphenyl) ?uoro 
aluminate. Combinations of activators are also contemplated 
by the invention, for example, alumoxanes and ionizing 
activators in combinations. Other activators include alumi 
num/boron complexes, perchlorates, periodates and iodates 
including their hydrates; lithium (2,2‘-bisphenyl 
ditrimethylsilicate).4THF; silylium salts in combination 
With a non-coordinating compatible anion. Also, methods of 
activation such as using radiation, electro-chemical oxida 
tion, and the like are also contemplated as activating meth 
ods for the purposes of rendering the neutral bulky ligand 
metallocene-type catalyst compound or precursor to a bulky 
ligand metallocene-type cation capable of polymeriZing 
ole?ns. Other activators or methods for activating a bulky 
ligand metallocene-type catalyst compound are described in 
for example, US. Pat. Nos. 5,849,852, 5,859,653 and 5,869, 
723 and WO 98/32775. 

[0274] In general, the activator and catalyst component(s) 
are combined in mole ratios of activator to catalyst compo 
nent from 1000:1 to 0.1:1, and from 300:1 to 1:1 in another 
embodiment, and from 150:1 to 1:1 in yet another embodi 
ment, and from 50:1 to 1:1 in yet another embodiment, and 
from 10:1 to 0.5:1 in yet another embodiment, and from 3:1 
to 03:1 in yet another embodiment, Wherein a desirable 
range may include any combination of any upper mole ratio 
limit With any loWer mole ratio limit described herein. When 
the activator is a cyclic or oligomeric poly(hydrocarbylalu 
minum oxide) (e.g., “MAO”), the mole ratio of activator to 
catalyst component ranges from 2:1 to 100,000:1 in one 
embodiment, and from 10:1 to 10,000:1 in another embodi 
ment, and from 50:1 to 2,000:1 in yet another embodiment. 
When the activator is a neutral or ionic ioniZing activator 
such as a boron alkyl and the ionic salt of a boron alkyl, the 
mole ratio of activator to catalyst component ranges from 
0.5:1 to 10:1 in one embodiment, and from 1:1 to 5:1 in yet 
another embodiment. 

[0275] Spray Drying Process 

[0276] Any spray-drying method knoWn in the art may be 
used. For example, a suitable spray-drying method com 
prises atomiZing a solution, suspension or dispersion of the 
catalyst and/or the activator, optionally together With a ?ller, 
and optionally With heating of the solution, suspension or 
dispersion. AtomiZation is preferably done by passing the 
slurry through the atomiZer together With an inert drying gas, 
i.e., a gas Which is nonreactive under the conditions 
employed during atomiZation, such as nitrogen for example. 
An atomiZing noZZle or a centrifugal high speed disc can be 
employed to effect atomiZation, Whereby there is created a 
spray or dispersion of droplets of the mixture. The volumet 
ric How of drying gas, if used, preferably considerably 
exceeds the volumetric How of the slurry to effect atomiZa 
tion of the slurry and/or evaporation of the liquid medium. 
Ordinarily the drying gas is heated to a temperature as high 
as about 160° C. to facilitate atomiZation of the slurry; 
hoWever, if the volumetric How of drying gas is maintained 
at a very high level, it is possible to employ loWer tempera 
tures. AtomiZation pressures of from about 1 psig to 200 psig 
are suitable. Some examples of suitable spray-drying meth 
ods include those disclosed in US. Pat. Nos. 5,290,745, 
5,652,314, 4,376,062, 4,728,705, 5,604,172, 5,306,350 and 
4,638,029. 
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[0277] FIG. 1 is a schematic representation of an exem 
plary spray-drying apparatus. Referring to FIG. 1, each 
mixture is draWn through silicone tubing from a reservoir 
attached at point C by a peristaltic pump D. As the mixture 
passes through noZZle F, it is mixed With atomiZing nitrogen 
gas, Which enters the system at point E. The mist of catalyst 
composition thus formed in the drying chamber G is then 
dried in the presence of bath nitrogen gas, Which enters the 
drying chamber at point A. The bath nitrogen bath is heated 
by heater B before entering. Particles of unacceptably large 
diameter catalyst composition are not entrained in the nitro 
gen ?oW and drop into oversiZe collection pot H. The 
remainder of the catalyst composition continues through 
chamber outlet I into the cyclone separator J, Where the 
particulate catalyst composition is disengaged from the gas 
stream and dropped into a removable product collection pot 
K, from Which the fully activated catalyst composition is 
recovered. The nitrogen gas is draWn through the aspirator 
L and removed from the system at point M. 

[0278] Another type of suitable spray-drying method 
includes forming a liquid mixture of a nonvolatile materials 
fraction, a solvent fraction and at least one compressed ?uid; 
and spraying the liquid mixture at a temperature and pres 
sure that gives a substantially decompressive spray by 
passing the mixture through an ori?ce into an environment 
suitable for forming solid particulates by solvent evapora 
tion. Such a method is disclosed in US. Pat. No. 5,716,558. 

[0279] By adjusting the siZe of the ori?ces of the atomiZer 
employed during spray-drying, it is possible to obtain par 
ticles having desired average particle siZe, e.g., from about 
5 micrometers to about 200 micrometers. The particles 
recovered from the spray-drying can optionally be decar 
boxylated by heating the particles, e.g., as disclosed in US. 
Pat. No. 5,652,314. 

[0280] Any solid particulate material Which is inert to the 
other components of the catalyst system, and during subse 
quent polymeriZation, can be employed as the ?ller. Such 
materials can be organic or inorganic. Suitable ?llers include 
fumed silica, non-fumed silica, boron nitride, titanium diox 
ide, Zinc oxide, polystyrene, and calcium carbonate. Fumed 
hydrophobic silica is preferred because it imparts high 
viscosity to the slurry and good strength to the spray-dried 
particles. For example, GasilTM or CabosilTM may be used. 
The particulate material employed as ?ller should have an 
average particle siZe no greater than 50 micrometers, pref 
erably no greater than 10 micrometers. The particulate 
material employed as ?ller should be dry, i.e., free of 
absorbed Water. 

[0281] Suf?cient ?ller is preferably employed to produce 
a slurry suitable for spray-drying, i.e., a slurry containing 
such ?ller in an amount of from 0 percent by Weight to about 
15 percent by Weight, preferably from about 2.5 percent by 
Weight to about 10 percent by Weight. When spray-dried, 
such slurry produces discrete catalyst particles in Which 
?ller is present in an amount of from 0 percent by Weight to 
about 50 percent by Weight, preferably from about 10 
percent by Weight to about 30 percent by Weight. The 
spray-dried catalyst particles produced in this manner typi 
cally have an average particle siZe of from about 5 microme 
ters to about 200 micrometers, preferably from about 10 
micrometers to about 30 micrometers. 
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[0282] Polymerization Process 

[0283] The spray dried catalyst is suitable for use in any 
prepolymerization and/or polymerization process over a 
Wide range of temperatures and pressures. The temperatures 
may be in the range of from —60° C. to about 280° C., 
preferably from 50° C. to about 200° C. In one embodiment, 
the polymerization temperature is above 0° C., above 50° C., 
above 80° C., above 1000 C., above 150° C., or above 200° 
C. In one embodiment, the pressures employed may be in the 
range from 1 atmosphere to about 500 atmospheres or 
higher. 

[0284] Polymerization processes include solution, gas 
phase, slurry phase, and a high pressure process, or a 
combination thereof. Particularly preferred is a gas phase or 
slurry phase polymerization of one or more ole?n(s) at least 
one of Which is ethylene or propylene. 

[0285] In one embodiment, the process is a solution, high 
pressure, slurry or gas phase polymerization process of one 
or more ole?n monomers having from 2 to 30 carbon atoms, 
preferably 2 to 12 carbon atoms, and more preferably 2 to 8 
carbon atoms. The invention is particularly Well suited to the 
polymerization of tWo or more ole?n monomers of ethylene, 
propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-heX 
ene, 1-octene and 1-decene. 

[0286] Other monomers useful include ethylenically 
unsaturated monomers, diole?ns having 4 to 18 carbon 
atoms, conjugated or nonconjugated dienes, polyenes, vinyl 
monomers and cyclic ole?ns. Non-limiting monomers use 
ful in the invention may include norbornene, norbornadiene, 
isobutylene, isoprene, vinylbenzocyclobutane, styrenes, 
alkyl substituted styrene, ethylidene norbornene, dicyclo 
pentadiene and cyclopentene. 

[0287] In another embodiment, a copolymer of ethylene is 
produced, Where With ethylene, a comonomer having at least 
one alpha-ole?n having from 4 to 15 carbon atoms, prefer 
ably from 4 to 12 carbon atoms, and most preferably from 
4 to 8 carbon atoms, is polymerized in a gas phase process. 

[0288] In another embodiment, ethylene or propylene is 
polymerized With at least tWo different comonomers, option 
ally one of Which may be a diene, to form a terpolymer. 

[0289] In one embodiment, the invention is directed to a 
polymerization process, particularly a gas phase or slurry 
phase process, for polymerizing propylene alone or With one 
or more other monomers including ethylene, and/or other 
ole?ns having from 4 to 12 carbon atoms. 

[0290] Typically in a gas phase polymerization process, a 
continuous cycle is employed Where in one part of the cycle 
of a reactor system, a cycling gas stream, otherWise knoWn 
as a recycle stream or ?uidizing medium, is heated in the 
reactor by the heat of polymerization. This heat is removed 
from the recycle composition in another part of the cycle by 
a cooling system eXternal to the reactor. Generally, in a gas 
?uidized bed process for producing polymers, a gaseous 
stream containing one or more monomers is continuously 
cycled through a ?uidized bed in the presence of a catalyst 
under reactive conditions. The gaseous stream is WithdraWn 
from the ?uidized bed and recycled back into the reactor. 
Simultaneously, polymer product is WithdraWn from the 
reactor and fresh monomer is added to replace the polymer 
ized monomer. 
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[0291] The reactor pressure in a gas phase process may 
vary from about 100 psig (690 kPa) to about 500 psig (3448 
kPa), preferably in the range of from about 200 psig (1379 
kPa) to about 400 psig (2759 kPa), more preferably in the 
range of from about 250 psig (1724 kPa) to about 350 psig 
(2414 kPa). 
[0292] The reactor temperature in a gas phase process may 
vary from about 30° C. to about 120° C., preferably from 
about 60° C. to about 115° C., more preferably in the range 
of from about 70° C. to 110° C., and most preferably in the 
range of from about 70° C. to about 95° C. In another 
embodiment, the reactor temperature in a gas phase process 
is above 60° C. 

[0293] Other gas phase processes include series or multi 
stage polymerization processes. Gas phase processes may 
also include those described in Us. Pat. Nos. 5,627,242, 
5,665,818 and 5,677,375, and European publications EP 
A-0 794 200 EP-B1-0 649 992, EP-A-0 802 202 and 
EP-B-634 421. 

[0294] In another embodiment, the process may produce 
greater than 500 lbs of polymer per hour (227 Kg/hr) to 
about 200,000 lbs/hr (90,900 Kg/hr) or higher of polymer, 
preferably greater than 1000 lbs/hr (455 Kg/hr), more pref 
erably greater than 10,000 lbs/hr (4540 Kg/hr), even more 
preferably greater than 25,000 lbs/hr (11,300 Kg/hr), still 
more preferably greater than 35,000 lbs/hr (15,900 Kg/hr), 
still even more preferably greater than 50,000 lbs/hr (22,700 
Kg/hr) and most preferably greater than 65,000 lbs/hr (29, 
000 Kg/hr) to greater than 100,000 lbs/hr (45,500 Kg/hr). 
[0295] A slurry polymerization process generally uses 
pressures in the range of from about 1 to about 50 atmo 
spheres and even greater and temperatures in the range of 0° 
C. to about 120° C. In another embodiment, the slurry 
process temperature is above 100° C. In a slurry polymer 
ization, a suspension of solid, particulate polymer is formed 
in a liquid polymerization diluent medium to Which ethylene 
and comonomers and often hydrogen along With catalyst are 
added. The suspension including diluent is intermittently or 
continuously removed from the reactor Where the volatile 
components are separated from the polymer and recycled, 
optionally after a distillation, to the reactor. The liquid 
diluent employed in the polymerization medium is typically 
an alkane having from 3 to 7 carbon atoms, preferably a 
branched alkane. The medium employed should be liquid 
under the conditions of polymerization and relatively inert. 
When a propane medium is used the process must be 
operated above the reaction diluent critical temperature and 
pressure. Preferably, a heXane or an isobutane medium is 
employed. 
[0296] In another embodiment, the polymerization tech 
nique is referred to as a particle form polymerization, or a 
slurry process Where the temperature is kept beloW the 
temperature at Which the polymer goes into solution. Such 
technique is Well knoWn in the art, and described in for 
instance US. Pat. No. 3,248,179. Other slurry processes 
include those employing a loop reactor and those utilizing a 
plurality of stirred reactors in series, parallel, or combina 
tions thereof. Non-limiting eXamples of slurry processes 
include continuous loop or stirred tank processes. Also, 
other eXamples of slurry processes are described in US. Pat. 
No. 4,613,484. 
[0297] In another embodiment, this process may produce 
greater than 2000 lbs of polymer per hour (907 Kg/hr), more 
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preferably greater than 5000 lbs/hr (2268 Kg/hr), and most 
preferably greater than 10,000 lbs/hr (4540 Kg/hr). In 
another embodiment the slurry reactor may produce greater 
than 15,000 lbs of polymer per hour (6804 Kg/hr), prefer 
ably greater than 25,000 lbs/hr (11,340 Kg/hr) to about 
100,000 lbs/hr (45,500 Kg/hr). 

[0298] Examples of solution processes are described in 
US. Pat. Nos. 4,271,060, 5,001,205, 5,236,998 and 5,589, 
555 and PCT WO 99/32525. 

[0299] In one embodiment, the slurry or gas phase process 
is operated in the presence of the catalyst system described 
herein and in the absence of or essentially free of any 
scavengers, such as triethylaluminum, trimethylaluminum, 
tri-isobutylaluminum and tri-n-hexylaluminum and diethyl 
aluminum chloride, dibutyl Zinc and the like. This process is 
described in PCT publication WO 96/08520 and US. Pat. 
Nos. 5,712,352 and 5,763,543. 

[0300] In another embodiment, the method provides for 
injecting the catalyst system described herein into a reactor, 
particularly a gas phase reactor. In one embodiment the 
catalyst system is used in the unsupported form, preferably 
in a liquid form such as described in US. Pat. Nos. 5,317, 
036 and 5,693,727 and European publication EP-A-0 593 
083. The polymeriZation catalyst in liquid form can be fed 
With an activator, and/or a support, and/or a supported 
activator together or separately to a reactor. The injection 
methods described in PCT publication WO 97/46599 may be 
utiliZed. 

[0301] Where an unsupported catalyst system is used the 
mole ratio of the metal of the activator component to the 
metal of the catalyst compound is in the range of betWeen 
0.3:1 to 10,000:1, preferably 100:1 to 500011, and most 
preferably 500:1 to 200011. 

[0302] Polymer Products 

[0303] The polymers produced can be used in a Wide 
variety of products and end-use applications. The polymers 
produced include polyethylene homopolymers and polyeth 
ylene co-polymers, including linear loW density polyethyl 
ene, elastomers, plastomers, high density polyethylenes, 
medium density polyethylenes, loW density polyethylenes, 
as Well as polypropylene homopolymers and polypropylene 
co polymers. 

[0304] The polymers, typically ethylene based polymers, 
have a density in the range of from 0.86 g/cc to 0.97 g/cc, 
preferably in the range of from 0.88 g/cc to 0.965 g/cc, more 
preferably in the range of from 0.900 g/cc to 0.96 g/cc, even 
more preferably in the range of from 0.905 g/cc to 0.95 g/cc, 
yet even more preferably in the range from 0.910 g/cc to 
0.940 g/cc, and most preferably greater than 0.915 g/cc, 
preferably greater than 0.920 g/cc, and most preferably 
greater than 0.925 g/cc. Density is measured in accordance 
With ASTM-D-1238. 

[0305] The polymers produced typically have a molecular 
Weight distribution, a Weight average molecular Weight to 
number average molecular Weight (MW/Mn) of greater than 
1.5 to about 15, particularly greater than 2 to about 10, more 
preferably greater than about 2.2 to less than about 8, and 
most preferably from 2.5 to 8. The polymers may have a 
narroW molecular Weight distribution and a broad compo 
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sition distribution or vice-versa, and may be those polymers 
described in Us. Pat. No. 5,798,427. 

[0306] Also, the polymers typically have a narroW com 
position distribution as measured by Composition Distribu 
tion Breadth Index (CDBI). Further details of determining 
the CDBI of a copolymer are knoWn to those skilled in the 
art. See, for example, PCT Patent Application WO 
93/03093, published Feb. 18, 1993. The polymers in one 
embodiment have CDBI’s generally in the range of greater 
than 50% to 100%, preferably 99%, preferably in the range 
of 55% to 85%, and more preferably 60% to 80%, even more 
preferably greater than 60%, still even more preferably 
greater than 65%. In another embodiment, polymers pro 
duced using a catalyst system described herein have a CDBI 
less than 50%, more preferably less than 40%, and most 
preferably less than 30%. 

[0307] The polymers in one embodiment have a melt 
index (MI) or (I2) as measured by ASTM-D-1238-E (190/ 
2.16) in the range from no measurable How to 1000 dg/min, 
more preferably from about 0.01 dg/min to about 100 
dg/min, even more preferably from about 0.1 dg/min to 
about 50 dg/min, and most preferably from about 0.1 dg/min 
to about 10 dg/min. 

[0308] In one embodiment, the polymers have a melt 
index ratio (121/12) (I21 is measured by ASTM-D-1238-F) 
(190/21.6) of from 10 to less than 25, more preferably from 
about 15 to less than 25. The polymers, in a preferred 
embodiment, have a melt index ratio (In/I2) of from greater 
than 25, more preferably greater than 30, even more pref 
erably greater that 40, still even more preferably greater than 
50 and most preferably greater than 65. For example, the 
melt index ratio (121/12) may be of from 5 to 300, 10 to 200, 
20 to 180, 30 to 160, 40 to 120, 50 to 100, 60 to 90, and a 
combination of any upper limit With any loWer limit. 

[0309] In yet another embodiment, propylene based poly 
mers are produced. These polymers include atactic polypro 
pylene, isotactic polypropylene, hemi-isotactic and syndio 
tactic polypropylene. Other propylene polymers include 
propylene block or impact copolymers. Propylene polymers 
of these types are Well knoWn in the art see for example US. 
Pat. Nos. 4,794,096, 3,248,455, 4,376,851, 5,036,034 and 
5,459,117. 

[0310] The polymers may be blended and/or coextruded 
With any other polymer. Non-limiting examples of other 
polymers include linear loW density polyethylenes, elas 
tomers, plastomers, high pressure loW density polyethylene, 
high density polyethylenes, polypropylenes and the like. 

[0311] The polymers produced and blends thereof are 
useful in such forming operations as ?lm, sheet, and ?ber 
extrusion and co-extrusion as Well as bloW molding, injec 
tion molding and rotary molding. Films include bloWn or 
cast ?lms formed by coextrusion or by lamination useful as 
shrink ?lm, cling ?lm, stretch ?lm, sealing ?lms, oriented 
?lms, snack packaging, heavy duty bags, grocery sacks, 
baked and froZen food packaging, medical packaging, indus 
trial liners, membranes, etc. in food-contact and non-food 
contact applications. Fibers include melt spinning, solution 
spinning and melt bloWn ?ber operations for use in Woven 
or non-Woven form to make ?lters, diaper fabrics, medical 
garments, geotextiles, etc. Extruded articles include medical 
tubing, Wire and cable coatings, pipe, geomembranes, and 
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pond liners. Molded articles include single and multi-lay 
ered constructions in the form of bottles, tanks, large holloW 
articles, rigid food containers and toys, etc. 

[0312] Bimodal Polymer Product 

[0313] The polymers produced by the processes described 
herein, utiliZing the mixed catalysts described herein, are 
preferably bimodal. The term “bimodal,” When used to 
describe a polymer or polymer composition, e.g., polyole?ns 
such as polypropylene or polyethylene, or other homopoly 
mers, copolymers or terpolymers, means “bimodal molecu 
lar Weight distribution,” Which term is understood as having 
the broadest de?nition persons in the pertinent art have 
given that term as re?ected in printed publications and 
issued patents. For example, a single composition that 
includes polyole?ns With at least one identi?able high 
molecular Weight distribution and polyole?ns With at least 
one identi?able loW molecular Weight distribution is con 
sidered to be a “bimodal” polyole?n, as that term is used 
herein. Preferably, other than having different molecular 
Weights, the high molecular Weight polyole?n and the loW 
molecular Weight polyole?n are essentially the same type of 
polymer, e.g., polypropylene or polyethylene. 

[0314] The bimodal polymer products prepared using the 
mixed catalysts described herein can be used in a Wide 
variety of products and end-use applications. The polymers 
produced by the process of the invention include linear loW 
density polyethylene, elastomers, plastomers, high density 
polyethylenes, loW density polyethylenes, medium density 
polyethylenes, polypropylene and polypropylene copoly 
mers. 

[0315] Polymers that can be made using the described 
processes can have a variety of compositions, characteristics 
and properties. At least one of the advantages of the catalysts 
is that the process utiliZed can be tailored to form a polymer 
composition With a desired set of properties. For example, it 
is contemplated that the polymers having the same proper 
ties as the bimodal polymer compositions in US. Pat. No. 
5,525,678 can be formed. Also, the bimetallic catalysts 
described herein can be used in polymeriZation processes to 
form polymers having the same properties as the polymers 
in the folloWing patents, US. Pat. Nos. 6,420,580; 6,388, 
115; 6,380,328; 6,359,072; 6,346,586; 6,340,730; 6,339, 
134; 6,300,436; 6,274,684; 6,271,323; 6,248,845; 6,245, 
868; 6,245,705; 6,242,545; 6,211,105; 6,207,606; 6,180, 
735; and 6,147,173. 
[0316] The polymers, typically ethylene based polymers, 
should have a density in the range of from 0.86 g/cc to 0.97 
g/cc, preferably in the range of from 0.88 g/cc to 0.965 g/cc, 
more preferably in the range of from 0.900 g/cc to 0.96 g/cc, 
even more preferably in the range of from 0.905 g/cc to 
0.955 g/cc, yet even more preferably in the range from 0.910 
g/cc to 0.955 g/cc, and most preferably greater than 0.915 
g/cc, preferably greater than 0.920 g/cc, and most preferably 
greater than 0.925 g/cc. 

[0317] The polymers can have a molecular Weight distri 
bution, a Weight average molecular Weight to number aver 
age molecular Weight (MW/Mn) of greater than 5 to about 80, 
particularly greater than 10 to about 60, more preferably 
greater than about 15 to less than about 55, and most 
preferably from 20 to 50. 

[0318] The polymers made by the described processes can 
in certain embodiments have a melt index (MI) or (I2) as 
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measured by ASTM-D-1238-E in the range from 0.01 
dg/min to 1000 dg/min, more preferably from about 0.01 
dg/min to about 100 dg/min, even more preferably from 
about 0.02 dg/min to about 50 dg/min, and most preferably 
from about 0.03 dg/min to about 0.1 dg/min. 

[0319] Polymers made by the described processes can in 
certain embodiments have a melt index ratio (121/12) (I21 is 
measured by ASTM-D-1238-F) of from 40 to less than 500, 
more preferably from about 60 to less than 200. 

[0320] Expressed differently, polymers made by the 
described processes can in certain embodiments have a melt 

index ratio (121/12) (I21 is measured by ASTM-D-1238-F) of 
from preferably greater than 40, more preferably greater 
than 50, even more preferably greater that 60, still even more 
preferably greater than 65 and most preferably greater than 
70. In one or more other embodiments, the polymer of the 
invention may have a narroW molecular Weight distribution 
and a broad composition distribution or vice-versa, and may 
be those polymers described in Us. Pat. No. 5,798,427. 

[0321] In certain embodiments, propylene based polymers 
can be produced using the processes described herein. These 
polymers include atactic polypropylene, isotactic polypro 
pylene, hemi-isotactic and syndiotactic polypropylene. 
Other propylene polymers include propylene block or 
impact copolymers. Propylene polymers of these types are 
Well knoWn in the art see for example US. Pat. Nos. 
4,794,096, 3,248,455, 4,376,851, 5,036,034 and 5,459,117. 

[0322] The polymers of the invention may be blended 
and/or coextruded With any other polymer. Non-limiting 
examples of other polymers include linear loW density 
polyethylenes produced via conventional Ziegler-Natta and/ 
or bulky ligand metallocene-type catalysis, elastomers, plas 
tomers, high pressure loW density polyethylene, high density 
polyethylenes, polypropylenes and the like. 

[0323] Polymers produced by the process of the invention 
and blends thereof are useful in such forming operations as 
?lm, sheet, pipe and ?ber extrusion and co-extrusion as Well 
as bloW molding, injection molding and rotary molding. 
Films include bloWn or cast ?lms formed by coextrusion or 
by lamination useful as shrink ?lm, cling ?lm, stretch ?lm, 
sealing ?lms, oriented ?lms, snack packaging, heavy duty 
bags, grocery sacks, baked and froZen food packaging, 
medical packaging, industrial liners, membranes, etc. in 
food-contact and non-food contact applications. Fibers 
include melt spinning, solution spinning and melt bloWn 
?ber operations for use in Woven or non-Woven form to 

make ?lters, diaper fabrics, medical garments, geotextiles, 
etc. Extruded articles include medical tubing, Wire and cable 
coatings, geomembranes, and pond liners. Molded articles 
include single and multi-layered constructions in the form of 
bottles, tanks, large holloW articles, rigid food containers 
and toys, etc. 

EXAMPLES 

[0324] In order to provide a better understanding of the 
foregoing discussion, the folloWing non-limiting examples 
are offered. Although the examples may be directed to 
speci?c embodiments, they are not to be vieWed as limiting 
the invention in any speci?c respect. All parts, proportions, 
and percentages are by Weight unless otherWise indicated. 
All examples Were carried out in dry, oxygen-free environ 



US 2005/0182210 A1 

ments and solvents. All molecular Weights are Weight aver 
age molecular Weight unless otherwise noted. Molecular 
Weights including Weight average molecular Weight (MW), 
number average molecular Weight (Mn), and Z-average 
molecular Weight (M2) were measured by Gel Permeation 
Chromatography (GPC), also knoWn as siZe exclusion chro 
matography (SEC). 

Example 1 (Comparative) 
[0325] “HN3Zr”{Bis(phenylmethyl)[N‘-(2,4,6-trimeth 
ylphenyl)-N-[2-[2,4,6-trimethyl phenyl)amino-kN]ethyl]-1, 
2-ethanediaminato(2-)kN,kN‘]Zirconium} and “X”{(n-pro 
pylcyclopentadienyl) (tetramethylcyclopentadienyl) 
Zirconium dichloride} Were mixed at a 4.5 to 1 molar ratio 
and then activated With methyl alumoxane. This catalyst 
system Was then supported on silica Cabosil TS 610 in a 
pilot scale spray dryer. The Cabosil TS 610 Was sold by 
Cabot Corporation. The composition of the resulting spray 
dried catalyst Was 2 Wt % HN3Zr/X, 32% methyl alumox 
ane, 66% cabosil TS610. 

[0326] This catalyst Was mixed With mineral oil (Hydro 
brite® 550 manufactured by Crompton Company) to pro 
duce three slurries having 8%, 12% and 18% solids con 
centration in oil. Foaming Was noticed for each slurry and 
the intensity of foaming Was found to increase With the 
solids concentration of the slurry. The viscosity of each 
slurry Was measured at 25° C. using a Brook?eld viscometer 
as a function of shear rate, and is reported in Table 1 beloW. 

Example 2 
[0327] The catalyst of Example 1 Was mixed With Hydro 
brite® 550 oil along With 10% heptane to produce a slurry 
having 25% solids concentration. Even though the solids 
concentration Was higher than the slurries of Example 1, 
foaming Was found to be signi?cantly less. The viscosity of 
this slurry Was also measured using a Brook?eld viscometer 
as a function of shear rate and reported in Table 1. 

TABLE 1 

Effect of solids concentration on viscosity at 25° C. 

EX 1: EX. 1: EX. 1: EX. 2: 
Viscosity Viscosity Viscosity Viscosity 

Shear of 8% of 12% of 18% of 25% 
rate solids solids, solids solids 

(1/sec) (cP) (cP) (cP) (cP) 

1.7 504 858 1014 402 
3.4 453 762 990 411 
5.1 442 724 980 406 
6.8 435 700 973 402 
8.5 439 684 967 394 

10.2 440 674 966 387 
11.9 441 668 962 379 
13.6 439 658 958 375 

[0328] As seen in Table 1, the viscosity of this slurry at 
25% solids With heptane (Example 2) Was less than the 
loWer concentration slurries Without any heptane present. 
This observation Was surprising and unexpected considering 
the Example 2 slurry contained as much as three times the 
amount of solids than the slurries of Example 1. 

Example 3 (Comparative) 
[0329] A spray dried catalyst containing 
“HN5Zr”{Bis(phenylmethyl)[N‘-(2,3,4,5 ,6-pentameth 
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ylphenyl)-N-[2-[2,3,4,5,6-pentamethylphenyl)amino-kN] 
ethyl]-1,2-ethane diaminato(2-)kN,kN‘]Zirconium} and 
“X”{(n-propylcyclopentadienyl) (tetramethylcyclopentadi 
enyl) Zirconiumdichloride} Were mixed at a 4.2 to 1 molar 
ratio, and activated using methyl alumoxane. This catalyst 
Was then supported on silica Cabosil TS 610 in a pilot scale 
spray dryer. This catalyst Was then mixed With Hydrobrite® 
550 mineral oil, to produce a slurry having 18% solids 
concentration in oil. Signi?cant foaming Was noticed. 

Example 4 

[0330] The catalyst of Example 3 Was mixed With Hydro 
brite® mineral oil to produce a slurry having a higher solids 
concentration (25 Wt %) along With 10% n-hexane. Again, 
foaming Was signi?cantly less. A side by side comparison 
shoWed a surprising reduction in the foam content of the 
25% slurry With 10% hexane of Example 4 compared to the 
18% slurry of Example 3. 

Example 5 

[0331] A spray dried catalyst containing 2% by Weight of 
HN5Zr/X mixed at 5:1 molar ratio, 32% by Weight of methyl 
alumoxane and 66% by Weight of Cabosil TS 610 Was 
prepared in a pilot scale spray dryer. The particle siZe 
distribution of the catalyst as measured by MastersiZer 
Instrument made by Malvern Instruments Ltd, Malvern, 
UK. is given beloW: 

[0332] D90142 micron; 

[0333] D50:24 micron; and 

[0334] D10:13 micron. 

[0335] Alarge scale slurry Was prepared using this catalyst 
and n-hexane and another type of mineral oil (Kaydol® also 
manufactured by Crompton Company) to test the foaming 
and ease of handling. The slurry Was made in a 125 gallon 
vessel ?tted With a helical ribbon agitator. About 483 lbs. of 
degassed mineral oil Was charged into the 125 gallon vessel, 
and 71 lbs. of n-hexane Was added and mixed for 1 hour at 
40° C. Then 156.4 lbs. of the spray dried catalyst Was added 
over a period of tWo hours. The slurry in the 125 gallon 
vessel Was mixed at 40° C. for about 4 hours and discharged 
into a horiZontal metal cylinder of 120 gallon siZe. The 
composition of the slurry Was 22% catalyst, 10% hexane, 
and 68% oil. 

[0336] There Was no foaming observed. The solids Were 
mixed Well and discharged into the horiZontal cylinder 
easily. The viscosity of the slurry Was measured using a 
Brook?eld viscometer and the viscosity Was much loWer 
than the 18% slurry of Example 1. The results are shoWn in 
Table 2 beloW. 

TABLE 2 

Viscosity of 22% slurry 10% he ane and 68% oil (Kavdol ®) 

Shear Rate (1/sec) Viscosity (cP) 

1.40 600 
2.80 564 
4.20 524 
5.60 492 
7.00 466 
8.40 446 








