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APPLICATION FOR PATENT 

. Title: Stable Metallocene Catalyst Systems 

s 

10 Field ofthe Invention 

This invention relates to stabilized inetallocene catalyst systems and to 

methods for their producti.on and use. Specifically, these catalyst systems comprise 

. metallocene and alkylalumoxane wherein the ratio of the aluminum of the. . 

.15 · alkylalumoxane to the transition metal of the metallocene used to prepare the 

catlayst system is in the range of from about BO: l to about 200: 1. These catalyst 

systems retain their activity and may be used directly in polymerization after 

storage for periods of up to two months or more. 

20 Background 

A well-known problem associated with activated metallocene catalyst · · 

systems is their inability t() remain stable and active for more than a few days or 

hours particularly at high temperatures. Consequently, metallocene catalyst. 

25 systems nmst be used soon after preparation in order to take advantage of their 

· maximtim productivity._ Using a catalyst immediately after its production can be 

quite difficult particularly on a commercial scale. To date, attempts to alleviate this 

problem have met with limited success. 
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U. S. Patent No. 5,308,817 describes a particular syndiospecific 

. metallocene which, when activated with methylalumoxane, is stable for up to 3 

days with good activity. These aged catalyst systems, however. tend to cause 

polymerization reactor fouling and this tendency increases with increased aging 

5 ·time. 

U.S. Patent No. 5,393,851 descn'bcs a concentrated stock 

. metallocene/alumoxane solution which may be stored for up to 14 days. Before 

use in polymerization; this solution must be diluted with additional alumoxane. 

I 0 Additionally. these concentrated solutions must be stored in a relatively cool 

environment in order to retain activity and there can be an activity loss of from 20 

to 30 percent before.the solution becomes stable. 

The two patents discussed above illustrate the need in the an for catalyst 

1 S systems and components that can be stored for long periods of time. In particular 

there is a need for catalyst systems that can not only be stored for long periods of 

time but can be stored at ambient temperatures (including high temperatures) and 

can be used directly in polymerization after storage. This application describes an 

unexpectedly improved· active metallocene catalyst system that can be stored at 

20 high temperature for as much as two months or more. After storage, this catalyst 

system can be used directly as an efficient polymerization catalyst without 

25 

. . 

additional activation. 

Summary 

This invention relates to a method for polymerizing olefins comprising 

polymerizing one or more olefins under suitable polymerization conditions in the 

presence of an active metallocene catalyst system comprising metallocene and an 

alkylalwnoxane which active catalyst system has.been stored for at least two days. 
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This invention also relates to stabilized metallocene catalyst systems comprising 

metallocene, alkylalumoxane and optionally support material wherein the ratio of 

·the aluminum of the alkylalumoxane to the transition metal of the metallocene used 

to prepare the catalyst syStem is in the range of from about 80: 1 to about 200: 1. 

5 · Additionally, this invention relates to a method for preparing a metallocene catalyst 

~ystem, said method comprising the steps of: (a) combining a metallocene catalyst .. 

component with an alkylalumoxane wherein ·the ratio of the aluminum of the · 

alk:ylalumoxane to the transition metal of the metallocene used to prepare the 

catalyst system is in the range of from about 80: l to about 200: l; and (b) stonng 

10 the combination for a time period of at least about two days . 

. Detailed Pescription of Preferred Embodiments 

Generally, the metallocene catalyst systems of this invention comprises 

15 metallocene and alkylalurnoxanewhercin the ratio of the aluminum of the 

alkylalumoxane to the transition metal of the· metallocene used to prepare the· 

catalyst system is in the range of from about 80:1 to about 200:1. This catalyst 

system can be stored for at ]east about two days at relatively high temperatures 

without substantial loss in activity. As used herein, "storing" or "stored" means 

20 allowed to sit without being used as a catalyst system or component. 

Preferably the ratio of the aluminum of the alkylalumoxane to the transition 

metal of the metallocene used to prepare the catalyst system is in the range of from 

about 85:1 to about 150:1, more preferably from about 90:1 to about 125:1. The 

25 composition may be stored for at least about two days, or up to about 5 days, 

about 7 days, about 14 days, about 21 days, about 28 days, about 35 days, about 

42 days, about 49 days, about 56 days, about 63 days, about 70 days, about 77 

days, about 84 days or even about 91 days or more. 
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Preferably the w~ght. percent of metal on the finished catalyst system is in 

the range of from about 0.20 to about 1.0, more preferably from about 0.25 to 

about 0.85, and most preferably from about 0.30 to about 0. 70. 

5 The temperature during storage may be up to 60°C, preferably up to 45°C, 

more preferably ambient temperature or from about 2C>°C to about 45°C. 

Although the catalyst system may be stored at high ambient temperatures, higher 

productivity is likely to be retained if the catalyst sytem is stored under the coolest 

conditions practicable. Thus, the catalyst system may be warehoused. outside or 

10 only partially sheltered in most climates. Any suitable container may be used for 

storage. To preseJ'Ve activity, the container should be air·tight and the storage· 

atmosphere should be free of oxygen and/or water. 

After storage, the catalyst system retains at least about 500/o of its original 

15 productivity, preferably at least about 60'/o, more preferably at leaSt about 70%, 

even more preferabJy at least about 75%, even more prefereably at least about 

80%, even more preferably at least about 90% and most preferably at least about 

95 percent of its original productivity, i.e., its productivity when less than I day 

old. 

20 

Th~ metaUocene and alkylalumoxane are preferably combined. with a 

support either before or after storage, preferably before storage. For purposes of 

this patent specification the term "support" is defined as any material upon which 

metallocenes and/or activators may be fixed. Preferably, the support material is a 

25 porous particulate material, such as talc; inorganic oxides, inorganic chlorides and 
. . 

resinous materials such as polyolefin or polymeric compounds. Such materials are 

generally commercially available. 

· The preferred support materials are porous inorganic oxide materials •. 

30 which include those from.the Periodic Table of Elements of Groups 2. 3, 4. 5, 13 
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or 14 metal oxides. Silica. alumina. silica-alumina, and mixtures thereof are most 

preferred. Other inorganic oxides that may be employed either alone or in 

combination with the silica, alumina or silica-alumina, are magnesia, titania, 

zirconia, and the like. 

Any metalloccne may be used in -the pracnce of the invention. As used 

herein unless otherwise indicatf'.d, "metallocene" includes a single metallocene 

composition or two or more metalloeene compositions. Metallocenes are typically 

bulky ligand.transition metal compounds generally represented by the formula: 

[L)mM[AJn 

· where L is a bulky ligand; A is lcaVi.ng group, M is a transition metal and m and n 

are such that the total ligand valency corresponds to the transition metal valency. 

The ligands Land A may be bridged to each other, and if two ligands L 

15 and/or A arc present, they may be bridged. The metalloccne compound may be 

full-sandwich compounds.having two or more ligands L which may be 

cyclopentadienyl ligands or cyclopentadiene derived· ligands or half-sandwich · 

compounds having one ligand L, which is a cyclopentadienyl ligand or.· 

cyclopentadienyl derived ligand. The transition metal atom maybe a Group 4, 5 or 

20 6 transition metal and/or a metal from the lanthanide and actinide series. 

Zirconium, titanium, and hafnium are oft.en preferred. Other ligands may be 

bonded to the transition metal, such as a leaving group, such as but not limited to 

hydrocarbyl, hydrogen or any other univalent anionic ligand. 

25 Methods for malcing and using metailocenes are very well known in the art. 

30 

For example, metallocenes are discussed in United States Patent Nos. 4,530,914; 

4,542,199; 4,769,910;4,808,561; 4,871,705; 4,933,403; 4,937,299; 5,017,714; 

S,026,798; 5,057,475; 5, 120,867; 5,278, 119; 5,304,614; 5,324,800; 5,350, 723; 

and 5,391, 790 each fully incorporated herein by reference. 
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Further, the metallocene catalyst component of the invention can be a 

monocyclopentadienyl heteroatom containing cc>mpound. This heteroatom is 

. activated by either an alumoxane, an ionizing activator, a Lewis acid or a 

combination thereof to fonn an active polymerization catalyst system. These types 

S of catalyst systems are described in, for example, PCT International Publication 

WO 92/00333, WO 94/07928, and WO 91/ 04257, WO 94/03506, U.S. Patent 

Nos. 5,057,475, 5,096,867, 5,055,438, 5,227,440 and 5,264,405 and EP-A-0 420 

436, all of which are fully incorporated herein by reference. In addition, the 

metallocene catalysts useful in this invention can include non-cyclopentadicnyl 

10 catalyst components, or ancillary ligands such as boroles or carbollides in 

combination with a transition metal. 

In one embodiment the metallocene catalyst component is represented by 

the general formula (Cp)mMeRnR'p wherein at least one Cp_ is an unsubstituted or, 

15 preferably, a substituted cyclopentadienyl ring Me is a Group 4, 5 or 6 transition 

metal; R and R' arc independently selected halogen, hydrocarbyl group, or 

bydrocarboxyJ groups having 1-20 carbon atoms or combinations thereof, m=I-3, 

n=0-3, p=0-3, and the sum ofm+n+p equals the oxidation state of Me. 

20 In another embodiment the metallocene catalyst component is represented 

by the formulas: 

(C5R'm)pR" 5(C5R'm)MeQ3.p-x and 

R" 5(C5R'm)2MeQ1 

wherein Me is a Group 4, 5, 6 transition metal, at least one C5R'm is a substituted 

25 cyclopentadienyl, each R', which can be the same or different is hydrogen, alkyl, 

alkenyl, aryl, alkylaryJ or arylalkyl radical having from 1 to 20 carbon atoms or two 

carbon atoms joined together to fonn a part of a substituted or unsubstituted ring 

or rings having 4 to 20 carbon atoms, RH is one or more of or a combination of a 

carbon, a germanium, a silicon, a phosphorous or a nitrogen atom containing 

30 radical bridging two (C5R'm) rings, or bridging one (C5R1m) ring back to Me, 
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when p = O and x = 1 otherwise 11x" is always equal to 0, each Q which can be the 

same or different is an aryl, alkyl, alkenyl, alkylaryl, or arylalkyl radical having from 

I to 20 carbon atoms, halogen, or alkoxides, Q' is an alkylidene radical having from 

1-20 carbon atoms.sis 0 or 1 and whens is 0, mis Sand pis 0, 1 or 2 and whens 

S is I. m is 4 and p is l. 

Preferably, the metallocene is represented by the formula: 

(R10 )4 

10 wherein Mis a metal of Group 4, S, or 6 of the Periodic Table preferably, 

zireonium,. hafuium and titanium, most preferably zirconium; 

R l and R2 are identical or different, are one of a hy~rogen atom. a C 1-C 1 o 
alkyl group, preferably a C1-C3 alkyl group, a C1-C10 alkoxy group, preferably a 

. 15 C1-C3 alkoxy group, a C6-C10 aryl group, preferably a C6-Cg aryl group, a C6-

C10 aryloxy group, preferably a C6-Cs aryloxy group, a C2-C10 alkenyl group, 

preferably a·C2-C4 alkenyl group, a C7-C40 arylalkyl group, preferably a C7-C10 

·· arylalkyl group, a C7-C40 alkylaryl group, preferably a C7-C12 alkylaryl group, a 

Cg-C40 arylalkenyl group, preferably a_Cg-C12 arylalkenyJ group, or a halogen 

20 atom, preferably chlorine; 
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R 5 and R6 are identical or different, preferably identical, are one of a 

5 halogen atom. preferably a fluorine. chlorine or bromine atom, a C 1-C lo alkyl 

group. preferably a C i-C4 alkyl group, which may be halogenated, a C6-C 1 o aryl 

group, which may be halogenated, preferably a C6-Cs aryl group, a C2-C lo 

alkenyl group, preferably a C:z-C4 alkcnyl group. a C7-C40 -arylalkyl group, 

preferably a C7-C10 arylalkyl group, a C7-C40 alkylaryl group, preferably a C7-

lO C12 alkylaryJ group, a Cg-C40 arylalkenyJ group, preferably a Cs-C12 aryJalkenyl 

group, a-NR.215, -SR15, -OR15, -OSiR.315 or-PR215 radical, whcreinRlS is 

one of a halogen atom, preferably a chlorine atom, a C1-C10 alkyl group, 

. preferably a C1-C3 alkyl group, or a C6-C10 aryl group, preferably a C6-C9 aiyl 

. group; 

15 R' is 

R11 

I 
,. -M2 -· - (CR213)-- . 

I 
R12 

R11 R11 R11 

I I I 
-o-M2-o-. -C-· -o-M2-

I 
R12 

I 
R12 

I 
R12 

-B(Rll)-. -AJ(Rll)-.-Ge-, -Sn-. -0-, -s;.., .,SO-, -S02-. -N(Rll)-, -CO-, -P(Rll)-. 

or-P(O)(R11)-; 

wherein: . 

20 Rll, R 12 and R 13 are identical or different and are a hydrogen atom, a halogen 

atom, a C1..;C20 alkyl group, preferably a C1-C10 alkyl group, a C1-C20 
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fluoroalkyl group, preferably a C1-C10 fluoroalkyl group, a C6-C3o aryl group, 

preferably a C6-C20 aryl group, a C6·C30 fluoroaryl group, preferably a C()-C20 

fluoroaryl group, a C 1.;.C20 alkoxy group, preferably a C 1-C 10 alkoxy group, a 
. . 

C2-C20 alkenyl group, preferably a C2-C 1 o alkenyl group, a C7-C40 arylalkyl 

5 group, preferably a C7-C20 arylalkyl group, a Cs-C40 arylalkenyl group, 

preferably a Cg-C22 arylalkenyl group, a C7-C40 alkylaryl group, preferably a C7-· 

C20 alkylaryl group or R 11 and R 12,. or R 11 and R 13, together with the atoms 

binding them, can form ring systems; 

10 M2 is silico~ gennanium or tin, preferably silicon or germanium. most 

preferably silicon; 

R 8 and R9 are identical or different and have the meanings stated for R 11; 

1 S m and n are identical or different and are zero, I or 2, preferably zero or I, 

m plus n being .zero, 1 or 2, preferably zero or I; and 

the radicals R 10 are identical or different and have the meanings stated for 

R 11, R 12 and R 13. Two adjacent R l~ radicals Can be joined together to form a 

20 ring system, preferably a ring system containing from about 4-6 carbon atoms. 

Alkyl refers to straight or branched chain substituents. Halogen 

(halogenated) is fluorine, chlorine, bromine or iodine atoms~ preferably fluorine or 

chlorine. 

25 A 
·1 

Particularly preferred metallocenes are compounds of the structures: · 
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I (R10)4 I 
(R1°>4 

I 
I I 

! /R1 R11 I 

'-.,. 1 /R1 
M1 Si 

. 1 
"'-R2 {A) M . 

(B) R12/ : "'-R2 
REI I 

RB I 
t 

wherein: 

Ml is Zr or Hf: Rl and R2 are methyl or chlorine, and Rs, R6R8, R9,Rl0, 

R 1 1 and R 12 have the above-mentioned meanings. 

These c~al metallocenes may be used as a racemate for the preparation of 

highly isotactic polypropylene copolymers. It is also possible to use the pure R or 

S fonn. An optically active polymer can be prepared with these pure 

· stereoisomeric fonns. ·Preferably the meso fonn of the metallocene is removed to · · 

l 0 ensLll"C the center (i.e .• the metal atom) provides stereoregular polymerization. 

Separation of the stereoisomers can be accomplished by known literature 

techniques. For special products it is also possible to use rac/meso mixtures .. · 

Generally, the metallocenes are prepared by a multi-step process involving 

15 repeated deprotonations/metallations of the aromatic ligands and introduction of 

the bridge and the central atom by their halogen derivatives. The following 

reaction scheme illustrates this generic approach: 

--------) HRCLi 

· X-(CRBR9)m-R7-(CR8R9)n-X 

20 -------------------~ 
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ffiRd + ButylU --------) HRdLi 

HR C..(CR8R9)m-R '-CCR 8R9>n-R dH 2 Butyl Li· 

--------> 
Mlc4 

5 --------> 
(RBR9C)m - RC 

I : /R1 
R7 M1 
I l "-c1 

(RBR9C)n - Rd 

(RBR9C)m - RC 

I . : /R2 
R7 M1.r 

I l "-R2 
(RBR9C)n - Rd . 

X = Cl, Br, I or 0-tosyt; 

H H 

Additional methods for preparing metallocenes are fully described in the 

10 Journal of Organometallic Chem., volume m, ( 1985), pages 63-67, and in EP-A-

320762, for Feparation of the metallocenes described, both of which are herei~ 

fully incorporated by reference. 

mustrative but non;..Jimiting examples of these metallocenes include: 

15 Dimet.hylsilandiylbis (2~methyl-4-pbenyJ-I-indenyl)ZrCJ2 

Dimethylsilandiylbis(2-methyl-4,5-benzoindenyl)ZrC12; 

Dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyI)ZJCl2~ 
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1'2-

·nimethy1silandiylbis(2-ethyl-4-phenyl-1-indenyl)ZrCl2; 

Dimethylsilandiylbis (2-ethy1-4-naphthyl-1-indenyl)ZrCl2, 

. Phenyl(MethyI}silandiylbis(2-methyl-4-phenyJ-l-indenyl)ZrC12. 

Dimethylsilandiylbis(2-inethyl-4-(1-naphthyl)-1-indenyl)ZrClz. 

5 Dimethylsilandiylbis(2-m~hyl-4-(2-naphthyJ)-1-indenyl)ZrCl2, 

PCTIUS97/03486 

Dimetbylsilandiylbis(2-methyl-indenyl)ZrCb., 

Dimethylsilandiylbis(2-methyJ-4;5-diisopropyJ-1-indenyl)ZrCl2, 

Dimethylsilandiylbis{2,4,6-trimethyl-1-indeny1)ZrC12, 

Phenyl(Methyl)silandiylbis(2-methyl-4, 6-diisopropyl-l-indenyl)ZrCl2, . 

IO l ,2-Ethandiylbis(2-methyl-4, 6-diisopropyl-l-indenyl)ZrCJ2, 

l ,2-Butandiylbis(2-methyl-4, 6-diisopropyl-1 ~indenyl)ZrCl2, 

Dimethylsilandiylbis(2-methyl-4-ethyJ-1-inde·nyJ)ZrC12, 

Dimethylsilandiyibis(2-methyl-4-isopropyl-1-indenyl)ZrCl2. 

Dimethylsilandiylbis(2-methyJ-4-t-butyl-l-indenyl)ZrCJ2, 

15 Phenyl(Methyl)silandiylbis(2-methyl-4-isopropyl- l-indenyJ)ZrC12, 

Dimethylsilandiylbis(2-ethyl-4-methyl-1-indenyl)ZrCI2. 

Dimethylsilandiylbis(2,4-dimethyJ-l-indenyl)ZrC12, 

Dimethylsilandiylbis(2-methyl-4-ethyl- l-indenyl)ZrC12, 

Dimethylsiiandiylbis(2-methyl-a.-acenaphth-l-indenyl)ZrCl2, 

20 Phenyl(Methyl)silancliylbis(Z-methyl-4,5-benzo-1-indenyl)ZrCl2, 

Phenyl(Methyl)sllandiylbis{2-methyl-4,5-(methy1benzo )- l-indenyl)ZrC12, 

Phenyl{Methyl)silandiylbis(2-methyl-4,!)-(tetramethylbenzo )-l-indenyl)ZrC12, 

Phenyl(Methyl)silandiylbis (2-methyl-a-acenaphth-1-indenyJ)ZrC12, 

l,2-Ethandiylbis(2-methyJ-4,5-benzo• 1-indenyl)ZrCJ2, 

25 l,2-Butandiylbis(2-methyl-4,5-benzo-l-indenyl)ZrC12, 

Dimethylsilandiylbis(2-methyl-4r5-benzo-1-indenyl)ZrCl2, 

l,2-Ethandiylbis(2, 4, 7-trimethyl-1-indenyl)ZrC12, 

Dimethylsilandiylbis(2-methyl-1-indenyl)ZrCb.. 

l,2-Ethandiylbis(2-methyl- l-indenyl)ZrCl2, 

30 Phenyl(Methyl)silandiylbis{2-methyl-1-iridenyl)ZrC12. 
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Diphenylsilandiylbis(2-methyl-l-indenyl)ZrC12. 

l ,2-Butandiylbis{2-methyl-l-indenyl)ZrCI2, · 

Dimethylsilandiylbis{2-ethyl-1-indenyl)ZrC12. 

Dim~ylsilandiylbis(2-methyl-5-isobutyl.;. l-indenyl)ZrC12. 

PCT/US97/03486 

5 PhenyJ(MethyJ)silandiylbis(2-methyl-5-isobr.ityl-1-indenyl)ZrCJ2, 

Dimethylsilandiylbis(2-methyJ-5-t-buty1-J-indenyl)ZrC12, 

Dimethylsilandiylbis(2,5,6-trimethyl-1-indenyl)ZrCl2, and the like. 

Th~ preferred metallocene catalyst components are described in detail in 

JO U.S. Patent Nos. 5,145,819; 5,243,001; 5,239,022; 5,329;033; 5,296,434; 

5,276,208; and 5,374, 752; and EP 549 900 and 576 970 all of which are herein 

fully incorporated by reference. 

Any allcylalumoxane may be used as an activator for the mctallocene. 

15 Generally alkylalumoxancs contain about 5 to 40 of the repeating units: 

20 

25 

R 

I 
-R· - (-.-Al-O~x~ for linear species and 

R 

I 
-(__.;._Af--04~ for cyclic species 

where R is a C 1-Cg alkyl including mixed alkyls. Particularly preferred are the · 

compounds in which R is methyl. Alumoxane solutions. panicularly 

30 methylalumoxane solutions which are preferred, may be obtained from commercial 
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vendors as solutions having various concentrations. There are a variety of methods 

for preparing alumoxane, non-limiting examples of which are described in U.S. 

Patent No. 4,665,208, 4;952,540, 5,091,352, 5,206, 199, 5,204,419, 4,874, 734, 

4,924,018, 4,908,463, 4,968,827, 5,308,815, 5,329,032, 5,248,801, 5,235,081, 

5 5,157,137, 5,103,031 and EP-A-0 561 476, EP-Bl-0 279 586, EP-A-0 594-218 

and WO 94110180, each fully incorporated herein by reference. 

Some MAO solutions tend to become cloudy and gelatinous over time. It 

may be advantageous to clarify such solutions prior to use. A rwmber of methods 

I 0 are used to create gel-free MAO solutions or to remove gels from the solutions. 

15 

Gelled solutions are often simply filtered or decanted to separate the gels from the 

clear MAO. U.S. Patent No. S,157,137 discloses a process for forming clear, gel­

:free solutions of alkylalumoxane by treating a solution of alkylalumoxanc with an 

anhydrous salt and/or hydride of an alkali or alkaline earth metal. 

The metallocene, alkylalumoxane and support material may be combined in · 

any manner or order. Examples of suitable support techniques are described in U. 

S. Patent Nos. 4,808,561and4,701,432 (each fu11y incorporated herein by 

reference). Preferably, however, the metalloeene and alkylalumoxane are 

20 combined first and their reaction product combined with the support material. 

Suitable examples of this technique are described in U.S. Patent No. 5.2400894 

and WO 94/28034, WO 96/00243, and WO 96/00245 (each ful1y incorporated 

herein by reference). 

25 Preferably, a porous support such as silica is used and the volume of 

30 

metallocene and activator combined with the support is less than about 4.0 times 

the total pore volume of the support, more preferably less than about 3 .0 times the 

total pore volume of the support, even more preferably less than about 2.5 times 

the total pore volume of the support. 
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The procedure for measuring the total pore volume of a porous support is 

well known in the art. Details of one of these procedures are discussed in Volume 

l,.Fxperimental Methods in Catalytic Research (Academic Press •. 1968) 

(specifically see pages 67-96). This preferred procedure involves the use of a 

5 classical BET apparatus for nitrogen absorption. Another method well know in the .· 

art is described in Innes, Tota.I porosity and Particle Density of Fluid Catalysts By 

Liquid Titration, Vol. 28, No. 3, Analytical Chemistry 332-3~4 (March, 1956). 

When the volume of solution combined with porous support material is less 

1 O than one times the total pore volume of the support, the support appears 

completely dry and free-flowing and is consequently easy to mix and transfer. 

When volumes above one times the total pore volume of the porous support are 

used. the support becomes progressively more difficult to mix and transfer as . 
volume increases because it has the consistency of damp or wet mud. At greater 

15 volumes of solutio~ a sluny is eventually formed such that one can observe 

separation of the solution and support as the silica settles. At the sluny stage, the 

support is easier to mix and handle. These factors should be considered when 

choosing solution volumes. · 

20 Regardless of the amount of solution used, it is preferable to combine the 

support and solution such that the solution is evenly distributed among the support 

particles. Thus it is preferable to add the solution to the support slowly either as a 

.·spray or drop-wise while the support is mixed. 

25 If the catalyst system·is supported, it is preferably dried at least to a free 

flowing powder prior to storage. Heat and/or vacuum may be used to dry the 

catalyst. Typically, temperature in the range of.from about 25°C to about IOOOC is 

used for a time period ranging from about 4 to about 36 hours. It may be 

advantageous to dry the cataJyst without vacuum or with a flow of warm inert gas 
30 such as nitrogen. 
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After drying, the final weight ratio of the aluminum of the alk:ylalumoxa.ne 

to the metal of the metallocene as detennined by elemental analysis is preferably in 

the range of from about 15 to about 170, more preferably from about SO to about 

5 150, even more preferably from about 80 to about 125'. 

The catalyst systems of this invention may be used directly in 

polymerization after storage or the catalyst system may be prepolymerized before 

or after storage using methods well known in the art. For details regarding 

10 prepolymerization. see United States Patent Nos. 4,923,833 and 4,92l;S2S, EP O 

279 863 and EP O 354 893 each of which is fully incorporated herein by reference. 

The catalyst systems of this invention may also be combined before or after storage . 

with o:rie or more· additives such as scavengers. Examples of suitable scavenging 

compriunds include 1riethylaluminum (TEAL). trimethylaluminum (TMAL). tri~ 

15 isobutylaluminum (TIBAL), tri"'."n~hexylaluminuim (TNHAL) and the like. 

Aft.er storage. the catalyst system of this invention may be used in the 

polymerization of any monomer and optionally comonomers in any process 

including gas, slurry or solution phase or high pressure autoclave processes. (As . 

20 used herein, unless differentiated, "polymerization" includes copolymerization and 

"monomer" includes comonomer.) Preferably, a gas or slurry phase process is 

used, most preferably a bulk liquid propylene polymerization process is used. 

In the preferred embodiment, this invention is directed toward the bulk 

25 liquid polymerization and copolymerization of propylene o~ ethylene. particularly 

propylene, in a slurry or gas p~ polymerization .process. particularly a slurry 

polymerization process. Another embodiment involves copolymerization reactions 

of propylene or ethylene, particularly propylene, with one or mare· of the alpba­

olcfin monomers having from 4 to 20 carbon atoms, preferably 4-12 carbon atoms, 

30 for example alpha-olefin comonomers of ethylene, butene-I, pentene-1. 4-
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methylpentene-1, hexene-1, octene-1, decene-1, and olefins such as styrene, 

cyclopeotene or norbomene. Other SUitable monomers incl~de vinyl, diolefins such 

as dienes, for example, 1,3-butadiene, 1,4,;.hexadiene, JJOrbornadiene or 
. . 

vinylnorbomene, acetylene, ethylidene norbornene and aldehyde monomers. 

Typically in a gas phase polymerization process a continuous cycle is 

employed where in one part of the cycle of a reactor, a cycling gas stream, 

otherwise known as a recycle stream or fluidizing medium:, is heated in the reactor 

·. by the heat of polymerization. The recycle stream usually contains one or more 

1 O monomers continuously cycled through a fluidized bed in the presence of a catalyst 

under reactive condition~: This heat is removed in another part of the cycle by a 

cooling system external to the reactor. The recycle stream is wit_hdrawn from the 

fluidized bed and recycled back into the reactor. Simultaneously, polymer product 

is withdrawn from the reactor and new or fresh monomer is added to replace the 

15 polymeri7.ed monomer. (See for example U.S. Patent N()S. 4,543,399; 4,588,790; 

S,028,670; 5,352.749; 5,405,922, and S,436,304 all of which are fully incorporated 

. herein by reference.) . 

A sluny polymerization process generally uses pressures in the range of. 

20 about I to about 500 atmospheres or even greater and temperatures in the range of 

-60°C to about 280°C~ In a slurry polymerization, a suspension of solid, 

particulate polymer is fonned in a.liquid polymerization medium to which ethylene 

and comonomers and often hydrogen along with catalyst are added. The liquid 

employed in the polymerization medium can be, for example, an alkane or a 

25 cycloalk:ane. The medium employed should be liquid under the conditions of 

polymerization and relatively inert. Non-limiting examples ofliquid mediums 

include hexane and isobutane . 
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Preferably the catalyst system after storage has a productivity of at least 

about 2000 g p0lymer/g catalyst, preferably at least about 2500 g polymerlg 

catalyst, most preferably at least about 3000 g polymer/g catalyst 

5 Examples 

In order to provide a better understanding of the present invention 

including representative advantages thereof, the following examples are offered. 

10 Catalyst Preparations 

Example 1 

In an inm N2 glove box 0.50 g ofdimethylsilanediyl-bis(2-methyl-4-

15 phenyl-indenyJ) zirconium dichloride and 18.50 g of'.30 wt% DMA0-25010 

solution in toluene (Albemarle Corporation, Baton Rouge, LA) were combined 

under stirring. Al/Zr molar ratio in the solution was 110. The resulting deep red 

precursor was added·s1owly while stirring to 10.0 g ofMS948 silica (Davison 

Chemical Division ofW. R. Grace, Baltimore, MD) previously dehydrated to 600° 

20 Cina stream of flowing N 2, The mud was dried at 28-29 inches of mercury 

vacuum until 15.56 g of free flowing, finely divided solid was obtained. Testing 

showed that the amount of volatiles in the solid was reduced to .1.1 % by weight. 

FJemental analysis showed 15.41% Al and 0.55% Zr. 

25 Example2 

In an inert N2 glove box 0 .379 g of dinlethylsilanediyt-bis(2-methyl-4-

phenyl-indenyl) zirconium dichloride and 14.10 g of30 wt% DMA0-25010 

solution in toluene (Albemarle Corporation, Baton Rouge, LA) were combined 

30 under stirring. Al/Zr molar ratio in the solution was 110. The resulting deep red 
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precursor was added slowly while stirring to 10.0 g of MS948. silica (Davison 

Chemical Division ofW. R. Grace, Baltimore, MD) preViously dehydrated to 600° 

Cina stream offlowingN2. The mud was dried at 28-29 inches of mercury 

vacuum until 15 .56 g of free flowing, finely divided solid was obtained. Elemental 

5 analysis showed 16.55% Al and 0.2911/o Zr. 

Comparative Example 3 

In an inert N2 glove box 0.25 g of dimethylsilanediyl-bis(2-methyl-4-

10 phenyl-indcnyl} zirconium dichloride and 18.53 g of30 wt% DMA0-25010 

solution in toluene (Albemarle Corporation, Baton Rouge, LA) were combined 

under stining. Al/Zr molar ratio in the solution was 217. The resulting deep red 

prectirsorwas added slowly while stirring to 10.0 g ofMS948 silica {Davison 

Chemical Division ofW. R. Grace, Baltimore, MD} previously dehydrated to 600° 

15 Cina stream of flowing N2• The mud was dried at 28-29 inches of mercury. 

vacuum until 15.61 g free flowing, finely divided solid was obtained. Testing 

showed that the amount of volatiles in the solid was reduced to 0. 7% by weight. 

Elemental analysis showed 15.77% Al and 0.19% Zr. 

20 Example4 

In an inert N2 glove box 0.26 g of dimethylsilanediyl-bis(2-methyl-indenyl) 

zirconium dichloride and 13.25 g of30 wt% MAO solution in toluene (Albemarle 

Corporation, Baton Rouge, LA) \Vere combined under stirring and 5.60 g of 

25 toluene added. Al/Zr molar ratio in the solution was 126. The resulting deep red 

precursor was added slowly while stirring to 10.0 g ofMS948 silica (Davison 

Chemical Division of W. R. Grace, Baltimore, MD) previously dehydrated to 600° 

Cina stream of flowing N2. The mud was dried at 28-29 inches of mercury 

vacuum until 14.94 g free flowing. finely divided solid was obtained.. Elemental 

· 30 analysis showed 16.49% Al and 0.45% Zr. · 
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Comparative Example 5 

In an inert N2 atmosphere 850 g ofdimethylsilanediyl-bis(2-methyl-indenyl) 

5 :zirco.Uwn dichloride was combined with 15 gallons toluene and 165 lbs of30 wt°/o 

methylalumoxane solution in toluene (Albemarle Corporation, Baton Rouge, LA) 

was added to form the precursor having an Al to Zr ratio of 210. Separately 150 

lbs of MS948 silica (Davison Chemical Division of W. R. Grace, Baltimore, MD) 

previously dehydrated to 600°C in a stream of flowing N2 was added to a 200 · 

10 gallon reactor. The precursor was added to the silica while stirring. Then 28-29 

inches of mercury vacuum was applied to the reactor while the reactor jacket was 

heated to I60-J65°F. After 7.5 hours the cataJyst was collected as a free flowing 

powder. Testing showed that the amount of volatiles in the solid was reduced to 

3.35% by weight. Elemental analysis showed 9.28% Al and 0.17% Zr. 

15 

Catalyst Stability Evaluation 

An oven filled with N2 and thcnnostatted at J 00°F (34°C) was used to 

heat· stainless steel cylinders of catalyst for the stability study. The cylinders were 

20 charged with catalyst inSide a N2 purged glove box. Before sealing the cylinder 15 

psi ofN2 pressure was applied to prevent contamination of the catalyst during 

cylinder handling in air. At preset times a cylinder was removed from the oven, 

transferred to the glove box and the contents sampled. The cylinder was returned 

to the oven and heating continued. The aged catalyst samples were tested for 

25 polymerization activity as described below. 
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Catalyst Polymerization Evaluation 

A 2 liter autoclave reactor previously flushed with N2 and containing 

triethylaluminum (0.25 ml. of a 1 M solution in hexane) and· I 000 mL of propylene . 

5 was heated to a temperature of 70°C. A 75 mg sample of the catalyst sample 

prepared and aged as above was slunied in 2 mL of hexane and charged with 250 

mL of propylene to start the reaction. After one hour the reactor was cooled, 

vented, purged with N2 for 20 minutes and then opened. The granular 

polypropylene was transferred to a ceramic dish and allowed to dry in a fume hood 

10 overnight. The next day the polymer was further dried in vacuo at 75°C for one 

hour. The final dried polymer was weighed. 

Polymerization Results 

15 Table I summarizes stability of catalyst activity after aging at 100°F (34°C). 

Table 1 

Catalyst Productivity after heat aging for hours shown<b> 

Example AVZr<•> 0 40 85 157 250 325 

1 no 3144 Dd(C) nd 3115 3056 3105 

Comp. 3 217 2680 1895 1811 1672 1736 1540 

(a) PJccma molM rauo. 

20 (b) Grams PP per g c:atalyst heat aged at 1 OO'"F (34.C) .for time: shown. 

(c) not determilled. 

The data show that the catalyst ofExampJe 1 having a lower Aluminum to 

Zirconium molar ratio was stable to heat aging at l 00°F (34°C) while the catalyst 
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of Comparative Example 3 at three times the ratio lost 30% catalyst activity after 

40 hours and about 45% after about 2 weeks. 

The 100°F (34°C) heat aging study of the catalyst of Example l was continued as 

5 shown in Table 2. 

Table 2 

Days Productivity<•> 

21.4 3017 

28.4 2813 

34.4 2704· 

42.3 2723 

56.3 2696 

65.2 2873 

90.2 2109 
·(a) ProductMty (g PP pr::r s catalyst). 

10 

The lOOOF heat aging study of the catalyst of Example 2 is Shown in Table 

3. 

Table3 
15 

Days Productivity<•> 

0 3216 

5.8 2819 

18.7 2443 

32.6 2480 

43.5 2528 

53.4 2647 

68.4 2419 
(a) Productivity (g PP per g catalyst). 
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The data show that except for a small loss in activity, the catalyst maintains 

effective activity for more than two months at l 00°F {34°C). 

5 The results of another 100°F (34°C) heat aging comparison with a different 

10 

- metallocene are shown in Table4. 

Table4 

Days Example 3 Comp. Example 4 

3 -(a) 1788(b) 

5 3984 -
7.7 3903 - -
10 - 1560 

-15.7 3863 -
21 - 1353 

22.6 3589 -
28.1 - 1197 

33 .. 8 - 3180 -
35 - 1140 

42 - 1141 

43.6 3647 -
53.5 3677 --
60 - 869 

68.4 3373 -
- . 

(a) not dctc:mUned. 
(b) Procta.c:tiYity (g pp per g catalyst). 

The catalyst ofE.xample 4 having an Al/Zr molar ratio-of 126 was more 

stable to activity loss than the catalyst of Comparative Example 5. The latter 

15 having an Al/Zr of210 lost about 50% activity after heat aging for 2 months while 

the catalyst with the ratio of the instant invention maintained about 85% activity in 

about the same time period. -

.-
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While the present invention has been described and illustrated by 

reference to particular embodiments, it will be appreciated by those of ordinary 

skill in the art that the invention lends itself to many different variations not 

5 illustrated herein. For these reasons. then. reference should be made solely to the 

appended claims for purposes of determining the true scope of the present 

invention. 

Although the appendant claims have single appendencies in accordance 

10 with U.S. patent practice, each of the features in any of the appendant claims can. 

be combined with each of the features of other appendant claims or the main claim. 



This Sheet Has Been Replaced 

WO 
97

al906 1111111111111111111111111 
PCT/US97/03486 

'L? 
Claims 

THIS SHEET HAS REEN 
REPLACF.n 

I. A method for polymerizing olefins comprising contacting one or mote olefins 

under suitable polymerization conditions with an active metallocene catalyst system 

S comprising metallocene and an alkylalwnoxane which active catalyst system has· 

been stored for at least two days. 

2. The method of claim l wherein the time period is at least 14 days. 

l O 3. The method of claim 1 wherein the time period is at Jeast 3 5 days. 

4. The method of claim I wherein the time period is at least 56 days. 

5. The method of any of the preceding claims. wherein the ratio of the aluminum of 

15 the alkylalumoxane to the transition metal of the metallocene used to prepare the 

catalyst system is in the range of from 85: 1 to 150: 1. 

20 

6. The method of any of the preceding claims wherein the cataJyst system further 

comprises a support material. 

7. The method of any of the preceding claims wherein the catalyst system has been 

stored at a temperature in the range of from 20°C to 45°C. 

8. The method of claim 4 wherein the catalyst system productivity is at least 75% 

25 of its original productivity before storage. 

9. A method for preparing a metallocene catalyst system,. comprising tbe steps of: 

' 1111111111111 11111 11111111111 
* C L M S * 
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(a) combining a metallocene catalyst compon~nt with an alkyJalumoxane 

wherelli the ratio of the aluminum of the alkyl aJumoxane to the transition 

metal ofthemetallocene is in the range of from 80:1to200:1; anc1· 

5 (b) storing the combination for a time period of at least two days. 

l 0. The method of claim 9 wherein the time period is at least 7 days. 

11. The method of claim 9 wherein the time period is at least 21 days. 

10 

12. The method of claim 9 wherein the time period is at least 49 days. 

13. The method of claim 9 wherein the time period is at least 56 days. 

15 14. The method of claims 9 - 13 wherein the ratio of the aluminum of the alkyl 

alumoxane to the transition metal of the metallocene is in the range of from 90:1 to 

125:1. 

1 S. The method of claims 9 - 14. furthereomprising the step of combining the 

20 metallocene and alkyla1umoxane with support material. 

25 

30 

16. The method of claims 9 - 15 wherein the support material is a porous 

inorganic oxide and the metallocene and alkylalumoxane are combined first and 

their reaction product combined with the porous support. 

17. The method of claims 9 - 16 wherein the combination is stored at a 

temperature in the range of from 20°C to 45°C. 

18. A metallocene catalyst system prepared by the method of claim 9. 

111111111111111111111111111111 
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