IMPROVED ACIDIC ACTIVATOR-SUPPORTS AND CATALYSTS FOR
OLEFIN POLYMERIZATION TECHNICAL FIELD OF THE INVENTION This
invention relates to the field of olefin polymerization catalyst compositions,
methods for the polymerization of olefins, and olefin polymers.
BACKGROUND OF THE INVENTION It is known that mono-I-olefins
(a,-olefins), including ethylene, can be polymerized with catalyst
compositions emp&gﬁzltitanium, zirconium, vanadium, chromium or other
t

metalHRsrdgra VAl Vo RO PSSR DR+ 1 tAd-prédence

of cocatalysts. ThesegatatystremMPesiions erRyzAg Hogful for both
homopolymerization of ethylene, as well as copolymerization of ethylene

with comonomers such as propylene, 1-butene, 1-hexene, or other higher
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polymerization catalysts, catalyst activation processes, and methods of
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system comprises organometal compounds, particularly metallocene
compounds. It is known that contacting water with trimethylaluminum under
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contacting methyl aluminoxane with a metallocene compound forms a
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hence large amounts of expensive trimethylaluminum, are necessary to form
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in catalyst compositions and in methods of making the catalyst are needed
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higher a-olefins. Therefore, there exists a constant search to develop new olefin
polymerization catalysts, catalyst activation processes, and methods of making
and using catalysts that will provide enhanced catalytic activities and polymeric
materials tailored to specific end uses.

One type of catalyst system comprises organometal compounds,
particularly metallocene compounds. It is known that contacting water with
trimethylaluminum under appropriate conditions forms methyl aluminoxane, and
subsequently contacting methyl aluminoxane with a metallocene compound forms
a metallocene polymerization catalyst. However, in order to achieve the desired
high polymerization activities, large amounts of methyl aluminoxane, and hence
large amounts of expensive trimethylaluminum, are necessary to form the active
metallocene catalysts. This feature has been an impediment to the
commercialization of metallocene catalyst systems, therefore improvements in
catalyst compositions and in methods of making the catalyst are needed to afford

the desired high polymerization activities.



the catalyst compositions that afford high polymerization activities, and will
allow polymer properties to be maintained within the desired specification
ranges. One method to achieve this goal is to develop new polymerization
methods that provide and utilize catalysts of sufficiently high activity as to be
commercially viable. SUMMARY OF THE INVENTION This invention
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compositions, and methods for polymerizing olefins and acetylenes using the
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metallocene catalyst compositions could be achieved by precontacting the
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contacted with an acidic activator- support. The mixture of at least one
m@?&]ﬁcene, alkene or alkyne monomer, and organoaluminum cocatalyst
compound, before it is contacted with the activator- support, is termed the
"precontacted” mixture. The mixture of metallocene, monomer,
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"postcontacted"” mixture. This terminologly is used regardless of what type. of
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organoaluminum compound, once it is admixed with the metallocene or
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to prepare the precontacted mixture. Accordinﬁly, the metallocene, the
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according to the corresponding metallocene, organoaluminum 2
support.

The mixture of at least one metallocene, alkene or alkyne monomer, and
organoaluminum cocatalyst compound, before it is contacted with the activator-
support, is termed the “precontacted” mixture. The mixture of metallocene,
monomer, organoaluminum cocatalyst, and activator-support, formed from
contacting the precontacted mixture with the acidic activator-support, is termed
the “postcontacted” mixture. This terminology is used regardless of what type of
reaction occurs between components of the mixtures. For example, according to
this description, it is possible for the precontacted organoaluminum compound,
once it is admixed with the metallocene or metallocenes and the olefin or alkyne
monomer, to have a different chemical formulation and structure from the distinct
organoaluminum compound used to prepare the precontacted mixture.
Accordingly, the metallocene, the organoaluminum compound, the olefin or

alkyne, and the acidic activator-support, whether precontacted or postcontacted,

are described according to the corresponding metallocene, organoaluminum



compound, olefin or alkyne, and acidic activator-support used to contact the
other components in preparing the precontacted or postcontacted mixtures.
Therefore, in one aspect, the catalyst composition of this invention

comprises: at least one precontacted metallocene; at least one precontacted
organoaluminum compound; at least one precontacted olefin or alkyne; and

akJRAFFANCNOTCONASIRE aritficRRIVBIRLRHRRBHoNRBPIBRLARRE Shetbhcr

precontacted metallocene comprises a compound having the following
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substituted fluorenyl or substituted boratabenzene of (X) is independently
sdfadt QAT RAT BRI GFATH AR EFBRARREL group, a cyclic group, a
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nitrogen %OUP, a phosphorus group, an arsenic group, a carbon group, a
si]ﬂaﬁ'ﬁ‘gg} L}CB,IQ"é’é‘Mﬁﬁﬁﬂlﬁgroup, a tin group, a lead group, a boron group,

an aluminum group, an inorgarig §FUP)@r wvganometallic group, or a
substituted derivatjve thereaf, any one of which having from 1 to about 20
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orgaagmetalligtituted fluorenyl or substituted boratabenzene of (X') is
independently selected from an aliphatic group, an aromatic group, a cyclic group,
a combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon
group, a germanium group, a tin group, a lead group, a boron group, an aluminum
group, an inorganic group, an organometallic group, or a substituted derivative
thereof, any one of which having from 1 to about 20 carbon atoms; a halide; or
hydrogen;
wherein at least one substituent on (X') is optionally a bridging group that
connects (X') and (X?);
wherein (X°) and (X*) are independently selected from an aliphatic group,
an aromatic group, a cyclic group, a combination of aliphatic and cyclic groups,
an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic
group, a carbon group, a silicon group, a germanium group, a tin group, a lead

group, a boron group, an aluminum group, an inorganic group, an organometallic



3 group, or a substituted derivative thereof, any one of which having from 1 to
about 20 carbon atoms; or a halide. wherein (X2) is independently selected
from a cyclopentadienyl group, an indenyl group, a fluorenyl group, a
boratabenzene group, an aliphatic group, an aromatic group, a cyclic group,
a combination of aliphatic and cyclic groups, an oxygen group, a sulfur
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group, a silicon group, a germanium group, a tin group, a lead group, a
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about 20 carbon atoms; or a halide; wherein each substituent on the
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an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
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an organometallic group, or a substituted derivative thereof, any one of .
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connects (X) and (X2). In another aspect of this invention, the precontacted

oRPRMbARFAMRAMA B hErEGRprises an organoaluminum compound with
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fram 2 to about 20 carbon atoms; (X6) is selected from alkoxide or aryloxide,
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invention, the precontacted olefin or alkgne comprises a compound having
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group, an organometallic group, or a substituted derivative thereof, any one of
which having from 1 to about 20 carbon atoms; a halide; or hydrogen; and
wherein at least one substituent on (X?) is optionally a bridging group that connects
(X") and (X?).

In another aspect of this invention, the precontacted organoaluminum
compound comprises an organoaluminum compound with the following formula:

AIX)a(X)sn

wherein (X°) is a hydrocarbyl having from 2 to about 20 carbon atoms; (X°) is
selected from alkoxide or aryloxide, any one of which having from 1 to about 20
carbon atoms, halide, or hydride; and n is a number from 1 to 3, inclusive.

In still another aspect of the invention, the precontacted olefin or alkyne
comprises a compound having from 2 to about 30 carbon atoms per molecule and
having at least one carbon-carbon double bond or at least one carbon-carbon triple

bond.



bond. 4 Yet another aspect of this invention is the postcontacted acidic
activator- support which comprises a solid oxide treated with an
electron-withdrawing anion, wherein: the solid oxide is selected from silica,
alumina, silica-alumina, aluminum phosphate, heteropolytungstates, titania,
zirconia, magnesia, boria, zinc oxide, mixed oxides thereof, or mixtures

thereof; gnd fherleaiRaMithdiawinenaoion imeglesiashifemuliqiideactivator-
chloride, bromide, phosphate, triflate, bisulfate, sulfate, or any combination
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his invention, of which fluorided silica-alumina is one example, exhibits
eRHARted deidis ael. ompsiEasdtierEatdsponding untreated solid oxide
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the observed catalytic chemistry. In another aspect of this.invention, for
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this mixture with the acidic activator- support such as flugrided silica-alumina,
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components, but without a precontacting step. The. enhanced activity,
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support also functions as a catalyst activator as compared to the corresponding
untreated solid oxide. Accordingly, the acidic activator-support functions as an
“activator” because it is not merely an inert support component of the catalyst
composition, but is involved in effecting the observed catalytic chemistry.

In another aspect of this invention, for example, precontacting a
metallocene compound with 1-hexene and triethylaluminum, typically for at least
about 10 minutes, prior to contacting this mixture with the acidic activator-
support such as fluorided silica-alumina, the productivity of the subsequent olefin
polymerization was increased by several-fold as compared to a catalyst
composition using the same components, but without a precontacting step. The
enhanced activity catalyst composition of this invention can be used for
homopolymerization of an a-olefin monomer, for copolymerization of an a-olefin
and a comonomer, and for polymerization of alkynes as well.

This invention also comprises methods of making catalyst compositions

that utilize at least one metallocene catalyst, at least one organoaluminum



and a comonomer, and for polymerization of alkynes as well. This invention
also comprises methods of making catalyst compositions that utilize at least
one metallocene catalyst, at least one organoaluminum 5 compound as
cocatalysts, and an acidic activator-support. The methods of this invention
comprise precontacting the metallocene catalyst and an organoaluminum
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productivity. Thus, in one aspect, this invention provides a process to )
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and contacting the precc_)ntacted mixture with at least one acidic
aCRVARBHLAPI RIS €econd period of time to form a postcontacted mixture
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postcontacted organoaluminum compound, at least one postcontacted olefin
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cemRyAE.ahlis invention also comprises a method of preparing a catalyst
composition which generates cyclic organoaluminum compounds from
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comprising at least one postcontacted metallocene, at least one postcontacted
organoaluminum compound, at least one postcontacted olefin or alkyne, and at
least one postcontacted acidic activator-support.

Further, this invention encompasses a catalyst composition that comprises
cyclic organoaluminum compounds, particularly aluminacyclopentanes, that
derive from precontacting an organoaluminum cocatalyst with an unsaturated
compound. This invention also comprises a method of preparing a catalyst
composition which generates cyclic organoaluminum compounds from
precontacting an organoaluminum cocatalyst with an unsaturated compound.

The present invention further comprises new catalyst compositions,
methods for preparing catalyst compositions, and methods for polymerizing
olefins or alkynes that result in improved productivity, without the need for using
large excess concentrations of expensive organoaluminum cocatalysts.

Additionally, this invention encompasses a process comprising contacting

at least one monomer and the catalyst composition under polymerization



methods for preparing catalyst compositions, and methods for polymerizing
olefins or alkynes that result in improved productivity, without the need for
using large excess concentrations of expensive organoaluminum
cocatalysts. Additionally, this invention encompasses a process comprising
contacting at least one monomer and the catalyst composition under
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of this invention. These and other features, aspects, embodiments, and
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0660; CPChem 210510US); U.S. Patent Application No. xx/xxx,xxx (Attorney
DeRIsttian 51 ghrdiislesed k84787 0661; CPChem 210510US1); U.S. Patent
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1010.1; CPChem 210626US); and U.S. Patent Application No. XX/XXX,XXX

(AtesanyppreXesd arSh8dpoald By Qoferoc ORRh; it BlehemiZR28IUS).
DETAILED DESCRIPTION OF THE INVENTION The present invention
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compositions, and methods for using the catalyst compositions to polymerize
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invention comprises: at least one precontacted metallocene; at least one
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alkyne; and at least one postcontacted acidic activator-support.

Application No. xx/xxx,xxx (Attorney Docket No. 51879.0617.4; C51757 1010.1;
CPChem 210626US); and U.S. Patent Application No. xx/xxx,xxX (Attorney

Docket No. 51879.0614.0; C51757 0790.1; CPChem 210283US).

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides new catalyst compositions, methods for
preparing catalyst compositions, and methods for using the catalyst compositions
to polymerize olefins and acetylenes. In one aspect, the catalyst composition of
this invention comprises: at least one precontacted metallocene; at least one
precontacted organoaluminum compound; at least one precontacted olefin or
alkyne; and at least one postcontacted acidic activator-support.

In yet another aspect, the present invention provides a catalyst

composition comprising an optional cocatalyst in addition to the precontacted



In yet another aspect, the present invention provides a catalyst composition
comprising an optional cocatalyst in addition to the precontacted 7
metallocene, precontacted organoaluminum compound, precontacted olefin
or alkyne, and postcontacted acidic activator-support. In one aspect, the
optional cocatalyst may be selected from at least one aluminoxane, at least
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combination thereof. In another aspect, the optional cocatalyst may be used
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both steps. In still another aspect, this invention provides a process to
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activator-support for a second ézﬂriod of time to form a postcontacted mixture
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cempeushbmpRastERRaRE alefin or alkyne, and a postcontacted acidic
activator-support. Catalyst Compositions and Components The Metallocene

Compound Thes BREASERE A BIFRIIP BB dEs LR RS RIS SABIRS Woiin pRLiAG
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compound, at least one olefin or alkyne, and at least one acidic
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ognaAIHA EHEM pesvRnd BoRAresostnated; with the olefin or alkyne to
form a precontacted mixture, prior to contacting this precaontacted mixture
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postcontacted metallocene, a postcontacted organoaluminum compound, a

postcontacted olefin or alkyne, and a postcontacted acidic activator-support.

Catalyst Compositions and Components
The Metallocene Compound

The present invention provides catalyst compositions comprising at least
one metallocene compound, at least one organoaluminum compound, at least one
olefin or alkyne, and at least one acidic activator-support. In one aspect, the
metallocene compound and the organoaluminum compound are precontacted with
the olefin or alkyne to form a precontacted mixture, prior to contacting this
precontacted mixture with the acidic activator-support. = The metallocene
compound may comprise a metallocene compound of titanium, zirconium, and
hafnium.

In one aspect, the metallocene compound that is used to prepare the

precontacted mixture, comprises a compound having the following formula:



hafnium. In one aspect, the metallocene compound that is used to prepare
the precontacted mixture, comprises a compound having the following
formula: 8 (X")(X2)(X3)(X4)M', wherein M' is selected from titanium,
zirconium, or hafnium; wherein (X) is independently selected from
cyclopentadienyl, indenyl, fluorenyl, boratabenzene, substituted
cyclopentadienyl, substituted @gm(ﬁqumgd fluorenyl, or substituted
boratabenzene; wherein each substituent on the substituted
cycloperthgisiyMsibesitsied TRgeHpnspstiGRIIRRERHEBr Bubstituted
boratabgpg&m afxXXiisiHagenreAepticreleated Hos) @pRIPRALG U Gk AN

aromatic Eroup, a cyclic group, a combination of aliphatic and cyclic groups,

afleipgeh gbstaiabeagits gratptintstirsyelorRivapicaynosunsitiegrongcar.

Ak EFAUR RERID BN U HRHRIBIHH A LEROkI; & germanium group, a tin
group, a lead group, a boron group, an aluminum group, an inorganic group,
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wherein at least one substituent on (X) is optionally a bridging group that
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aliphatic and cyclicﬁgroups, an oxygen group, a sulfur group, a nitrogen
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aluminum group, an inorganic group, an organometallic group, or a
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cyclopentadienyl group, an indenyl group, a fluorenyl group, a
bd?: Azene group, an aliphatic group, an

wherein at least one substituent on (X') is optionally a bridging group that
connects (X") and (X?);

wherein (X°) and (X*) are independently selected from an aliphatic group,
an aromatic group, a cyclic group, a combination of aliphatic and cyclic groups,
an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic
group, a carbon group, a silicon group, a germanium group, a tin group, a lead
group, a boron group, an aluminum group, an inorganic group, an organometallic
group, or a substituted derivative thereof, any one of which having from 1 to
about 20 carbon atoms; or a halide.

wherein (X?) is independently selected from a cyclopentadienyl group, an
indenyl group, a fluorenyl group, a boratabenzene group, an aliphatic group, an
aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic
group, a carbon group, a silicon group, a germanium group, a tin group, a lead

group, a boron group, an aluminum group, an inorganic group, an organometallic



aromatic group, a cyclic group, a combination of aliphatic and cyclic groups,
an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, a germanium group, a tin
group, a lead group, a boron group, an aluminum group, an inorganic group,
an organometallic 9 group, or a substituted derivative thereof, any one of

whighhaying fiemchdQ abowRQ GRERAST kA sner & halide: mbaIeIRsach (o

substituent on the substituted (X2) is independently selected from an
aRBREtiEGrabhenaoRsREANYEED, a cyclic group, a combination of aliphatic

and cycligHIremPs, ANsaEYGRR AN Ph@ SIBEHEEEAURS RIRAPBIAMR. Rlected
phosphorus group, an arsenic group, a carbon group, a silicon group, a

g&iohAiR ZEOHR-gRBUY OB I Z5PSBp 2a WS HSNS5PHlp 2afCRIG AN of
OrOLHPAR MArEAic SHALR, AN NPRRPESRAliE SIFUP oA S RRIYHEcroup, a

derivative thereof, any one of which having from 1 to about 20 carbon atoms;
aMF@@PE}PSWBP@g 87 AEIFE I BETR et %&%M@HR»@Z&?@amum
optianally e iggHd WRURHRt £EBRRCESdibLhARMRlAL NSRS 28R SRS $ABIC
following groups may be independently selected as_ substituents on (X) and
(OE39UBr AR BRIPIERLESFINPs Sl AsHDSE i Loy vBly BFiSed) figwrie of

themee iveanamraiPhadiaioum ansyRMBHS. A DURdE oY BHE &M ar
combination of aliphatic and cyclic groups,,an oxygen group, a sulfur group, a

nitrogen WRGLSH! &' PFOSSHEISHHBGR, o (&raeniergoratc arisEgBigPahat

SifieRRe @ OND) anggARNiuM group, a tin group, a lead group, a boron group,
an aluminum group, an inorganic group, an organometallic group, or a

substitutB Qoo dherdBosiYLsEPVReR RaviRgeRerIcnly sslsteshas
catpentatamsnqe) NAitex §s olongyabdhess rosns delpabesmRatx the x?),

activity, of the catalyst composition. This list includes substituents that may

b8 cHA PR NI ORI S tHARAGREGIC RELD: AR IR SO & 5¥R g group,
Furtaibinydugenamaahe selesiencas-aupbsiibienicanoipanduiia) gasuong

as this groups do not terminate the activity of the catalyst composition,

tHAFEI8TA HE WotfoR SF RSB RO THURISGT Knéf Qubstittidhpn eroup, a silicon

group, a germanium group, a tin group, a lead group, a boron group, an aluminum
group, an inorganic group, an organometallic group, or a substituted derivative
thereof, any one of which having from 1 to about 20 carbon atoms; or a halide; as
long as these groups do not terminate the activity of the catalyst composition.
This list includes substituents that may be characterized in more than one of these
categories such as benzyl. Further, hydrogen may be selected as a substituent on
(X") and (X?), as long as this groups do not terminate the activity of the catalyst
composition, therefore the notion of a substituted indenyl and substituted
fluorenyl includes partially saturated indenyls and fluorenyls including, but not
limited to, tetrahydroindenyls, tetrahydrofluorenyls, and octahydrofluorenyls.
Examples of each of these groups include, but are not limited to, the
following groups. In each example presented below, unless otherwise specified,
R is independently selected from: an aliphatic group; an aromatic group; a cyclic

group; any combination thereof; any substituted derivative thereof, including but
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fluorenyl includes partially saturated indenyls and fluorenyls including, but not
limited to, tetrahydroindenyls, tetrahydrofluorenyls, and octahydrofluorenyls.
Examples of each of these groups include, but are not limited to, the
following groups. In each example presented below, unless otherwise
specified, R is independently selected from: an aliphatic group; an aromatic

ORRHRIRIRYCHS, DFAUBe 2% GAMRIAICRR MeIRRi-anpSHRRUIIGH eV Aot
thereof, including but 10 not limited to, a halide-, an alkoxide-, or an

afilerBgptittaehabv AR thdredPouingbrarbeivAlemtagiidrregenansiso

20heRIBQN RIOMSOLRYHOTLE- AlpouiRehidaddn tReSRBEQURS alfcaMhnalogs
unsubstituted, branched, or linear analogs thereof. Examples of aliphatic

gﬁbﬁﬁé’,fin each instance, include, but are not limited to, an alkyl group, a

cycloalkyl,grapRs ¥t AlgBant Pieups ac¥etoakenvt RN alkYE Y@ 18HRed
an alkadienyl group, agclic aliphatic group, and the like, and_includes all
£

sibstitithaT gFetbityEaa kA sEnue, Ah A esemos sy eplkearhagup, an
tharsallineaph MsancadhgYiBsiom Qpelie apmiiROLaIRORRIANS1iKBUSnd

aliphatic groups include, but are not limited to, hydrocarbyls such as paraffins

aifefufies AASURHi tatedripeubatihiste HisBeh e Naats Ann ase QB SERHYES

efi¥te AITORY kdath whktatRE- RN heSBGNRUBAE 156 RiBYht AP0V baigRAMtbREXYFhus,
cyclohexyl, heptyl, octyl, nonyl, decyl, dodecyl, 2-ethglhexyl penten¥fl,
bAt SIS REPHRS AU e AR OR SRS S tiosaea e atoRRia  TinE ok,

byfi@is/ ROt FHitedatsyphenyhafiephbhs adthase MerandibRr diken el dingyl,
substituted derivatives thereof, in each instance having from 6 to about 25

caBBRG. TSP e W sefvRe s LeHatle ¥oMipBeARY Inbriad, Bralahex bt
liméiggitactolyhony devasidydand thetikmeinglysing@nysieisoaiaithe like.

substituted derjvative thereof. Examples of cyclic groups, in each instance,

include, BETERIASE FHNRY ¢S Yo PhFARES RS SRS R BEIR AT LN
greUps&EHLh mp e NYAnkiayelisl, it peanikethia dikainaciuditgustib sitikedves
derivatiyes thereof, in each ins,'[ang%ohavin from about 3 to about 20 carbo

a'%lﬁl;g(.) his er?EBH‘E?sJI@Q’ m 6 to about 25 carbons. Substitute

derivatives of aromatic compounds include, but are not limited to, tolyl, xylyl,
mesityl, and the like, including any heteroatom substituted derivative thereof.

Examples of cyclic groups, in each instance, include, but are not limited
to, cycloparaffins, cycloolefins, cycloalkynes, aryl groups such as phenyl, bicyclic
groups and the like, including substituted derivatives thereof, in each instance
having from about 3 to about 20 carbon atoms. Thus heteroatom-substituted
cyclic groups such as furanyl are included herein. Also included herein are cyclic
hydrocarbyl groups such as aryl, cycloalkyl, cycloalkenyl, cycloalkadienyl,
aralkyl, aralkenyl, aralkynyl, and the like.

In each instance, aliphatic and cyclic groups are groups comprising an
aliphatic portion and a cyclic portion, examples of which include, but are not
limited to, groups such as: -(CH)mCsHgRs.q wherein m is an integer from 1 to
about 10, q is an integer from 1 to 5, inclusive; (CH2)mCsHgR10.q wherein m is an

integer from 1 to about 10, q is an integer from 1 to 10, inclusive; and
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cyclic groups such as furanyl are included herein. Also included herein are
cyclic hydrocarbyl groups such as aryl, cycloalkyl, cycloalkenyl,
cycloalkadienyl, aralkyl, aralkenyl, aralkynyl, and the like. In each instance,
aliphatic and cyclic groups are groups comprising an aliphatic portion and a
cyclic portion, examples of which include, but are not limited to, groups such

apCHOHR)MREHIRSShWh RSN Ak i AR IMEOR) {5 100g APAInt & iS0al |
mg;ge_r from 1 to 5, inclusive; (CH2)mC6HgRIlo_q wherein m is an integer
frimy1iRslapye TocerlsinHaptsged e deinedaboril Fsivéndgngndantly selected

(GHAMGSHIRALO YWOspei RIS ARDEARMTam kIR %991%;1511}91 sapilpieser
from 1 to 9, inclusive. In each instance and as defined above, R is )
indspriaamysidietsd degivatag DigRatidiiydpsabranahbntitgidapa ddide
grRURIKRRIEONabIRAtRRidheiesfinaBy dehstitiiedideshiativg hereaf vincyding
but not limited to, a halide-, an alkoxide-, or an amide-substituted derivative

tHEPEDT: Lr3PEHE OFSRFRER OSSN dEP &R LI DENE RS aRbRRLiS T BEfén

Ingnasaecualinatie and syslisigwunsinglyge, butaremat oytad toct, -
“CH2C6H5; -CH2C6HA4F:-CH2CEHACL: - CH2C6H4Br: -CH2CEH4:
el Me TeHgEbHAO-CHMeHAGHL sFeHbE o HaRnfiedsNH:: - -
-CHRCOHANEZ; -CH2GHZE MR, -CH2CHRGEHAR;; - CH2@H2ERHAGL; -
~CH2CH2C6H4Br: -CH2CH2C6HAI: -CH2CH2C6HAOMe;

R IEE ik SE EHoBrHaRaNFS e HAGHAC 6 FUGERCaHOMe; -
-@HRCHAGPHONE L 1ROYIregieisamer AR Eal CRAdNY subsiioted dR Ny e

thereof. Examples of halides, in each instance, include flugride, chloride,
bSPTIR AL h RALATN ST et lsEN Yroupe SR oxygen-containing
groups, examplesophiviield) indueeiRuinee MetdimifrRoditlcalism @, Brulaidk,
groups (-OR), - OC(O)R, -OC(O)H, -OSiR3, -OPR2, -OA1R2, and the like,
intl4d ubstituted derivatives thereof, wherein R in each instance is

selectedifi earialisiagyelaadiybn sy alleybxsigestitoirshalylssipstittadsyl,
or substituted ar Ik;gl having from 1 to about 20 carbon iatoms. Examples of
a o

ﬁ{%mﬁlﬁ% r H’bgr@dﬁs &18&53 to, alkoxy or aryloxy groups (-OR), -

OC(O)R, -OC(O)H, -OSiR3;, -OPR;, -OAIR;, and the like, including substituted
derivatives thereof, wherein R in each instance is selected from alkyl, cycloalkyl,
aryl, aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from
1 to about 20 carbon atoms. Examples of alkoxy or aryloxy groups (-OR) groups
include, but are not limited to, methoxy, ethoxy, propoxy, butoxy, phenoxy,
substituted phenoxy, and the like.

In each instance, sulfur groups are sulfur-containing groups, examples of
which include, but are not limited to, -SR, - OSO,R, -OSO,0R, -SCN, -SO,R,
and the like, including substituted derivatives thereof, wherein R in each instance
is selected from alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl,
or substituted aralkyl having from 1 to about 20 carbon atoms.

In each instance, nitrogen groups are nitrogen-containing groups, which
include, but are not limited to, -NH,, -NHR, -NR;, -NO,, -N3, and the like,

including substituted derivatives thereof, wherein R in each instance is selected
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include, but are not limited to, methoxy, ethoxy, propoxy, butoxy, phenoxy,
substituted phenoxy, and the like. In each instance, sulfur groups are
sulfur-containing groups, examples of which include, but are not limited to,
-SR, - OSO2R, -OS0O20R, -SCN, -SO2R, and the like, including substituted
derivatives thereof, wherein R in each instance is selected from alkyl,

CroaRIrky ArVbyRTaH SURSTIURAIGIKY subshatiuie iRy, absHBRIHUIRTL, or
aralkyl having from 1 to about 20 carbon atoms. In each instance, nitrogen

gRoGpataied sErbgd AeoneinAy drothrutrRiek bR RIG®Shut are not limited to,
-NH2, -NHRgacN ﬁi%mMQzﬁth%h%ﬁS’st@ﬁ)U 8 aleCHdinm SHRBHIEH iHerivatipes

thereof, wherein R in each instance is selected 12 from alky!l ca;cloalk , aryl,

ariRGh spueatbHt kg net BeRtRS doarF e RIBRsitckEa: ar2ifd)Rnavii@Rom 1
(OPROIR0) CAHBINAREISlh A {1BEHGRA LRRSAIOLIS QRS Arein R in

phosphorus-containin %roups, which include, but are not limited to, -PH2,
AR, lpsRpceptaiesTed ) 21k Byl ladty inarake lindibitged alkyl,

suybstituied deyivativesstheraoibarsinRdh@achdngancrisseleciashitom
alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted
aralkyl hBViftf frdfs #R6CatbtRAM SEBRh Ao ASCTH eHa RSN SEOWSetibich

Ui AMBUREYE Mt CRRRINIBY-BIINIRS. ARG ARahie, il @R natATiR D10,
-AsHR, -AsR2, -As(O)R2, -As(OR)2, -As(O)(OR)2, and the like, including
saBdihindkcdneiilag sHRrdoed deriminemibeientinshercia R actachdasiiee

alikydereyedaationh amyi arpdiyMispbsatifute @y lssiastitedediary busstsuRatinied
aralkyl having from 1 to about 20 carbon atoms. In each instance, carbon

grSuLstHY e MR oL RoMicH) RN B are not limited to,
alkyl haligie graupssthatCoamsise baligr- stbstitvtedRIigIRURSONE kiBich
about 20 carbon atoms, aralkyl groups with 1 to about 20 carbon atoms, .
GO R R BRIl - i SR S0P i
likebitielHeinglsuhstiiged dpnvatitestnereaboMheseis, Rrink gash ipstantel it
S0 e Aot R AU S R S SR e R H, -CNR)R, -
C(NR)OR, and the like, including substituted derivatives thereof, wherein R in
each instance is selected from alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl,
substituted aryl, or substituted aralkyl having from 1 to about 20 carbon atoms.

In each instance, silicon groups are silicon-containing groups, which
include, but are not limited to, silyl groups such alkylsilyl groups, arylsilyl
groups, arylalkylsilyl groups, siloxy groups, and the like, which in each instance
have from 1 to about 20 carbon atoms. For example, silicon groups include
trimethylsilyl and phenyloctylsilyl groups.

In each instance, germanium groups are germanium-containing groups,
which include, but are not limited to, germyl groups such alkylgermyl groups,
arylgermyl groups, arylalkylgermyl groups, germyloxy groups, and the like,
which in each instance have from 1 to about 20 carbon atoms.

In each instance, tin groups are tin-containing groups, which include, but

are not limited to, stannyl groups such alkylstannyl groups, arylstannyl groups,
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substituted aryl, or substituted aralkyl having from 1 to about 20 carbon
atoms. In each instance, silicon groups are silicon-containing groups, which
include, but are not limited to, silyl groups such alkylsilyl groups, arylsilyl
groups, arylalkylsilyl groups, siloxy groups, and the like, which in each
instance have from 1 to about 20 carbon atoms. For example, silicon groups

INGHIE R TIRRERY SIb RN S RDRRYIQSEYISIHIIBRPS; P8R hHISIRNGRe, which in

germanium groups are germanium-containing groups, which include, but are

nGRHIRSERSE JeiAyRiRb il Je SheHt IRy IgErARY FEYESDS! hatty BB dOpkde,
aMag%Iggmqﬁt}igwgtﬁ%pylggﬁg@ups, and the like, which in each
instance have from 1 to about 20 carbon atoms. In each instance, tin groups

are tin-cHhEARMEYABGEHs SAhigrP RSl dde [k cardaiRip AnsiieiePto Vehithjiclude,
grtqu@%&&hiﬂ{m&ﬁ@p@m}gr&wp@o@m[smmwgﬁ%%} %1@@@@@&%@@[ and
n

groups, stannoxy (or "stannyloxy") groups, and the like, which in eac

inh&aHke NEvehriBrrena138Ee 8 v fisn hismRout OB 8IRSSinclude, but

are not limitegk£0 iStARREXYLFOH PErdaRAGRINSEANER oIRARAOURSFE which
lead-containing groups, which include, but are not limited to, alkyllead

oiBeREeaRcAa grsdpRItssyisikARad Bi6upBRahdMIEei ke ih IR eARigNic
instans Suda¥eiaae 1niiaBe U REk (R LARR GBSt SRCINHaNGR] RBERSn R

groups are boron-containing groups, which include, but are not limited to,
BRI SIS0 WEH IR bSO Brohprellon autsdfuied alkyl,
hydpidaurikaxdeaiybtinielatenand Heilikarand whesein B drBaghtnstance

is selected from alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted

aryl, or StoSaelP SR ALHEUD RIS aBtsu AN S GG n S QHRS:
INGt@EBECinRIUBINBM GFeURS aith ABIMEUNIFONtaNIXG JPIRDS, Wb nEludea
but are not limited to, -A1R2, -AlX2, -A1RX, wherein X is a. monoanionic .

gfaaﬁoéamﬁsaﬁ%%é}lﬁ%ﬁ&é}@mf.ﬁ@%ﬂ@f%f&&@%ﬁ@tﬂ@m@aﬂﬁ like,

whereihérdin qach aslanagalscsalectest fsamatk ey cloaliodikatylastakerikyl,
substiuted aly, supstite aryl,or ubstiuled grallyl aving from Lio,
carbon atoms.

Examples of inorganic groups that may be used as substituents for
substituted cyclopentadienyls, substituted indenyls, substituted fluorenyls, and
substituted boratabenzenes, in each instance, include, but are not limited to, -
SO, X, -OAIX,, -0SiXj, -OPX;, -SX, - OSO,X, -AsX,, -As(O)X ,, -PX5, and the
like, wherein X is a monoanionic group such as halide, hydride, amide, alkoxide,
alkyl thiolate, and the like, and wherein any alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl group or substituent on
these ligands has from 1 to about 20 carbon atoms.

Examples of organometallic groups that may be used as substituents for
substituted cyclopentadienyls, substituted indenyls, and substituted fluorenyls, in

each instance, include, but are not Ilimited to, organoboron groups,

organoaluminum groups, organogallium groups, organosilicon groups,
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carbon atoms. Examples of inorganic groups that may be used as
substituents for substituted cyclopentadienyls, substituted indenyls,
substituted fluorenyls, and substituted boratabenzenes, in each instance,
include, but are not limited to, - SO2X, -OA1X2, -OSiX3, -OPX2, -SX, -
0S02X, -AsX2, -As(O)X 2, -PX2, and the like, wherein X is a monoanionic

g memm%ig@wa%@m&oaw%@n@mm ,e@%aﬁotmeaﬂiqﬁon

and wherein any alkyl, cycloalkyl, aryl, aral substituted alkyl, substituted

yl,
afEtBr HOBBHERRE AkE| BFOUS osubamRIM Y GHESB MRS has from 1
to aboutgQcarheRatomsisExamalas ekorapneristalicarerstbat mavdeor

used as substituents for substituted cyclopentadienyls, substituted indenyls
atdnpaiRv iR dHY lido shentiddispaonaime, Maraiemistirmitddand

O[O aROSIRGEQ YRS AIPAN QHIHTINGIMEIRUPS, organogallium groups,
organosilicon groups, 14 organogermanium groups, organotin groups

organoldAdBRBIEESSBEG A R RTdHE SrlesgRS RS Sk itTe s AR g fHasn
1 Q-aeutR0 GArbHR atemisBrone ASRERIRIISINMRIMIRL(H53bpas X are

selected from halides or hydrocarbyls having from 1 to about 10 carbon
af SRRk NTERIR] OpRBiRdisaY Ik a9 ape Wile Arsrp RO ALEFBY Rrirepind. 2
mgthiddénanoterRsRrct, beaairk Rl ersaigrtienmpossibleafobirehyl)

(X2), the metallocene of this invention can comprise a .
SRR cldpesieiferyif IO biS ARG iRy SRiRBEIHRIDa
manekisindeppeerapandindchigifreryyDosratitda Rivsekis(d uaigayd
compound, a bis(fluprenyl) compound, a (cyclopentadienyl)(indenyl) )
Cmmﬂﬁl%mw )3_11611 g}ﬁgllfﬁl) ygB]—ﬁpBUﬁ%ﬁt Qfc substituent on (X°)
(indepydrBuperibeampoupehawesiivied ahalpgsxthereof, bridged analogs

thereof, and the like. Thus, at least one substituent on (X2) is optionally a

bridging Gratil5 tASRLSnAEIRE BV EREOBAXIA dhdSPeRE B e SHTEIHOATR)
isdyelepeandeiilylsaiastsd fiotresyclopanibeiomd, lndemylciusriaoytntadienyl,

bglrl ts%%?tg elrr]l égyIPgﬂL%%%ﬂtggcﬁ%%?gr}?Ei(e)rn >slllibstituted boratabenzene; and (X2)
is independently selected from a cyclopentadienyl group, an indenyl group, a
fluorenyl group, a boratabenzene group, an aliphatic group, an aromatic group, a
cyclic group, a combination of aliphatic and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, a germanium group, a tin group, a lead group, a boron
group, an aluminum group, an inorganic group, an organometallic group, or a
substituted derivative thereof, any one of which having from 1 to about 20 carbon
atoms; or a halide; as long as these groups do not terminate the activity of the
catalyst composition.
At least one substituent on (X') or (X*) may optionally be a bridging
group that connects or bridges the (X') and (X?) ligands, as long as the bridging
group does not terminate the activity of the catalyst composition. The linkage that

connects (X') and (X?), that is, the shortest link of the bridging moiety, can be a

single atom selected from carbon, silicon, germanium, or tin atom. In one aspect,
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substituted indenyl, substituted fluorenyl, or substituted boratabenzene; and
(X2) is independently selected from a cyclopentadienyl group, an indenyl
group, a fluorenyl group, a boratabenzene group, an aliphatic group, an
aromatic group, a cyclic group, a combination of aliphatic and cyclic groups,
an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an

ake @ﬁ%ﬁ'gpatéiﬁ@i BOGhBEAUR: R RIE AL OHPW RIS LRRIKTH A ERMR Afises
group, a lead group, a boron group, an alumlnumﬁgoup, an inorganic group,

afl BB AR YFOEAObMA! EPHR N AR THEHSE S hrlg s gp. [n
whiehbayipgdrane 1itRARaHARQ #AEERM XAIOMS(RF R dalide iRsdaneasithese

groups do not terminate the activity of the catalyst composition. At least one
st HILHDSMNT Yy 6720 S BptidRARP Wetadttagink ¥rbapathst espfirdcthe
ofipggeshheehhand (X2) haandes)asione asmtheHiRGiNGn OO e Oasddte

terminate the activity of the catalyst composition. The linkage that connects

OOARE (5&) coapiisefieroltaiaik SpthengHatihg moiety, can be a single

atom selpciggtiansperd Ukafiite UBANERLEo @A AR Uik QRERS RS ed
15 the bridging atom is a_carbon or silicon atom, in which case the bridge

cétn3iivbats SimwRutselinivRhe s binatiRneha)ighatip srovRtBatGYsdC

SibARIGR, OFPBp NBr ARSI RS PRkt o8 likaps thalsennests(Ceaps, (2fkon,
that is, the shortest link of the bridging moiety, can be from 2 to about 4
atinEhATyet ‘awaﬂaeaﬁggﬁa&w@nfﬁﬁhs&é% oAl R Rhip& U that

thesheitestdink@idbe betdaing (Moiefyd calr conRIRe Bamadtaabaulifed to,
carbon atoms. In another agpect, examples of bridging groups include, but

aly SROChFRN LY Shshath RARL YO ABE, LGERS o fotAIeP S b At nE BRgifkAfen

OKRHRS andieiglie FauwRsnPIRSPhAIOUSKEFOURSuMIIGgeN HEOURS, limited to,
organometallic groups, silicon, phasphorus, boron, germanjum, and the like,

ESUHHBR s SRt ROUT iBD s P AR nEeBES A LD e e S HHE (R2)

insipgieshethare peupited tn Rydroearbylssusthascaaratiing &R 9laiingde,
Examples of cyclic groups that.can serv %s bridges betlv)veen (X) and (X2)
inﬁ%d%r,ebﬁpﬁr Iﬂg?%iirﬁﬂed‘ﬂ'}g’stltuted silyl derivatives, substituted “tin groups,

substituted germanium groups, substituted boron groups, and the like.

In another aspect, the optional bridging group may be substituted by at
least one substituent, wherein the substituent may be independently selected from
an aliphatic group, an aromatic group, a cyclic group, a combination of aliphatic
and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, a germanium
group, a tin group, a lead group, a boron group, an aluminum group, an inorganic
group, an organometallic group, or a substituted derivative thereof, any one of
which having from 1 to about 20 carbon atoms; a halide; or hydrogen.

Numerous processes to prepare organometal compounds that can be
employed in this invention, particularly metallocenes, have been reported. For
example, U.S. Patent Nos. 4,939,217, 5,210,352, 5,436,305, 5,401,817,
5,631,335, 5,571,880, 5,191,132, 5,399,636, 5,565,592, 5,347,026, 5,594,078,
5,498,581, 5,496,781, 5,563,284, 5,554,795, 5,420,320, 5,451,649, 5,541,272,
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cycloparaffins, cycloolefins, cycloalkynes, arenes, and the like. Examples of
organometallic groups that can serve as bridges between (X) and (X2)
include, but are not limited to, substituted silyl derivatives, substituted tin
groups, substituted germanium groups, substituted boron groups, and the
like. In another aspect, the optional bridging group may be substituted by at

leqshene subsgtueniz whessinghe sybsriuent may be iadenendeatiyiselepted
from an aliphatic group, an aromatic group, a cyclic group, a combination of

afpHANES HAEEPENEIEB UD S1CRRKHGErPY sy CACS MR Grdlpts L hitFefye O ther
IiYBeRePNOSPRYIME FHRUNIRBR SIHHOHALP. BARAANIH URpRRIUCAR this
group, a germanium group, a tin group, a lead group, a boron group, an
alMYRRUAR JrospResh ﬁ?ﬁ%éng?g%rﬁ}l% SF§arstRRE groh; &t § J. Mol.
subgtiuiedoerivatetheragls ARKiORS afauhishinavingitiam 140 ahpuiiR0Ss,
carbon atoms; a halide; or hydrogen. Numerous processes to prepare

o GRS REISARG ABRbaFOBE. B Sy bt ke o oo

W@P@&@@mschéme Fﬁﬁf,‘ 569,0'1'[@-15@{ aﬁ&@@]@'ﬂ. ld}:?—"-JEI?é?M.MO@rganomet.
4,939,217, 5,210,352, 5,436,305, 5,401,817, 5,631,335, 5,571,880, . = .
5 Gam 4998, 588.8361 B seirk b Wish150pg0mergiet by refeiersehgrein, in its

S dife(PLrarifs,; a8ditmnpridesseiddifro ok RA8ns chlpdiinds Rat can
5,705,578, 5,631,203, 5,654,454, 5,705,579, and 5,668,230 describe such

iRl ¥ e Ao FUHRHCRI e SpisrRRsa BypRsteddncdHenahof rgansmetgllic
OtimBtALEeSS96, torepRre MehatioGeNecepopasds thgtralR OB &R aperk
in this invention have been reported in references such as; Koppl, A. Alt, H.

GEHinRy). Ehtafolovgng, tgsises alegiigateeihe sudkapsthads: T aileidd; £

Fajisald, R. The Ehewicad SodiEtyiRf drpabr&8hicd Timibdty HofC TidHiGm,

M.;.Kehr, G. J. Organomet. Chem. 1998, 562, 153-181: and Alt, H. G.; Jung,

NSO ST, AGEEBiSS, N9% Y3rka i dr whith' iRodrp bRt

byreferengd hRasion indts 1enticeymbsuither, aiditinalnmeassesdo Mepdien

metalloc%hes_coni?ounds that can be emﬁloyed [ tih's invention have be
100

repONBAURLSI JiRRET S BFgEmB L. dnefhis JEigLs @@%ﬁ%ﬁ@%ﬁ@
inegspaleledioih/ elcteaaarbgrein, in its

In one aspect of this invention, the metallocene compounds of the present
invention include, but are not limited to the following compounds:

bis(cyclopentadienyl)hafnium dichloride,

@ \\\\\C I

Hf\

Cl

A

b

bis(cyclopentadienyl)zirconium dichloride,

Q

\\\\\\C I
Zr

N

Cl

0
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entirety. The following treatises also describe such methods: Wailes, P. C.;
Courts, R. S. P.; Weigold, H. in Organometallic Chemistry of Titanium,
Zirconium, and Hafnium, Academic; New York, 1974. ; Cardin, D. J.; Lappert,
M. F.; and Raston, C. L.; Chemistry of Organo-Zirconium and -Hafnium
Compounds; Halstead Press; New York, 1986; each of which is incorporated
by refer?%@tﬁ%ﬁf@d@lﬂ?s’(‘ﬁSeﬂ-ﬁhﬁﬁ%yﬁﬁd?-ﬂ%%%a?ﬁim invention, the o
metallocene compounds of the present invention include, but are not limited
to the following compounds: -.:g, clopentadienyl)hafnium dichloride, 4 'Hr'

9,

V4. ¢ bis(cyclopentadieny‘F dichloride, 4? r" 17
C W)U
P/

1,2-ethanediylbis(r)5-1-i toxyhafnium, ".1100
1,2-ethanediylbis(r)5-1\inde hylzirconitun, "CH3 Zr' 'CH3
3,3-pentanediylbis(r)5-4 hydro-l-indenyl)hafnium dichloride, Hf
methylphenylsilylbis(r) 5-4 r Wenyl)zirconium dichloride, 18
H3C//11, "Si pCl Z

b

5

3,3-pentanediylbis(n’-4,5,6,7-tetrahydro-l-indenyl)hafnium dichloride,

\c
N

methylphenylsilylbis(n’-4,5,6,7-tetrahydro-1-indenyl)zirconium
dichloride,

18



bis(n-butylcyclopentadienyl)bis(t-butylamido)hafnium, ,AANHC(CH3)3 Ht’
"NHC(CHS3)3 ; bis(1-n-butyl-3-methyl-cyclopentadienyl)zirconium dichloride;
n-Bu Me\,\\Cl z .111\\\c + isomers | Me n-Bu
bis(n-butylcyclopentadienyl)zirconium dichloride, PZr" %*+CI
dimethylsilylbis(1-indenyl)zirconium dichloride, 19 H3C s~ H3C' Zr' ****Cl|
octyl(phenyl)silylbis(1-indenyl)hafnium dichlgfde, si\Cl Hi O |
dimethylsilylbis(r)5-4,5,6,7-tetrahydro-I-i trconium dichloride, H3C/q,.
. Si

bis(n-butylcyclopentadienyl)bis(t-butylamido)hafhium,

Q WNHC(CHg)s

Hf

N

NHC(CHj3)s
b

bis(1-n-butyl-3-methyl-cyclopentadienyl)zirconium dichloride;
7t + isomers

bis(n-butylcyclopentadienyl)zirconium dichloride,

& \\\\\\CI

Zr\
% Cl
5

dimethylsilylbis(1-indenyl)zirconium dichloride,



"\pCl H3C' Zr' "Cl dimethylsilylbis(2-methyl-I-indenyl)zirconium dichloride, 20
H3C H3C~~i,, si "~pCl H3C zZr'CI CH e
1,2-ethanediylbis(9-fluorenyl)zirconium dichloride, SCI Zr "Cl indenyl
diethoxy titanium(lV) chloride, 4::~~ /Ti ~~OCH,CH3 CI OCH2CH3
(isopropylamidodimethylsilyl)cyclopentadienyltitanium dichloride, H3C//o..
siFFFek~~ [ h.ql H3C N OC HzC
bis(pentamethylcyclopentadien

dichloride, 21 Z;

H3C/////
/Sl \\\\\\Cl
HsC Zr"\
Cl

octyl(phenyl)silylbis(1-indenyl)hafnium dichloride,

dimethylsilylbis(n’-4,5,6,7-tetrahydro-I-indenyl)zirconium dichloride,

HSC//,,I
/ Si ‘\\\\\Cl
HsC Zr"\
Cl

b

dimethylsilylbis(2-methyl-1-indenyl)zirconium dichloride,
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Cl bis(indenyl) zirconium dichloride, ..ap~CI Zr' "Cl
methyl(octyl)silylbis(9-fluorenyl)zirconium dichloride, ~clZH C' SI/ CI a
bis(2,7-di-tert-butylfluorenyl)-ethan-1,2-diyl)zirconium(lV) dichloride, V HNC
H%C Zr 22 bis-[1-(N,N-diisopropylamino)boratabenzene]hydridozirconium
trifluoromethylsulfonate, N(i-Pdz CB Zr ‘'OSOzCF3 B/ B N(i-Pdz
methyl-3-butenylmethylidene{t)5-cyclopentadienyl)(r)5-9- fluorenyl)zirconium
dichloride, [(15-C5H4)CCH3(CHj ’A‘ PCH=CH2)(1j 5-9- C13H9)]ZrC12;

methyl-3-butenylmethylidene(r)4 @l tadienyl)(r)5-2,7-di-t-butyl-9-
)

fluorenyl)zirconium dichloride CCH3(CH2CH2CH=CH2)(rj
5-9-C13H2- 2,7-"'Bu2)]ZrC12

H 3C/////
/ Si \\\\\\CI
HsC Zr
cnbm

2

1,2-ethanediylbis(9-fluorenyl)zirconium dichloride,

indenyl diethoxy titanium(I'V) chloride,

<

/ \"”/OCHZCH3

OCH,CH; -

(isopropylamidodimethylsilyl)cyclopentadienyltitanium dichloride,

H3C//, ", / ;

/ \ / \"’/OCH2CH3

OCH,CHs

3

bis(pentamethylcyclopentadienyl)zirconium dichloride,



methyl-4-pentenylmethylidene(r)5-cyclopentadienyl)(r)5-9-
fluorenyl)zirconium dichloride, [(il 5-CsH4)CCH3(CH2CH2CH2CH=CH2)(rj
5-9- C13H9)]ZrC12;
methyl-4-pentenylmethylidene(r)5-cyclopentadienyl)(r)5-2,7-di-t-butyl-9-
fluorenyl)zirconium dichloride, [(il 5-CsH4)CCH3(CH2CH2CH2CH=CH2)(rj

5-9- C13H7-2,7-"'Bu2)]ZrC1;
phenyl-3-butenylmethylide cyclopentadienyl)(r)5-9- fluorenyl)zirconium
dichloride, [(r)5-CsH4) CH®EH2CH=CH2)(rj 5-9- C13H9)]ZrC12;

phenyl-3-butenylmethyliderie(r) clopentadienyl)(r)5-2,7-di-t-butyl-9-
fluorenyl)zirconium dichl (r)5-€'sH4)C(C6H5)(CH2CH2CH=CH2)(rj 5-9-
C13H7-2,7-'Bu2)]ZrC12;
phenyl-4-pentenylmmethylideng(115-cyclopentadienyl)(r)5-9-
fluorenyl)zirconium dichloride, ’
[(r)5-C5HB(@EBHS ICHRCH AT IO-deCH2) (r)5-9- C13H9)]ZrC12;
phenyl-4-pentenylmethylidenegt15-cyclopentadienyl)(r)5-2,7-di-t-butyl-9-
fluorenyl)zirconium dichloyfie
[(r)5-CsH4)C(CBH5)(C L,v (LH-CH2)(r)5-9- C13H7-2,7-'Bu2)]ZrC12;
and the like. In yet anothegfaspectof this invention, examples of the
metallocene that are usefitt=srrthe catalyst composition of this invention
include a compound with the foptla I: 0%1 R1,E Zr CIR3 R2~ VO R3;
wherein E is selected fro I, G&cor Sn; R1 is selected from H or a

b

methyl(octyl)silylbis(9-fluorenyl)zirconium dichloride,

\\\\\\\//llh' /% R

Si Zr

ch( Z cl

b

bis(2,7-di-tert-butylfluorenyl)-ethan-1,2-diyl)zirconium(I'V) dichloride,

N
-
Hy,, /
H"‘f
_I,“!\\
H"“'C 7
Y Ty

N

%,
(o)

>
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hydrocarbyl group having from 1 to about 12 carbon atoms; R2 is selected
from an alkenyl group having from about 3 to about 12 carbon atoms; and
R3is selected from H or a hydrocarbyl group having from 1 to about 12
carbon atoms. In another aspect, the catalyst composition of this invention
comprises a metallocene compound described by structure 1l as follows: \ CI
R1 Z~CIyR 1@5&@1@4@9@@1{1@&@@%&@@]@{ midetheamhenyl; R2
is selected from 3-butenyl (- CH2CH2CH=CH2) or 4-pentenyl
(-eifiveropeidsyliondte): and R3 is selected from H or t-butyl. Typically, the
organometal compound comprises-Bis(a-butylcyclopenta- dienyl)zirconium
dichloride; bis(indenyl)zjrceripm®dichloride; dimethylsilylbis- (1-indenyl)

| Isilylbis(9-fluorenyl)zirconium dichloride; or
bis(2,7-di-tert-butylfluorenyl)-gthaw-1,2-diyl)zirconium(IV) dichloride. The
Organoaluminum Compoun Xﬁi‘qpe aspect, the present invention provides
catalyst compositions §ompwsing at feast one metallocene compound, at
least one organoalumin® . :| pound, at least one olefin or alkyne, and at
least one acidic activator-Sygpost. In another one aspect, the metallocene

compound and the organoalumirmmprgompound are precontacted with the
olefin or alkyne to form a precontacted rmixture, prior to contacting this

precontanttﬂﬂyffn??xhlutenylthetﬂhgla'xhs_idc'anﬁnfetiw@luperftmqlipnyﬂ.)(Fb?[:ﬂealIy3 a portion of
e o e MU e T S
pasteonastdd mixture, although all the organoaluminum compound

methyl-3-butenylmethylidene(n’-cyclopentadienyl)(n’-2,7-di-t-butyl-9-
fluorenyl)zirconium dichloride, [(n5-C5H4)CCH3(CHZCHZCH=CH2)(n5-9-C13H7-
2,7-'Buy)]ZrCly;

methyl-4-pentenylmethylidene(n’-cyclopentadienyl)(n’-9-
fluorenyl)zirconium dichloride, [(n5-C5H4)CCH3(CHZCHZCHZCH=CH2)(n5-9-
Ci3H9)]ZrCly;

methyl-4-pentenylmethylidene(n’-cyclopentadienyl)(n’-2,7-di-t-butyl-9-
fluorenyl)zirconium  dichloride, [(n’-CsH4)CCH3(CH,CH,CH,CH=CH,)(n’-9-
C13H7-2,7-Buy)]ZrCly;

phenyl-3-butenylmethylidene(n’-cyclopentadienyl)(n’-9-
fluorenyl)zirconium  dichloride,  [(n’-CsH4)C(CsHs)(CH,CH,CH=CH,)(n’-9-
Ci3H9)]ZrCly;

phenyl-3-butenylmethylidene(n’-cyclopentadienyl)(n’-2,7-di-t-butyl-9-
fluorenyl)zirconium  dichloride,  [(n’-CsH,)C(CsHs)(CH,CH,CH=CH,)(n’-9-
C13H7-2,7-Buy)]ZrCly;
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may be used to prepare the catalyst in the precontacting step. In another
aspect of this invention, the precontacted mixture can comprise a first
organoaluminum compound in addition to at least one metallocene and an
olefin or acetylene monomer, and the postcontacted mixture can comprise a
second organoaluminum compound in addition to the precontacted mixture

and the}?fégﬁ @(i;g@{; ?ffdéﬂ%%‘%% Qﬁmgmﬂgm compound

can be the same or different from the first organoaluminum compound.
SPeeitioallyinyiom thehlossible firstbiantakmiUh GortheHisGhhy(alst:
?:?%FF% h0|ces for the second organoaluminum compound, however not
pos§|ble second 25 organoaluminum compounds work well as

choices mreﬁ)éﬂirptMa@ahuaﬂthhMﬂrEmy\dopmﬂddreusbm tAg phieicbutyeted

mixture. In yet another ect, the first or inu poun
b LG AR R e BraCO A SEAS  h  BR
camypbund-"Bag) mr@lgfin or alkyne monomer includes, but is not limited to, a
ompound having the following general formula: AI(XS)n(X6), n, wherein
fp | rocarbyl having from 2 to about 20 carbon atoms, and (X6) is
selectedIfromt alrmx'tdeu@peatyd@ﬂ@ie iAvyhaoe, efxathisleshelving fremlbierbdut
20 carb ato ide, or hydride; gﬁglsanumberf m 1 to 3, }l'}r@u& e.
B AL B S B TR O 113 BB SR
ml@mﬁihanl:aispect (X5) is selected from ethyl, propyl, n-butyl, sec-butyl,
isobutyl, hexyl, and the like. The substi t (X6) in the formula for the first
organoaluminum compound is sele m alkoxide or aryloxide, any one
of which having from 1 to about 2 atoms, halide, or hydride. In one
aspect, (X6) is independently; sel&cted erqﬁgpq{g or chloro, and in another
aspect, (X6) is chloro. In thedermina Al( 3_" for the first
organoaluminum compound, nis a to 3 inclusive, and
typically, nis 3. The value of nis

R3
I;
wherein E is selected from C, Si, Ge, or Sn; R1 is selected from H or a
hydrocarbyl group having from 1 to about 12 carbon atoms; R2 is selected from
an alkenyl group having from about 3 to about 12 carbon atoms; and R3 is
selected from H or a hydrocarbyl group having from 1 to about 12 carbon atoms.
In another aspect, the catalyst composition of this invention comprises a

metallocene compound described by structure 11 as follows:

R1 Zr—cl R3

R2

R3
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restricted to be an integer, therefore this formula includes sesquihalide
compounds. In yet another aspect, the second organoaluminum compound
that can be used in the postcontacted mixture, that is, in the subsequent
contacting of the precontacted components with additional organoaluminum
compound and the activator-support, includes, but is not limited to, a
compound having the following genergl formula: AlI(X)n(X)3_n" wherein (X5)
is a hydrocarbyl havglg from 1 to about 20 carbon atoms, and (X6) is

sdTBetet fovisanelsatsd droanapsind, anphsasloRAHcrelslsdoPEr 11 b it
2@ 1earbonaiers) halidep Qribvrides iyrd ndsiaciunae)) frami 119 3s inslusive-

In one 26 asgect (X5) is an alkyl having from 1 to about 10 carbon atoms,
ahePin Hitsith P%Ispect, (X5) is selected from methyl, ethyl, propyl, n-butyl,

SeC'bUtYiT}éﬁRQHS)’,LtHéekSYé’aﬁBﬂlém liepnplan S Wontisviery @iﬁﬁh%d%ﬂc@fm@ﬁtﬁor
e

the second organoaluminum compound is selected from alkoxide or =~
afrsibE TR WRedithitiide: N o araenipe ik eadso disethylsHulRi,
o hyslaishgiyn onecshRC, ()dsdedenradpmily 15R126190 NaBtdhyeRIRbnium
chloro, and in another aspect _(X61} is chloro. In the second organoaluminum
cobRpBIEformeia A|@zﬁ)%6<é) ert-hyixlBuprgmd e a2l TikdeRemshg
tygigalyida is 3. The value of n is not restricted to be an integer, therefore
this formula includes sesquihalide compounds. Generally, examples of
organoaluminum compounds that can be used in this invention include, but

AR @ ijaiiss (i ttiallodapeiingm compounds, dialkylaluminium halide
compounds, alkylaluminum dihalide compounds, alkylaluminum sesquihalide

compounlisOB3ndeRThbitafoRE B e BY BHoBifiRrAdRpadayst compositions
OGP AU ARBRGURGE IR fartHApHed, Inthiga R vVertidndmBa@uminum

precontacted mixture with the organometal compound and an olefin or alkyne

mSHBRRERSh RfUBS IR RC E HB TR A S0 A iethindtt AR GRidEe aljvator-support.

In another one aspect, the metallocene compound and the organoaluminum
compound are precontacted with the olefin or alkyne to form a precontacted
mixture, prior to contacting this precontacted mixture with the acidic activator-
support. Typically, a portion of the organoaluminum compound is added to the
precontacted mixture and another portion of the organoaluminum compound is
added to the postcontacted mixture, although all the organoaluminum compound
may be used to prepare the catalyst in the precontacting step.

In another aspect of this invention, the precontacted mixture can comprise
a first organoaluminum compound in addition to at least one metallocene and an
olefin or acetylene monomer, and the postcontacted mixture can comprise a
second organoaluminum compound in addition to the precontacted mixture and
the acidic activator-support. The second organoaluminum compound can be the
same or different from the first organoaluminum compound. Specifically, any of
the possible first organoaluminum compounds may also be used as choices for the

second organoaluminum compound, however not all of the possible second

25



tripropylaluminum; diethylaluminum ethoxide; tributylaluminum;
diisobutylaluminum hydride; triisobutylaluminum; and diethylaluminum
chloride. When the precontacted mixture comprises a first organoaluminum
compound and the postcontacted mixture comprises a second
organoaluminum compound, any of the possible first organoaluminum

CQMRALNLMMEN /ISR RAINREIAR GRAICRSIRNiLEE RRAARTIRNISRAABATIRUM
compound. However, not all of the possible second organoaluminum

cERIpBRHYL IR R ihoPTEsaNiReHE BiE™BRtacted mixture. For example,
triethyl ajynyinumdihEAd spasksiMeelliis kathindrecantiasiech apdRRpitaNtagtesk

mixtures, however trimethyl aluminum (TMA) works well onlﬁ}i%ré the

pYsedoRt it YantioRd s RERCRRRSEE SRt oM the rRiktlfeens dprapound

examale oRFEANGAIIKY UM GRIRRPYRCS dBat sanibe s achasths, seedfound
organoaluminum compound in the postcontacted mixture include, but are 27

nSetinadeed larting gshsi RBR AL can be used in the precontacted
mixture, and further including trigyekfylgkfminum (TMA). The amounts of
organoalumjnum compound disclosed herein include the total amount of

oPﬁ%ﬁSH}dﬁﬁ%héﬁﬁ Ryipesng hast iR iRabR St setban-atams. and (X) is
pesteapioctad MisiRSe MY BRMaddiliirl o saneRkiving HEAMREWBEut 20

added to the poIY_merization_ reactor. Therefore, total amounts of
ofGErRIafiATIuNIdsnop S S And iR dfor Mg drarask Sr v HistivErS: shgrae

OrgARGATN LML eRPRINIddSise D &F MBOIE TREh AR AkEAROANININERdther
compound._ Triethylaluminum (TEA) is a tygical comEound‘ used in this

a8PRG ot this S iFRIEREEH e By PRI ol By hriG B hur? Rerp8exY-ignd
emplgyed. The Olefin or Acetylene Monomer In the present invention, at least
one organoaluminum compgpund, at least one metallocene compound, and at

least oné Bfeft BYHikPhe( ﬁn&né?earéowakonfi%t&be PGt EEA ARy TR

Mk R WMl SssRkiteaaidie attivatiy suRpRIdY) afdentoaiiaidiaRaeatyéom 1
P Rchas e, B B P e e e pendently

selected from fluoro or chloro, and in another aspect, (X°) is chloro.

In the formula AI(X5 )n(X6)3_n for the first organoaluminum compound, n is
a number from 1 to 3 inclusive, and typically, n is 3. The value of n is not
restricted to be an integer, therefore this formula includes sesquihalide
compounds.

In yet another aspect, the second organoaluminum compound that can be
used in the postcontacted mixture, that is, in the subsequent contacting of the
precontacted components with additional organoaluminum compound and the
activator-support, includes, but is not limited to, a compound having the following
general formula:

ALX)o(X)3m,
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms, and (X°) is
selected from alkoxide or aryloxide, any one of which having from 1 to about 20

carbon atoms, halide, or hydride; and n is a number from 1 to 3, inclusive. In one
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polymerization processes with catalyst compositions of this invention include
olefin compounds having from about 2 to about 30 carbon atoms per
molecule and having at least one olefinic double bond. This invention
encompasses homopolymerization processes using a single olefin, as well
as copolymerization reactions with at least one different olefinic compound.

Typically,e9nelymens, Oh LY ERHCOMPHES R MARFRMAt Ol SHIYIERERS0
mole percent) and a minor amount of comonomer <50 mole percent), thOL}Jﬁ?h

tHI8NEChIPS FdgarissiehtroRe Mshbnedr PIRAY cdh By opsyiH Bz &9 Rk

ethylenakhaidlgihave from three to about 20 carbon atoms in their molecular
chain. Acyclic, cyclic, polycyclic, terminal (a), internal, linear, branched,

substitute8® u&IHEIRDEed fUriBtiditafosa iihdHoifuneerih FEarsitu tHaY
beoRiFRIANES JaIdbisdMEAUOKLFEE SXAIRIEIY RIFRLHASAWAIAChEOMP AYRdS

that can be polymerized with the catalysts of this invention include, but are

nét ARS8 I Realiden Atdheitih ke 08 SRR -bistiidependently
isehietide TR i MENHEBEcRoRE RN AivethybpRentenas ¢treshyl-I-pentene,

1-hexene, 2-hexene, 3-hexene, 3-ethyl-I-hexene, 1-heptene, 2-heptene,

3-hepter8, fe KEAA RFRAP SR EOTRAIAG FRENHBNAHES )Hhg tve 0 is 2
NAUMBLH BN S0 MixiEesalt@pidMR ARMOrehtherRRf o Cy dliaaneshicysdic

olefins, including but not limited to, cyclopentene, cyclohexene,

NSRS AY e hotssrigitHe forrplR dnkadss ssP Sidbridessperdy as
described @lepMey, AGAIHIRBES MAY DB SR RGP ebiRiizad aceding tastisn

invention. Acyclic, cyclic, terminal, internal, linear, branched, substituted,

uBSSOSHHEREED L aREE dre PR S AL LR MU g g ounds.
ediplRyRARiHIisminyantien.xpapias, ofatkyemthahcad Rgigelysoaijzsehds,
include, but are not Iimite& to, diphen Iacetélene, 2-butyne, 2-hexyne,
3atyptummn,asieual %tﬁﬂ‘@?ﬁ%’g@n%‘} SeRRiEaYosyREreghd tRBafkEC
Ircen@AsPechiRAlaBaRelY saipsERSifRE, dhe soerRemartkihifesaidiathke
copolymerizgd with a comonomer. In another aspect, ex(;f\mplef Pf the
precontacted mixture with the organometal compound and an olefin or alkyne
monomer include, but are not limited to, triethylaluminum (TEA);
tripropylaluminum; diethylaluminum ethoxide; tributylaluminum;
diisobutylaluminum hydride; triisobutylaluminum; and diethylaluminum chloride.
When the precontacted mixture comprises a first organoaluminum
compound and the postcontacted mixture comprises a second organoaluminum
compound, any of the possible first organoaluminum compounds may also be
used as choices for the second organoaluminum compound. However, not all of
the possible second organoaluminum compounds work well for use in the
precontacted mixture. For example, triethyl aluminum (TEA) works well in both
precontacted and postcontacted mixtures, however trimethyl aluminum (TMA)
works well only in the postcontacted mixture and not well in the precontacted

mixture. In this example, organoaluminum compounds that can be used as the

second organoaluminum compound in the postcontacted mixture include, but are
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comonomer include, but are not limited to, propylene, 1-butene, 2-butene, 3-
methyl-l-butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-I-pentene, 4-
methyl-lI-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-I-hexene,
1-heptene, 2- heptene, 3-heptene, the four normal octenes, the four normal
nonenes, or the five normal decenes. In another aspect, the comonomer

Mt bensRleeiealirae Sohpirngs AReRIENGe 1A B e LpALERNG PRGNS,

or styrene. In one aspect, the amount of comonomer introduced into a reactor

z8hd terthrpatsteding bypethridrnigamdri fom about 0.01 to about 10

weight pereefth RAMAIosReIRareH Amthe tofelweight etihemenomatadnthe
comonomer. In _another aspect, the amount of comonomer introduced into a

réQBbATIONE O fr R RPN S ABRRIYS Wesdntp ek ribe dirsABivErdarif

inpRtitcanatied asrasbsirama aRox AbiaahedhdaWalahiR AP CRIMRIRMES
based on the total weight of the _monomer and comonomer. Alternatively, an

afiBuRPBURTEIEHIIB giceetfle abdheredSerittel camashtFatRIn S TSrHRalyRtinHm
the spRabdvenRrogducedeaanberted 23 Whtesptintgrgingdehe haunduay

this theory, in the event that branched, substituted, or functionalized olefins
afOTRoH rétctaiRd; it % beheled thaf st nAERRRKMTRHAYTInpeRIBRaHArhr

slpyicthel PRMMEHZ AHPAYrecaesy pub. dapshied ed/ah CHCRPEIOE )R

the olefin removed somewhat from the carbon-carbon double bond would
NSRRIt B h MR IR T RRBIM I e SREP Avad s TR e iefin
substituents situated more proximate to the carbon-carbon double bond

t. In one aspect, at least one reactant for the catalyst compositions of

migh
th@eimgﬁ%)ﬁ RCERACNEMIOB8™EE polymerizations are either

homopolyiigsizatiens iak «ceiealyinerizatap Mol differant aexpliengysliteast
terminal, internal, linear, branched, substituted, or unsubstituted olefin. In

a0BRigAS IO TSRSy OmBB o En&t oltis e ALRIH NP4y e/ Dg tiqiomer are

pehsRiizate peboieledinacompainaskinelvwding Rutiare et isitaebiosupport,
1,3-butadieneg, isoprene, 1,4- pentadiene, and 1,5-hexadiene. The Solid
AE}d?Edﬁ\rCm/ -dsﬁtbf)‘btﬁfe polymerization catalyst.

Unsaturated reactants that are useful in the precontacting step and in the
polymerization processes with catalyst compositions of this invention include
olefin compounds having from about 2 to about 30 carbon atoms per molecule
and having at least one olefinic double bond. This invention encompasses
homopolymerization processes using a single olefin, as well as copolymerization
reactions with at least one different olefinic compound. Typically, copolymers of
ethylene comprise a major amount of ethylene (>50 mole percent) and a minor
amount of comonomer <50 mole percent), though this is not a requirement. The
comonomers that can be copolymerized with ethylene should have from three to
about 20 carbon atoms in their molecular chain.

Acyclic, cyclic, polycyclic, terminal (o), internal, linear, branched,
substituted, unsubstituted, functionalized, and non-functionalized olefins may be
employed in this invention. For example, typical unsaturated compounds that can

be polymerized with the catalysts of this invention include, but are not limited to,
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The present invention provides catalyst compositions comprising at least one
metallocene compound, at least one organoaluminum compound, at least
one olefin or alkyne, and at least one acidic activator-support. In one aspect,
the metallocene compound and the organoaluminum compound are
precontacted with the olefin or alkyne to form a precontacted mixture, prior to
CORERGINE thishRreROMaGiRch M LR b tha BeidiIGREHIMAIRI: S URPBIteddIe2-
present invention encompasses catalyst compositions comprising an acidic
abEUERDE- LSO Irhdteaaciot-preibatid peatel st chpissit o edmprisnge:
an agidiciastivator-aiuppRite 20thEpRINOAS fioh Al MK IZHNg RIRANS 8Bnes, the
acetylenes using these catalyst compositions. In this invention, the

mOIBRER EoRFRsEneiy BerashidetereiifidmbisHi draaetyie g more
MARRIFET afelRNAI0BRBITYIRR, Qﬁ@?@&lﬁ@dofﬁfrﬁ)tf irshiedias of tmeRiias,
to contacting this mixture with the acidic activator-support. Once the _
PIICHRRSETBE RRKIGFEYFHFcRaNbRERdISsahdr the dikmorbnidio dfolymerized
organQaliyainiys,eompound has been contacted with the acidic
activator-support, this composition which further comprises the acidic .
activator® SPEERPLMRY tdifn a8 RLNBRELEL PCRTERS. tth BHR Hyysation.
theqyestconfastedermixibreimamme fiHdher Bhawed o rssnaitl) caRtAstara,
second period of time prior to being charged into the reactor in which the
poIASHATRANSH: prste seoRifivpstieaphigel odtkimehottier d¥petrigyed in  this
PasteRntACteH:mbie sTaie &haigedantpethp yareiasdmordiatelt affernot
being prepared, or may be prepared directly in the reactor, and the

Ui Ao AIPBSRY B ShitFie d oI Bfately e Rsa i ifs A58 the>-

seephgoeripetpfdime dyningiwbighdha @asienrtacted mixture is allowed to
remain in contact is the minimal amount of time required to prepare the

postcont2c88 AB&HVRRR HORRINE IS S FERLRSTARRBES YIS G4ets,
thepsesastiidention encainPasses catalysheOMPoSitins cmBPRINIA the
chemically-treated soljd oxide which serves as an acidic activator- support

RN TS %Tblgﬁy Led'h Esmbﬁ%%ﬁ%ﬂﬁoaﬁlmad%h&m pputene, 3-
canspgindbilircanothebasped, thepaatirriorsspppentCcoppidggd-atjeasinenes-

solid
methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-1-hexene, 1-heptene, 2-

heptene, 3-heptene, the four normal octenes, the four normal nonenes, or the five
normal decenes. In another aspect, the comonomer may be selected from 1-
butene, 1-pentene, 1-hexene, 1-octene, 1-decene, or styrene.

In one aspect, the amount of comonomer introduced into a reactor zone to
produce the copolymer is generally from about 0.01 to about 10 weight percent
comonomer based on the total weight of the monomer and comonomer. In
another aspect, the amount of comonomer introduced into a reactor zone is from
about 0.01 to about 5 weight percent comonomer, and in still another aspect, from
about 0.1 to about 4 weight percent comonomer based on the total weight of the
monomer and comonomer. Alternatively, an amount sufficient to give the above

described concentrations by weight, in the copolymer produced can be used.
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oxide treated with at least one electron-withdrawing anion; wherein the solid
oxide is selected from silica, alumina, silica-alumina, aluminum phosphate,
heteropolytungstates, titania, zirconia, magnesia, boria, zinc oxide, mixed
oxides thereof, or mixtures thereof; and wherein the electron-withdrawing
anion is selected from fluoride, chloride, bromide, phosphate, triflate,

bisulfatewauiaiRy ot Hayngad Binssian e Rl (ke aalival iy SHRRar biaglures
the contact product of at least one solid oxide compound and at least one

BB BHLG kR AP ARG, 3FF oed A perataiMe dondelirre tEripveri

COMBHRRS &hiNArGRAIC MR- dbls aet praker-4hsh thesQlid axide branched
compound be calcined prior to contacting the electron- withdrawing anion

SO0 syrdiconEionptbal s Rl BereReYse s emsahat iRy dhcafrEP aec adhRn

oxisie KopRAUNSLIE ABNERAIRFLWIED (haiRIRGIRNVASREIANING AP AHEGRN]B
this aspect, the solid oxide compound may be calcined or uncalcined. In

antfier yostente Skedorstp pEPEHIREc s sertRaseriaea slesthle: tang

legstianersalainasheplichoxide eRRURHANT Ade@ashi9iecompositions of this
electron-withdrawing anion source. 31 The activator-support exhibits

eHREHESE AtiRhbY 585 b RoMREZHRs s rather dhomenelyesiigasiae or

CRBHOMHREF ZRRACNAIP S URRBFE RIS unctiensiRs epatalistiatdivalonar,
compared to the corresponding untreated solid oxide. While not intendintlzj

b&BBERE by SHRsHRY e is FelitRdtHat e lctihtor-Buplditintay Himcidh é{gt)

aRJRIY8INERe!idOXIEe cRVBRALINCHRY, CORRPIStE!Yi®r ppatiRNY: SR ING Rk fin
anionic ligand from the metallocene. However, the activator-support is an

aCHUROT IR 2 ARLdiBg Witk s itetidiiidie. nletditiedisacalipieis-an-+

apiahiciigRnshtp e adiencpair, weakens the metal- ligand bond in the
metallocene, simply coordinates to an anionic ligand when it contacts the

activator-support, or any other mechanisms by which activation may occur.
WitileShigdaniidis detivarertagtiviates the metallocene in the absence of

cocataly%sé it is not necessary to egliminate cocatalysts from the catalyst

present invention provides catalyst compositions comprising at least
one metallocene compound, at least one organoaluminum compound, at least one
olefin or alkyne, and at least one acidic activator-support. In one aspect, the
metallocene compound and the organoaluminum compound are precontacted with
the olefin or alkyne to form a precontacted mixture, prior to contacting this
precontacted mixture with the acidic activator-support.

The present invention encompasses catalyst compositions comprising an
acidic activator-support, methods for preparing catalyst compositions comprising
an acidic activator-support, and methods for polymerizing olefins and acetylenes
using these catalyst compositions. In this invention, the metallocene compound
may be contacted with an olefinic or acetylenic monomer and an organoaluminum
compound for a first period of time prior to contacting this mixture with the acidic
activator-support. Once the precontacted mixture of metallocene, unsaturated

monomer, and organoaluminum compound has been contacted with the acidic

activator-support, this composition which further comprises the acidic activator-
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composition. The activation function of the activator-support is evident in the
enhanced activity of catalyst composition as a whole, as compared to a
catalyst composition containing the corresponding untreated solid oxide.
However, it is believed that the activator-support functions as an activator,
even in the absence of an organoaluminum compound, aluminoxanes,

OLYRPORALOR GRARAN RS s RbHRRIZINTHARIGEOMPAHRGS P ORR: FREDnthged
activator-support of this invention comprises a solid_inorganic oxide material,

a e Rre b Atathsr, dlaredrimiisation B sestagnier axerordareriak ofiang
chemicalbetigtied withad wlererwHRARWING SavRanaitoRprhertianallye

treated with a metal. Thus, the solid oxide of this invention encompasses

okRTEGH QiR SRAULNEEHIMRE PONCCH BB M SttYdRet R EZISHER ths

sificrRiBlunitRd@e ¢ UMBINBERABS RBshrRitsE tdNese i rcpaf-MIXRELAXIdR the
compounds such as silica-alumina single chemical phases with more than

ofe it ib B Rty WRHZH g R AT R A5 o BRMd i atehn Psisrfteind i idis
eRgpnanseskBynlipdABENIP AR NRIASPORISI this prdaidiemttiemixture is
activator-support further comprises a, metal or metal ion selected from zinc,

kR Seh Fa EFRRINSTV SPTYRSS P rthg aminnati A Ay st iRsols BRIBFRIAR, RiCBRM

conehjpationibrierfixmrsmplanighralvaoly e zHRpR Fiothat further comprise
a metal or metal ion include, but are not limited to, zinc-impregnated

chloridedPaRIiAS ShclinBrEdAtERY FRISTHEACRIRAPES AR YH sragRattiens
chigrigassilisa iy esdnpsranaied fuacdee-sdicasalminge activator-

zinc-impregnated sulfated alumina, or any combination thereof. In another

aSPRRY th Ao ESr ISuBBa LY thisdnife ARBI L3RR SEthaa8 REL R E B UM
relatiyRimdio P anesids ¥upich exbibitsvhenvisippidicconprarstediagiishe solid

behavior. The solid oxide is chemically-treated with an electron-withdrawing

cOHAB LR PP bRt RSnSITEHARaWIHY NS oppn: Whereln the solid

eleaiie Nyvisbrbawd Ngroai e SO U K emiafOrlisaaivaion-supRefu Y il didlate,
intending to be bound py the following statement, it is believed that treatment
o]hﬂli%rﬁ)ﬂ?B}é%%sw?aeWaaﬁlrcoma, magnesia, boria, zinc oxide, mixed oxides

thereof, or mixtures thereof; and wherein the electron-withdrawing anion is
selected from fluoride, chloride, bromide, phosphate, triflate, bisulfate, sulfate, or
any combination thereof.

The activator-support includes the contact product of at least one solid
oxide compound and at least one electron-withdrawing anion source. In one
aspect, the solid oxide compound comprises an inorganic oxide. It is not required
that the solid oxide compound be calcined prior to contacting the electron-
withdrawing anion source. The contact product may be calcined either during or
after the solid oxide compound is contacted with the electron-withdrawing anion
source. In this aspect, the solid oxide compound may be calcined or uncalcined.
In another aspect, the activator-support may comprise the contact product of at
least one calcined solid oxide compound and at least one electron-withdrawing

anion source.
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electron-withdrawing component augments or enhances the acidity of the
oxide. Thus, the activator-support exhibits Lewis or Bronsted acidity which is
typically greater than the Lewis or Bronsted acidity of the untreated solid
oxide. One method to quantify the acidity of the chemically-treated and
untreated solid oxide materials is by comparing the polymerization activities

of the tregiedandaeRiieaes oxidas K NERtAcid catalygedeasipased to the
Generally, it is observed that the greater the electron-withdrawing ability or

LEASIRABNST W eiadatolduppdr, apardder itEhsoRFHEMATYRAPREL VO

InfANgiasPech tampRenicelsiraatethplid aXide comRisasiASONEARQIgaNIc
oxide comprising oxygen and at least one element selected from Group 2, 3,
4 08ids. PWailg nph infending 1 bebognd Sy theerpdtitdie {anre, BrdOmpiIAYT-
oxypparAkch Al fgasiNaselRMenlseiesird frxfadhe lapHianids URsHIRIES or
elements. (See: Hawley's Condensed Chemical Dictionary, 11th Ed., John

iR s G&actags ae ctanie. AlSikiiesn ths.; RRRHResae A Bagever, the
Bagihvaanupbotdvianead dnaranic AR rYe Ot EdnWileyintessGiencee
1999é)lrl1Usually the inorganic gxide comprises oxygen and at least one

eldfialpcsaecibainein s aplogls Bgaeditodemepncan pairgyerkenmaesial,
ShegHid $nShinTihe The¥alMbeRe, YsidPl1P cdbrBHIERABI& axpRMbasaf Solif wiriseit

materials or compounds that can be used in the chemical%—treate,d solid

oK RIS R ISR THVERA BN Sh ARG A TIst rarehABIS MRS MY C A 39038 gBaY

BeQuBi20micd@e GO3MeGiRPHCAQy ie20R: GR2iBcd La203 aMRRES of
MoO3, NiO, P205, Sh205, Si02, Sn02, SrO, Th02, Ti02, V205, W03, Y203,
ZRes2RlyHsarl die WRE, BRCFSHRG MRixEUBRRIES SREFELYSSn dr BB atftHy st

theyepbshxanpias alcmnixadoridesdhascar hetksestisufipraadiwtarsuppor
of the present invention include, but are not Iimite? to, silica- alumina,

SIfRBAHESHiIAC LA Ar CHARS L EURRS TR Ay IlFef SISO RRAHRALC a3l st
albipas#itsobimtAnth therdkries phadagpaatrohthisieolnr. theosalidoxids
g}g‘éﬁ%ﬁ@ﬁé‘g@gﬁ%@%@%‘&&ﬁgﬁ%gﬂg%4%'%@354‘?0%?‘6825 in the absence

of an organoaluminum compound, aluminoxanes, organoboron compounds, or
ionizing ionic compounds.

In one aspect, the activator-support of this invention comprises a solid
inorganic oxide material, a mixed oxide material, or a combination of inorganic
oxide materials, that is chemically-treated with an electron-withdrawing
component, and optionally treated with a metal. Thus, the solid oxide of this
invention encompasses oxide materials such as alumina, “mixed oxide”
compounds thereof such as silica-alumina, and combinations and mixtures
thereof. The mixed oxide compounds such as silica-alumina single chemical
phases with more than one metal combined with oxygen to form a solid oxide
compound, and are encompassed by this invention.

In one aspect of this invention, the activator-support further comprises a
metal or metal ion selected from zinc, nickel, vanadium, silver, copper, gallium,

tin, tungsten, molybdenum, or any combination thereof. Examples of activator-
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be derived from any electron-withdrawing component or an

electron-withdrawing anion source. Further, the solid oxide material is
optionally chemically-treated with a metal ion, then calcining to form a
metal-containing or metal-impregnated chemically-treated solid oxide.
Alternatively, a solid oxide material and an electron-withdrawing anion

SQUERA BHaP RIARG L aRP GRIGRRL S BlUliene RS inc TN BietliethbyiMed he

oxide is contacted with an electron-withdrawing component, typically a salt
o HiS-ABRr egnRted  sBlrsHlstitRabm Zardmnrsairied, Tuatided ot mifee mnc-

Q%Wﬁ&ﬁﬁgr&ﬁﬁlﬂgri%@rﬁﬁeﬁﬂﬂﬁrﬁﬁ&nﬁ&o eatausnatesirRach heilike.
Typically, following any contacting method, the contacted mixture of oxide

copoimEe It sHIR IR RN LT 8RY SABRPaEARITY M Imetal ion is
calcinediT i, glechigauvithdraningosamnenrest #eschiR tiea! tompriids iSeny

component that increases the Lewis or Bronsted acidity of the solid oxide,
upsklendairkhicln gk Bafasty thdick exbiRifitHhananllicorh SRaer agidic

elpatELrWitiHEAVWRG 8RIAE SOURERAMPAURR derivediree@-sallvdasidner
other compound such as a volatile organic compound that may serve as a

SGARRRBENGr EARIFSHY 18P tRISE UATHI BIE IS 2B Rtrh SR BN EATORE
andisleseee, Withaia WindiaienNssppese S Wislede t Bhieatenaab Rt Aa.by the
sulfate, bisulfate, fluoride, chloride, bromide, iodide, fluorosulfate,

ioHopaRsS qHBEphatds helruphdursamnLotdhepaEapifzagide with an

flepsazdcanatesaptitansigentr flugreagetateniiflads tan ddiae ks, tnclyding
mixtures and combinations 34 thereof. In addition, other ionic or non-ionic

cdiipolhtadHHOERHP RS SIS fhF WieRk Riartio apithr sl Sivmisaisy

alseheremployediisvie aresentinyeantion: Whee theeleel eotithgi@yingne
component comprises a salt of an electron-withdrawing anion, the counterion
0

fieh tr AR S AP I9Ehs Sleie AN SrBIFR L e AP IR iR Rl Axtde

reveré a1 sleigompaseipasik o dine peidhaetiing oealebtivigick agtothdhatsliciatmnd
the suitability. of the particylar salt to serve as a_source for the
e%ﬁ%@mﬁbﬂ?maééaﬁrdﬁ ?ﬁaﬂ/&s, BERAIRM o FAREY Yo tfeobserved that the

greater the electron-withdrawing ability or Lewis acidity of the activator-support,
the greater its polymerization activity.

In one aspect, the chemically-treated solid oxide comprises a solid
inorganic oxide comprising oxygen and at least one element selected from Group
2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 of the periodic table, or comprising
oxygen and at least one element selected from the lanthanide or actinide elements.
(See: Hawley's Condensed Chemical Dictionary, 11" Ed., John Wiley & Sons;
1995; Cotton, F.A.; Wilkinson, G.; Murillo; C. A.; and Bochmann; M. Advanced
Inorganic Chemistry, 6™ Ed., Wiley-Interscience, 1999.) Usually, the inorganic
oxide comprises oxygen and at least one element selected from Al, B, Be, Bi, Cd,
Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, Sb, Si, Sn, Sr, Th, Ti, V, W, P, Y, Zn or Zr.

Suitable examples of solid oxide materials or compounds that can be used
in the chemically-treated solid oxide of the present invention include, but are not

limited to, Aleg, B203, BGO, Bi203, CdO, CO304, CI‘203, CuO, Fezog, G3.203,
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solubility of the salt in the desired solvent, the lack of adverse reactivity of the
cation, ion-pairing effects between the cation and anion, hygroscopic
properties imparted to the salt by the cation, and the like, and thermal
stability of the anion. Examples of suitable cations in the salt of the
electron-withdrawing anion include, but are not limited to, ammonium, trialkyl

aMANONIWTh, i1 aatyl aRm o, J6iealkybphgsposiaN THO, [HIBE),
and the like. Further, combinations of one or more different electron

witHdrawirlgs-aditfis, 4 Qearditty Bropdreomacladmpenised wridisr tacgedinid
acislityinhtias agtiyater-seRRRIHIQ the deskedlenel GemkinationsQfelgctipn

withdrawing components may be contacted with the oxide material

sitRtiaNESHBRPE O HIGiBtRIP! AmeraigroterdFiRabafiareid ot diBuiiety. silica-

agliyatak;suprartiaellitysiies-Axmale . NRASRASHPT CHS IRMARUM) igflumina-
employing two or more electron- withdrawing anion source compounds in two
ol B MBI iERRe ARG e B&e Thus, one example of such a process by

which anpefivatepsUPROhis RIERAIQH ithcaSolpd Qs SaleEIRtS I RS -
compound, or combination of oxide compounds, is contacted with a first

el&eaieth RiFRINARIRG dvgh<trast epmfletiFen e IOHRY M CRiRGuIEIER ISt
mpstdegiis AR algingel b e-calsined idis ombéuta i han AL dnTvang

second electron-withdrawing anion source compound to form a second

nfRiAReSAYMive BB eRIEhsing hior i Sl QPP RGN Shrartalxstirted

OX{GR GQHHRAUDSE; 1ReBUSICcRIOES Forithe AlSthRBENSAEANor metal-impregnated
electron-withdrawing anion source compounds are tyificall different

cShpuisAlE reptrd utitheyridray Y HBRNHE BripbtinKiss mabHeL .28

thadaveniiith dneveedi Ch e es86HBAIRE PR ADAIREERY stRIPERSSs]y.
comprising: 1) contacting a solid oxide comp%lnd_with at least one gﬁctrqn-

wither g i EeitredhCoiHBRinG SRS islnBRuRSAiRe 2y EiEmig

thefifsbrBitiuipitaligrmstiteosaitoxdds astileiaosuppaitawianathes, asneetf

t I?ltl nl\s,(er?(gtoﬂfrltlrt]eeds‘%lidg%ﬁiiglz,ag(si—\é%i irn-gs,uPneglrégiﬁation of one compound onto
another, and the like. Typically, following any contacting method, the contacted
mixture of oxide compound, electron-withdrawing anion, and optionally the metal
ion is calcined.

The electron-withdrawing component used to treat the oxide is any
component that increases the Lewis or Bronsted acidity of the solid oxide upon
treatment. In one aspect, the electron-withdrawing component is an electron-
withdrawing anion source compound derived from a salt, an acid, or other
compound such as a volatile organic compound that may serve as a source or
precursor for that anion. Examples of electron-withdrawing anions and electron-
withdrawing anion sources include, but are not limited to, sulfate, bisulfate,
fluoride, chloride, bromide, iodide, fluorosulfate, fluoroborate, phosphate,

fluorophosphate, trifluoroacetate, triflate, fluorozirconate, fluorotitanate,

trifluoroacetate, triflate, and the like, including mixtures and combinations
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produced by a process comprising: 1) contacting at least one solid oxide
compound with a first electron- withdrawing anion source compound to form
a first mixture; and 2) calcining the first mixture to produce a calcined first
mixture; 3) contacting the calcined first mixture with a second electron-
withdrawing anion source compound to form a second mixture; and 4)

CRURHING He.38RANM HARIUHIO SPHBRENFOUE AR ACHARIQINRUBP Qi EDYSy

the solid oxide activator-support is sometimes referred to simply as a treated
sdereglaeonardHihinyAng tréehe nayIrisena S MRHFE FhElsdceRthigvention.

inventionyaraduging Qedesminatha sale QURRoACHYBMPHRBOTEPYAONRCHRY
at least one solid oxide with at least one electron- withdrawing anion source
cSIRpERRTY e NG RIaNIRS OHETEHRE kiR WbATpBRnt IS Balchfetrlected

befere a 4 tngoarRiten LA acting therelREQMYA e 8 BSC IR AReSRUMGS Ay
wherein there is a substantial absence of aluminoxanes and organoboron

cGApBins Fisrtrie thapdigtatenthe iséahibh, ohdkerRarishtibiile RS HEer 2
treqiiect aRd WeededtirnawRERIRSRAURTYY FRITIAEMpGtaleining ofthedrentest

solid oxide is generally conducted in an ambient atmosphere, typically in a

dip WRibRmef dhnsapHartheatssismhpehdttirehomckuourdsts tsaasiotiothe
angkfen, adhspin aRerE HERLER faRD e P Aok fo i NIBRAYRES ASEEertics

calcining is conducted at a temperature from about 300C to about 800C and
i BRBtHE adpe el aritngadototlitie 4kt 2ndrissrabite Wbty abdis avee
topheil OO u Rt @RetRah asPRd ofdleiRIBEHSILANGIEieafsami dbaidldde,

hour to about 50 hours, and in another asgect calcining is conducted, from

aBBhieEenBRdiBiadott 2HHBRRLITh LiRles aRBResiupietarlnity ARy Be

cagtiasl iodtyrospaknuihl HO, abROELD,Mours ak&litemperature from about 350C
to about 550C. Further, any type of suitable ambjent can be used during .

calcining’ VB e s PRAEMRRGAE CBRRIIERIR SISk iR Ao SPHRIE g

asrdlins, in varying proportions, can be used to tailor the specific acidity of the
activator-support to the desired level. Combinations of electron withdrawing
components may be contacted with the oxide material simultaneously or
individually, and any order that affords the desired activator-support acidity. For
example, one aspect of this invention is employing two or more electron-
withdrawing anion source compounds in two or more separate contacting steps.
Thus, one example of such a process by which an activator-support is prepared is
as follows: a selected solid oxide compound, or combination of oxide
compounds, is contacted with a first electron-withdrawing anion source
compound to form a first mixture, this first mixture is then calcined, the calcined
first mixture is then contacted with a second electron-withdrawing anion source
compound to form a second mixture, followed by calcining said second mixture
to form a treated solid oxide compound. In such a process, the first and second
electron-withdrawing anion source compounds are typically different compounds,

although they may be the same compound.
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Alternatively, an inert atmosphere, such as nitrogen or argon, or a reducing
atmosphere such as hydrogen or carbon monoxide, may be used. In another
aspect of the invention, the solid oxide component used to prepare the
chemically-treated solid oxide has a pore volume greater than about 0.01
cc/g. In another aspect, the solid oxide component has a pore volume greater

than abgyt @k caige@ndniiet RRRIMRIMASRHECL W@ aRIdDaR aRAYE-LP K649 .1én
still another aspect, the solid oxide component has a surface area from

aBERAUESS by ABERCEHOOMRYGING another aspect, solid oxide component has
a surface aregy A aRy a1 HQ 11abesth 00 Agitang:insiill aethetctron-

aspect, from about 250 to 2 about 600 m /g. The solid oxide material may be
trRAtREr iR SASiRR SQBPRAREW RGO dpiate st BPAIEBrABhation of anions,

and optionallydraategsvith etk iRNfothancaltinedite Reavidsibgpport.

activator-support in the form of a particulate solid. In one aspect, the solid

oxide mafeABpiachasnsgtuaththis duyeRtions hatdo s e 2stivalrg URReHt, ia

sowsaaRigy arisedesy derpadisechloriding agent, a source of fluoride ion,
termed a fluoriding agent, or a combination thereof, and calcined to provide

the solid dxideNReHREGH IHashSitferAietidisernmnadnrt Welh Advssafssbing-
inglelea R @60 ibatsbmite d daipiaaided ALating: hlerdeshalumina;
fluorided alumina; sulfated alumina; bisulfate-treated alumina; bromided

silica- aldmACIBHIS iR rshiRisttmithRroslsriasd sified B Silfated
silica- algmingphsumigdedisilicaizireaniarshlgfigecesiligarziscapinduisteshn-
silica- zirconia; fluorided silica-titanja; fluorided-chlorided alumina; sulfated

SRR A MAFYES SRERAHRTAA M Dok BRIy LEEh W minate;
fluoridedssilicacibprsachsikeaotigatechwithollene s atai BoRilRr eckciavssgipasg.a

pillared montmorillonite, optionally treated with fluoride, chloride, or sulfate;
pﬂ'ggﬁhgegdscglfi oxide activator-support 1s sometimes referred to simply as a
treated solid oxide or a chemically-treated solid oxide.

Another aspect of this invention producing or forming the solid oxide
activator-support by contacting at least one solid oxide with at least one electron-
withdrawing anion source compound, wherein the at least one solid oxide
compound is calcined before, during or after contacting the electron-withdrawing
anion source, and wherein there is a substantial absence of aluminoxanes and
organoboron compounds.

In one aspect of this invention, once the solid oxide has been treated and
dried, it may be subsequently calcined. Calcining of the treated solid oxide is
generally conducted in an ambient atmosphere, typically in a dry ambient
atmosphere, at a temperature from about 200°C to about 900°C, and for a time of
about 1 minute to about 100 hours. In another aspect, calcining is conducted at a
temperature from about 300°C to about 800°C and in another aspect, calcining is
conducted at a temperature from about 400°C to about 700°C. In yet another
aspect, calcining is conducted from about 1 hour to about 50 hours, and in another

aspect calcining is conducted, from about 3 hours to about 20 hours. In still
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alumina, or other aluminophosphates, optionally treated with sulfate, fluoride,
or chloride; or any combination thereof. Further, any of the activator-supports
may optionally be treated with a metal ion. In one aspect of this invention,
the treated oxide activator-support comprises a fluorided solid oxide in the
form of a particulate solid, thus a source of fluoride ion is added to the oxide

by {tRRIMARLYItBaRfiRsiIdiAY Beeat il il RBRthsh@sSPestadbArdeHON-MAY
be added to the oxide by forming a slurry of the oxide in a suitable solvent

sURRRSEAAIEB KB RRRter STEI LRIt WEOArE not limited to, the one to three
carbon ateefnels Bacargr obthairvelatiinhand low swfageqtensing. ExamRles

of fluoriding agents that can be used in this invention include, but are not
lifiRBEr Y hy ST RIBECIB RO TR Cd rith SRiLM IR AN AAPES TearANS B n A AIT-

biluerigei (b4 ki 2 cAnmanperietiaiivosebaiale N A BFtbh, 3N MABHFing

silicofluoride (hexafluorosilicate) ((N , ammonium

H4)2SiF6
heBASRIISYSBRARY UREEP LB 2 Hh SRR IE RS o AR Bk hinations thereof.

For exampigoaamapisn difluerideNtitdizemad e vasdampaadidaiidingo
agent, due to its ease of use and reao%availability. In another aspect of the

pREgRMEitbR shemisalystraterkislidAxKls hasfaowirP Y Motierig dganebout
deringctie. calGindig:siepe AN Wonid B RIS SRR IR0k HopEauIYe greater

contacting the solid oxide during the calcining step can be used. For

X2 3R Hh QA gRign A b ¥t ASHIEH SRR nitcals dhpR agtv ol SRy ev gl

orgRifieflagridingrroaita mavdedsssshdaxamplesatilatite aiganishiueriding
agents useful in this aspect of the invention include, but are not limited to,
frebmss, 1190 uorghekanaotherfaspasbesehexiticocomponane hasflusrotitrania
and combinations thereof, Gaseous hydroggzn fluoride or fluorine jtself can

aill8B&bQubdWitn aReWofiddonde ienLishididl Marhiy esmestingomagout 250 to

C%XSPWtﬁﬁzéhOd of contacting the solid oxide with the fluoriding agent is to
vaporize a fluotiding agent into a gas stream used to fluidize the solid oxide
during cdlbinseioh oSidslanhtcirmbnothdeaspaied of tthisainveratont thadide ion or

C?Sﬂfe""l%t@%egogx%}?la%ﬁj SCAMRISeR @ ShigHAR SOl PYIAR I Agalof,

of a particulate solid, thus a
then calcined to provide the activator-support in the form of a particulate solid. In
one aspect, the solid oxide material is treated with a source of sulfate, termed a
sulfating agent, a source of chloride ion, termed a chloriding agent, a source of
fluoride ion, termed a fluoriding agent, or a combination thereof, and calcined to
provide the solid oxide activator. In another aspect, useful acidic activator-
supports include, but are not limited to: bromided alumina; chlorided alumina;
fluorided alumina; sulfated alumina; bisulfate-treated alumina; bromided silica-
alumina, chlorided silica-alumina; fluorided silica-alumina; sulfated silica-
alumina; bromided silica-zirconia, chlorided silica-zirconia; fluorided silica-
zirconia; fluorided silica-titania; fluorided-chlorided alumina; sulfated silica-
zirconia; chlorided zinc aluminate; chlorided tungsten aluminate; fluorided silica-

boria; silica treated with fluoroborate; a pillared clay such as a pillared

montmorillonite, optionally treated with fluoride, chloride, or sulfate; phosphated
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source of chloride ion is added to the oxide by treatment with a chloriding
agent. 38 The chloride ion may be added to the oxide by forming a slurry of
the oxide in a suitable solvent. In another aspect of the present invention, the
solid oxide can be treated with a chloriding agent during the calcining step.
Any chloriding agent capable of serving as a source of chloride and

thataMaRor OMRF N IR SIS HY R HAR AR GRIRESSIEMCANRR UBESH &L or

example, volatile organic choriding agents may be used. Examples of

vehigfedsiarmpYcrombiRgtiagehtsasde it ithtisispb EioreHEASHRBAS may
ir@{b@@%apyﬁo@r@eammm@g Ret8E14AIN freons, perchlorobenzene,
hlor

chloromethane, dichloromethane, chloroform, carbon tetrachloride,

trichloro&8h&R61, HPsHy ebrilmdiisriiiteshecHEatds Mydfogst VRN RtRPert
chiatipaséselfhanialnsbe eSS PXIgS-HUIIRG SalfINIAgs ORirce

convenient method of contacting the oxide with the chloriding agent is to

vapShesidedamitinddedyontmside iy Sratman s flurnising agsshid byl
dyrip@ GRS IR RNR RSRECHRBRM Y ioh fide nderomeRloHAIRR of the

present before calcining the solid oxide is generally from about 2 to about

50%idsyiha TR RIh EPL T Wrdigh AR RS WA hd8s i diRgnBaig RebTiEed

selidiaxidae fey erampiensilicacHipasAetore ariFiNpRatINRRAth &vAsReske
the amount of fluoride or chloride ion present before calcining the solid oxide

it b bR RSB HIOEINS, A SRRt HrabeRR RSt Db EREH R Wsbides
tonabault 2096 mumeioty. Kbe flusiidesn chivdeianaiaaddad: e iigH,F),

calcining, such as when calcined in the presence of CCl4, there is typicall
g J I pres (%%4BF{),

SIS L r BHISREESor{ W HHE S8R IBBYo i CalMATREO Bl ce
impiegnaied widllalidaidbe halidad wrisiglinay) be dNed)syrRny mebihgshium
known_in the art including, but not limited to, suction filtration followed by
ebaﬁﬁﬂ&ﬁawlmﬁnh%ﬁ&@eﬁ@mﬁﬁlgﬁ SR GenePtRRIRLONS HhETEGHh ither
alseppssiblatinitiate the caoNingstapdmpeadiately thithogtidndngdhe due

impregnated solid oxide. The silica-alumina used to prepare the treated

sl ESARsRinEUss Ahisady availability.

In another aspect of the present invention, the solid oxide can be treated
with a fluoriding agent during the calcining step. Any fluoriding agent capable of
thoroughly contacting the solid oxide during the calcining step can be used. For
example, in addition to those fluoriding agents described previously, volatile
organic fluoriding agents may be used. Examples of volatile organic fluoriding
agents useful in this aspect of the invention include, but are not limited to, freons,
perfluorohexane, perfluorobenzene, fluoromethane, trifluoroethanol, and
combinations thereof. Gaseous hydrogen fluoride or fluorine itself can also be
used with the solid oxide is fluorided during calcining. One convenient method of
contacting the solid oxide with the fluoriding agent is to vaporize a fluoriding
agent into a gas stream used to fluidize the solid oxide during calcination.

Similarly, in another aspect of this invention, the chemically-treated solid
oxide comprises a chlorided solid oxide in the form of a particulate solid, thus a

source of chloride ion is added to the oxide by treatment with a chloriding agent.
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pore volume greater than about 0.5 cc/g. In one aspect, the pore volume may
be greater than about 0.8 cc/g, and in another aspect, the pore volume may
be greater than about 1.0 cc/g. Further, the silica-alumina may have a
surface area greater 39 than about 100 m2/g. In one aspect, the surface
area is greater than about 250 m2/g, and in another aspect, the surface area

MayeRe BieebNARHOHE AR HY o&ﬁrw%ynﬂﬁ% allfignglumine il a
invention has an alumina content from about 5 to about 95%. In one aspect,

tHaAAOHiPR] ottt Brogherstipsc i IR R1say BV R iAra b Bithoxti 25008,
apddranathes esRerhidbeallminaconentRfithe §{@9a-@m|9; tiananpadem
|

about 8% to about 30% alumina by weight. The sulfated solid oxide

cSAnshie8istfiBSAl & W ORIdEtditsEhthirighly seipting, the oxide
siligarRluminaldthe fepnahaparticilate selidnpietieoalie higstilatesaxide

is further treated with a metal ion such that the calcined sulfated oxide

casREERY bretsadinforenalsset valatdaipiesais e dding dsmisrss b b

apghalymipaip oReasRActattids, inyentine, ther suhaied alsminatisomests,
by a process wherein the alumina is treated with a sulfate source, for

eRSFAplereRrazeds: frathlosapteffitediISIAIFIRAGH oF B YgFaiR salCaThay

asAAVMORIN SlifdieociRADE SRS dhistRiaGesSIpRL e prREmad Bbgen
forming a slurry of the alumina_ in a suitable solvent such as alcohol or water,

incRritiennts duenBe LarEenrraliorboring Sitkthss aid aeissdueins salgayne:

Suitrbienraanit seeitoineitatidt aie oRpidimitedie, dheemadnRigss to
carbon,alcohols because of their volatility and low  surface tension. The

aTAIREST & SRS e R eSRntR 1Bredaf SRy b i A itsnhaniiid 1oxide
alathpQMeidxtiwaight, typically from about 5 to about 30 % by weight, and

more typically from about 10 to about 25% by weight, where the weighcgﬁ
percents "affhasR8%n fife WAL ALHLLBAY SkiddBETe R IAMR! Sistye
inpregnaiesk Vot siilates thesulfatadmaslenney be drisdwybanyepath@tere

known in the art including, but not limited tg, suctign filtration followed by.

e SEEBhPHRARG An ARG YRR A ot PIECHERT SIHBRIgHTHFE-

algapossiblgde ivilidigng. In another aspect, the amount of fluoride or chloride
ion present before calcining the solid oxide is from about 3 to about 25% by
weight, and in another aspect, from about 4 to about 20% by weight. If the
fluoride or chloride ion are added during calcining, such as when calcined in the
presence of CCly, there is typically no fluoride or chloride ion in the solid oxide
before calcining. Once impregnated with halide, the halided oxide may be dried
by any method known in the art including, but not limited to, suction filtration
followed by evaporation, drying under vacuum, spray drying, and the like,
although it is also possible to initiate the calcining step immediately without
drying the impregnated solid oxide.
The silica-alumina used to prepare the treated silica-alumina can have a
pore volume greater than about 0.5 cc/g. In one aspect, the pore volume may be
greater than about 0.8 cc/g, and in another aspect, the pore volume may be greater

than about 1.0 cc/g. Further, the silica-alumina may have a surface area greater
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the calcining step immediately. In addition to being treated with an
electron-withdrawing component such as halide or sulfate ion, the solid
inorganic oxide of this invention may optionally be treated with a metal
source, including metal salts or metal-containing compounds. In one aspect
of the invention, these compounds may be added to or 40 impregnated onto

thaspPlidaridemsalution farmspad, sueseauretconveraeintaih®out 250
supported metal upon calcining. Accordingly, the solid inorganic oxide can

fuRtHer ¥hipriaethsnatas delbsied frsrmssadnarcReiZirairadhiam 2BIVER XKopper,
galliymaltip, dngsiera AR ifea AN ANRre 0kt e AMBut

zinc may be used to impregnate the solid oxide because it provides good

catdy_ROREMNItY aHbiaBRvasBEEt Tthe Ytk rpa s P hEhe sHied WiRRfeBsBRs

ofinatabsraaipinecRmeoNG hefarsdaiiels Riat the Aampdimsitbat §1ehe
solid oxide is treated with the electron-withdrawing anion. Further, any

mitisa e BmsragH s ome konuSoiterhoatet aftin Bia sy be used.
The metirgd bymichdhe exide apriaciad with metd 50Wede BiRigRIheR

salt or metal-containing compound, includes, but is not limited to, gelling,
COUSBIRR G MR QR AR SR RO BT RIS HRBEHE alh aae ifdptionally,

Fellowingiany.caniaetindcmethnd. Wi cantastesh Mixine ofRxidR iGemngkReh
electron-withdrawing anion, and the metal ion is typically calcined.

AREISRERDISEE IS ddeRterncHn Bttt N AFiAG comurissuTRkate

anfd thedieial sedner aRial CIaRIIMNEh 6OR) R BEl fAredcsaniaRte & Fochalgped
simultaneously. In another aspect, the metallocene compound may be

cOreset RATNIARG AR Fotisardny Eheoryiaio srRiFrruier seqBlg seterted

firsbRemad wittimetpdies, talcontadiagthisunselvitRihe agiienium sulfate.
activator-support, Once the precontacted mijxture of metallocene, monomer,

orlé‘a‘?ﬂ’?ai‘ﬁﬂ? umiéé’éﬁ‘fﬁf?ﬁ”‘@ Be e ipsmetiier ndis @ é&%@f-@&ﬁd@?ﬂ}‘%ﬁe
compesitivnelusiRentcarpsingoHoe acidiccactvalpics Uppdekiscteeaieddhetion

"poofst Ceo rslltl?f(e:ltt?rglg er1nglé(r'§%J Elea's-ll-oggn added. Suitable organic solvents include, but are
not limited to, the one to three carbon alcohols because of their volatility and low
surface tension.

The amount of sulfate ion present before calcining is generally from about
1 to about 50 % by weight, typically from about 5 to about 30 % by weight, and
more typically from about 10 to about 25% by weight, where the weight percents
are based on the weight of the solid oxide before calcining. Once impregnated
with sulfate, the sulfated oxide may be dried by any method known in the art
including, but not limited to, suction filtration followed by evaporation, drying
under vacuum, spray drying, and the like, although it is also possible to initiate
the calcining step immediately.

In addition to being treated with an electron-withdrawing component such
as halide or sulfate ion, the solid inorganic oxide of this invention may optionally

be treated with a metal source, including metal salts or metal-containing

compounds. In one aspect of the invention, these compounds may be added to or
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postcontacted mixture may be allowed to remain in further contact for a
second period of time prior to being charged into the reactor in which the
polymerization process will be carried out. Various processes to prepare
solid oxide activator-supports that can be employed in this invention have
been reported. For example, U.S. Patent Nos. 6,107,230, 6,165,929,

6,1%35} 1 P2tht: HRd &3, 6 I8ReSH By GAd Juttd RS @b8verted
6,395,666, 6,524,987, and 6,548,441, describe such methods, each of which

it hSoTaRBarky rBRIAE ABO T EMS N its A AFEH) £t &0 Sk AN 2IZHRIR SRR
Cosatalystd R aRsrRsREGL I eI SMIOMRIQYIdas AIRAAM er, copper,

composition comprising at least one metallocene, at least one
0

SR HRIHURS S FeribderuBact dseBRinpiCb e RRY fidHuferine
amhﬁtﬁea@éana)amﬂifegmair@é-gumqsm@ngemk@npgmpr&fé@gg@&uopﬁgn@t

cocatalyst. In one aspect, the optional cocatalyst may be selected from at

le3dhotecariinv seshe Theisal Srédormnb dieticcorifo mide st grdal-

iogiAtathIRRIeSHAPIRANN BR8Ny iR P inatiRNthiReRhd 3R ARes ARPBRIANR
optional cocatalyst may be used in the precontacting step, in the

pISRiBH TGS oY BBt 0 ”ther, any combination of cocatalysts
may be yseghdn aHDeR&IRRL 6f iR kethSiapIhAYMINSNAB s B AN el eresl

to as poly(hydrocarbyl aluminum oxides) or simply organoaluminoxanes. The

ofRBY Lsrfrsk cOhfBlstind Brewbisbdy Coftatssannaticth tmheiRhieus

sajpiaded RysURCcarpaaarRaUidsebapbutdousinary, salvaptishinhised to,
substantially inert to the reactants, intermediates, and products of the

a&VHBHN°Si8R MR HEPEEIATPR BRIy SEATRDBB N PRI AtsthtaHker
meyllee &l esie dmdnetibogistkoawmeo dbeseted skilkinthefaskidockedipeundt
not limited to filtration, or the catalyst composition may be introduced into the

pSIS AT RO AR0® r #At8ut B8fhg 86IafBgterhdBiurindvaIfe B mEdeRa b
thigteyetitien is a1l 9ae itaaddalinie] 6QroRAUAR WREIRIANIdE source, and

altlllglirllgé(tgpesgl(‘gm(?rounqgtzﬁz—icnogtoari?l?r{igseclci)rrlnep%ru?lt(gu(e:ltrlérecsc’)ntacted and calcined
simultaneously.

In another aspect, the metallocene compound may be contacted with an
olefin monomer and an organoaluminum cocatalyst for a first period of time prior
to contacting this mixture with the acidic activator-support.  Once the
precontacted mixture of metallocene, monomer, organoaluminum cocatalyst is
contacted with the acidic activator-support, the composition further comprising
the acidic activator-support is termed the “postcontacted” mixture. The
postcontacted mixture may be allowed to remain in further contact for a second
period of time prior to being charged into the reactor in which the polymerization
process will be carried out.

Various processes to prepare solid oxide activator-supports that can be

employed in this invention have been reported. For example, U.S. Patent Nos.

6,107,230, 6,165,929, 6,294,494, 6,300,271, 6,316,553, 6,355,594, 6,376,415,
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cyclic, or cage structures, or typically mixtures of all three. Cyclic
aluminoxane compounds having the formula: Al-O- | Inn R ; wherein 42 R is
a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an
integer from 3 to about 10 are encompassed by this invention. The (AIRO)"
moiety shown here also constitutes the repeating unit in a linear

algRyN@{aNe, 39 HugligearalymingraneshamingdleibermuianRidis1 QA &
n R; wherein R is a linear or branched alkyl having from 1 to 10 carbon
atBhieh iR UAthRGETErens eI U dit U iso encompassed by this
invention. Further, aluminoxanes may also have cage structures of the
formula R'sm+aRbm aAl4mO3m, wherein mis 3 or 4 and a is = nAg3) -

nd® QERAL AHEYERXARR HASA@YRE number of three coordinate aluminum
atoms, NR(2rs HHEIMBRr pfedir GROSHINHEPSYERE @t%ﬂmm(éb‘iﬁp&%on

number of 4 coordinate oxyf/%en atoms, R’ represents a terminal alkyl group,

aRARRS PENS AL dFRSt BF ARG QARYE gPIRTS L ORE TR YNREET 6P BPRHEACH

alikhaying drame drigcd earbambalones. ahdus.|sdsinaiNoxanRSALESDSEBPRL,
as optional cocatalysts in this invention are generally represented b

y .
fARUIREBEE I YERRSRE N, WHOIRI- SPRIRFSandHfkESREREr S tABtRNal
geRtisypigaly adingassdrarehes: Clb:s6 altey! Auahimxamethitl, RIRY! one

propyl, butyl, pentyl, or hexyl wherein n typically represents an integer from 1

toPBHBIPEE N CRBRIMIKb dithehtathe BRIz dBRHHOERRIB VM dhisor  any

inveAB MR e vele OUt B endekdinigd tahBsvialuBinaxBRemay be used in the
ethylaluminoxane, n-propylaluminoxane, iso-propylaluminoxane, n-

bRty EABRHBRHEP - BL MG BASHSORRSENE et SBuTalinhriGxleas isd:urther, any

combination of cocatalysts may be used in either step, or in both steps.

Aluminoxanes are also referred to as poly(hydrocarbyl aluminum oxides)
or simply organoaluminoxanes. The other catalyst components are typically
contacted with the aluminoxane in a saturated hydrocarbon compound solvent,
though any solvent which is substantially inert to the reactants, intermediates, and
products of the activation step can be used. The catalyst composition formed in
this manner may be collected by methods known to those of skill in the art,
including but not limited to filtration, or the catalyst composition may be
introduced into the polymerization reactor without being isolated.

The aluminoxane compound of this invention is an oligomeric aluminum
compound, wherein the aluminoxane compound can comprise linear structures,
cyclic, or cage structures, or typically mixtures of all three. Cyclic aluminoxane

compounds having the formula:

%A|—o7¥n

R ; wherein

42



butylaluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentyl-
aluminoxane, iso-pentylaluminoxane, neopentylaluminoxane, or
combinations thereof. While organoaluminoxanes with different types of R
groups are encompassed by the present invention, methyl aluminoxane
(MAO), ethyl aluminoxane, or isobutyl aluminoxane are typical optional

cecalalypiratser %ﬁ&eé%ﬁ@tﬁhﬁiﬁgrﬁﬂ%ili%slgf dRIBAVABHAN afB85% an
aluminoxanes are prepared from trimethylaluminum, triethylaluminum, or

tridiSBEEy T A beshé BrdisiyenesnRass b Mkt dneraliagy td B (AIRO),
palyiErethyd pluminum QxidekRad athykaleminunniexide) iansk polviiseRubd

aluminum oxide), respectively. It is also within the scope of the invention to
uddh BnGATiABAIRE ANES BiibS (Y atrialkylaluminum, such as
disclosed in U.S. Patent No. 4,794,096, wipch is herein incorporated by
reference in its entirety. The/present \nvertion contemplates many values of
n in the aluminoxane forﬁﬁéﬁiﬁ- [ %nd R(R-AI-O)"A1R2, and
preferably n is at least about'3. HoweVkr, gepending upon how the
organoaluminoxane is prepared, stored, and: W88t e value of n may be
variable within a single sagg"%e of aluminoxane, and such a combination of

ofydmdaliifsih SXaheahrd Akrbheing Iennlethdds AP stApYsitiBhd Jf the
PHRRQRE INYRNTIEN b RSP AIIBA N fesAlYaL LANBP ARG BAfHS. invention

comprising an optional aluminoxane, the molar ratio of the aluminum in the

alumixodNE RS Tih &l FRERAIAREh dNAVHHISCORRISSIERST i HRSIHIRS FRfm! b daEH®
toRaDORTONDQO L, InvaBRANATREY 8SRefd WE Mol JATie,0f thealuriinetdn

the alumixoane to the metallocene in the composition Is usually from about

5@ Sbdis Aeese:ef #iee SRttt aptioRarariftoXare Suthsdgnper of

PolMeSHatiRfeZoRg s atbARAYY, Withinmarideee 0l abertifRlogibrtamhaut
1000 mg/L, from about 0.1 mg/L to about 100 mg/L, or from about 1 mg/L to

abut ST RENts. Higanaal ivbEERs 8af Bg PrEpaRaE Y Vateng pHocedines

WHRIGE-@FER is a linear or branched alkyl having from 1 to 10 carbon atoms.

Thus, aluminoxanes that can serve as optional cocatalysts in this invention
are generally represented by formulas such as (R-Al-O),, R(R-Al-O),AlIR,, and
the like, wherein the R group is typically a linear or branched C,-Cg alkyl such as
methyl, ethyl, propyl, butyl, pentyl, or hexyl wherein n typically represents an
integer from 1 to about 50. In one embodiment, the aluminoxane compounds of
this invention include, but are not limited to, methylaluminoxane,
ethylaluminoxane, n-propylaluminoxane, 1so-propylaluminoxane, n-
butylaluminoxane, t-butylaluminoxane, sec-butylaluminoxane, iso-
butylaluminoxane, 1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentyl-
aluminoxane, iso-pentylaluminoxane, neopentylaluminoxane, or combinations
thereof.

While organoaluminoxanes with different types of R groups are
encompassed by the present invention, methyl aluminoxane (MAO), ethyl

aluminoxane, or isobutyl aluminoxane are typical optional cocatalysts used in the
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well known in the art. Examples of organoaluminoxane preparations are
disclosed in U.S. Patent Nos. 3,242,099 and 4,808,561, each of which is
incorporated by reference herein, in its entirety. One example of how an
aluminoxane may be prepared is as follows. Water which is dissolved in an
inert organic solvent may be reacted with an aluminum alkyl compound such

ag Ay é&ﬁﬁﬂﬁtibﬁs%sﬁﬁg iﬂ%ﬂﬂ@ﬁ.‘uﬁ“ﬂé{é’é%ﬁlﬁrﬁﬁmﬁw Q;e%@ﬁafw from
intending to be bound by this statement, it is believed that this synthetic

st EHEHBYE a tHSHRIFUSHIBEIA, IRTe B spRY )Rl TRUA). assRechvRIvx AR
SRECImANOtwhiR A arSoBRARTMRRERAHRYHNGX Ve HION AN NaERIMN

organoaluminoxanes may be prepared b;/ reacting an aluminum alkyl

cOMPBUrtr SRS AR Rt sEREPSERKeRSs hidiadldeappup the

syligse. ipranrpeihosaanic $8Ivest. hhe QRtanalr0anoberes fafeatalysh I
one aspect, the present invention provides a catalyst composition comprising

attiederiahiuemsiehes disrdasabiebrydtatNn dmodMpothihas fessin

one-SIfHRIk@bAcElYIeNc MARAMALIRNd at least one acidic activator-support,
and further comprising an optional cocatalyst. In one aspect, the optional

cocatalyStmBIFHESHINEREAT ORI SMIRALSHA Vo XN I the Al BriRoxane
oigaRAkRroR-eQrINoURd. RIREASIONA IRNIZING [H8ieraBRIRPWIE: BEa’8N0¥bout 3.
combination thereof. In anather aspect, the optional cocatalyst may be used

in{RY eBFEcarRsRang dep! hoehrosteanealtimietane d iRtprr diehered. and

Fusthietharyuleo sinator efvasesialysirimayingl e seshpleadthanstRRxehdNand
both steps. In.one aspect, the arganoboron compound comprises neutral

bSFSA ESATPBIAHEN Y AL UBIRSIARTR A6 FORRTSE!. HothexAeihresaad

ogrneRaions 60MPPuRdatahikisisyention can comprise a fluoroorgano
boron compound, a fluoroorgano borate compqund, or a combination

thereof. AP iBIO AR AFsh 6 TRBTEERYH0 BEr AR SHHABCTRTBPKRESN AR

thepatnaanlbmisdized; teemtasmHuereptsaanPoiam GanRosnds tasdtso the
usual meaning mtll%trefer to neutral coamip;ounds of the form BY3. The term

AasTYRsSAe By §%H%BW%}§8 Sﬁrorn about 1:10 to about 100,000:1. In

one another aspect, the molar ratio of the aluminum in the alumixoane to the
metallocene in the composition is usually from about 5:1 to about 15,000:1. The
amount of optional aluminoxane added to a polymerization zone is an amount
within a range of about 0.01 mg/L to about 1000 mg/L, from about 0.1 mg/L to
about 100 mg/L, or from about 1 mg/L to abut 50 mg/L.

Organoaluminoxanes can be prepared by various procedures which are
well known in the art. Examples of organoaluminoxane preparations are
disclosed in U.S. Patent Nos. 3,242,099 and 4,808,561, each of which is
incorporated by reference herein, in its entirety. One example of how an
aluminoxane may be prepared is as follows. Water which is dissolved in an inert
organic solvent may be reacted with an aluminum alkyl compound such as AIR;
to form the desired organoaluminoxane compound. While not intending to be
bound by this statement, it is believed that this synthetic method can afford a

mixture of both linear and cyclic (R-Al-O), aluminoxane species, both of which
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its usual meaning to refer to the monoanionic salts of a fluoroorgano boron
compound of the form [cation]+[BY4]-, where Y represents a fluorinated
organic group. For convenience, fluoroorgano boron and fluoroorgano borate
compounds are typically referred to collectively by organoboron compounds,
or by either name as the context requires. Examples of fluoroorgano borate

CQRIRQIAREH ALY BeUSRLAREoCRIRSIS N IhERIRSERIMYSOIRY glude.
but are not limited to, fluorinated arﬁl/f! borates such as, N,N-dimethylanilinium

teRFERIS I dRRTIBR RERINBBRATR, 2K pigas AIRs with a hydrated
tefsakis(Reniafluespnepyaboifite lithiMmdsir akian S olvent.

(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate, triphenylcarbenium tetrakis[3,5-bis(trifluoromethyl)-

phae\lipesate Gadibsoika, daehidipg mixtures thereof. Examples of

fluoroorgano boron compounds that can be used as cocatalysts in the

present mveMiGRREuARS BUEHY Bt iMitdy PEO YT ehiSHAIS pRENDRBIEI,
trigdhprifisitafiuace methibRNe By afoRadNEhN6 ikRodNehicing BUXHEaSRd, at

thereof. Although not intending to be bound by the following theory, these

eeAthAas oefitt 86 AFSRA B RNt A Bt ERTb B5rar HE A RIS WRe
relatedufREAPEMNPSsAE Hhoughbirifarsatwmeakly-seasainatipect amens ol

combined with org;nometal caompounds, as disclosed jn U.S. Patent

5 o185t Whith RS iRttt atierherbid a3y retBredbu MRS tiraly cast one
Genaraihbreny anpenhaef osganaborefCompoipd tandecditizgchin this any

invention. In one asgect, the molar ratio of the organobgron compound to the

mAAR RN BRTurE RS EBIRETs ISR fRAhcasdab mAYPa NS Hbthe
Tynicathadiiexaengy hofith e Siiesankaaizo 8650006 WAIRoKEPRO Faraker, any

compound used as a cocatalyst for the metallocene is in a range of from

al5BULNBUARAE GBS BN LB INED Mg B R i@ bt

metallocBnegemppetid. tHe Aeaaspefdn theapmamat ebiyeiaarganeriionss ex
fluoroorgano ‘?f?rate Wﬁompoun%used as ﬂ cocfatalyst for the metallocene is in
thereof.

a?%WBgLB'Idﬁ”O ra@o @,é)r combinations For example, the organoboron

compounds of this invention can comprise a fluoroorgano boron compound, a
fluoroorgano borate compound, or a combination thereof. Any fluoroorgano
boron or fluoroorgano borate compound known in the art can be utilized. The
term fluoroorgano boron compounds has its usual meaning to refer to neutral
compounds of the form BY3. The term fluoroorgano borate compound also has
its usual meaning to refer to the monoanionic salts of a fluoroorgano boron
compound of the form [cation] [BY4]’, where Y represents a fluorinated organic
group. For convenience, fluoroorgano boron and fluoroorgano borate compounds
are typically referred to collectively by organoboron compounds, or by either
name as the context requires.

Examples of fluoroorgano borate compounds that can be used as
cocatalysts in the present invention include, but are not limited to, fluorinated aryl
borates such as, N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,

triphenylcarbenium  tetrakis(pentafluorophenyl)borate, lithium  tetrakis-
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mole to about 5 moles of boron compound per mole of metallocene
compound. The Optional lonizing lonic Compound Cocatalyst In one aspect,
the present invention provides a catalyst composition comprising at least one
metallocene, at least one organoaluminum compound, at least one olefinic
or acetylenic monomer, and at least one acidic activator-support, and further

COMRRALigING:a Qﬁy%&la@&cammtdi&%?lm%nﬁhe QREARGR SosRIANRITRAY
be selected from at least one aluminoxane, at least one organoboron

corRputiicay 1B%stiEne idHRARBYISATE GBI ourBL aFislsyS LoripifuekamgiBydbf.

InaRNBLASPecintheRPtional caatalyst maxkeyserkiddhe PrseoRtRatingr
step, in the postcontacting stegp, or in both steps. Further, any 46
cAMPPRESIALPOERAIENRRS LY HELSR] R sifisdr Stein ol Botin st resent

Examnies pilanizingiac rampatdareigsasetdiddrenife il wnpess
5,576,259 and 5,807,938, each of which is incorporated herein by reference,
[

row g mathybinbsHy IBATO R Sisdke s indieecdiBBEmESTRn can
function fatipRkanesativiiabtne Gahsineo P OoSitiofy MR NAlbRUNth&

theory, it is believed that the ionizin%ionic compound may be capable of

reeRISRind fHorRossaneate SRth BHA AL RYISgBRS YRdtaBE drB Flo
a EtipRIG Rl aca CaMPRREN twAdA N c v B Rt dnteRbing v bie kaubridy
theory, it is believed that the ionizing ionic compound may function as an .
ioWitih g AR C RS Te sty ARy EkBalRifgan-dhiomc ligayih 1S

PassighsaBenckin sikadieaytdigand suebas (X3) or (X4), from the
metallocene. However, the ionizing ionjc compound is an activator

regardleSEBTARGARY FTROIGHi 2L LIRANPRETANSRRROUBE G Rea itizss! dp (ki)

liganehiba fashiar asgectorit andRn RAIL IFeRKRSHNsHBIEEALENPbERd to the
metal-qx4) bond in the metallocene, simply coordinates to an (X3) orH§X48_
ligArfAllac RSy SBPIRE HaHISNTSBYMHER SedtaorPatyV dctdp. RbRtHetVitis

natypesessatidhahibentonzingd ofigocosnpasthagsivate thrionetalasemerate
only. The acti\r/ﬁion function of the ionizing ionic compound is _evident in the

efREROBAGRIRS Gt EXFAISIEE NS HEH AR A8 Mg Arger about 0-5

mole to about 10 moles of boron compound per mole of metallocene compound.
In one aspect, the amount of fluoroorgano boron or fluoroorgano borate
compound used as a cocatalyst for the metallocene is in a range of from about 0.8

mole to about 5 moles of boron compound per mole of metallocene compound.

The Optional lonizing lonic Compound Cocatalyst

In one aspect, the present invention provides a catalyst composition
comprising at least one metallocene, at least one organoaluminum compound, at
least one olefinic or acetylenic monomer, and at least one acidic activator-support,
and further comprising an optional cocatalyst. In one aspect, the optional
cocatalyst may be selected from at least one aluminoxane, at least one
organoboron compound, at least one ionizing ionic compound, or any
combination thereof. In another aspect, the optional cocatalyst may be used in the

precontacting step, in the postcontacting step, or in both steps. Further, any

46



to a catalyst composition containing catalyst composition that does not
comprise any ionizing ionic compound. Examples of ionizing ionic
compounds include, but are not limited to, the following compounds:
tri(n-butyl)ammonium tetrakis(p-tolyl)borate, tri(n-butyl)- ammonium
tetrakis(m-tolyl)borate, tri(n-butyl)ammonium tetrakis(2,4-dimethyl)- borate,

tr't(&abdiﬁdb@mmwﬁgé@hla e GEEinRRe R hae b RPYY DExamples
ammonium tetrakis[3, -blSétrl luoromethyl)phenyl]borate,

triRhIBUBANENRANFORP R mgf(&mkfﬁeéﬁapﬂe%ﬁ%%@mbers 5,576,259 and
Nakgimethuangrivmistaldsipptabaraten BY. Neimethylandinidmty.

tetrakis(m-tolyl)borate, N,N-dimethylanilinium . .
tetrakis(2R-GIEHH IBRENSBBPART N N dRpistRITRAMAt Hyhich can function to

tedrakiads a-Ame by ey BO g pdsNoA M elylarilibisiind by theory, it is
tetrakis[3,5-bis(trifluoro- methyl)phenyl] borate, N,N-dimethylanilinium

teFAIGSL PR OB rBEERG BB MPPYRAG HBAY S bRl of reacting with the
tatiakigoecialy prgttidiphaaylcarReRiHp tefcakisémniebAdoorate, a cationic

triphenylcarbenium tetrakis(2,4-dimethylphenyl)borate, triphenylcarbenium,

teRERLeS B RABPRIBAe Yy SHEr a1 i PRE B8 b bound By theory, it is
teseeiodd Britistyifbierap ety phapyliRenats, tirheyicaPestivihe compound
tetrakis(pentafluorophenyl)borate, tropylium tetrakis(p-tolyl)borate, tropylium
tetdalGeIRIESHY bo alar Ay IR tREK ¥ Aigife tHeRe S HYAte? tRSBYTium

teiRAUF YDAl hy{i&h%%/'ﬁ‘;(@m%,(v@}zym tafeakist R IMILGIRsver, the
methyl)phenyl]borate, tropylium tetrakis(pentafluorophenyl)borate, lithium
teQBKED AR sOrBRPIEKY b dPafstivRIMagardlas sHewPpihsrate 19iteRiass the

tefiatsigtRciRlyibarate Hhix t%tr@&fﬁ%amy&bmasﬁidi{mg% (RIFRKIRM 2ot pair,
dimethylphenyl)borate, lithium tetrakis(3,5-dimethylphenyl)borate, lithium
tetrélisarotis iRk odil AT akitpobheatdusribsrasiplperate sl reordinates

gl (Bl O AU IS i NDGRRIoyS AR EARKIR( T may
tolyl)borate, sodium tetrakis(2,4-dimethylphenyl)borate, sodium tetrakis(3,5-
ditiethyI SHERST HbiAROSBRAE A AL B MUNAHBS Jots SomPRtpdiastivate the

(neptafiirPBsRy|) boate. heiassivmdaiakis(RielbR@RRO@SARIAN is

evident in the enhanced activity of catalyst composition as a whole, as compared
to a catalyst composition containing catalyst composition that does not comprise
any ionizing ionic compound.

Examples of ionizing ionic compounds include, but are not limited to, the
following compounds: tri(n-butyl)ammonium tetrakis(p-tolyl)borate, tri(n-butyl)-
ammonium tetrakis(m-tolyl)borate, tri(n-butyl)ammonium tetrakis(2,4-dimethyl)-
borate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)borate, tri(n-butyl)-
ammonium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tri(n-butyl)ammonium
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis(p-tolyl)borate,
N,N-dimethylanilinium tetrakis(m-tolyl)borate, N,N-dimethylanilinium
tetrakis(2,4-dimethylphenyl)borate, N,N-dimethylanilinium tetrakis(3,5-dimethyl-
phenyl)borate, N,N-dimethylanilinium tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate, N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
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tetrakis(p-tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium
tetrakis(2,4- dimethylphenyl)borate, potassium
tetrakis(3,5-dimethylphenyl)borate, potassium tetrafluoroborate,
tri(n-butyl)ammonium tetrakis(p-tolyl)aluminate, tri(n- butyllammonium
tetrakis(m-tolyl)aluminate, tri(n-butyl)ammonium tetrakis(2,4-

dimphy)RMBIRRLS, ri{BHaNOHABINGRITR: letrakischprdipaiifPheryhikis(m-
aluminate, tri(n-butyl)ammonium tetrakis(pentafluorophenyl)aluminate, N,N-

diitIBERinium SRR BIYHRIFhinate, StRdRTetndimsHBRE RabRRIS -
t%pﬁéum&%%niﬂrhl-diMﬁ@jﬁmgﬁbsﬁﬁuﬁkﬁﬂ}aﬁ&m&?hymmeﬂyﬁa%wﬂﬁyﬁ,
N,N-dimethylanilinium tetrakis(3,5-dimethylphenyl)aluminate, N,N- )
diﬁ&hﬁ%h}%l@%ﬂ@%@%ﬁ%}&%ﬁyna|uminate, tri RIS IASBFRIH
telRKIS (P tAMDRIVEIARES | HRRARNY EB MMM teHRIIG R EA RN NABy lium
triphenylcarbenium tetrakis(2,4-dimethylphenyl)aluminate, )
-,%wgm ’l)borate, tropylium

trigHAREATISEHNRRT et SRR WryitsiEthihE

tripherix\cashanivmyigiakisbhentafluoreshemhaluminaigkeylsigirifluoro-
tetrakis}%g)—tolylrhaluminate, tropylium 48 tetrakis(m-tolyl)aluminate, tropylium

ety IAQHY Eﬂrﬂ;ﬁ,heWQé{mnaltg"[ra[lfbigg)ﬁawﬂuorophenyl)borate, ithium
teakig(rentimasopRbgyhaiselinatantepyliueiteiqkisPanaiiuero- lithium
phenyl)aluminate, lithium tetrakis(pentafluorophenyl)aluminate, lithium

teF RIS @sHRNYB TAin N HiRiury at SR O RO S indHRI Ui rakis(2.4-
tedialégppHelyploininate;diinum teirakis(2 s-dimetyyppbeyybald)inaighium

lithium tetrakis(3,5-dimethylphenyl)aluminate, lithium tetrafluoroaluminate,

sCA RPN tpentatiBiEdheny s HRI RS SRfppenylborate, — sodium
terakisipiemylplwoiarte, sadivmn tetrakisPriny|hitaRinadedisesl i Utrakis(m-
tetraki (m-tolyl)aluminat%%%dium tetrakis(2,4- dimethylphenyl)aluminate

seRfuR RS s minfetiiskefylimek hlteny Dbarais texpditiBrosiakinGte:

paiassiimletiiisihentaflyomphenyatuibaiBoraelasspafssium tetrakis-
tetrakis henyl)algﬁﬁnate, potassiumtetrakis(p-tolyl)alurﬁinate, potassium

tePERIB(ACESRIFNIHANELS: potBRUtI Fetrakfit s BittRHYBRENy ) R4S
pesaskivp-telydiierit SpimeinphaayiaiminajBorpelassiaiium tetrakis(2,4-
e e et ey o P 4 SOTIBRIN DR, potassium
tetrafluoroborate,  tri(n-butyl)ammonium tetrakis(p-tolyl)aluminate,  tri(n-
butyl)ammonium tetrakis(m-tolyl)aluminate, tri(n-butyl)ammonium tetrakis(2,4-
dimethyl)aluminate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)
aluminate, tri(n-butyl)ammonium tetrakis(pentafluorophenyl)aluminate, N,N-
dimethylanilinium tetrakis(p-tolyl)aluminate, N,N-dimethylanilinium tetrakis(m-
tolyl)aluminate, N,N-dimethylanilinium tetrakis(2,4-dimethylphenyl)aluminate,
N,N-dimethylanilinium tetrakis(3,5-dimethylphenyl)aluminate, N,N-
dimethylanilinium tetrakis (pentafluorophenyl)aluminate, triphenylcarbenium
tetrakis(p-tolyl)aluminate, triphenylcarbenium tetrakis(m-tolyl)aluminate,
triphenylcarbenium tetrakis(2,4-dimethylphenyl)aluminate, triphenylcarbenium
tetrakis(3,5-dimethylphenyl)aluminate, triphenylcarbenium tetrakis-

(pentafluorophenyl)aluminate, tropylium tetrakis(p-tolyl)aluminate, tropylium
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limited thereto in the present invention. Preparation of the Catalyst
Composition In accordance with this invention, the catalyst compositions may
be prepared by a process comprising precontacting an organoaluminum
cocatalyst compound with an olefin or alkyne and an organometal compound
for an effective period of time, before this mixture is contacted with the

a@&YﬁEﬁ(&Uﬂ%@}Q%f&hﬂﬁt@,ﬁeQ%ﬁyﬁﬁﬂpd @Jt%ﬁ]@%(i[hQﬁ%&ﬁ@ﬁﬁ{eﬁ%a%%‘ﬁ%ﬁ?epf
preparing the catalgst of this invention may occur in an inert atmosphere and

uifgey Supstarkin: antiyerdirdsRuhtbraingie sy tmoshirkiepgntatluoro-

sastRMfidhn aydendlies apdasuiRiaatialydpaenghwalaiashanractioRakis-
begins, to prevent deactivation of the catalyst. In one aspect of this )

in H?f%@%?np|é{th%xeﬁ°éramgmw&m}ﬂmmwﬁnd dthiEBniuisirakis(m-
melgliacaRmassich aghistndenyhainsonimnfiGieHeSyPaluminate,  lithium
bisi;:%/cg)(genta,dienyl)zirconium dichloride are precontacted for at least about
atrhkistepiBtets dpheadding thisaindid iith atehRiradNRR S umingdium

Ayt SURPOIbrENIRA { NS RIBEABTACIB R M XSHER IS PrOMA i IHAGeNtA6H 4R
with the activator-support, this postcontacted mixture is allowed to remain in
crtakistorpbriciuniiatenspiitintdeABbIH Dot Ay DA Uy SRAN PG ABiGRIfiIS(2.4-
MiuteEy ishakPyiahipues, andsaars typiealykikpssaawi i sRiniesimahRey
1 hour, prior tg using this mixture in a polymerization process. Typically, the
iR o FiEENST At dRURIIE m SHETHEP Al BegRs A maIHEHpate,
coatpaine, beforaitisHeaniaaiaginitd the aetiviatar-suRrRM (s téeymeshinaite,
"precontacted" mixture, Accordinatilﬁl, the components of the precontacted

RIS UL termetf BREESRARIENHBENR ene, preCBIEISR olefifdikifkg e
maRmeTpRae DrRsaniacte heraRnaa|UrsiRLD COPeMndhIBRMXMIieRhatbe
precontacted mixture and the acidic activator-support, that is, the mixture of

RO JSHAT BRI AR SR HRin A RS Tre DS E AR AT T YORPBGNE, 4Rk

agigigcAciivadas aUBp Pissentyipicaltiotiermed the "postcontacted” mixture.
Accordingly, the components of the postcontacted mixture are termed

—+

Preparation of the Catalyst Composition

In accordance with this invention, the catalyst compositions may be
prepared by a process comprising precontacting an organoaluminum cocatalyst
compound with an olefin or alkyne and an organometal compound for an effective
period of time, before this mixture is contacted with the activator-support for an
effective period of time. In one aspect, the process of preparing the catalyst of
this invention may occur in an inert atmosphere and under substantially
anhydrous conditions. Thus, the atmosphere is substantially oxygen-free and
substantially free of water as the reaction begins, to prevent deactivation of the
catalyst. In one aspect of this invention, for example, 1-hexene,
triethylaluminum, and a zirconium metallocene, such as bis(indenyl)zirconium
dichloride or bis(cyclopentadienyl)zirconium dichloride are precontacted for at
least about 30 minutes prior to contacting this mixture with a fluorided silica-

alumina activator-support. Once this precontacted mixture is brought into contact
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postcontacted metallocene, postcontacted olefin or alkyne monomer,
postcontacted organoaluminum compound, and postcontacted acidic
activator- support. In one aspect of this invention, improved catalytic activities
may be achieved when the precontacted mixture comprises various
components other than the metallocene, olefin or alkyne monomer, and

ORJRRORM VAL BRI dhilNJhiscBaReRld the:-arerRnaNia &f the remain in
precontacted mixture and the postcontacted mixture vary, such that the

rentived feadinratadeipb et HeCrrBeutdh o tynéc dsirem aBavity, BHes

aGSABYNOSI AR A PAIIICHRE BINNIES I 2R AUIRCAP Sai iR PISEOHRIRSLSIBPor
may be carried out in a variety of ways, including but not limited to, blending.

FERtARERS 5, TBEEHB A RPSRYRSHRIER RiRsiSSer, and organoaluminum

cocatalyst pmppuids aate tadiiaibreaciiseRasAtglYyner YaHORR:, and
combinations of these comeounds can be contacted with each other before

b TRRHHB R RS IRROHN thePFEEdT I RERRLC Y1 the St B eESHAR el
be-captraird togetbetabrterehringentroducsdiity thehieastapohyRisally. the

mixture of metallocene, alkene or alkyne, and organoaluminum compound

WRES AR RS B FrofFerHHRYSPHS ORRC IR A AU PSR GeRICRAN RS Blein or
cantgadRgoit R OamiprEeoNitR tag thratlospRatHocarpLiiR PogieontREiR f

mixture. This precgntacting step is usually carried out under an_inert

atifoRprertagter xR 2pretlimisiding B R AY IR Eathtli s b6 G Ry,

agitatiniaheading, slealingr sRYKatiaonshakingcnelgnRIBSEH@ MR and
temperature, in an inert solvent (typically a gg:rocarbon), and the like.,

HEWEGe ALHACEHaRShs e WBICHbEe A asifie REVSARLAIAG StERYRLS
becasriadodt bsinphplawing die teompanesiisdestandxsustantiallyrmed
undisturbed. In another aspect of this invention, the precontacted mixture is
pRISERIAFRY byRIARCERS arnPSR ARG Sthin O B mBburd k¥RCo et BT
ageiytenecrt aansganemaialdynicaly ametpiacenar campaubdibeiate:-
injection into the reactor, typically for about 1 minute to about 9 days, more
tyDIBBAY from about 1 minute

In one aspect of this invention, improved catalytic activities may be
achieved when the precontacted mixture comprises various components other
than the metallocene, olefin or alkyne monomer, and organoaluminum compound.
In this aspect, the components of the precontacted mixture and the postcontacted
mixture vary, such that the resulting catalyst composition can be tailored for the
desired activity, or to accommodate a particular polymerization process.

The precontacting step may be carried out in a variety of ways, including
but not limited to, blending. Furthermore, each of the organometal, monomer,
and organoaluminum cocatalyst compounds can be fed into a reactor separately,
or various combinations of these compounds can be contacted with each other
before being further contacted in the reactor. Alternatively, all three compounds
can be contacted together before being introduced into the reactor. Typically, the
mixture of metallocene, alkene or alkyne, and organoaluminum compound was

precontacted from minutes to days in a separate reactor, prior to contacting this
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to about 24 hours. The components of the precontacted mixture are generally
contacted at a temperature from about 10C to about 200C, typically from
about 15C to about 80C. This precontacted mixture is then placed in contact
with the acidic activator-support, typically a fluorided silica-alumina
activator-support as disclosed herein, to form the postcontacted mixture. The

PasieARtaciad MmixiwRIS REsRArehbYGaNtaging AR AdRbINgiRAACIdiqh;s
activator-support and the precontacted mixture for any length of time and at

aRYERAMBETRfINFRE predburamed AHoWads RpleRcURtatisshe rédetsh the
behucsRa RRLOHRPAENER AR PIBICANRGES NEXUYRatkRY, examplecdoisng,

postcontacted mixture is usually allowed to remain in contact for from about
1 IPEAED abakinoa sSSP HBE Y A dRPEbSEBNRe IR o?AbBISTS Y90YRRL

a@@mllﬁytypiﬁWocfﬁ%rﬁp%ﬁl%@iﬁklé.es R ARAKE 1 QRN dartendSe this
mixture in a polymerization process. Once the acidic activator-support and

HREFEEEHATIEE PHRSANANRGSHReM Q5ntaBitdr AhSModBpndelomme the

CQROMESHIAN CONRKIETHaRAsIGRRtAsIR®Qrganometal compound (typically, a
metallocene), a postcontacted organoaluminum compound, a postcontacted

olefin or BN RFRe ot dRNAtIQRIdiReARERAIYALED PR s amppared
flyptided silieaaldring)gsreariivutneoppsicantactedacisliGeetylene, and an

activator-support Is the majority, by weight, of the composition. Often, the

SOEERO MR N ALY AR E3HSSHEN T BP A RSk ARfST e 5 R prHpRatp ke reactor,

depsidbed foergigiare matkeawabsne g the catahishicpmpasiipntof theute
present invention is described as comprising postcontacted compounds and

cOMPRAMNE. BRMHERer | Be COnURORI S S BEF ORI iR Seirsally
ischielienachthateiijsetefirinBieg s ReTio desssiRe e CoyResiionsm about

omponents. In one aspect, the postcontacting sggep in which the

gﬂéc&ﬂa@ééwmi’&e I RYEEANR UGBS Wit IHRAdhMecd R caBiast Bidrthe

typiralyaearried-oupporantyimesligtn oriphekel GReiactiimasibeiveerippoacidic
the precontacted mixture typically range from time

activator-support an
af}lﬁ‘ﬁ(@.%f Eﬁl?otgﬁ%ﬂPéheﬁ&ﬁrg?néﬁ?ae S8 ito about 1 hours is more
typical. Tihe rpbstdeataydbmreaiedst@pared by contacting and admixing the

acidic activator-support and the precontacted mixture for any length of time and at
any temperature and pressure that allows complete contact and reaction between
the components of the postcontacted mixture. For example, this postcontacted
mixture is usually allowed to remain in contact for from about 1 minute to about
24 hours, typically from about 5 minutes to about 5 hours, and more typically
from about 10 minutes to about 1 hour, prior to using this mixture in a
polymerization process. Once the acidic activator-support and the precontacted
mixture have been in contact for a period of time, the composition comprises a
post-contacted organometal compound (typically, a metallocene), a postcontacted
organoaluminum compound, a postcontacted olefin or alkyne, and a postcontacted
acidic activator-support (typically fluorided silica-alumina).  Generally, the
postcontacted acidic activator-support is the majority, by weight, of the

composition. Often, the specific nature of the final components of a catalyst
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temperature from between about OF to about 150F. Temperatures between
about 40F to about 95F are typical if the mixture is heated at all. While not
intending to be bound by theory, these conditions are thought to assist in the
deposition of a catalytically-effective amount of the catalyst on the acidic
activator-support. In general, heating is carried out at a temperature and for a

dyrafardsificieRibiol AoV AHAIBLIRR. WHPIRIRRIR IO CIMEFactiRRRkition of
precontacted mixture and the acidic activator-support, such that a portion of
tHECORPEH RS Biothds pletdilted tatl FRARRITETE iRvTiepizEad £oserBeedpaAnd

depppitediRereRhER bEXRINPIR: IBxAPE RaPESE dapiaivst campositian ofitiis
invention is prepared by contacting 1-hexene, triethylaluminum, and a

ziPeH RN this Al EEREN Q08N Easisiorifsrihs ithoANMRAEINB o gponents.
bis(cyclopesHadipey!) #HEPBLBHiARE IR Iqh RhiERhEPRIHAR FRIBWSSre is

followed by contacting this precontacted mixture with a_fluorided

sinkeed i Retivair- e psslig e fast wmst Sotmisaths @5riedondt Woth

tafermathf @iHive. catalysbiMipresthanes metalREenr Gandesusestimidethe
catalyst composition and methods of the present invention. When a_catalyst

CORTPORHTACBITIHSSYRIAY tRREE IR IERAIRRHE - thRoME R ABERh&* hours,

CAMPaYRHD. 2re eIBRIOYERbI ORERE N BFFicRI e CaMagtee My ase HEMISd to a
these multiple metallocenes may be employed in the same precontacted

iSRS HHER AU BEVRF thabeain8 FottcabribiblmlixtuFempsEfush Between
empioyead-n JfiyaRtPecaniagiGdMxesWich Rradhes 4sed. Owkgie not

t
prepare the same postcontacted mixture, or they can be employed in

dﬁﬂﬁéﬁ?@dﬁlgu rt@cbﬁtb@ted mmﬁ@syaﬁhegﬁfemdttmt@@mﬁae@mm@ﬁéis‘tv\im dhe
arg fehidntroduced e s pangrizaipnrRasiomi ongiasPeat dhe el

ratio of the organometal or metallocene compound to the organoaluminum
cefpeimcippddut 1:1 to about 1:10,000, typically from about 1:1 to about

131_’000’1?1”%5{195% typically from,Abeult Li% A0AHELHAD 2ABeRE DURfation
ratios reflect the ratio of metallocene compound to the
sufficient to allow adsorption, impregnation, or interaction of precontacted

mixture and the acidic activator-support, such that a portion of the components of
the precontacted mixture is immobilized, adsorbed, or deposited thereon. For
example, in one aspect, a catalyst composition of this invention is prepared by
contacting 1-hexene, triethylaluminum, and a zirconium metallocene, such as
bis(indenyl)zirconium dichloride or bis(cyclopentadienyl)zirconium dichloride for
at least about 30 minutes, followed by contacting this precontacted mixture with a
fluorided silica-alumina activator-support for at least about 10 minutes up to one
hour to form the active catalyst.

More than one metallocene can be used in the catalyst composition and
methods of the present invention. When a catalyst composition comprises more
than one metallocene, the metallocene compounds are employed in one or more
precontacted mixtures. Thus, these multiple metallocenes may be employed in
the same precontacted mixture and then used in the same postcontacted mixture,

they can be employed in different precontacted mixtures which are then used to
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total amount of organoaluminum compound in both the precontacted mixture
and the postcontacted mixture. Generally, the molar ratio of olefin or alkyne
monomer to organometal or metallocene compound in the precontacted
mixture is about 1:10 to about 100,000:1, typically from about 10:1 to about
1,000:1. In another aspect of this invention, the weight ratio of the acidic

agﬁjéﬁ%% -tRERRAAIE (AACRIIAB A MIREMLEQRMpOL e BRIAWY danaesifrioht
about 1:5 to about 1,000:1, typically from about 1:3 to about 100:1, and more

tyPiecRiariRd  BHBLTes 190 addlensnt1 PRstaORIARSH aBPERE ST tHRIRkVeitiofhen

thaigddaratie o Emym@;pgg@%r}%ggghe acidic activator-support is typically
from about 1:1 to about 1:10,000,000, more typically from about 1:10 to

about 1: 1000000 28RS nibre BPHEaRIRoRT absutcl 0B eRbLATL Hstdlocene
Thespsatiosihald e henasidic Retivaiarsyrariatebasedan theo,000,

amount of the components that have been added to make u

h
possHRadten mbatird th 19r8bRI IheWafRd ExFHEHHALY Ffét’ﬂa?éb%lbtt bilties

inyetion ligchatiRBEMRNARE IS RAKQARE Sitp JPHRtANECAtIS SRR @SN
disclosed herein, a feature that allows lower po%mer production costs.

ARSBIARGRN AL Prs8eAtR RGP eey Mhi RatR A BB M MERAnd

coneRRidatadlichsieag ot activate the metallocene catalyst in the same
manner as an grganoaluminoxane, Additionally, no expensive borate

compoutFE TR NIRRT ERHREH AU HioF HEXOS ARPSOBH O SRGRREHS Or

inYRAiRtcAlhedgpoalNIMOXAN o AtEcERAMRRIES, VGBdw: QF10 to about
combinations thereaf can optionally be used in some aspects of this

inbAhB00: [bwisody, frarp gharnd ettt f0&0ton is the use of optional

cocatalysisardbHetiRgedws fisnatimitad o atigRstAcoaiiniiaxantidhtor-
least one organoboron compound, at least one ignizing ionic compound, or

afyPESRAM ARG AU EYE R 8 Bl FETRP RSt HRBIHOKSSY HRRhALeehts iR

thebeatalytion actiyfiica0lgseore A b PBeeoatacting e taid eatadySiically from
components may be related tq the formatiogﬁ%f organoaluminum

n?é’[ﬁﬂ%\&y]cﬁ% o ?Hbgﬁr}dsybg g{}ftﬁsgﬁpﬁ‘é pddBlidgvention, the weight ratio of

the metallocene to the acidic activator-support is typically from about 1:1 to about
1:10,000,000, more typically from about 1:10 to about 1:100,000, even more
typically from about 1:20 to about 1:1000. These ratios that involve the acidic
activator-support are based on the amount of the components that have been
added to make up the postcontacted mixture to provide the catalyst composition.
One aspect of this invention is that aluminoxane is not required to form
the catalyst composition disclosed herein, a feature that allows lower polymer
production costs. Accordingly, the present invention uses only AIR;-type
organoaluminum compounds which does not activate the metallocene catalyst in
the same manner as an organoaluminoxane. Additionally, no expensive borate
compounds or MgCl, are required to form the catalyst composition of this
invention, although aluminoxane, borate compounds, MgCl,, or combinations
thereof can optionally be used in some aspects of this invention. However,

another aspect of this invention is the use of optional cocatalysts, including, but
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synthesis of aluminacyclopentanes (ACPs) according to the following
reaction scheme, Scheme 1, using (r)5-C5H5)27rC12, A1Et3, and
CH2=CHCH2R (R = C3H7, C5H>>, or C8H"), where 15-C5H5 = Cp.
Scheme 1 Cp2ZrC12 ALE EtAl ts + CA R One reaction scheme to produce
ACPs is described in: U.M. Dzhemilev and A.G. Ibragimov, Journal of

Organamedadlic feneidhy. A8 Hee Lt 1B hARBM BRI e SBIRIERE S

and citations referred to therein, each of which is incorporated by reference
hé&eThOns INErtiEdgR IO mametion sehepradnatiniseechcps are

described i B&l@é’kkéa/tﬂaMﬁePﬁ{Ee(g@y@dLen\ﬁmB&ﬁ@KfaVi&%;daaqum\éﬁvity

A.G.; Dzhemilev, U. M. Russian Chemical Bulletin, International Addition
2008ed (1Y, PESeUTBeSEE AR GRS RREPORGII AKEY DD éfliied to the

Cheniibnldf dfg’)asﬁialﬁmiﬂaﬁaﬁﬁmmydwaﬁip%mﬁ,%Bmﬁqﬁﬂ)ﬂi’ﬂ@mé%hed
Society 1996, 118, 9577-9588, each of which Is incorporated by referenced

hevahentsitf eHtregacdenralrgeto (SéHavhactoidish thdhsrdalieiragareaction
(typicall, meialiecenr) Lompeurd) 2neRnQianealUpinUANeQmRqRND Aty

precontacted with an olefin, an aluminacyclopentane can form. While not
intehtingrt6 45k Dowherby tHisHstateément, according to this reaction scheme
and analogous reactions schemes described in Dzhemilev, U. M.; Ibragimov,
A. G. Russian Chemical Reviews 2000, 69, (2) 121-135 when the
organometalgJysivadiyl metallocene) compound and an organoaluminum
compound are precontacted with am Sikyf&;lan alumi lopentene can

form. A mixty{gpef anjptefi an—aimhe BdAprecornjtacteg mixture
min 0

would be expected to form an alu pentane ant-an
aluminacyclopentene, in an analogous manner. In accordance with Khalikov,
L.M.; Parfenova, L. V.; Rusakov, S.V.; Ibragimov, A.G.; Dzhemilev, U. M.
RUssizepctivanidsnBuivepiodyre mafisngadescribed in: U.M. Dzhemilev and A.G.

Ibragimov, Journal of Organometallic Chemistry, 1994, 466, 1-4, which, along
with the references and citations referred to therein, each of which is incorporated
by reference herein, in its entirety. Other reaction schemes to produce ACPs are
described in Khalikov, L.M.; Parfenova, L. V.; Rusakov, S.V.; Ibragimov, A.G.;
Dzhemilev, U. M. Russian Chemical Bulletin, International Addition 2000, 49,
(12), 2051-2058. See also: Negishi, E.; Kondakov, Denis, Y.; Choueiry, D.;
Kasai, K.; Takahashi, T. Journal of the American Chemical Society 1996, 118,
9577-9588, each of which is incorporated by referenced herein, in its entirety.
According to Scheme 1, when the organometal (typically metallocene) compound
and an organoaluminum compound are precontacted with an olefin, an
aluminacyclopentane can form. While not intending to be bound by this
statement, according to this reaction scheme and analogous reactions schemes
described in Dzhemilev, U. M.; Ibragimov, A. G. Russian Chemical Reviews
2000, 69, (2) 121-135 when the organometal (typically metallocene) compound
and an organoaluminum compound are precontacted with an alkyne, an

aluminacyclopentene can form. A mixture of an olefin and an alkyne in the
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Addition 2000, 49, (12), 2051-2058, and the references and citations referred
to therein, there are several possible mechanisms by which Scheme 1 can
operate, one of which is presented in Scheme 2. Note that only one
regioisomer of intermediate B is shown, leading to the aluminacyclopentane
(ACP) regioisomer C shown. Scheme 2 Cp2ZrC12 Cp2ZrC1(Et) + A1Et3 C
Z7 , Eég@& %&}]
C%)ZésgarsiE %:%Ititliglgx%é‘ﬁ%{s\eﬁ/ge%this sc%rf;(%%v%% %Ellgg%%%éxpectef %\ &
pROVIBB SRR BCa I SHFRHGERI A ANRRIcy clopentane, structure D, shown

here: R [ztAdcBrdhhus Woth aRuAASEUIRNVEOPRAUAGhEISEIosed Resskibvary v ;
general structure presented also encompasses all isomers, including all

O BTOEEMAE oA hit IYAPENSE 5 frin BUsala iicaieek SubeiiidRier Batst

aN@dI't%HaZG@@,CIIiQPFQH €108 1 3938 aRANIRXFSRAARS - MAUNRARPREEREANIS
invention is the catalyst composition comprising aluminacyclopentanes or

mibEARHLyERSetita iRy th PRETIS CBREN WS YA VHidb R4S RIB Je FArRISTate:

TBHS, shisv YR NHOpreRERMPASSRAc ARy N GeMRASHIA) SAMRIISHIbMer of

precontacted metallocene, a precontacted glefin or alkyne, a o
intermediate B is shown, leading to the aluminacyclopenfane (ACP) regioisomer

C shown.
Scheme 2
szer12 szZI’Cl(Et) + AlEt3 / A‘ 1Et
Cp,Zr 2
+ — + _— \Cl
AlEt, Et,AIC] -C,Hy
A
l + R/\/
R
- Cp,ZrCI(Et)
EtAl<:|\/ - CpyZr
B

However, this scheme would also be expected to provide some of the a-

substituted aluminacyclopentane, structure D, shown here:
R

EtAl

D

Thus, for any particular compound disclosed herein, any general structure

presented also encompasses all isomers, including all regioisomers, that may arise
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postcontacted acidic activator-support, and an aluminacyclopentane. This
invention also encompasses a catalyst composition comprising a
precontacted metallocene, a precontacted olefin or alkyne, a postcontacted
acidic activator- support, and a metallacyclopentane or a
metallacyclopentene of a metallocene. Also, while not intending to be bound

by figarplind AlatementshiauisasinnsrhemasRBRYe RA0AlIShexrIain why
triethylaluminum (TEA) works well to form the precontacted solution, while

triyARPRABIIHIIREim (TMA) does not. As indicated in Scheme 2, if the
aluminum iid capraundiHsesh iR ihen RkegRNEREIBLMMSsARHalBmprising

0-hydrogen atoms, these alkyl %roups can participate in the (3-H elimination

prORBERISHE\RPEIVABES cOBrdNFiRBacHS ipReRBaNSmataletHipeRiSe, tHeleBy 2

formingatyRIgieRAR N -aIhINN T GRRRRAVAG AN RS Ee UMM yst composition
zirconacyclopentane and ACP. The ethyl groups of TEA have 13- hyé)rogen
afSHRO NG theMSEBNTEFduSRcEIAMR G oth PRI et inkhiing dlipee, a

baynddivadiedtheanic it isthalisneshiat difigrenh aluminacyelopentarRes This
(ACPs).can arise when two olefins are present in solution. For example, if
bHHEHD BIE 15D ROIRASEIS 2 C 13 Wi (YEBARIIPNs SRTRBHS g ditisRegntacted

alRNRRKEIPE HROBEANBIIRYR 1Ca R D arpdialinnedde hedaceessiils-
in a precontact solution that contained both CH2=CHCH2R and CHz=CHz

(rSgRRb S s AT HaRSHO R WA TAtRIYG IR B IRt dnTRUFSHS

A1Et3), whish sauld alsoigivediise 10 the fallawing alneoiRacyTIoReMNRARS the
E-H, derived from homocoupling of the same two olefins at a single metal

SItEAHIR Jhess @bRYS EBYRABA: PXRiai RV prigthy AL e HEA s viskie

2B se fatiowe phatoinaciue aprimtaneshieuthRiisgfaninthe @MIQUasss not.
zirconacyclopentanes. In another aspect, this invention encompasses a
Cﬁél)}gflmsoé?ticﬁ‘f]?ﬁ%e 2, if the "aluminum alkyl compound used in the

precontacted mixture contains P-hydrogen atoms, these alkyl groups can
participate in the B-H elimination process shown when coordinated to the
organometal compound, thereby forming the zirconium-aluminum compound and
the resulting zirconacyclopentane and ACP. The ethyl groups of TEA have (-
hydrogen atoms while the methyl groups of TMA do not.

While not intending to be bound by the theory, it is believed that different
aluminacyclopentanes (ACPs) can arise when two olefins are present in solution.
For example, if both CH,=CHCH,R and CH,=CH, are present in solution,
additional aluminacyclopentanes analogous to C and D are believed to be
accessible in a precontact solution that contained both CH,=CHCH,R and
CH,=CH,; (regardless of whether the ethylene was introduced or was derived from
AlEt3), which could also give rise to the following aluminacyclopentanes E-H,

derived from homocoupling of the same two olefins at a single metal site:
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comprises a precontacted metallocene, a precontacted olefin or alkyne, a R
R R R R EtAl J Cp2Zr Cp2Zr'tr 1 J K postcontacted acidic activator-support,
and an aluminacyclopentane. Thus, the catalyst composition of this invention
can comprise an aluminacyclopentane (E, F, G, H) or an
aluminacyclopentene (1), whether generated by the reaction schemes
disclosed herein, or whether prepared independgntly. Similarly, thig invention
also encompasses a catalyst composition that{Comprises a prec@ntacted

metallocene, econtacte ' alkyne, tcontacted a
activatorEw@ angkg zirconpcyclic speegigs. As indi(;%te@ﬂm cheie 2 and
the referenceS _etted abov ' IC organo ies can
used in this invention, whether generated by the reaction scheme
above, or whether prepared ipdependently. Thesformation of arH

aluminacyclopentane upon precontacting a metallocene compound, an
oryarbaNRttdum Sheipe dndhesa g aosefitiinnhey Popsaanisventishajias from
”ﬂ@iaﬂﬁqgggﬁsgﬁ&SHﬁg%%ﬁ%%QX of the hydrolysis products of the
aluminacyclopentane, as well as by gas (ethane) evolution when 57 TEA is
employelh 48 eHenAsBeghibE|iMvRIGIPNCOIRPORATCABcoraisl oo sisioacthasf
this iipiestion comRiRes R RRING AN QINNBHILIEIIBEHC!S alkyne, a
compounds, based upon the synthesis of aluminacyclopentanes reported in
U.M. Bzhemilev and A.G. Ibragimov, Journal of OrganoretallicChemistry,
1994, 4, and using the reactj R mixture comprisin
ajyminacyglopentanes i Iaﬁ@g precontacteg-gixgare,
prese ction. In anothef aspectof this invention, the
precontpcted mixture and the pgstcontacted mixture vary, guch that the
resstingcatalyst Gempesiliansaapdbe tailewdionhe desisd actividts hee

method of preparing o ' _ _
catalyst composition of this invention can comprise an aluminacyclopentane (E,

F, G, H) or an aluminacyclopentene (l), whether generated by the reaction
schemes disclosed herein, or whether prepared independently. Similarly, this
invention also encompasses a catalyst composition that comprises a precontacted
metallocene, a precontacted olefin or alkyne, a postcontacted acidic activator-
support, and a zirconacyclic species. As indicated in Scheme 2 and the references
cited above, this cyclic organometal species can be a zirconacyclopentane (J) or a
zirconacyclopentene (K) of any metallocene used in this invention, whether
generated by the reaction schemes disclosed above, or whether prepared

independently.

The formation of an aluminacyclopentane upon precontacting a
metallocene compound, an organoaluminum compound, and an olefin in the
present invention was monitored by gas chromatography of the hydrolysis

products of the aluminacyclopentane, as well as by gas (ethane) evolution when
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the catalyst composition can accommodate the desired polymerization
process. For example, in one aspect, the catalyst composition of this
invention comprises a precontacted metallocene, a precontacted
organoaluminum compound, a postcontacted olefin or alkyne, and a
postcontacted acidic activator-support. In another aspect, the catalyst

CARRORIUAMD Ry RS iNye s SATPATIRRR AN REREFSIAGICH (RS @IREEheBaspect
postcontacted organoaluminum compound, a precontacted olefin or alkyne,
aRd hipoRYSoHACFOM ALt RIshIHRS -iggportumial R rsE Rspelis, epretaist

comeasitien efdhisdmention 4empHses GhbresRRtAGIsHeMptallogemRmilev
postcontacted organoaluminum compound, a precontacted olefin_or alkyne

At bidchpgBeva RNt iR 9aippeiRI i (heatisied dhetfomk4. and
caiahsticorpasiiomhibisdiavpRin camMiisas A RIRpRAIAsIedmeialiagene.

a precontacted olefin or alkyne, a postcontacted acidic activator-support, and

aRTeAORARLEE/ABEUSAse s AR FRiITSHRIERSBE FRAHE N each of these aspects

in whichjthghegiapagerissIf dhe presamactad e6mpsicananteRenMidtsRaMalY;
the relative amounts of each component in the precontacted or

pOStEHFfatidd i xRACOHRCE i BUMMHRNR Y Welinddbife e ipg ecatalyst
dissiasastdareaie b e tataly sir GRENBQSHIANEIMPIISINGh A AKEROABEREparing

metallocene, a precontacted organoaluminum compound, a precontacted
ol®fincBaRIRY SeMRNd d PostRotacROdR IS FvtBT- SOPHBFT BRI RSP i the
CatalyshipIeRe DHO AP RO B IO BORPCAES8 D ITIAN h ASPESH CHPHSES a

composition of this invention can have an activity greater than a catalyst

cORSHRRTA%th AP TIBHS I sathe RGBS EIs, BERARELHGThysRaPound, - a

pieseiAGHRg thR @IJaNAMEaial AP PendoHif AYaBRINUABIRr-EapHIRUNTh
and an olefin or alkyne monomer. Polymerizations using the catalysts of this

infHHEh &Rk cHitieGRIVH SATRYSHITS 18Towh'Sn tHECRHOSUERMPTises  a

pehsnsiizaton Psrssat NCGudpsidhai@diot oipatealtenshuify compound, a
polymerizatign , gas phase polymerizations, solutian, poI%{merizations and
R 1

SRS AR h B Fedo b mBRVE R Rgfic activator-support. "I a

further aspect, the catalyst composition of this invention comprises a precontacted
metallocene, a postcontacted organoaluminum compound, a precontacted olefin
or alkyne, and a precontacted acidic activator-support. In yet another aspect, the
catalyst composition of this invention comprises a precontacted metallocene, a
precontacted olefin or alkyne, a postcontacted acidic activator-support, and an
aluminacyclopentane or aluminacyclopentene. In each of these aspects in which
the components of the precontacted or postcontacted mixtures vary, the relative
amounts of each component in the precontacted or postcontacted mixtures are
typically within the same ranges as those disclosed here for the catalyst
composition comprising a precontacted metallocene, a precontacted
organoaluminum compound, a precontacted olefin or alkyne, and a postcontacted

acidic activator-support.
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Thus, any polymerization zone known in the art to produce
ethylene-containing polymers can be utilized. For example, a stirred reactor
can be utilized for a batch process, or the reaction can be carried out
continuously in a loop reactor or in a continuous stirred reactor. After catalyst
activation, a catalyst composition is used to homopolymerize ethylene, or

CQRAIX{ST iR ethBRe B FERTBANAETyMepREtIBRNYcadypical
polymerization method is a slurry polymerization process (also known as the

particle foPNBrowsss) CHREH ROWEMRHBNATAA dRIAIN i RBIB BBy ity
exaERie i sSedfAlRntNapSs A HQ WhichdsingoRAmiet Ry, rieIsBeaot

herein, in its entirety. Other polymerization methods of the present invention

fOP¥RING pPERELeE A tHiSse THANNHIG a RBPARHKor Breth @R RIBLRY
incblaspoBAle RhdNsh S1€d8 ik Rasgstilized in a plurality of stirred

reactors either in series, parallel, or combinations thereof, wherein the

reaction POOHARIEAEI NS Withe Mt AYEHESErRE YT FRURAEAD GRmidIS eHligg out in

ingQrRRiaiRE Mo walaieReaeRith iPolkpneMiatsn! prof@&RSABELude, but are not
polymerization temperature for this invention may range from about 60C to

abiduitessote, afHt amoErcEE3ERRSpolgRierZiitn RFISHIZR AP raforBtiARy
rangenikeaabayt 408 tahme LhefdiRanainerasReCte it RANGAS I AREEHY,

reaction typically occurs in an inert atmosphere, that is, in atmosphere |

sUBSE AT RRYTBFULIGIh 210G RAED bReattidMyPEAKAS Sy kadaBRdning

thisiythdRe absenegi ffavalsr aa i deastinsd phbes s Jhenaieeedipatch
inert atmosphere, for example, dry nitrogen or dry argon, is typically

e RTBRS&%h He BRAYATE FR 6 REARAP P QB e B dplogp, figactor or in a

pisaativenitpregsysetean be any pressure that does not terminate the
pretreatment step ?@?d typically. is selected from a pressure that is suitable
¢

for the fdMiGtiod SGartSAEHM M MefAIRKLIcOOMRESNEs SuicHisgd  to
alheropeGRRRRIaNE M CH N0 pPIgMmPHeEQNRMEINg Wit Metalosemer. In one

organoaluminum compound, and an o(le,fin. Pretreatment pressures are

tﬁﬁggﬁ&,’a typical polymerization method is a slurry polymerization process (also
known as the particle form process), which is well known in the art and is
disclosed, for example in U.S. Patent No. 3,248,179, which is incorporated by
reference herein, in its entirety. Other polymerization methods of the present
invention for slurry processes are those employing a loop reactor of the type
disclosed in U.S. Patent No. 3,248,179, and those utilized in a plurality of stirred
reactors either in series, parallel, or combinations thereof, wherein the reaction
conditions are different in the different reactors, which is also incorporated by
reference herein, in its entirety.

In one aspect, polymerization temperature for this invention may range
from about 60°C to about 280°C, and in another aspect, polymerization reaction
temperature may range from about 70°C to about 110°C.

In another aspect, the polymerization reaction typically occurs in an inert
atmosphere, that is, in atmosphere substantial free of oxygen and under

substantially anhydrous conditions, thus, in the absence of water as the reaction
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but not necessarily, lower than polymerization pressures, and generally range
from about atmospheric pressure to about 100 psig. In one aspect,
pretreatment pressures are from about atmospheric pressure to about 50
psig. In yet another aspect, the polymerization reaction pressure can be any
pressure that does not terminate the polymerization reaction, and it typically

copgstediRtarnes e Righanibamere RIPUCRTRENI RATEES H®P8reon,
aspect, polymerlzatlon pressures may be from about atmosp eric pressure

toadirllocanpleedindhe iRly BspEat Poigiaitization pressures may be from
about 50;psigltanatheHHL QR DR E&ff@ﬁh&%@&@ﬁ‘r@%ﬁ@@e@?ﬁjﬂ%ﬁgﬁre that

polymerization process of this invention to control polymer molecular weight.

WIRSH BRESPBNARET thE SiseHEB RO biEpared Sasrlimd wrieicth{iomtigpressure
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produce the desired polymer composition. A typical copolymer compasition
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composition varies outside this range depending upon the copolymer

sPELifCAtRIT I st c P RHBRC RO RYE ST N £BF cBptsiAerange
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produced can be used. Polymerizations using the catalysts of this invention

cAFeBESs eI oM APosh ot ARSIk MG iR bertSUds 8rocesses that can

polymerige yapRasieEs HfRcROIMEBETiRRERi Ui bRt JiRitacbte 81 UBEY any
polymerizations, gas phase polymerizations, solution polymerizations, and

mRiEEsec R SomsimaioirEminae dher ROy A ERIEAS RN P¥hdt KyBigAl N

theaduteearaddcaralafie-igHeentaimite RRIroRisGApRA Uiz ednl RN Espect,
aspect, for example, a stirred reactor can be utilized for a batch process, or

tHR PR HGAN S E A LR SH 2B 0y TR BB 8L B fgrgout 1000
coRtinunvsstHadakpactopolNmaeihesappastrieraxamppleothgbout 50 psig to
polymerizations disclggeﬂ]hgrein are carried out using iaslur-ry olymerizatio
pAOSUESHY P FELBEHYOMECE SRS b Md RO HmSiFAYion process o

palynevigatianto control polymer molecular weight.

When a copolymer of ethylene is prepared according to this invention,
comonomer is introduced into the reaction zone in sufficient quantity to produce
the desired polymer composition. A typical copolymer composition is generally
from about 0.01 to about 10 weight percent comonomer based on the total weight
of the monomer and comonomer, however this copolymer composition varies
outside this range depending upon the copolymer specification and desired
composition. Thus, any amount of copolymer sufficient to give the described
polymer composition in the copolymer produced can be used.

Polymerizations using the catalysts of this invention can be carried out in
any manner known in the art. Such processes that can polymerize monomers into
polymers include, but are not limited to slurry polymerizations, gas phase
polymerizations, solution polymerizations, and multi-reactor combinations

thereof. Thus, any polymerization zone known in the art to produce olefin-
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are well known in the art and include hydrocarbons which are liquid under
reaction conditions. The term "diluent” as used in this disclosure does not
necessarily mean an inert material, as this term is meant to include
compounds and compositions that may contribute to polymerization process.
Examples of hydrocarbons that can be used as diluents include, but are not

lingiigdi ton o YOIRREXEES: IROPNIEEE, TrMHRRSH RIOPGNS PR R rred reactor
isopentane, neopentane, and n-hexane. Typically, isobutane is used as the

difdBACIHEISRSAPT AN AR ASRRRSH. EARSRESIOR (8 RSIMBRSL AR REHEYHY
UiS a T N NRY o ift 208t fb 03888 a8 3, ABartb Y B @Rt example,

5,597,892; each of which is incorporated by reference herein, in its entirety.
FarerpbGaEiatitns shedatrshhernarn oA QML 4NE reslbisy RRINBEEZARD

PRINRLZAION ERARIRIRIPRINENCZALI (BARIAS TUEM KNRWNR Jae Ashihat

is capable of polymerizing olefin monomers to produce homopolymers or

cApOIPFR S Préte A indhtiBRUE A HEaRREIaNSal RS dtis & igitigtyunder

redgtaish 6aiRASE reBdosnsolliaBnie as Rk JOF AN S AUNNRIBAERN dbeserbt
Gas phase reactors can comprise fluidized bed reactors or tubular reactors.

STy FaEbtRC RN IRE ST 1BISIS'SR AbIFGItaladBpLds SempRunds
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reactors suitable for the present invention can comprise at least one raw

mIEFREPIERSs e 2k PEa P tthetfe dHUS e MBIdEati sttt aatalljatited to,

CRmpEMSAis, akidash ) enBaciey, SY¥iFine 2hlpastaabe ROHMEREERYB Y tane,
system qr any suitable combination thereof. Suitable reactors for the present

inRhtiBI BT FurthEYRIEHTB s AARe or Bthbiatioh oFuCBhtdlyst storde
SYIBMeAPatexirUSKEABYRENaf aliokaBraYsiSMhra dduentireCyslinpasyatanss.
or a control system. Such reactors can comprise continuous take-off and
difeétvedycling s 82: Ayt dildeit i palher GénératfF b ohurtisths s
PHAEESRRSEABCAITHIEIRE RGO QU iEtroduction of a monomer, a
catalyst, and a diluent into a. polymerization reacﬁor and the continuous

removal I?anl?‘t‘ﬁl??sr%% }h&c Qventlon, the term polymerization reactor includes
any polymerization reactor or polymerization reactor system known in the art that

is capable of polymerizing olefin monomers to produce homopolymers or
copolymers of the present invention. Such reactors can comprise slurry reactors,
gas-phase reactors, solution reactors, or any combination thereof. Gas phase
reactors can comprise fluidized bed reactors or tubular reactors. Slurry reactors
can comprise vertical loops or horizontal loops. Solution reactors can comprise
stirred tank or autoclave reactors.

Polymerization reactors suitable for the present invention can comprise at
least one raw material feed system, at least one feed system for catalyst or catalyst
components, at least one reactor system, at least one polymer recovery system or
any suitable combination thereof. Suitable reactors for the present invention can
further comprise any one, or combination of, a catalyst storage system, an
extrusion system, a cooling system, a diluent recycling system, or a control

system. Such reactors can comprise continuous take-off and direct recycling of
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suspension comprising polymer particles and the diluent. Polymerization
reactor systems of the present invention can comprise one type of reactor
per system or multiple reactor systems comprising two or more types of
reactors operated in parallel or in series. Multiple reactor systems can
comprise reactors connected together to perform polymerization, or reactors

thalia 85 NAhEIRNGRIGR1IRE: PRMSAIFAN BRRABIT BHE&IsE: @AR EBRHMEC the

under one set of conditions, and then the polymer can be transferred to a
SECBHAURECHHTBAUSHRAIM AfiZAtiGRPDABSF-a YiffdtahesePBf canditiBAY. IHhe

asp@ahefiadnventian HiPal¥MESiZalioNT CREHBN S SERIR Cafls CRAMSISOALa
least one loop slurry reactor. Such reactors are known in the art and can
cSHIPFRRETFRENE MO ALRST RiBHS S aeA BB P comprise a single loop

or a seripg|0fleRPsai M HHiRIBIAOREBRUIOIRCAR CAMPRIRL R MEEIeH) 8 one
horizontal loops. The slurry polymerization can be performed in an organic

SORRENP RHSRCAR RASSHPETHY CAPAIRLE AR IBITHIETIE COMPIEENSF Sliftianore
SeREtsf RGER Riparednaxahalsy eloREXans. Ostang1anddsebPylanens can

Monomer, solvent, catalyst and any comonomer are continuously fed to a

oS RSP PR THRS REs i b Lo PR TR Bl PREY SiGR RBN B JEAF QI SRt

teinpraidRcaRd. PrEsPHIomdReacty piliaBtsan ke HasbaddouRIBOYRLhE:
solid resin, In yet another aspect of this invention, the polymerization reactor

c&h cudifines a4 ike Rl PRgs sae derdransiiedy etniceandisasiey Lo

CORIHON S tIBRYH S HRRTL RN RINGTE AfigtRhEnOore monomers continuously
cycled through the fluidized bed in the presence of the catalyst under

polymeriZa i SSREfidHs rniveitinte tifeBAVEATIBRIGRHEAZIN FETFIhgan
fleishizacbdadiand saeyeles daeck RtRtdhe SaartRncRifWarRaeUs! in IBY/ Mielind

product can be withdrawn from the reactor and new or fresh monomer can

b &SRB FeyTEE 8 PYIlARRIAL P PR orBIFR 10088 SANGETIN S HIRg1S /9oP
Cap GOkeHESEA OSESSNRIIpULISIRD @asrabasah Rehipiaiizaton afrtefingdn

which olefins are palymerized in the gaseous phase 62 n at least two )
i ntgas-p <HhiRe 1
HERRInIOgRS:phHs TIBBALARGH 2URR< W s BEEgped m an oraanic

solvent that can disperse the catalyst and polymer. Examples of suitable solvents
include butane, hexane, cyclohexane, octane, and isobutane. Monomer, solvent,
catalyst and any comonomer are continuously fed to a loop reactor where
polymerization occurs. Polymerization can occur at low temperatures and
pressures. Reactor effluent can be flashed to remove the solid resin.

In yet another aspect of this invention, the polymerization reactor can
comprise at least one gas phase reactor. Such systems can employ a continuous
recycle stream containing one or more monomers continuously cycled through the
fluidized bed in the presence of the catalyst under polymerization conditions. The
recycle stream can be withdrawn from the fluidized bed and recycled back into
the reactor. Simultaneously, polymer product can be withdrawn from the reactor
and new or fresh monomer can be added to replace the polymerized monomer.
Such gas phase reactors can comprise a process for multi-step gas-phase

polymerization of olefins, in which olefins are polymerized in the gaseous phase
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catalyst-containing polymer formed in a first polymerization zone to a second
polymerization zone. In still another aspect of the invention, the
polymerization reactor can comprise a tubular reactor. Tubular reactors can
make polymers by free radical initiation, or by employing the catalysts
typically used for coordination polymerization. Tubular reactors can have

sgiyesal g/ hBIR FERR AN YARIPRLsc IBRIRIS 2t oAlI¥AES aldidddeding a
Monomer can be entrained in an inert gaseous stream and introduced at one
zGABIP e HRARE . nAREIETosmedyitsa dHaldro st h el cifis e
eﬁggjﬂpegggtﬁngggggus stream and introduced at another zone of the reactor.
The gas streams are intermixed for polymerization. Heat and pressure can

be empl&yeti REBISBRARIERS GBtHR GRYFREPLIRMRRlY ARSI AEgRfsRCtor can
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comprise a solution polymerization reactor. During solution polymerization,

tHEIHABABMEF iP¥ostHBIRY RitH HRe RS coRipeLtiors e d0fasROMinatig s
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monomer can be employed. If desired, the monomer can be brought in the
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temgeratures and pressures that will result in the formation of a solution of

tHEBOT I AFEET oA e diinaditaidreesire Srspmyarfdifaguced at
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polymerization mixtures throughout the polymerization zone. Adequate |

midsHs A utiESHSr RRipBtind R MSth&RRrePRaLYf SBIyARLRIZatBRLRAk

PeyIMasZadieshGancheredtertrdiR. a batch manner, or in a continuous
manner. The reactor can comprise a series of at least one separator that

employs'Righ!Bres i St Fowire SiU RS separ At YHEHELHEY T5B%/fhef2h

a duntpek@spett @bihsipueniafioth e RabIMeizalio RIREcIOhsKSHRMAHDN, the
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means. A carrier comprising an inert organic diluent or excess monomer can be
employed. If desired, the monomer can be brought in the vapor phase into contact
with the catalytic reaction product, in the presence or absence of liquid material.
The polymerization zone is maintained at temperatures and pressures that will
result in the formation of a solution of the polymer in a reaction medium.
Agitation can be employed during polymerization to obtain better temperature
control and to maintain uniform polymerization mixtures throughout the
polymerization zone. Adequate means are utilized for dissipating the exothermic
heat of polymerization. The polymerization can be effected in a batch manner, or
in a continuous manner. The reactor can comprise a series of at least one
separator that employs high pressure and low pressure to separate the desired
polymer.

In a further aspect of the invention, the polymerization reactor system can

comprise the combination of two or more reactors. Production of polymers in
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63 multiple reactors can include several stages in at least two separate
polymerization reactors interconnected by a transfer device making it
possible to transfer the polymers resulting from the first polymerization
reactor into the second reactor. The desired polymerization conditions in one
of the reactors can be different from the operating conditions of the other

reagiapte Alleinstyeban POURAHZalRH mulfiple [gacipry&an inchideigate
manual transfer of polymer from one reactor to subsequent reactors for
chHRtiHietZpBRMTEA A HIISGERNG &St B ICHATHEILERY Ry etrimgiAbRgtible to
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combination of loop and gas reactors, a combination of autoclave reactors or
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can be made in a variety of methods, including, but not limited to,
CORTHBRIEN FaCh G IR Catedg e orRpITHE HhreRtIHoLEARS f5519 MRty StRIn
reRsHRr oiRChediner aldl eapisene R RiapRPresoptating SteR rhsama sl alking

catalyst components prior to_introducing them into the reactor. In this aspect,
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precontacting steps, for multiple time periods, prior to Initiating the
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canulake:RAGEIA Alleas, epmpresRUaING YessabRyior to introducing the
precontacted components into the reactor, they can take place in the |
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Thus, in this aspect, any precontacting steps can encompass precagntacting
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can involve precontacting for a different time period. In this aspect, the invention
can encompass multiple, optional precontacting steps, for multiple time periods,
prior to initiating the polymerization reaction. Further, these multiple, optional
precontacting steps can take place in at least one precontacting vessel prior to
introducing the precontacted components into the reactor, they can take place in
the polymerization reactor itself, or any combination thereof, including the use of
multiple precontacting vessels comprising different catalyst components. Thus, in
this aspect, any precontacting steps can encompass precontacting of any
combination of catalyst components, including any optional catalyst components.
Also in this aspect, the multiple, optional precontacting steps can involve different
precontacting time periods.

In another aspect of this invention, the catalyst can be made by
continuously feeding the catalyst components into any number of optional

precontacting vessels and subsequently introducing the components continuously
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continuously feeding the catalyst components into any number of optional
precontacting vessels and subsequently introducing the components
continuously 64 into the reactor. In one aspect, for example, the present
invention provides a process to produce a catalyst composition, comprising:
contacting at least one metallocene, at least one organoaluminum

CORP Lo ARk at jrasioag elefifupralpr fana frsimerincbaliimedr faem.a
precontacted mixture comprising at least one precontacted metallocene, at

| REQCTAH EOTHABIT R EPORI HITHMHNINT ROWIBBLEd, and at least one

precontacted olgfiftaQlilkneadnshentaatingthepreaantactechamsinimmith
at least one acidic activator-sgpport for a second period of time to form a
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postcontacted olefin or alkyne, and at least one postcontacted acidic
aORGARECSLHEH. arsanE RYPecmBe Wt Al IRashPasdnEsRUEiRfoletin
pvidss& Rracess to produce a catalyst composition, comprising: contacting
at least two catalyst compaonents selected from at least one metallocene, at

least one orgarfSRdRiRENt S MISSAREC LK TR Sidfin ¥ 15Anangragidic

leastone-a6jfieraaty af dlsbrPYiried afirshieripdoahtimpdadoncied mixture
precontacted mixture comprising precontacted catalyst components; and
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mixture with additional catalyst components selected from at least one

mi&tshoreRessriaded s SigaribaMERPEompound, at least one olefin or
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form a postcontacted mixture comprising at least one postcontacted

MRS & A L SRTBRS Y5 EBM &t E ¥ organoaluminum compound, at
least one postcesriacias: etafinsohalkyagl pidahieasheneResi¢aRtactdeast

A RIS BPRES one organoalumi d

, ganoaluminum compound, at least one olefin or
alkyne, or at least one acidic activator-support for a first period of time to form a

precontacted mixture comprising precontacted catalyst components; and
contacting the precontacted mixture with any catalyst components
not used to form the precontacted mixture, and optionally contacting the
precontacted mixture with additional catalyst components selected from at least
one metallocene, at least one organoaluminum compound, at least one olefin or
alkyne, or at least one acidic activator-support for a second period of time to form
a postcontacted mixture comprising at least one postcontacted metallocene, at
least one postcontacted organoaluminum compound, at least one postcontacted

olefin or alkyne, and at least one postcontacted acidic activator-support.
In another aspect, each ingredient can be fed to the reactor, either directly
or through at least one precontacting vessel, using known feeding, measuring, and

controlling devices, such as pumps, mass and volumetric flow meters and

controllers, and the like. Feed-back signals and control loops can be used in
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In another aspect, each ingredient can be fed to the reactor, either directly or
through at least one precontacting vessel, using known feeding, measuring,
and controlling devices, such as pumps, mass and volumetric flow meters
and controllers, and the like. Feed-back signals and control loops can be
used in 65 connection with this continuous catalyst formation and

intERRUEion - Wine MRS HMNINEBRAR 76rA 2050 isdyRe-SagteloadapiRdiass
measure a variety of flow types such as from a positive displacement-type
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measure and control a feed rate of a catalyst component. Various
CcOMBRIatIBRSTS AchreTinaEaNsnef RN RIS Blevised ot Bacpsed as
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compatibility of the component, and the desired quantity and flow rate of the
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thermal mass flow meter, a volumetric flow meter such as an orifice-type
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combinations prior to being introduced into the polymerization reactor. In one
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time, for example, up to 7-10 days, to form a first precontacted solution. This

firllepheght e dosidwedRthErP b fdieo a second precontacting vessel
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alkyl, for a second precontacting time. In this aspect, for example, the
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for a first precontacting time, for example, up to 7-10 days, to form a first
precontacted solution. This first precontacted solution can then be fed to a second
precontacting vessel along with the treated solid oxide component, and optionally
more aluminum alkyl, for a second precontacting time. In this aspect, for
example, the second precontacting time can be shorter, longer, or the same as the
first precontacting time. For example, the second precontacting time can be about
0.5 hour, after which the “postcontacted” mixture can be fed from the second
precontacting vessel directly into the reactor itself. In another aspect of this
invention, all of the catalyst components can be brought together in the
precontacting vessel for the first period of time, prior to being introduced directly
into the reactor.

In another aspect, a portion of each catalyst component can be fed into the
reactor directly, while the remainder is fed into a precontacting vessel. In this

aspect, for example, it is sometimes desirable to limit the exposure of the
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invention, all of the catalyst components can be brought together in the
precontacting vessel for the first period of time, prior to being introduced
directly into the reactor. In another aspect, a portion of each catalyst
component can be fed into the reactor directly, while the remainder is fed
into a precontacting vessel. In this aspect, for example, it is sometimes

desifanie !B DR XRARVSXRILRS (BE MEIAHALEAR P! HeHRRPRU0HiIE 10

the aluminum alkyl, in which case only a small amount of aluminum alkyl can
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alsenepatsining thenplelinanchmrtlesensnwie obaemaindenietihe, while
aluminum alkyl can be fed directly into the reactor. Likewise, the amount of

oldfin femRdgarPhite eRNSNbraliateh Rtk fEErcHynmiutisereactor.
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in a first precontacting step to form a first precontacted solution, more 1-
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to the reactor. Similarly any of the other catalyst components can also be
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to, household containers, utensils, film products, drums, fuel tanks, I%@%a
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one.afnectepiditinesand raddiessean be added to the polymer in order to
provide particular desired effects. Definitions In order to more clearly define
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by reference conflicts with the definlélo,n or usage provided herein, the
d

il (R Sr RIS eSS PO IR A Fe oSS, ML LRSS TS r SR E HEFSH
toafAERR. hOMOROBSPENS SQIRPFSINGd modifiers can be added to the polymer in

order to provide particular desired effects.

Definitions

In order to more clearly define the terms used herein, the following
definitions are provided. To the extent that any definition or usage provided by
any document incorporated herein by reference conflicts with the definition or
usage provided herein, the definition or usage provided herein controls.

The term polymer is used herein to mean homopolymers comprising
ethylene, copolymers of ethylene and another olefinic comonomer, or any
combination thereof.  The term polymer is also used herein to mean
homopolymers and copolymers of acetylenes.

The term cocatalyst is used herein to refer to the at least one
organoaluminum compound that constitutes a component of the catalyst mixture.
Typical cocatalysts are trialkyl aluminum compounds, dialkyl aluminum halide

compounds, and alkyl aluminum dihalide compounds. The term cocatalyst may
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ethylene, copolymers of ethylene and another olefinic comonomer, or any
combination thereof. The term polymer is also used herein to mean
homopolymers and copolymers of acetylenes. The term cocatalyst is used
herein to refer to the at least one organoaluminum compound that
constitutes a component of the catalyst mixture. Typical cocatalysts are

tfi@ékME@AUPe%MPe@QrBPQH@da%t@iﬁ'hfb{h@c%miBFffhé‘aélqﬁp&&}{HDQH@% anchadsy!

aluminum dihalide compounds. The term cocatalyst may 67 be used
régsrhesbbyheieh AR FERTBREANST MY EBRBSuUNd or any chemical

mechanipme hyrihighthg eRPHeYINARRY IRPEIRIS- rERe IBrMNePAlMaspiate

is used herein to refer to anﬁtype of ambient atmosphere that is

saHBEMRISTR HAT RIS s el n R Fd AREiBAT B B ctpimBERERSS,

QUSRI S0R RARRRSPAC A RBEFMRISuBRIRRKG S 1 ahRes. tiguteiRidSerm is
typic,allag used herein to refer to the use of a substantially oxygen-free and

mSRERE et hIARREANE g inuthng st Hofieribdly argisndige and

NifiOGAIe- G AR RE BIXtHEs NS SRt YEREMABRY @ EHEFE6NCANAARSEEN,
intermediate, or product of a reaction or process is sensitive to particular

9458 b R dRE TR RiThE Sy VR A EPHERE ROHIBENFEEd HErRR BTy
topidaueseopf dneaifias ar Panketing atmespbeate ywhetuthe PIRGUEOoisture.

components, intermediates, or products of the reaction or process are only

mofdifienaliisinge ARt ssyyalio dsrdibesibelre toithevserbdpnaicag
uschReigin wiendshhaicallhaxclidefelddrsofsC Qdasanststhaseaaspaould

be expected to be reactive toward the particular reaction, process, or

mRRLIS S UG VRARIPTHEY RUBERES AR QNG BRI kSEN A pitadat oxyeen-

ogeasinal HesvaseiNefthlankeiptggasasdd REEh TOGRBEG el REci®te CO,
precontacted mixture is used herein to desgribe a first mixture of catal¥st

cOMPENRTHEHTETS 51Tt SRSESEAB DI T Friok o tberpatticular

mixdbtRhepigdesedde feimralpasicantagian ahsgcrbdiaiitiaimd catalysiket,
compon?ﬁés that are contacted for a second period of time. In one aspect of

SR RO tRsIonal SeAs &RF Fh ¥R& eapessy St O BERGEtallocene,

olefin or The term precontacted mixture is used herein to describe a first mixture of
catalyst components that are contacted for a first period of time prior to the first
mixture being used to form a postcontacted or second mixture of catalyst
components that are contacted for a second period of time. In one aspect of the
invention, the precontacted mixture describes a mixture of metallocene, olefin or
alkyne monomer, and organoaluminum compound, before this mixture is
contacted with the acidic activator-support and optionally an organoaluminum
compound. Thus, precontacted describes components that are used to contact
each other, but prior to contacting the components in the second, postcontacted
mixture. Accordingly, this invention may occasionally distinguish between a
component used to prepare the precontacted mixture and that component after the
mixture has been prepared. For example, according to this description, it is
possible for the precontacted organoaluminum compound, once it is admixed with

the metallocene and the olefin or alkyne monomer, to have reacted to form at least
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alkyne monomer, and organoaluminum compound, before this mixture is
contacted with the acidic activator-support and optionally an organoaluminum
compound. Thus, precontacted describes components that are used to
contact each other, but prior to contacting the components in the second,
postcontacted mixture. Accordingly, this invention may occasionally

distinguish RIWRSH Sa I COMARNRAL USEH IR RERPRE HeJRIRCARIACta’ mixiie
and that component after the mixture has been prepared. For example,

ACESRBNRG BN B Utsd (SoBE BT IPenRr prerRtedatxture. In this
oz&w%wgm £0RYRRL ADEENLIS aclpseMthedhp saetrllocRRe Bed e
yne

olefin or a monomer, to have reacted to form at least 68 one different
CREMREAIBB N TS ROANIARNGR, SPEtPGtitte Hoim HiE diskficto prepare the
orgepaakiRINEI eRENPound used to prepare the precontacted mixture. In this
case, the precontacted organoaluminum compound or component is

described 242 ym Bis IS AP ot§aRBalath M E Aspbtada e vie desdihs 2

PLRRaHA B tRreePiasied ayxibeaeiMHal Yt iRk PosteoastRd R
is used herein to describe a second mixture of catalyst components that are
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a first period of time. Typically, the term postcontacted mixture is used herein

1oPARSERBS e RIS Bf HEtalSERReto SHEHFTIBE alikg MBIk Wiofemetallocene,

OkgafiRadd MIRYAR GABHIRL Rpshagidifiacty atpouRAOHa do¥ad: frvator-
contacting.the precontacted mixture of a portion of these components with

e R adaftsia gl aTHE S e Bres KL & P S0t b RESERIN PhithERS.
Gesngpalivntheadiitippalagmpaneshaddechipfeake biddhe iposterptagiedhe
mixture is the acidic activator-support, and optionally may include an
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Accordingly, this invention may also occasignally distingui l? betweten a
OB S O BEPH T PR WP iegEnt Trom  the

organoaluminum compound used to prepare the precontacted mixture, as
described herein. Accordingly, this invention may also occasionally distinguish
between a component used to prepare the postcontacted mixture and that
component after the mixture has been prepared.

The term metallocene is used herein to refer to metallocene and
metallocene-like compounds containing at least one 1 -alkadienyl ligand, in one
aspect at least one 1’-cycloalkadienyl ligand, and in another aspect at least one
n°-cyclopentadienyl ligand, or its analogs or derivatives. Thus, the metallocenes
of this invention typically comprise at least one cyclopentadienyl, indenyl,
fluorenyl, or boratabenzene ligand, or substituted derivatives thereof. Possible
substituents on these ligands include hydrogen, therefore the description
“substituted derivatives thereof” in this invention comprises partially saturated
ligands such as tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl,
partially saturated indenyl, partially saturated fluorenyl, substituted partially
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component after the mixture has been prepared. The term metallocene is
used herein to refer to metallocene and metallocene-like compounds
containing at least one 115-alkadienyl ligand, in one aspect at least one
1I5-cycloalkadienyl ligand, and in another aspect at least one
115-cyclopentadienyl ligand, or its analogs or derivatives. Thus, the

Meialeanage ItisIRVERIP P RIGRI W CLIMRIBE AEISASHRN e like. In some
cyclopentadienyl, indenyl, fluorenyl, or boratabenzene ligand, or substituted

d&Avisredhnaresllossasipey SanstRied o sHPs BantrithelidE rybsBdha,
thergfore the descriptipn-cstiatimtedfgrivativegdheneatiin this iRyention an

comprises partially saturated ligands such as tetrahydroindenyl,
teRFERSRABATIBRER OB Hrofluorenyl, partially saturated indenyl, partially

saturatedflQsRAY| catRRiItUIRARSHIGHY HAISAURteNdRaYInSUNRLUHEdsed

partially saturated fluorenyl, and the like. In some contexts, the metallocene
i Be R feEtRed e LRl aRr NSt BHX T G RICH RO SLONAGRE THEE:AS
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The terms catalyst composition, catalyst mixture, and the like are used
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actual product of the reaction of the components of the mixtures, the nature

oPIREM@ivAAIRRISHE oPRL {QiERRHE dMSieranidsiadapixture, or the

mgiadlaeenecampousd, talefit Rl allanE manepeirtiseddo RGRBIERRE these
precontacted mixture, or the specific reactions of the acidic activator-support

aftBMESRGHing BRELEr SRS IS R A H EP5RROTHO fo FAE Y stdR sfure. and the
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compositions and homogenous compositions. The term hydrocarbyl is used

to specify i AFPRERSATRYdIERP e P TASt ey deoRhon Retimtissau B,
alindluayslobiityls atkeniimiyelaalkenyl, alkyaloaikasiany!, alkymyl, atalieikenyl,

CER A REA AN TG el o the ke Shd etide
all substituted, unsubstituted, branched, linear, heteroatom substituted derivatives
thereof.

The terms solid acidic activator-support, acidic activator-support, or
simply activator-support, and the like are used herein to indicate a treated, solid,
inorganic oxide of relatively high porosity, which exhibits Lewis acidic or
Brensted acidic behavior, and which has been treated with an electron-
withdrawing component, typically an anion, and which is calcined. The electron-
withdrawing component is typically an electron-withdrawing anion source
compound. Thus, in one aspect, the treated solid oxide compound comprises the
calcined contact product of at least one solid oxide compound with at least one
electron-withdrawing anion source compound. In another aspect, the activator-
support or “treated solid oxide compound” comprises at least one ionizing, acidic

solid oxide compound. The terms support or activator-support are not used to
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thereof. The terms solid acidic activator-support, acidic activator-support, or
simply activator-support, and the like are used herein to indicate a treated,
solid, inorganic oxide of relatively high porosity, which exhibits Lewis acidic
or Bronsted acidic behavior, and which has been treated with an electron-
withdrawing component, typically an anion, and which is calcined. The

elREHYNh WAV RO MP AN IS LYRIS R BB RIAHN W IBH RS @Rias
source compound. Thus, in one aspect, the treated solid oxide compound

cOPISEEORBORSIE Al oA 51 UBDREIHPAL least one solid oxide compound

with at leephQingh algctranyindiawing aansadFeesComnatad- dpanatherto
aspect, the activator- support or "treated solid oxide compound"” comprises at
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this component should not be construed as an inert component of the

catalyst CShPOLERHLIRIBNSLBHER, Hrotieres Bessitedrednaamraiated hsrrindy
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of the invention, the typical methods, devices and materials are herein

déagriBedodelpgibhdafions rPphsdrfs ieRtlifadpryaihich miebhRs4ted in

hemincbiofieleianee inktoatRutReSEyRl daseHRig anEkdisHRsiidntoliscussed
example, the constructs and methodologies that are described in the

paBR¥aABALITORPHIigH: 58t e iRV IdsAmSLSH itheh disrlastapaesiaitisd

inNEREGId e Mebhcadanaslisetssed RbANEAREEIaYaboY tirdertarss an
provided solely for their disclosure prior to the fili

ng date of the present |
appmustion R dhm dryepiarsiationgt %H&%@daa?gﬁeéaﬁ%ﬁmﬂaﬁ fevirtue

inyepiRisiaenfiohentitied to antedate such disclosure by virtue of prior
invention, For any particular compound disclosedc% herein, any general

structurd” PréBn it 86 rfOomREEaS 4 Aot SN HAGHS, Structure
regiaisaaiersisandnstaipaiseimears haiforaasias fiesmarpartipibassatef and

S%&?gz)lilst(e)rrl]ltgfsﬂggt %aarl]ye Iélar'lse from a particular set of substitutents. The general
structure also encompasses all enantiomers, diastereomers, and other optical
isomers whether in enantiomeric or racemic forms, as well as mixtures of
stereoisomers, as the context requires.

The present invention is further illustrated by the following examples,
which are not to be construed in any way as imposing limitations upon the scope
thereof. On the contrary, it is to be clearly understood that resort may be had to
various other aspects, embodiments, modifications, and equivalents thereof
which, after reading the description herein, may suggest themselves to one of
ordinary skill in the art without departing from the spirit of the present invention
or the scope of the appended claims.

In the following examples, unless otherwise specified, the syntheses and

preparations described therein were carried out under an inert atmosphere such as

nitrogen or argon. Solvents were purchased from commercial sources and were

71



structure also encompasses all enantiomers, diastereomers, and other
optical isomers whether in enantiomeric or racemic forms, as well as
mixtures of stereoisomers, as the context requires. The present invention is
further illustrated by the following examples, which are not to be construed in
any way as imposing limitations upon the scope thereof. On the contrary, it is

o5 iRy Aot tae el raaR N BYiHeBaido VAN MSHaSRE Fied,

embodiments, modifications, and equivalents thereof which, after reading the
dESHERITON HE R iRss) Uy SRR RSETIE SRIEESD one of ordinary skill in the art
without departing from the spirit of the present invention or the scope of the
appended claims. In the following examples, unless otherwise specified, the
syntheses and preparations des%ﬁ(b%w din were carried out under an

inerbgaradioRNsE Sehiasd BilTea20upkiAsIN d A ERE NS parchased from
commercial sources and were 71 typically dried over activated alumina prior

to use. Urhestlinpaiiias geedida, isagéntisvanotdediniicrsivagmmeidial
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Activator-Support The silica-alumina used to prepare the fluorided
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volume of about 1.2 cc/g and a surface area of about 400 m2/g. This
miEPERISHESILE BySRAPiYYy AaRBENBSiARIBIARE PR EUeriftH S EbfaHnt
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the weight of the silica-alumina. This impregnated material was then dried in

aWaksiith Beiher dirshiid & YeermT YR Ur fhidietsy &iitd0afumikle thus-

SW%M@[&&%B&@&‘%{%@& f%?é"’t?neﬁ%}@i&&i%afﬂﬁo&fs.thﬁﬁéummagﬂﬁ@
placed in a 1.75-inch quartz tube fitted with a sintered %;Jartz disk at the
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up through the disk at the linear rate of about 1.6 to 1.8 standard cubic feet per
hour. An electric furnace around the quartz tube was used to increase the
temperature of the tube at the rate of about 400°C per hour to a final temperature
of about 450°C. At this temperature, the silica-alumina was allowed to fluidize
for three hours in the dry air. Afterward, the silica-alumina was collected and

stored under dry nitrogen, and was used without exposure to the atmosphere.

EXAMPLE 2
Preparation of a Precontacted/Postcontacted Catalyst Composition and
Comparison of its Polymerization Activity with a Standard Catalyst Composition
The present invention was tested in a comparative study of a catalyst
composition comprising bis(cyclopentadienyl)zirconium dichloride catalyst,
triethylaluminum (TEA), monomer (ethylene) and comonomer (1-hexene), and
acidic activator-support (fluorided silica-alumina), both with and without the

precontacting step of the metallocene, TEA, and 1-hexene. The data obtained in
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hour. An electric furnace around the quartz tube was used to increase the
temperature of the tube at the rate of about 400C per hour to a final
temperature of about 450C. At this temperature, the silica-alumina was
allowed to fluidize for three hours in the dry air. Afterward, the silica-alumina
was collected and stored under dry nitrogen, and was used without exposure
totﬁtkesﬁia}ﬂ)%éﬁf&d&é&ﬁﬂ‘{' Phie21P {%ﬂ%%ﬂo&f?ﬁ@ activator-support of fluorided
Precontacted/Postcontacted Catalyst Composition and Comparison of its
PONFASIFRIh Activity with a Standard Catalyst Composition The present

inVentiOUxV!&%Res%ﬁﬁij:ﬁh%ﬁWlﬁ%r@EiMﬁs(%W hadRizysteompasitidoride in
comprisin bis(ciclopentadieny)zirconium ichloride catalyst,
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the precontacting step of the metallocene, TEA, and 1-hexene. The data
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aghiMAHRUABEKt QfiHIGRIEEH SHIC3 RIHBHRIABIOS K B@hON Ohd 5oy iyt
bis(cyclopentadienyl)zirconium dichloride in 45 mL of dry, degassed toluene
WHE 3@6%\‘@6%? SYIRARIAS o1l amaBeRb ERaNHR 27 SrangmeT
reRIBSRAL, ReltarzatinndataRhtalied FomihatdiearcsipdirRneous
contacting of 5 mL of the bis(cyc;lopentadienylcaTz]irconium dichloride stock
solution, DoAY BEFEHHRIL dCHAN AR RATE DR UG R SR AR AYIARAY
(TisoviR. heptaaea? & gaffRMERTEHIL-6eNeNBk AR IBRAGMRN (GRS N BN
without extended precontacting of any catalyst components. The
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Undercanrigebtdane puigeSdnLokthatbisioyciepetaldienyl)zsobiuifbbutane
dichloride stock solution, immediately foIIowed\ggi/ 200 mg of

sufBAdseth a18Re WAD dfatglal BErenadtihvelAld Aotbauetvad waig:
2 (rers ahi septaiane Swiereoadsle thialaag aithdtheh Dled-hexeng 200! thinksofhdS
wit% triethylaluminum (TEA) in heptane. Stirring was initiated and maintained
al SASeR Rt Vye@l}ﬁmﬂggqﬁ °C over a period of about 2 minutes. The total pressure

was brought to 550 psig with ethylene. Ethylene was fed to the reactor on

demand to maintain the pressure at 550 psig. After 1 hr, the stirrer and heating
were then stopped and the reactor was rapidly depressurized. The autoclave was
then opened and the solid polyethylene was physically removed. The activity
values provided in Example 2A of Table 1 provide a baseline of catalyst and
activator activity for comparison.

Example 2B of Table 1 demonstrates that precontacting
bis(cyclopentadienyl)zirconium dichloride with 1-hexene and TEA prior to
charging to the autoclave gave a catalyst that exhibited higher activity than that of
Example 2A. Thus, 5 mL of the metallocene stock solution was treated with 2
mL of 1-hexene and 1 mL of 15 wt% TEA in heptanes. This solution was stirred
for 30 minutes prior to charging to the autoclave. This precontacted solution was
then charged to the 1 gallon autoclave immediately followed by 200 mg of the

activator-support. The autoclave was then sealed and 2 L of isobutane, along with
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reactor was heated to 90C over a period of about 2 minutes. The total
pressure was brought to 550 psig with ethylene. Ethylene was fed to the
reactor on demand to maintain the pressure at 550 psig. After 1 In, the stirrer
and heating were then stopped and the reactor was rapidly depressurized.
The autoclave was then opened and the solid polyethylene was physically

respQyed. | Th&artivikr dluerIpravdgddnifeamuie. 28mtihgRiad iRexiee #hd

baseline of catalyst and activator activity for comparison. Example 2B of
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catalyst that exhibited higher activity than that of Example 2A. Thus, 5 mL of
tHENTRSEREBEGECALEER HBTuGOR AR &rdareRr WWRAZCASL sofut Lo @r el aupnatt
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charging fo the autoclave. This precontacted solution was then charged to

the InganysipgedvadniHodreny oot thy 2o0HRigosf demand to maintain
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with 73 20 g of 1-hexene, were quickly added to the reactor. Stirring was

inftRiBedaned Hisinteased arasbEdoodentrsxtiredeadion WaloHavte2s dom
OVBEReReliRARE ﬁhﬂi’?%l%ﬁﬂz‘i%ﬁeWé‘s@%‘s&@ﬁ%&%\é’@eﬁbmtﬂﬁ@tﬁ&éﬁP RRIg
e

with ethylene. Thus, the postcontacted mixture, containing the precontacted

soRRiGH A e dufisationofvibrivaselenweninserrathan Egimactifdping
Pesiashah aRui-2aniputes prior to introducing ethylene. Ethylene was fed to
the reactor on demand to maintain the pressure at 550 psig. After 53
minutes, the stirrer and heating were then stopped and the reactor was
rapigly denrsssrkizadiohns.aviealave wasdhenaarensd andphecnlidith TEA
polyethylene was physically removed. The reactor had substantially no
inth€akiblsmeny wall scale, coating or other forms of fouling following the

reaction. Table I. PO&TiZgfiPn Data Refated tojPrecontagt Time O A ctivator-
¢p2zrC13 RinporEn |agd, | deferialyst. Solid | Catalyst | g
Example| Time . Weight |Run Time| Polymer | Activity -
! Weight . Activity
(min) | " SO0 g [ min) | @ | @) |
2A 0 200 5 60 328.1 65618 1640
2B 30 200 5 53 517.9. 117260 2932
EXAMPLE 3

Comparison of the Polymerization Activity of Catalyst Compositions Prepared by

Varying the Components that are Precontacted and Postcontacted

In Examples 3A-3D presented in Table 2, 1 mL of a Img/ImL toluene

stock solution of bis(cyclopentadienyl)zirconium dichloride was optionally

treated, in various combinations, with 1 mL of 15 wt% triethylaluminum, 2 mL of

I-hexene, and 200 mg of a fluorided silica-alumina activator-support for 30

minutes before introduction of this mixture to the polymerization autoclave. The

stock solution was prepared under an atmosphere of nitrogen by dissolving 45 mg

74




Precontact Activator- Catalyst. Solid Catalyst Activator- Example Time
Support Weight Run Time Polymer Activity Support Weight Activity (min) m
(mg) (min) (g) (g/g/hr) (g/g/hr) 2A 0 200 5 60 328.1 65618 1640 2B 30 200 5
53 517.9. 117260 2932 EXAMPLE 3 Comparison of the Polymerization
Activity of Catalyst Compositions Prepared by Varying the Components that

asy Prege &?&ﬁ@&eﬁﬁ%?ﬂ%i&%ﬂiﬁﬁ{echl@hﬁ%ﬁ{@mﬁﬁ 36'35)119@?{9_”&?9 i'ft‘oT@?;'&
2, 1 mL of a Img/ImL toluene stock solution of bis(cyclopentadienyl)zirconium
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silica-alumina activator-support for 30 minutes before introduction of this
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bis(cyclo entadienél)zirconium dichloride in 45 mL of dry toluene.
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::tgi ﬁrelsence or absence of these reagents, respectively, in the precontacted

Hutkawy MirtreieisadAorto Pirddisar e ditotimgsphsre of
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bis(cyclopentadienyl)zirconium dichloride was treated with both 1 mL of 15

wiS tidfkgthIdeRintn HEptaRe Qg 550 ofharksderg, thfagtuiprlave. This
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these three rea%ents was stirred for 30 minutes before being charged to the
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autoclave was then eagd and 2 L of isobutane, along with 20 g of
4

1&&%\:@%}1@1‘[&&] derigtaingihatahapt 700 rpm as’ the reactor was heated

to 90°C over a period of about 2 minutes. The total pressure was brought to 550
psig with ethylene. Thus, the postcontacted mixture, containing the precontacted
solution and the support activator, was allowed to remain in contact for a period
of about 2 minutes prior to introducing ethylene. Ethylene was fed to the reactor
on demand to maintain the pressure at 550 psig. After 60 minutes, the stirrer and
heating were then stopped and the reactor was rapidly depressurized. The
autoclave was then opened and the solid polyethylene was physically removed.
The reactor had substantially no indication of any wall scale, coating or other
forms of fouling following the reaction.

In Example 3B, 1 mL of the 1mg/lmL toluene stock solution of
bis(cyclopentadienyl)zirconium dichloride was treated only with 1 mL of 15 wt%
triethylaluminum in the precontacted mixture. This precontacted mixture
composition containing these two reagents was stirred for 30 minutes before
being charged to the autoclave. This precontacted solution was then charged to
the 1 gallon autoclave immediately followed by 200 mg of the activator-support.

The autoclave was then sealed and 2 L of isobutane, along with 20 g of 1-hexene,
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Stirring was initiated and maintained at about 700 rpm as the reactor was
heated to 90C over a period of about 2 minutes. The total pressure was
brought to 550 psig with ethylene. Thus, the postcontacted mixture,
containing the precontacted solution and the support activator, was allowed
to remain in contact for a period of about 2 minutes prior to introducing
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pressure at 550 psig. After 60 minutes, the stirrer and heating were then
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opsiaedead hes0lid Aplietayke was whysigaikdemeyad: dhessrsiridhad

substantially no indication of any wall'scale, coating or other forms of fouling
fomdyiie tsenvéaunenthe Presmipietes splulonf thd Mg/ FPPRITUEREVateEk Was

SabieB.Oh Pistayeioramadianyizigosiusn isHorida MRS BRsad ankyaithg

mL of 15 wt% triethylaluminum in the precontacted mixture. This

prebwistsctdemitgrey as dashiostheissiapinipthayb tavadaiajaibe wees stig el
fos 0 JninutasbeyanRriRg, dharaadioine RURHAKRrd H&%@%@%’%&%ﬁ&' the

solution was then charged to the 1 gallon autoclave immediately followed b
2006y ofaheandlyadeprssppzed. Thecautgkave was tanonsarsagddhe sdf

SPOYARGCAOTY 20000 LhRGEE, 75 RIS AHEKYAAISR ARl no

reac tirring was initiated and maintained at about 700 rpm as the reactor

wislisaHRBIh TDC WYk rsERRrieRRERATUP PFRIRIBS. ThEoubtel pollesirg vike
brayafifo PR PRigpith-alviape <l husyitheRasicanipried  mixture,

containing the precontacted solution and the support activator, was allowed

to remaifinfeoYRRE féFa peritl dtfabsut bngihiestphisito sRekdgeiugon of
ethyenaofhenawas deriintneJRaaiRr amdersand tomaipiimthar of 1-

pressure at 550 psig. After 60 minutes, the stirrer and heating were then

stpsas dndhhe RGeS PARiS delHssBIftRABRctith RiXSHRROWRRSHHER
opsRGehadHas Sl rovathwlangivas RYsicaleMoMed: Thaseagiothad

substantially no indication of any wall scale, coating or other forms of fouling
fOMSWAME B Sre A &iDPITERBIBSEEM SRIY Ve Wab VRS lidigethdR thanhpaakion

autoclave immediately followed by 200 mg of the activator-support. The

autoclave was then sealed and 2 L of isobutane, along with 20 g of 1-hexene and
I mL of 15 wt% triethylaluminum, were quickly added to the reactor. Stirring
was initiated and maintained at about 700 rpm as the reactor was heated to 90°C
over a period of about 2 minutes. The total pressure was brought to 550 psig with
ethylene. Thus, the postcontacted mixture, containing the precontacted solution
and the support activator, was allowed to remain in contact for a period of about 2
minutes prior to introducing ethylene. Ethylene was fed to the reactor on demand
to maintain the pressure at 550 psig. After 60 minutes, the stirrer and heating
were then stopped and the reactor was rapidly depressurized. The autoclave was
then opened and the solid polyethylene was physically removed. The reactor had
substantially no indication of any wall scale, coating or other forms of fouling

following the reaction. This Example gave a lower activity than Example 3A.
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In Example 3C, 1 mL of the Img/ImL toluene stock solution of
bis(cyclopentadienyl)zirconium dichloride was treated only with 2 mL of 1-
hexene in the pre-contacted mixture. This precontacted mixture compaosition
containing these two reagents was stirred for 30 minutes before being
charged to the autoclave. This precontacted solution was then charged to

the 1 galignEasgaiavesimmegiately fallowadhyR200dM@f theck solution of
activator-support. The autoclave was then sealed and 2 L of isobutane,

alisg VEPPovtlisny irdsemaghdichlpiidemas {ratee vty ArininLnhsiens and
quiekhn adaefadheateRstp Rt NG WRSHHtARY andimaintainegalahautd

700 rpm as the reactor was heated to 90C over a period of about 2 minutes.

THEYOES HREYNSRHEWaOBIdgHE tBessdlpsigrrgsnEtiysniitaduory@ minutes
PesteantRstedmbdnao GapRIRIBG IheTHRGataGIa &PUIRY anditae sHapest

activator, was allowed to remain in contact for a period of about 2 minutes

piRrths intF g Eari dnmediialy WAl qugdobine PLaBtar Yn tHe rmsiivrtes-
MR, the PERISHER @LRBQHRSIGe Aien AP MinsitesBha RiresRNG heatingot

were then stopped and the reactor was rapidly depressurized. The autoclave

whDSHES SN d P& sSTidpIFERMIABKRIIIER pKFS canFbmedsd fendhe
raagteshastirsiapsiantiallyana indicatnnaaian Wllisgatersiaalingcaeathi was

forms of foulin‘% following the reaction. This Example gave a lower activity

R A Me B RV ErE IRCEIRAADRY O, 2 Ut thd I ERh DigtlE R evafokpought
selutian gfsibisteurlepsntadienylizircapium dichlarida wasdieatedithideMhe

of 1-hexene and 200 mg of the activator-support in the pre-contacted
mikEGRBTacHRE BRlEEMt AR S HHRRRSt ASHYBRTH SR T BRES P tHaw irFpgontact

reRINS A BHHRA FoR IR 'ﬁii@ﬁt@ﬁf%@tﬁt&q&%%ﬁ@d N8 RUIASI Ao

This precontacted slurry was then charged to the 1 gallon autoclave

intRRdaraten, P saRdDY aEnkay dher aetiato R XUpPsrt Aflse Riipiirs \ihgs
theprepaleniRad e lwetdseRHINE p IO WD RAEPfwhshayeng anstdkdmkiRl.

15 wt% triethylaluminum, were quic@:}l;}li/ added to the reactor. Stirring was
r

inkRRet RfPNFainRink hrosaat 70w rshs aotite Pelatiifas MearddYsivdl:
oyghaveariodrf abetrhRINYIRtntAA 8! iRESHIEE ¥ambradantale, coating

or other forms of fouling following the reaction. This Example gave a lower

activity than Example 3A.

Table 2. Polymerization Data Related to Components Present in the Precontacted

Mixture Containing Cp,ZrCl,
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to 550 psig with ethylene. Thus, the postcontacted mixture, containing the
precontacted solution and the support activator, was allowed to remain in
contact for a period of about 2 minutes prior to introducing ethylene.
Ethylene was fed to the reactor on demand to maintain the pressure at 550
psig. After 60 minutes, the stirrer and heating were then stopped and the
reactor was rapidly depressurized. The autoclave was then opened and the
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of the Presence of the Activator-Support in the Precontacted Catalyst

CompositipRExpesiments 4énanditiopiesanipet inclielie RPHYvidatacting the
comparison of catalﬁst compositions comprising the metallocene cat
bi

lyst,
aplofiehs v BhRM dr@ﬁwsm%ﬁé-wmmﬁ%ﬁﬂ@f/&t‘&x&ﬁ‘i%a&pgl%/-St

triethylaluminum (TEA),
EXAMPLE 4

Activity of Catalysts Derived from Various Precontacted and Postcontacted
Catalyst Compositions and Study of the Presence of the Activator-Support in the
Precontacted Catalyst Composition

Experiments 4A and 4B presented in Table 3 provide a comparison of
catalyst compositions comprising the metallocene -catalyst, bis(2,7-di-tert-
butylfluorenyl)-ethan-1,2-diylzirconium(IV) dichloride, triethylaluminum (TEA),
monomer (ethylene) and comonomer (1-hexene), and fluorided silica-alumina
activator-support. A 1 mg metallocene/1 mL toluene stock solution (6 mL) was
optionally treated with 1 mL of 15 wt% triethylaluminum, 2 mL of 1-hexene, and
200 mg of fluorided silica-alumina activator-support for 45 minutes before
introduction to the polymerization autoclave, according to the data in Table 3.
Thus, a “yes” or “no” entry in Table 3 indicates the presence of these reagents in a
45 minute precontact step with the metallocene, prior to introducing the
precontacted mixture to the autoclave. Polymerizations were conducted for 60

minutes in isobutane at 80°C, 450 psig ethylene, with 20 grams of 1-hexene.
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monomer (ethylene) and comonomer (1-hexene), and fluorided silica-alumina
activator-support. A 1 mg metallocene/1 mL toluene stock solution (6 mL)
was optionally treated with 1 mL of 15 wt% triethylaluminum, 2 mL of
1-hexene, and 200 mg of fluorided silica-alumina activator-support for 45
minutes before introduction to the polymerization autoclave, according to the
data in Tble3mdiBupaa uyesr ah "RenRpiYN Jrakigs3dndigates the presenee
of these reagents in a 45 minute precontact step with the metallocene, prior

tdMFSGucitti§the prEEiMac®id niburdit e Hutskne ibmirmehLaboid 2-
W@fﬁﬁ%@%ﬁﬁ?\’? QG srigd e NiRRRLRAS RAEACE WHROHRSIO1ethyIene swWith

20 grams of 1-hexene. 78 In Example 4A, under an atmosphere of nitrogen,

6tﬁﬁ@ﬁflmmmta}d&?é%ék%lﬁlﬁ%rPBflnl?éxene- This precontacted mixture
biged oGSt HATHIQEMEEthRB- Todo ditd ZHEORITA VL EIGBIiRtes before

metallocene was treated with both 1 mL of 15wt% trialkylaluminum in

heptanehanged LR utrstatfe. ThiS precalitataedotilevEompbshrged to

coRtainingdnese HLee iaataneWasIRFedior4d mindtandetaratdiedifport.
charged to the autoclave. This precontacted solution was then charged to

thEhe BHRSH ERRsIdDefHEdiaRdly foltdiiod Byrsonlang siithe0 g of I-hexene,
agtvratgiiskRPatied hetAeiRalANE VWasrtieRvas MeGaanraAd-Rhiseahdaneabout

along with 20 g of 1-hexene, were quickly added to the reactor. Stirring was

infirat 8RNt AY theairtat Al 2 Basted 900 HorAvas IReredRbrbnid hadimyed g0t
OY&h A RELQLE0H AL Wb 2 Minyteso TRE; 0ial RigsRHEe Wam DrangphikdradRsic

with ethylene. Thus, the postcontacted mixture, containing the precontacted

SONFOFCarf@MEID JHR REERRRBICIHhSOlIfiRleand B AHPRIEOREHNATR: avas
Palied Qf PR AMMINERE.PYIRNr R fatieduningosthyisnR GPMEN® Wasirdile:

the reactor on demand to maintain the pressure at 450 psig. After 60

nfifuteacthESnirae ares Hediindhiéracine A dpal dpdnpaaiBsbpprsire at
ramdlt)?]ﬁgprwi@@%mn%amlﬁﬁ@ewaﬁ&hféatw%qie%@m%o@@léq and the
y

polyethylene was ph(ésically removed. Table 3. Polymerization Data Related

tdBeIApBIRe Py €SBt IS b rddintatalicure cheayicaetag the solid

polyethylene was physically removed.

Table 3. Polymerization Data Related to Components and Conditions

Precontact Mixture Catalvst Activator-
Composition Solid PE 1y Support
Example - Activity -
TEA I-hexene | AActivator- ©® (g/g/hr) Activity
Support (g/g/hr)
4A yes yes no 74.3 12383 743
4B yes yes yes 31.8 5300 318

In comparative Example 4B, the fluorided silica-alumina activator-support
was present in the precontacted mixture along with the bis(2,7-di-tert-
butylfluorenyl)-ethan-1,2-diylzirconium(IV) dichloride metallocene catalyst,
triethylaluminum (TEA), and hexane comonomer. Thus, 6 mL of a Img/ImL

toluene stock solution of metallocene was slurried with 1 mL of 15wt%
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Example Composition Solid PE Activity Support Activator- (g) Activity TEA
1-hexene Support (g/g/hr) (g/g/hr) 4A yes yes no 74.3 12383 743 4B yes
yes yes 31.8 5300 318 In comparative Example 4B, the fluorided
silica-alumina activator-support was present in the precontacted mixture
along with the bis(2,7-di-tert- butylfluorenyl)-ethan-1,2-diylzirconium(IV)

di&tﬂ&%ﬁdﬁﬁﬁ%ﬁ%ﬁ%{%@éy%xﬁﬂemyiaﬁém!ﬁymﬂ%b i SR Eetivator-

comonomer. Thus, 6 mL of a Img/ImL toluene stock solution of metallocene
wHPBRIFriebhivitracatagied sy SRty RaifRih fAtRlBtaERERs Rty vas

1-hexanprafy AR gmRetdhe ety alRirRdnrBOE: I RRRCOMACIRRLRIXLIRas

containing all four catalyst components was _stirred for 45 minutes before

b&isy errgentd ad-aptoeriiamme ot Nile Wag Wenhsasnsd st 2arigkly
ISQEANE (RIORINGEN 20i6iRL IoRSXEIR LHEIRIGISKMIRACAd IR TS 08AFHA as

Stirring was initiated and maintained at about 700 rpm as the reactor was

hétagasgorasvheacetiod blanset 2 Mg I TaRowbtal piragssre Thgstotal
359’6&*&%%%@%9%1@%% Ahyenewihvignevas 80| ladRe.CRAGS BB reactor

emand to maintain the pressure at 450 psig. After 60 minutes, the stirrer

a8 desshtoBitniash BopissalEhat the) redsto Mg Ad PN ge phessfifiivednd
Theadgoglave was hespepenrd aad theselidRolsikenepnasiphydicatite

removed. As Table 3 indicates, the Example 4B catalyst exhibited a lower

catiRAr ¥ tivag thraropsae @ phe salchrabathelepsvimrerh et b dg819vrd-
Varop Rreqaniaated @pd Rase B aied R alyshtamA8NEPBaBRE activity

Comparison of their Polymerization Activities The Experiments presented in
THIR U Fovwerls t0rapalsén of catalyst compositions comprising the
metallocene catalyst, [115-cyclopentadienyl-rl 5-(9- fluorenyl) hex-I-ene]
zirconium dichloride, CH2=CHCH2CH2C(CH3)(Cp)(9-
EXAMPLE 5
Preparation of Various Precontacted and Postcontacted Catalyst Compositions
and Comparison of their Polymerization Activities
The Experiments presented in Table 4 provide a comparison of catalyst
compositions comprising the metallocene catalyst, [n’-cyclopentadienyl-n’-(9-
fluorenyl) hex-1-ene] zirconium dichloride, CH,=CHCH,CH,C(CH3)(Cp)(9-
Flu)ZrCl,, triethylaluminum (TEA), monomer (ethylene) and comonomer (1-
hexene), and fluorided silica-alumina activator-support, both with and without the
precontacting step of the metallocene, TEA, and 1-hexene. The metallocene

catalyst in this example, [(T]5 -C5H4)CCH3(CHzCHzCHZCHz)(n5 -9-Cy3Hy)]ZrCl,,

has the following structure:
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Flu)ZrC12, triethylaluminum (TEA), monomer (ethylene) and comonomer (1-
hexene), and fluorided silica-alumina activator-support, both with and without
the precontacting step of the metallocene, TEA, and 1-hexene. The
metallocene catalyst in this example,
[(115-C3H4)CCH3(CH2CH2CH=CH2)(15-9-C13H,)]ZrCI2, has the following
structure: 80 R1 Z/a CIR3 R2 R3 in R1 is methyl, R2 is butenyl
(-CH2CH2CH=CH2), and R3 is H. W; Dle 5A represents a standard
catalytic run, that was obtained ag Ggj¥ws Jnder a nitrogen atmosphere, 2
mL of 1-hexene, 2 mL of gsolutig ution prepared from
[115-cyclopentadienyl-rl 5-(9-J#4 zirconium dichloride,
CHz=CHCH2CH2C(CH3)Rp)(9-F¥ Wluene (2 mg/mL), and 1 mL
of 15 wt% triethylaluminum in h bre added to a Diels-Alder
tube. This solution was immedialy to 250 mg of activator- support -.
Thus, Example 5A of Table 4repreSmgts-blymerization data obtained from
the near simultaneous contacting of CHz=CHCH2CH2C(CH3)(Cp)(9-
Fihéreia R iTs thethhEXENR, mAchjupiided silicatatuminamcigatorrsupport,
without Erecontacting the ansa-metallocene, triethylaluminum (TEA), and

1-hexen& X AR there i roVTd8sSE B A 9O o MiBariidh With e

SBabd S QURIaRIROBreiassssra cataly e IuReRbiaimeshin dha sahngon of
manner as the standard run of Example 5A, except that Example 5B

incHAISY sohvEeB e Step &ﬂé%#%ﬁ?éaﬂj?% néPaflyessyl) hex-1-ene]
CH%%&H&@MF@%Gmﬁ%ﬁk@ﬁg@@@mf@)@m@m‘zn% REREIR (2
a

contacting this mixture with the fluorided silica- alumina activator-support.

Exgiple-seddprdsehis aEatirieial oiamnda Isrmeeapheinmmaes addeddo
stapgad Au ofuxanple RARKCRRE hahEXamRIaRedM61V8e B F activator-

precontactin o ]
support -. Thus, Example 5A of Table 4 represents polymerization data obtained

from the near simultaneous contacting of CH,=CHCH,CH,C(CH3)(Cp)(9-

J

Flu)ZrCl,, TEA, 1-hexene, and fluorided silica-alumina activator-support, without
precontacting the ansa-metallocene, triethylaluminum (TEA), and 1-hexene, and
therefore provides a baseline for comparison with Examples 5B and 5C.

Example 5B represents a catalytic run obtained in the same manner as the
standard run of Example 5A, except that Example 5B included a precontacting
step of 0.25 hours for the metallocene CH,=CHCH,CH,C(CH3)(Cp)(9-Flu)ZrCl,,
TEA, and 1-hexene, prior to contacting this mixture with the fluorided silica-
alumina activator-support.

Example 5C represents a catalytic run obtained in the same manner as the
standard run of Example 5A, except that Example 5C included no precontacting
of the metallocene, TEA, and 1-hexene, but instead included a “postcontacted”
step (according to the definitions herein) of 0.50 hours in which all components,
namely the metallocene CH,=CHCH,CH,C(CH3)(Cp)(9-Flu)ZrCl,, TEA, 1-

hexene, and the fluorided silica-alumina activator-support were contacted prior to
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of the metallocene, TEA, and 1-hexene, but instead included a
"postcontacted" step (according to the definitions herein) of 0.50 hours in
which all components, namely the metallocene
CH2-CHCH2CH2C(CH3)(Cp)(9-Flu)ZrC12, TEA, 1- hexene, and the
fluorided silica-alumina activator-support were contacted prior to 81 adding

thiaRRstERRRERE ML iR he ISaratatis erampia s aBsisatea dthan

increase in activity is obtained by precontacting the metallocene, TEA and
heRaMETSAte B A WHBN iaIoPRIRsd chinRscsrnBsHECthE BrdpitesFigatifyaand

PRSI ZRRHN vih S CrRas I Aty Wes @BaBIMEd- FrémRIeiRlias a
prepared as follows. The metallocene catalyst
CPRABHER RO NYE fclasRess v aeliniycves pPacYEs was placed in a

Diels-Aldsradyie a918l maintaied i the deskdyscovanag thaduberdthcatalyst
aluminum foil. A 12- mL sample of dry heptane (but no hexene) was added

|
afd s HpHakd oS St DB hil2 dP e e tHyrafliAfifuMigts-Alder

hepianaiasiadaed hhisesiiy tyasveiiffedin ths.derik alusemiereperature
for about 17 hours, to provide a light yellow solution. This sample was

i eameleiAlAE dsptansPus a0 BexsRplcem2sider ard this BLtRER YR red
steRiRf 0.2% haurs {er2 mdeah thisiRiecanirgiade seiytived. MthRf ket %Was

TEA, and the fluorided silica-alumina activator-support prior to adding to the

rebicise. ki iaTs oo dEaPs s ln d ¥ A RBIh palriSOHTBf tm%@@g% gght

andiffv Example Thivaspieraehamieiewsn the metaliptane. gatahipte 5D
CHz=CHCH2CH2C(CH3)(Cp (9-FluhfrC12 (24 m%gewas placed in a
DIBRUATe? tRBE SRR EAtaitet T theldBPRBy bve g tE fisePtgANtacted

akoningm il AL 25 mivsamplesd ihbexpirivasirddganang Sois/mbLuippyas
stirred while 2 mL of 15 wt% triethylaluminum_in he(%gane was added. This

SRR IRidinee P IMeHEAA SAAIENE el BERMRR A R s o7 Fstiparipen of

PovAde ROSFKa)E kY solution in which all the catalyst had dissolved. This
sample was mjintained in the dark_ until T}e. This Example included a

"DOStco ¢ sedp oY 2BTABURS S2 HRLQYY thid BBIUREKRIPSHRS oL T8 W,
TERN,agH the,tupdded sl Cay@Iumina-attivatomng) was placed in a Diels-Alder

tube and maintained in the dark by covering the tube with aluminum foil. A 12-
mL sample of 1-hexene was added and this mixture was stirred while 2 mL of 15
wt% triethylaluminum in heptane was added. This slurry was stirred in the dark
at room temperature for about 17 hours, to provide a dark yellow solution in
which all the catalyst had dissolved. This sample was maintained in the dark until
use. This Example included a “postcontacting” step of 0.25 hours for 2 mLs of
this solution, 1 mL of 15 wt% TEA, and the fluorided silica-alumina activator-
support prior to adding to the reactor.

Example SF was prepared as follows. The
CH,=CHCH,CH,C(CH3)(Cp)(9-Flu)ZrCl, metallocene catalyst (10 mg) was
placed in a Diels-Alder tube, to which 20 mL of 1-hexene and 2 mL of 15 wt%
triethylaluminum in heptane were added. This mixture was maintained in the

dark and the Diels-Alder tube was put in an ultra sonic bath and sonicated for
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support prior to adding to the reactor. Example 5F was prepared as follows.
The CHz=CHCH2CH2C(CH3)(Cp)(9-Flu)ZrC12 metallocene catalyst (10
mg) was placed in a Diels-Alder tube, to which 20 mL of 1-hexene and 2 mL
of 15 wt% triethylaluminum in heptane were added. This mixture was
maintained in the dark and the Diels-Alder tube was put in an ultra sonic

bafy@nrhsemicaied 10682 AR 101RINI6Ss Sudartcy SHavhRAIIOMNERalyst
obtained in which all the catalyst had dissolved. This sample was maintained

inharb el Yskil B TR IE 408 ST IHRIRRIt AhSodtk orialcristy” Ship Brampde
hewrmben 4 MYesiebthisRItiRR, Jr Mbofoda WP THA dndithe flueHdedar of

silica-alumina activator-support prior to adding to the reactor. Examples 5E

and BieH W it dhadjeerisd adicmakemnng 1stbBiamB syt prédoiadding te
matafiaceste, HamAed SEhexeste $RMRRsed 1o FRARRIRSER «MRaLeid JiexaRe

was excluded. Polﬁmerization reactions were carried out as follows.
FBNORIRSG R b mpat ! ksanSodtEoniack Lbpiensr opraiedite Sxaipe aD:

catabrstishixynéGompsisingemetallocene, organoaluminum, olefin, and
activator-support) was added to a 1-gallon autoclave under an isobutane

purge. Thel ¥R wssactanieeriicind isdbnieloare adiglavang any

stifidognas inidateskRodmoaintaiedortaari Q4 rREJIBE FeGiORWaSurry
quickly heated to 80C over a period of about 2 minutes. A 25-g sample of

1 {FRWBRIS RA TSR o (SR IR tHYeRal aBﬁeéﬁHP’é%%“BP&ﬂ@ ht'to
450qegigovithieghyiteneuixienantaes daditeshadeasiar ongemansttoe was

maintain the pressure at 450 psig for 1 hour. The stirrer and heating were

thsAlSth pdaTa Nd SR YERG Srhaddsdici) dstirarg Wy isc i tated And daintained
thanenened and thensQidRalyeibeRrRIWASRIYRIGINCTe M veshr 31 bakifdt

Polymerization Data Related to Components and Conditions Precontact

PadtiBHiaTt Gatangstaonia phddirirne catfpsesdcivaiic eraivpianditie itk
RpR Simewye gt Bl Ymes v ARINHSURPRHe. Ethylene was fed to the reactor

on demand to maintain the pressure at 450 psig for 1 hour. The stirrer and heating
were then stopped and the reactor was rapidly depressurized. The autoclave was

then opened and the solid polyethylene was physically removed.
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(hours)' (hours)2 (min) (g) (9) (g/g) (g/gihr) Activity hr 5A 0 - 0 65 0.004 96.6
24150 22292 357 5B 0.25 0 493 0.004 94.5 23625 28929 463 5C 0 0.5 64
0.004 46.6 11650 10922 175 5D 174 0.254 60 0.0034 80.6 23706 23706
322 5E 175 0.25 60 0.0034 319.7 94029 94029 1279 5F 0.176 0.25 65
0.0018 294.7 151128 151128 1088 Precontact Time is defined as the
contact time of the metallcene CHz=CHCH2CH2C(CH3)(Cp)(9-Flu)ZrC12,

triethylaluminum (TEA), and 1-hexene, which forms the precontacted
bt 2 PR e B elatiiEie SOmROBEREER R BEEen all four

m

components _the metallcene CHz=CHCH2CH?2C(CHI)Cp)(9-Fl)7rC12 :

triethylallipyoum B Adscdohgxene: and fdardad siltcasaim|proaGHNaIg Catalyst [ £tV2tr

SRRk [Thisalso rprepgpts thB eolarime Hemgpen prgdontagted mixuzg,,, [ Support

and the Iu?ﬁ' silicaglymjn adﬂivmbr-supp t. usp they/g (@/z/ht) Activity

polymeriration rate Was decreaking at the end’of the 49 mipute Tan. tHe (g/g/hr)
[a/hi® extrdpolated to B pedhourd baspd€onstiates lan?dvébestimaiad? 357

of the acjivity. 4 Neither the prefcontacted|nor the pgstcontagted mixture

corinel arfly28lefih mondiner| Thti€, the pReBhtalkteld mixturéXdrtaihs #&2° 463

= PHO-EldrCl2 trethydaliripiun
(TEA), apd hébtand, bufrio 1-hexebte. The BOStontatted mixtieS8ontaih§922 175
thesppreqontacted mixtupey stddifiongdtriethyiphgundmgI EA), arsdfigor|dets 706 322
T=aiu T 5 Prgcortactedfixt Tt ' ; rtacted

VTG AT A ,B{E@@EERIW DT | 12

bolynEt)g of cafiRist ploduédd dlirihg018 | 294.7 | 151128 | 151128 | 1088

the§ of

' Precontact Time is defined as the contact time of the metallcene
CH,=CHCH,CH,C(CH3)(Cp)(9-Flu)ZrCl,, triethylaluminum (TEA), and
1-hexene, which forms the precontacted mixture.

* Postcontact Time is defined as the contact time between all four
components, the metallcene CH,=CHCH,CH,C(CH;)(Cp)(9-Flu)ZrCl,,
triethylaluminum (TEA), 1-hexene, and fluorided silica-alumina activator-
support. This also represents the contact time between precontacted
mixture and the fluorided silica-alumina activator-support.

3 Because the polymerization rate was decreasing at the end of the 49
minute run, the activity (g/g/hr) extrapolated to a per hour basis constitutes
an overestimate of the activity.

* Neither the precontacted nor the postcontacted mixture contained any
olefin monomer. Thus, the precontacted mixture contains the metallocene
CH,=CHCH,CH,C(CH3)(Cp)(9-Flu)ZrCl,, triethylaluminum (TEA), and
heptane, but no 1-hexene. The postcontacted mixture contains the
precontacted mixture, additional triethylaluminum (TEA), and fluorided
silica-alumina.

> Precontacted mixture maintained in the dark.

® Precontacted mixture sonicated while maintaining in the dark.
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that run, Catalyst Activity is the g of polymer/g of catalyst/unit time, and is a
better comparison among runs, and Activator-Support Activity is the g of
polymer/g of activator-support/unit time. EXAMPLE 6 Larger Scale
Production of Polyethylene Resin Using the Precontacted/Postcontacted
Catalyst Composition In this Example, the pretreated metallocene catalyst of
the present invention was used in the experimental production of 0.931
density (specification range 0.930 to 0.933) polyethylene resin to

demonstatte tabrasiiel vixHe thagrspe glreiatcd podesrd idwdng
pelMMemindarggssalgRPRUeHOD: EthIBAR-PRIMNRRNRIRRIERNEhiNas a

continuous particle form process (also known as a slurry process) b}éﬂ .
efin©

CcORtEELAGRPEEEAY SENRAS TABhoANS: A VB[O HIRPEnE 6t Yidrdsa !

CONORRMEH R¥RRBE dihissengit thgemedium and temperature are thus
selected such that the copolymer is produced as solid particles and is

recovered in that form. Ethylene that had been dried over activated alumina
and/or molecular sieves was usegxas tinerp@omer. Isobutane that had been
degassed by fractionation and dried over alumina and/or molecular sieves

wherB8Ed aSTAE diluBFRIFHPPeactdh waBUNRYOIMERGN 2 6SHeh indsig  the

dipreedataeties secbadneRCHelRacempodifidhgallons. Liquid isobutane was
used as the diluent, and the reactor pressure was about 600 psig. The loop

reactor WastBEuibp@aRlth thomististisdareciiiqecne) sidysth g g rsatict
talse @i ¢F a9, ustich aancRBe ORRIALE HristGendaiRRIoTs [Tienhsiy (Y disehatan

of polymer and isobutane along, with unreacted ethylene and 1-hexene from

tHagadorfdht htiighPalnetidans dspim it rsivasrelsu ranrkihityank Sisd
thep GR I PHESEE PromitptiRaVEc e Pelya dAREaEbantge PRoRIRUBAL Static

buildup in the reactor, a small amount 85 (<5 ppm of diluent) of a commercial

antistatic H5efMSBPABEHRE 4 BEFRUE! dBfegontinuous particle form process

(also known as a slurry process) by contacting a catalyst with a monomer and
optionally one or more a-olefin comonomers, such as 1-hexene. The medium and
temperature are thus selected such that the copolymer is produced as solid
particles and is recovered in that form. Ethylene that had been dried over
activated alumina and/or molecular sieves was used as the monomer. Isobutane
that had been degassed by fractionation and dried over alumina and/or molecular
sieves was used as the diluent.

The reactor was a liquid-full 22.5-inch inside diameter pipe loop having a
volume of 27,000 gallons. Liquid isobutane was used as the diluent, and the
reactor pressure was about 600 psig. The loop reactor was equipped with
continuous take-off (CTO) and settling leg product take-off (PTO), which can be
operated in combination. The slurry discharge of polymer and isobutane along
with unreacted ethylene and 1-hexene from the reactor went though a heated
flashline into a low pressure flash tank and through a purge column to remove

residual hydrocarbons. To prevent static buildup in the reactor, a small amount
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The catalyst system comprised the following components. The metallocene
bis(indenyl)zirconium dichloride (15-C9H7)2ZrClz, 1-hexene diluent, and
triethylaluminum (TEA) were precontacted for a period of about 9 days in a
first premixing pot, prior to being introduced into a second "premixing" vessel.
After this time, the metallocene-olefin-TEA mixture constituting one feed, the

agtivaipirspRAh Sy risdincisahiuiang aansiingasesrndSenddangso was
additional triethylaluminum (TEA) in isobutane constituting a third feed were

intfidced into the second "premixing"” vessel to form the postcontacted

mixture, BRCOLGIRAY, hisyonantiopnpefQie IRtEodrEIRM IO bR jeapmigactorhe
Once introduced in this second premixing vessel to form the postcontacted

MIRGLBOGRRS MitnAs WA IsoRBEINVAHRhARS dende HimeZst p prisisng et usst,
MiRYteRRYRNIRINEAJUEHION WS SRR RRRIQREIPR pheometaliRfRNedays in a

big(indenyl)zirconium dichloride concentration was approximately 1 part per

3

MRS PERTHERE RIbrugcinbeinginAd R e 2 $R598d WaSHIFRExistsly

10\ pert ey millonnef haleads-sRMGETEAlioNxThe &Rl @etialNeSkpROthe
component, was dehydrated in a fluidized bed at 950F to 1000F, then .

cREHYBPIRBALAVEHEE A Sabapae Rienstitti e Sseqqeaddiest: arbasiditional
cairiystAnthmete ek yaHIRdEary dshaadaades iniedte-aecend inemixéag

vessel, Typical and approximate reactor conditions for this experimental run

wiYS: DEGErILtBF BT RF attisch 18 {9rmotkifahgrtcoBiReRT apiyiwise according
m@asiHeshibiheceftorsbamtbe iy pessopadiash clawmpbentviieiding Gas

chromatography, 3.5 to 4.5 weight percent 1-hexene measured in the off-gas

FrefhAp RSRTHIEasuressAhIR dREMB DS GANIAE YL eI BmaUg rapkyRovas

hydregewians reagtatsolids oPapprddimeaioht pereemiteENprieResomwaduction
operated to have a residence time of 45 minutes to 1.5 hours. At steady

StAYQ BB FRAYRE isobutane feed rate was about 30,000 to 36,000 pounds
per hourTthe aibylenedeedisaedang ahookidth 00 oo entration was

approximately 1 part per million of the reactor concentration. The total TEA
added was approximately 10 part per million of the reactor concentration. The
solid activator-support component, was dehydrated in a fluidized bed at 950°F to
1000°F, then charged to the conventional catalyst metering vessel used for
chromium catalyst and metered through a 35 or 49-cc feeder into the second
premixing vessel.

Typical and approximate reactor conditions for this experimental run
were: 190°F reactor temperature, 5.5 to 7.0 weight percent ethylene measured in
the off-gas from the low pressure flash chamber via on-line gas chromatography,
3.5 to 4.5 weight percent 1-hexene measured in the off-gas from the low pressure
flash chamber via on-line gas chromatography, no hydrogen, and reactor solids up
to 38 weight percent.

The reactor was operated to have a residence time of 45 minutes to 1.5
hours. At steady state conditions, the isobutane feed rate was about 30,000 to

36,000 pounds per hour, the ethylene feed rate was about 30,000 to 34,000
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pounds per hour, and the 1-hexene feed rate was varied to control the
density of the polymer product. Ethylene concentration in the diluent was 5
to 7 weight percent. Catalyst concentrations in the reactor can be such that
the catalyst system content ranges from 0.001 to about 1 weight percent
based on the weight of the reactor contents. Polymer was removed from the
reanifdehhedsaie Al aRowRR RO SLR0IRANIE RELHAYS 1aRE RAcYEIed
in a flash chamber. 87 CLAIMS We Claim: 1. A catalyst composition
cohspPrivgearedecon trdesnsrisentnbragedhnelbnseenesal [adt wakght

PIRGONACIT QIJANOSHEBNRATREOMP RNk a @ibleast ane Rraremacipd Qlefinst
or alkyne; and at least one postcontacted acidic activator-support, wherein

Y SEo3 e ERC A 2SS dIe B Mo FstRPBr cortpriRsschibharsd on the weight
silicanalyganer 2omRACAPYELEAMPASHANOLElaim Inherminthe vordedr

silica-alumina comprises from about 5% to about 95% by weight alumina
Ao 08P 395000 BBBRASY Oy By FRARYSFRGE h Sen weight
of the fluorided silica- alumina after drying but before calcining. 3. The
catalyst composition of Claim 1, wherein the fluorided silica-alumina
comprises silica-alumina having a pore volume greater than about 0.5 cc/g,
and a surface area greater than about 100 m2/g. 4. The catalyst composition
of Claim 1, wherein the precontacted unbridged metallocene comprises a
compound having the following formula: (X')(X2)(X3)(X4)M', wherein M' is
selected from titanium, zirconium, or hafnium; wherein (X) is independently
selected from cyclopentadienyl, indenyl, fluorenyl, boratabenzene,
substituted cyclopentadienyl, substituted indenyl,
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substituted fluorenyl, or substituted boratabenzene; wherein each substituent
on the substituted cyclopentadienyl, substituted indenyl, substituted fluorenyl
or substituted boratabenzene of (X) is independently selected from an
aliphatic group, an aromatic group, a cyclic group, 88 a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen
group, a phosphorus group, an arsgqig@m&up, a carbon group, a silicon
group, a germanium group, a tin group, a lead group, a boron group, an
aluminum group, an inorganic group, an organometallic group, or a
sybstituyigg: derivative thereof, any one of which having from 1 to about 20
carbon atoms; a halide; or_hydrogen; wherein (X3) and (X4) are
inttependefii & SOIBRRSIANLOBMEISEE group, an aromatic group, a cyclic

group, a combipafiar: ehaRbaift R Y HIdgEAURSIBEYIEN group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic_group, a

carbon group, &SSP GligE R geisHARIRPAIHO PP BRI lead group,

a boron group, anABIHRYI SRR IBRIOGNUKYHRYBa@N organometallic
group, or a substituted derivative thereof, any one of which having from 1 to

about 20 carbof dftiisOBF PPfARAGHRL AMHK AR RaEPEPRRhY Reiedhe

from a cyclopentadigsiyt iRl ciade MdBYRs @ URresherRYP, Auorided
boratabenzene group, an aliphatic group, an aromatic group, a cyclic group,

a combination of alfH&HREHRI%clic groups, an oxygen group, a sulfur
group, a nitrogen group, a phosphorus group, an arsenic group, a carbon
group, a silicon group, a germanium groug, a tin group, a lead group, a

bron grolp CARRLTARRRSGISE S aHBr faheTgBIRC AN g SHistzafumina
g 1Nea SUhstibsacs detl abiye Brepy, aeispnahihishdRyingdoam dote

about 20 carbon atoms; or a halide; wherein each substituent on thf .
siBSHtuidae (R i€t bu 1 s bt b WrihbRLtRgHIdaH silica-
akdinaiiie 8fRYarAryBlUE P calé@mpination of aliphatic and cyclic groups,
an oxygen group, a sulfur group, a nitrogen group, a

3. The catalyst composition of Claim 1, wherein the fluorided silica-alumina

comprises silica-alumina having a pore volume greater than about 0.5 cc/g, and a

surface area greater than about 100 m%/g.

4. The catalyst composition of Claim 1, wherein the precontacted unbridged
metallocene comprises a compound having the following formula:
XHEHX)XHM,

wherein M' is selected from titanium, zirconium, or hafnium;

wherein (X') is independently selected from cyclopentadienyl, indenyl,
fluorenyl, boratabenzene, substituted cyclopentadienyl, substituted indenyl,
substituted fluorenyl, or substituted boratabenzene;

wherein each substituent on the substituted cyclopentadienyl, substituted
indenyl, substituted fluorenyl or substituted boratabenzene of (X') is

independently selected from an aliphatic group, an aromatic group, a cyclic group,
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phosphorus group, an arsenic group, a carbon group, a silicon group, a
germanium group, a tin group, a lead group, a boron group, an aluminum
group, an inorganic group, an organometallic group, or a substituted
derivative thereof, any one of which having from 1 to about 20 carbon atoms;
a halide; or hydrogen. 89 5. The catalyst composition of Claim 1, wherein the

p@&&'ﬂiﬁﬁ%ﬁ%#%}Prziﬁ@ﬁﬁki@h‘?{@@@ﬁeegﬁﬁijﬂé?@?f?%g@ﬁ@lﬁﬁﬁ%esﬁﬁmp@‘éﬁﬂ, a
selected from: blsr(i(g:%clo entadienyl)hafnium dichloride;

bf%i(t(‘f?%fé‘p%rﬁf‘&ﬂié PAPASHIS A atEhIaR @Esenic group, a carbon group, a silicon
bis{suputvieysianantadispy ARia(tRulyamise hefRiuMboron group, an aluminum

bis(1-n-butyl-3-methyl-cyclopentadienyl)zirconium dichloride;

biS{PHBuBN RIHEIHRHR i C52A0 AT RIS r RIS UM R/ IHRTHOKS itlehitRHYI®/)
chiRrids; His(Gentmatiras)apertadieny)anranio B tisas; kistindenyh

zirconium dichloride;
bi&YFIQEEN-diisopropylamino)boratabenzene]hydridozirconium

trifluoromeiérsislionaiel BxHhecaiadysheampasiierotciaim hlipherendbs,
precontacted organoaluminum compound comprises an organoaluminum
COPBEATIRIIG/BHOMR: FANSHIME PR BISORRIRBYREXGE HIRBRAEs AR RESliS groups,
hydrecasbyldhaving §inmiriouphayiZo-carbonRteoMisphohis selgctadfimc
alkoxide or aryloxide, any one of which having from 1 to about 20 carbon

atge: HakaR o8 #PYRdE; SHePR F A RuM BN G Mnaltg & ovprhdead
cailyst £OBHBASIHAD Of ChNimihunetrip, LiLiREeCANtAEiesh, g BRaMURIRIITR

compound comprises diethylaluminum (TEA), tripropylaluminum,
o PRl O SHASEHRE ate B AR Y o500y AR Ravgy Bioge, | to
triissebutyl 2By wiendieshylabsmenum chloride, or combinations thereof.

wherein (X?) is independently selected from a cyclopentadienyl group, an
indenyl group, a fluorenyl group, a boratabenzene group, an aliphatic group, an
aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic
group, a carbon group, a silicon group, a germanium group, a tin group, a lead
group, a boron group, an aluminum group, an inorganic group, an organometallic
group, or a substituted derivative thereof, any one of which having from 1 to
about 20 carbon atoms; or a halide;

wherein each substituent on the substituted (X?) is independently selected
from an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, a germanium
group, a tin group, a lead group, a boron group, an aluminum group, an inorganic
group, an organometallic group, or a substituted derivative thereof, any one of

which having from 1 to about 20 carbon atoms; a halide; or hydrogen.
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8. The catalyst composition of Claim 1, further comprising at least one
postcontacted organoaluminum compound with the following formula:
Al(X)n(X)3_n' 90 wherein (X5) is a hydrocarbyl having from 1 to about 20
carbon atoms; (X6) is selected from alkoxide or aryloxide, any one of which
having from 1 to about 20 carbon atoms, halide, or hydride; and n is a
nymber fRacAiinyS HeeME0R of 8 £A1aly SiHePRIPARINBRh GBI dnbridged
wherein the precontacted olefin or alkyne comprises a compound having

oMl IRS S RAMRY PR AR S P OMBREY §Sl ficHAVMRY at least one

carbon-gasRaR dpuigIRARY I RieasE RIS gearbon-carbon triple bond. 10.
The catalyst composition of Claim 1, wherein the precontacted unbridged

metallocBiEc¥eRisiati s lrdesninahdistiartgichloride,
bis(cyclapsmiadigny Aecemiwmydisiieniey1amiae)REgsRmacted

organoaluminum compound com[:rlses triethylaluminum; the precontacted

olefin cobtiffidebutiskamthdry sRrpirdismiaeisammiti sierider-support
comprisessfluarices siigarddmind At ot fiencatast&gomposition of Claim 1,

wherein the precontacted organoaluminum compound comprises an
aluminad)eroptAtsthexstitapitmAao)diétadiene, or an
aluminagyglpaantentybgcibpentaialishcpoapasiianplo&iim 1, wherein the

mole ratio of the metallocene to the grganoaluminum compound is from

about 1: PG FIGOBHE sMideEatalyst composition of Claim 1,
wherein phe[moleNadnsepibsyRlafilo poalkthe endiayietlacentin the
precontacted mixture is from about 1:10 to about 100,000:1. 14. The catalyst
corpERBRB YRS wherein the weight ratio of the metallocene to the
acidic activator-support is from about 1:1 to about 1:1,000,000. 91 15. The

catalyst composition of Claim 1, wherein the weight ratio_of the
6. The " catalyst composition of Claim 1, wherein the precontacted

organoaluminum compound comprises an organoaluminum compound with the
following formula:

ALX (X )30,
wherein (X°) is a hydrocarbyl having from 2 to about 20 carbon atoms; (X°) is
selected from alkoxide or aryloxide, any one of which having from 1 to about 20

carbon atoms, halide, or hydride; and n is a number from 1 to 3, inclusive.

7. The catalyst composition of Claim 1, wherein the precontacted
organoaluminum compound comprises triethylaluminum (TEA),
tripropylaluminum, diethylaluminum ethoxide, tributylaluminum,

disobutylaluminum hydride, triisobutylaluminum, diethylaluminum chloride, or

combinations thereof.

8. The catalyst composition of Claim 1, further comprising at least one
postcontacted organoaluminum compound with the following formula:

ALX)n(X%)300,
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acidic activator-support to the organoaluminum compound is from about 1:5
to about 1000:1. 16. A process to produce a catalyst composition,
comprising: contacting at least one unbridged metallocene, at least one
organoaluminum compound, and at least one olefin or alkyne for a first period
of time to form a precontacted mixture comprising at least one precontacted

MGTRISHE%?) 3k I8a% DS RS ANGSICH SRORNGANEITINCGHBR AAIHs A0 s

least one precontacted olefin or alkyne; and contacting th%precontacted

mistereditRmakesi dher sadrxidetvax s pshisBriadagdmnpeéris dauime
to-fepdhaRasicrntacted pitdee aa NN IS RehaldeashPNePRSIRMMAted

metallocene, at least one postcontacted organoaluminum compound, at
least one postcontacted olefin or alkyne, and at least one postcontacted

aqidic actiyatofayaresmpRRIsH dhe Rastaoniasieth %ﬁ@}ﬁ&‘%ﬂﬁ@é%d%‘l@ﬁﬁrbr
comprises fluoride silica-alumina. 17. The process of Claim 16, wherein the

{ISCEARPIARS DIy £OGHOHNA BAV EE BN, nabeid oilrirrEroRIKg9E s rBeT

prgeRitastaddoiA fistaaued dhtimardmnn abont dotibRUKRAA a0t RARYSHH
the precontacted mixture. 18. The process of Claim 16, wherein the

prEEBRAAR MBS LMY the acidic activator-support are contacted for a
second period of time from about 1 minute to about 24 hours in the
postcontacted mixture. 19. The process of Claim 16, wherein the

pretontabtsFUABIEGRMPRETNR AL ifda] nhpwéégeglrﬂﬁgﬁﬁ%@%m&{éﬂaed
with e elewingpeiseru sis (M DX MMM MRIaE) Msisyradpetfadieai)-

titanium, zirconium, or hafnium; 92 wherein (X') is independently selected

frGHF BRI arEIy OTrtE e AUBREH) OSBRI BRIIURE SiRRd samPrises
cyslapgRiagienih; substityiecoindereyl, slpstitued flaerenylhex aidstiéedie

boratabenzene; . _ _ _ . :
postcontacted acidic activator-support comprises fluorided silica-alumina.

11. The catalyst composition of Claim 1, wherein the precontacted
organoaluminum compound comprises an aluminacyclopentane, an

aluminacyclopentadiene, or an aluminacyclopentene.

12. The catalyst composition of Claim 1, wherein the mole ratio of the
metallocene to the organoaluminum compound is from about 1:1 to about

1:10,000.
13. The catalyst composition of Claim 1, wherein the mole ratio of the olefin
or alkyne to the metallocene in the precontacted mixture is from about 1:10 to

about 100,000:1.

14. The catalyst composition of Claim 1, wherein the weight ratio of the

metallocene to the acidic activator-support is from about 1:1 to about 1:1,000,000.
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wherein each substituent on the substituted cyclopentadienyl, substituted
indenyl, substituted fluorenyl or substituted boratabenzene of (XI) is
independently selected from an aliphatic group, an aromatic group, a cyclic
group, a combination of aliphatic and cyclic groups, an oxygen group, a
sulfur group, a nitrogen group, a phosphorus group, an arsenic group, a

cgrion grgu Pca@a%'rﬁ@%n%@ﬂﬁoﬁ‘ gero@aniim akALRiA Eil‘fég%i@ntaﬂ%ﬁﬁﬂ SFQHe.
a boron group, an aluminum group, an inorganic group, an organometallic

QRS GICH QRS HRRRA terithSH PR MRAEBTIRAY 6PBRSTURAiEh FaRARG ko2 {8
ahpyt2Qeoarbon atoms; a halide; or hydrogen; wherein (X3) and (X4) are
independently selected from an aliphatic group, an aromatic group, a cyclic
group, a combination of aliphatic and cyclic groups, an oxygen group, a

sylgur graupRJILHBGRBEIQUP AINQIRYPHS R URDARRRIFENIC group, a
carbon group, a silicon group, a germanium group, a tin group, a lead group,

d
a boron group, &M'&kifHhuth éﬁ’%ﬂp,"&ﬁ inSRsElEedyBsH Rs Bgarbrieastiiene
JiRUAn Al AnSHOBTLdRR sleiivativetheractnany.ane PhINDishhRY Rgs iR ddter

about 20 carbon atoms; or a halide. wherein (X2) is independently selected
fréjffica (3 IBBRnEadiSSOPRTED, B e RPMUTtipE atiubiishy PRFoifscqniacted

besaiaReREE NG JEALPo R RERDATHC A0V IR0 RIARANC GiAPBRIC HAUC [ RidBs
a combination of aliphatic and cyclic groups, an oxygen group, a sulfur

grBGPIERRIBER YO BRESpABIUS group, an arsenic group, a carbon

group, a siliconcgragir M PRIBMEERP, @itifu B OWtha dealka@r sy acidic
boron group, an aluminum group, an ingrganic group, an organometallic

o RS 5 WRotitlRed dETRAIASIREr a5 Ty Bk BR InRIS AR o o4 e

abewipZRisarapneaterose PYortbahideicyNarein ek, subsiiiteshO®p it ontacted
substituted (X2) is indepengent% selected from an aliphatic group, an

afSRRARE Yoty ™ SBRCYIuR, KESABMBRYASIASIInA A AJaTRCyBihal

ame@eRpeEQui R Rdl i dtoiipivatbitegpsrgroup, a 93 phosphorus group,
an arsenic group, a Qarb%n group, a silicon grgup, a germanium i
wherein the postcontacted acidic activator-support comprises

fluoride silica-alumina.

17. The process of Claim 16, wherein the metallocene, the organoaluminum
compound, and the olefin or alkyne are precontacted for a first period of time

from about 1 minute to about 9 days in the precontacted mixture.

18. The process of Claim 16, wherein the precontacted mixture and the acidic
activator-support are contacted for a second period of time from about 1 minute to

about 24 hours in the postcontacted mixture.

19. The process of Claim 16, wherein the precontacted unbridged metallocene

comprises a metallocene compound with the following formula:
X)X,

wherein M' is selected from titanium, zirconium, or hafnium;
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group, a tin group, a lead group, a boron group, an aluminum group, an
inorganic group, an organometallic group, or a substituted derivative thereof,
any one of which having from 1 to about 20 carbon atoms; a halide; or
hydrogen. 20. The process of Claim 16, wherein the precontacted unbridged
metallocene comprises a metallocene compound selected from:

bis(cyclapgeradiery) Raipigep AEN AL 08| BISECYIRP DERSHBRHIFESAN L ny |
dichloride; bis(n?bu'%yllcyclglép;%ntadieg I)b?s t-butylami%gg)érilﬁafniufné?gq ’ wh

bidpeImyty LSIARRAY A el opttstiittiedy 5y WiHiorigbstituted - indenyl,
bis(pshrbdgYRIBREMadianREIren b Aistiosils; indenyl diethoxy titanium(IV)

chloride; bis(pentamethylc;%/clopentadien l)zirconium dichloride; bis indeny(li)
Zirconiuﬁ‘flaﬁfff‘l%ﬁﬁ‘al, gpbstituent on the substituted cyclopentadienyl, substituté

bigrddniV, Nsdbsarierylamnreibprajpbepganatby drideziieemem  of (X') is
trifluoromethylsulfonate. 21. The process of Claim 16, wherein the

piaderradeathosglentsdi Gioin am2 ARG SR B oM pHeBR Uh s Py RN SHFVFEIRTD:
caneprwchidth shalfpamdng dareHB e rOESO MBS R e MG ENs(XRY: iSrBup, a

hydrocarbyl having from 2 to about 20 carbon atoms; (X6) Is selected from
a5 88N o 'aHA0 %iABOSH BISeSEI W fih HaSy SFBMR-12 S ARSI R 58l on
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process of Claim 16, wherein the precontacted organoaluminum compound
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diethylaluminum chloride, or combinations thereof. 94 23. The process of
clyifioB8 N further comprising contacting the precontacted mixture and the

acidic agtiMateiIHPpandwit)atricasicpBRIpRSICANREIEdr RHIANIRUMIB YWildup,
C%Tg%l'gg[i\évié?oﬁlp% ];Oggt\:,\llii(r:] %Jgﬁgf ualE%::ombination of aliphatic and cyclic groups,
an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic
group, a carbon group, a silicon group, a germanium group, a tin group, a lead
group, a boron group, an aluminum group, an inorganic group, an organometallic
group, or a substituted derivative thereof, any one of which having from 1 to
about 20 carbon atoms; or a halide.
wherein (X?) is independently selected from a cyclopentadienyl group, an
indenyl group, a fluorenyl group, a boratabenzene group, an aliphatic group, an
aromatic group, a cyclic group, a combination of aliphatic and cyclic groups, an
oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic
group, a carbon group, a silicon group, a germanium group, a tin group, a lead
group, a boron group, an aluminum group, an inorganic group, an organometallic
group, or a substituted derivative thereof, any one of which having from 1 to
about 20 carbon atoms; or a halide;
wherein each substituent on the substituted (X?) is independently selected
from an aliphatic group, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
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AlI(XS)n(X)3_n" wherein (X5) is a hydrocarbyl having from 1 to about 20
carbon atoms; (X6) is selected from alkoxide or aryloxide, any one of which
having from 1 to about 20 carbon atoms, halide, or hydride; and nis a
number from 1 to 3, inclusive, for a second period of time, to form a
postcontacted mixture comprising at least one postcontacted metallocene, at

legRsPRB RO SicARIAH G QIRAIB AN BB nCABIRR WG & 835t PNEaermanium

postcontacted olefin or alkyne, and at least one postcontacted acidic _
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olgfinor alkyRaneaPRIIRe SR ERMPUthhaviRe oM £t ahebB069BaR of
atoms per molecule and having at least one carbon-carbon double bond or

atyBicd dngalnosn It BB Sl C ARt BISTR PGB IBHCREM 16, wherein
the fluorided silica-alumina comprises from about 5% to about 95% by
weight alumina and from about 2% to about 50% by weight fluoride ion,
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caloipde2d i 1BERRE S5 :Rh SlAIM &gty the fluorided silica-alumina
comprises silica-alumina having a pore volume greater than about 0.5 cc/g,

and a suifsiceclorengricnebiriruBslishlogdsiz/g. 27. The process of Claim
16, whengiidnadyasanastpgiohridg e metallocene comprises

bis(indenyl)zirconium dichloride, or bis(cyclopentadienyl)zirconium

dichlorid@StRePprecsriargaidrax Lt uikrEgmpai tomprises 95

triethylalyginneuthe presapiasied siefiaicaypiicesitrhaxanssiaad the
postcontacted acidic activator-support comprises fluorided silica-alumina. 28.

The prodd¥8hugilarloreniaticay) ges priwp sishletidiganoaluminum
compoungiepynaiisesxtielHRASyAaReI&ne, an aluminacyclopentadiene,
an aluminacyclopentene, or any combination thereof. 96
bis(pentamethylcyclopentadienyl)zircontum dichloride;
bis(indenyl) zirconium dichloride; or
bis-[1-(N,N-diisopropylamino)boratabenzene]hydridozirconium

trifluoromethylsulfonate.

21. The process of Claim 16, wherein the precontacted organoaluminum
compound comprises an organoaluminum compound with the following formula:
AIX)(X)3n
wherein (X°) is a hydrocarbyl having from 2 to about 20 carbon atoms; (X°) is
selected from alkoxide or aryloxide, any one of which having from 1 to about 20

carbon atoms, halide, or hydride; and n is a number from 1 to 3, inclusive.

22. The process of Claim 16, wherein the precontacted organoaluminum
compound  comprises  triethylaluminum  (TEA), tripropylaluminum,
diethylaluminum ethoxide, tributylaluminum, disobutylaluminum hydride,

triisobutylaluminum, diethylaluminum chloride, or combinations thereof.
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23. The process of Claim 16, further comprising contacting the precontacted
mixture and the acidic activator-support with at least one postcontacted
organoaluminum compound with the following formula:
AIC)o(X )30,

wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms; (X°) is
selected from alkoxide or aryloxide, any one of which having from 1 to about 20
carbon atoms, halide, or hydride; and n is a number from 1 to 3, inclusive, for a
second period of time, to form a postcontacted mixture comprising at least one
postcontacted metallocene, at least one postcontacted organoaluminum
compound, at least one postcontacted olefin or alkyne, and at least one

postcontacted acidic activator-support.

24.  The process of Claim 16, wherein the precontacted olefin or alkyne
comprises a compound having from 2 to about 30 carbon atoms per molecule and
having at least one carbon-carbon double bond or at least one carbon-carbon triple

bond.

25.  The process of Claim 16, wherein the fluorided silica-alumina comprises
from about 5% to about 95% by weight alumina and from about 2% to about 50%
by weight fluoride ion, based on the weight of the fluorided silica-alumina after

drying but before calcining.

26.  The process of Claim 16, wherein the fluorided silica-alumina comprises
silica-alumina having a pore volume greater than about 0.5 cc/g, and a surface

area greater than about 100 m*/g.
217. The process of Claim 16, wherein the precontacted unbridged metallocene

comprises bis(indenyl)zirconium dichloride, or bis(cyclopentadienyl)zirconium

dichloride; the precontacted organoaluminum compound comprises
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triethylaluminum; the precontacted olefin comprises 1-hexene; and the

postcontacted acidic activator-support comprises fluorided silica-alumina.
28. The process of Claim 16, wherein the precontacted organoaluminum

compound comprises an aluminacyclopentane, an aluminacyclopentadiene, an

aluminacyclopentene, or any combination thereof.
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