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M XED CATALYST COVPCSI TI ONS FIELD OF THE I NVENTION 5 This i nventi ba JUéIfes
to m xed Ve@PAHP6p837 conpositions, nethods for their producth@RUSMA3EMei r use
in a multistage pol ynerization process. The invention particularly relates
to the use of mxed catalysis in a nmultjstage polynerization process
suitable for the tailoring of polyner blends. 10 BACKGROUND OF THE | NVENTI ON
“Mul ti stage polynerization processes have been used to nake bl ends of two or

mor e pol ymerrigeponenty KPMFREZ ATTAN PROCESSRYVIPhIggEDSee, for exanpl e,
U S. patents 4, 740, 55%%’?9;11@57'ﬁ%(§15ﬁ>0§1t1 gal multistage polynerization
i'n"a p

process conprises: 1) iTst”stage, polynerizing nononmers wth an active
15 catalyst to polynerize a first polymer conponent; and 2) transferring the

contents. i i a second stage where the active catal yst
fromthe fi %F@Q?efﬁﬁﬁ{;@gﬁﬂlg’ ke a second pol ynmer conponent. See, for
exanpl e,5 U. S. pat@pl fverr@PPeild 1o %i%%c%%s?@&mé?ﬁé%&s?%etmrt%r Fheir
crystalline polyolefin conponent Is prepared in [iquid nononmer in a first
bul k sl urry ppédigeionndd aheipped Hrarmulsistdfe poBpardtion pfocesCoTkk gasntdiase

stage. Typically the catalyst conposition enployed conprises one catalyst
t hr oughout tPaEiqutashersiten® BEtess afhinixed natdlysss 11 8 mpltistape plymeyizatign ed f or

maki ng one of the po r.c onent ut l.ess, suitable for naking the other
pol ymer conpoi&nt f‘gﬁat’%?r mqﬁqr&%ﬁqo\%ﬂgﬁmqson to this problemis to add a
catalyst in the second polynerization which is different fromthe catal yst
used in the first polynerization stage. A catalyst advantageous for mnaking
the first p@ACKGROUNIDEOK THE ANVENTHNI ng the first polymerization stage
and a second catal yst advantageous for
Multistage polymerization processes have been used to make blends of two
or more polymer components known as reactor polymer blends. See, for example,
U.S. patents 4,740,550 and 4,740,551. A typical multistage polymerization
process comprises: 1) in a first stage, polymerizing monomers with an active
15 catalyst to polymerize a first polymer component; and 2) transferring the contents.
of the first stage into a second stage where the active catalyst from the first stage is
used to make a second polymer component. See, for example, U.S. patents
5,280,074, 5,322,902 and 5,684,097 where a crystalline polyolefin component is
prepared in liquid monomer in a first bulk slurry stage and a copolymer is
20  prepared in a second gas phase stage. Typically the catalyst composition
employed comprises one catalyst throughout the process and often this catalyst is

particularly suited for making one of the polymer components but less suitable for

making the other polymer component(s).

25 An alternative solution to this problem is to add a catalyst in the second
polymerization which is different from the catalyst used in the first polymerization
stage. A catalyst advantageous for making the first polymer component is added
during the first polymerization stage and a second catalyst advantageous for
making the second polymer component is added during the second stage. See, for

30 example, U.S. patent 5,648,422, It addresses the use of a catalyst particularly

suitable for the preparation of crystalline polypropylene is a first stage, or stages,



maki ng the second pol yner conponent is added during the second stage. See,ww
for 30 exanple, U S patent 5,6648,6422. It addresses the use of aicayl 8}

particul arl sui.table for the preparation of crystalline polypropylene is a
first sti&é?/‘”@fs”é? ages, 1 5 J UL 2005 WD 02/ 060957 PCT/ US%E/%%%’&@*JQZ Wit h

i ntroduction of a second catal yst particularly suitable for making a
copolynmer selected for the final blend:2-The first transition netal catalyst
may be deactivated, and the second is added with activator, typically a

met al | ocene pre-contacted with an alunoxane activator. A drawback to this
sol ution is whbigindbereoaka stcepd oftaly stppdiieigarhnsw@llet foo makingaa edpedymemd
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stage. One of the two catalysts is advantageous for nmaking a first polymer

conponents of addingaot asiditidslab edtalyst landt detivetor and dfactivglyt hinwnadbearseegyelous f or
maki ng a secon ol yper . conponent. See, for exanple, WD 98/ 10016. O her
rel evant art c?‘%&&uﬁ‘éggw faspsTse 4‘7‘4‘??.‘ET é"S‘dP%t]\XB’gEIEOBTPOEE'&thS‘%fgséth}ieon is
that both ca t j Y. . gl :
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di fferent pohytha the FifIPaHh& ceaipolentdi m ni shed. Efforts have been nade to
sel ectively deactivate one of the catalysts but such a step is cunbersone
and not preferable. 20 The above methods can be undesirabl e because the

52;: ?;Ibr ? ]; ngﬁéﬁo&%?%gﬁgiog ltg QHISS plrgbllerli{rllsttgdusgsa rqa?fe%r éa?aqgstapo%lgdsitic}n.l s thus

comprising two catalysts used throughout each polymerization stage. One of the
two catalysts is advantageous for making a first polymer component of a reactor
blend while the second catalyst is advantageous for making a second polymer
component. See, for example, WO 98/10016. Other relevant art includes US
15 5,714,427. The drawback of such a solution is that both catalysts are active
throughout any given stage of the polymerization process and the particular
advantages of the two for the different polymer components can be diminished.
Efforts have been made to selectively deactivate one of the catalysts but such a
step 1s cumbersome and not preferable.
20
The above methods can be undesirable because the tailoring of final
reactor blends is limited as described above. It is thus desirable to design a
process which is particularly suitable both for making a first polymer component
of a reactor blend and for making at least one other polymer component of a

25 reactor biend.

SUMMARY OF THE INVENTION
The present invention relates to an olefin polymerization process suitable
for preparing polyolefin blends including: A) contacting in a first polymerization

30 stage one or more olefins with a mixed catalyst composition supported on porous,



process which is particularly suitable both for making a first pol yner
conponent of a reactor blend and for making at | east one ot her pd Wielh
conponentwofiz@e09®b reactor bl end. SUMVARY OF THE | NVENTI ONpdheispi/gsent
invention relates to an ol efin polynerization process suitable for
preparing polyolefin blends including: 4 contacting in a first

pol yneri zation 30 stage one or nore oléfins wwth a m xed catal yst
conposi tion supported on porous, 1 5 JUL 2005 WD 021060957 PCT/ US01/ 43540
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An intermediate product of the invention, prepared in the first stage, is a
supponed mixed catalyst system comprising at least one transition metal catalyst
compound active for olefin polymerization, at least one transition metal catalyst

15 that is inactive for olefin polymerization, both being contained on a
prepolymerized, inert support. This prepolymerized and supported mixed catalyst
composition 1s suitable for storage, shipping and subsequent use when subjected
to an alkylation modification and introduced into a polymerization medium with
insertion polymerizable monomers.

20

The mixed catalyst composition comprises at least two different catalysis
which may be introduced to a first polymerization stage along with the monomers.
The mixed catalyst composition is selected so that when polymerization occurs 1n
the first stage, at least one catalyst is active for polymerization while at least one

25 other catalyst is inactive for polymerization. After polymerization, the contents of
the first polymerization stage is subjected to a subsequent polymerization stage
wherein previously inactive catalyst(s) of the mixed catalyst composition are
activated for polymerization. There can be several additional stages besides those
mentioned above, including the removal of unwanted by-products and unreacted

30 monomer. The benefits of this invention include the ability to selectively activate



insertion polynerizable nononers. 20 The m xed catal yst conposition
conprises at least two different catalysis which may be introduced to a
first polynerization stage along with the nononers. The m xed catRlyisyi0
conposi ti GRoipsp&etected so that when pol ynerizati on occurs pgr/ukhesskig St
stage, at |east one catalyst is active for polynerization while at |east one
25 other catalyst is inactive for polynerization. After polynerization, the
contents of the first polynerization st'é'ge is subjected to a subsequent

pol ymeri zati on stage wherein previously inactive catalyst(s) of the m xed
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DESCRI PTI ON OF THE | NVENTI ON 10 Cenerally, this invention relates . to a
m xed catal yst conposition conprising at |east tw different catal ysts

i eh 2 PRSI BERERPTER R Yo g e xed, calalvet
reactor pelymer blEagARTPHIS Medtlon GRRBkest WO ROWMRES catalyst composition
comprising at least two different catalysts which are capable of being selectively

activated. The mixed catalyst composition is used in a multistage polymerization

process to make a reactor polymer blend comprising at least two polymer

components. The mixed catalyst compounds are typically illustrated by

15 metallocenes which can be used for a variety of olefin polymers but which can be

selectively activated by virtue of containing i) hydrocarbyl labile ligands capable

of activation by ionization mechanisms with noncoordinating anion precursor

compounds and 1i) halogen, alkoxy, or amido labile ligands which are not

typically activated by the noncoordinating anion precursor compounds until or

20 unless alkylated. Nonmetallocene transition metal compounds known in the art

and capable of activation for olefin polymerization with noncoordinating anion

precursor compounds are suitable as active catalysts in step A). Those typically

activated only with alkylaluminum compounds, inclusive of alkylalumoxane

compounds, and are suitable as the inactive catalysts of step A). Subsequent

25 alkylation of the step A) inactive catalysts renders them capable of activation with

the present noncoordinating anion precursor compounds for olefin polymerization

and thus capable of polymerizing olefins contacted with the modified catalyst

compound of step C).

30



conponents. The m xed catal yst conpounds are typically illustrated %Jh][@
net al | ocenes whi ch can be used for a variety of olefin polyners b1u5 L&
can be S¥P&NH0ETy activated by virtue of containing i) hpeadEarBIMO| abil e
| i gands capable of activation by ionization nmechanisns with noncoordinating
ani on precursor conpounds and ii) hal ogen, al koxy, or am do |abile |igands
which are not typically activated by the noncoordi nating ani on precursor
conmpounds until or 20 unless al kylated. Nonnetal |l ocene transition netal
conmpounds KriidporiMalirisst and capabl e of activation for olefin
‘polynerization w th noncoordinating anion precursor conpounds are suitable
as active catal yske mxedtaamlysy comMposisonypiedahlite persessvaf ek orveption arka
al kyl al um num conpounds, inclusive of al kyl al unbxane conpounds, and are
sui t abl e as RTHETADRAEAPOEEE 4R § POLOUSPABH t%wates@@%aﬁéﬁfor%aﬁpkyraé%i on of
the step A) i nactive &3LALYSELE GedekSshhem sanabla Qi actL val Log wth the
present noncoordi nati ng anicon precursor conpounds for ol'efTh polyierization
and t husscapyihedd cppoimaEl zi ng ol efins contacted with the nodified
catal yst conpound of step Q 30 15 JUL 2005 WD 02/060957 PCT/ US01/ 43540
-5- Support Materials The m xed catal yst conpositions used in the process of
this invention ar preferably supported using a porous parti.cul ate
material, such asﬁFfﬁ”egx%\WBP’é,m?tSV@? arg RSP%H?‘QT%BI%%,EC iMRYF éﬁi E’E”GHI ori des
d resinous MateGH Al SHED RSP ARIIOTEAE DS Hem SuBE TBLIC) CPMPAURSS, (B ef err ed
support materials are porous I norganic Oxide materral’s, i ¢h’ "Tnclude those
from the Permegi 6xided! Silied, akinein® i Scaodlufiraupsd Mixtdresdherbof 418 parictlhrlyet al
oxides. Silica, alumna, silica-alumna, and m xtures th_ereofp are
parti cull@r| ypreferred. Other inorganic oxides that may be employed either alone or in
combination with the silica, alumina or silica-alumina are magnesia, titania,

zirconia, and the like.

Typically, the inorganic oxide support material is porous silica which has a

15 surface area in the range of from 10 to 700 m2/g, a total pore volume in the range

of from 0.1 to 4.0 cc/g and an average particle size in the range of from 10 to 500

um. More preferably, the surface area is in the range of from 50 to 500 mz/g, the
pore volume is in the range of from 0.5 to 3.5 cc/g and the average particle size is

in the range of from 20 to 200 pm. Most preferably the surface area is in the

20 range of from 100 to 400 m2/g, the pore volume is in the range of from 0.8 to 3.0
cc/g and the average particle size is in the range of from 30 to 100 um. The
average pore size of typical porous support materials is in the range of from 10 to
1000A. Preferably, a support material is used that has an average pore diameter of
from 50 to 500A, and most preferably from 75 to 350A. It may be particularly

25  desirable to dehydrate the silica at a temperature of from 100°C to 800°C

anywhere from 3 to 24 hours.

Preferred polymeric supports typically comprise an essentially
hydrocarbon polymeric compound, preferably of sufficiently low surface area so

30  as to avoid excessive monomer access to the active catalyst sites, which sites are



10 preferred. O her inorganic oxides that nmay be enpl oyed either alone or in
conbination with the silica, alumna or silica-alunna are magne$isajyl 2005
titania, wogsnéda, and the like. Typically, the inorgani c p@xigeassaport
material is porous silica which has a 15 surface area in the range of from
10 to 700 n2/g, a total pore volune in the range of fromO0O.1 to 4.0 cc/g
and an average particle size in the range of from10 to 500 pm Mbore
preferably, the surface area is in the range of from50 to 500 nR/g, the

pore volune is _in.the .ran . : . / nd e average particle
sizeis in f%gmgagb(g‘gm%?m?f gl%réré%ﬁ %Hc?@%lggh%{r}rtl éﬁ?’s]%%porqé eerbgiéﬁyn ? %3}@% ﬂé)tce ar ea
is in the 20tHeaRBG0Rly MtOPoRKE Ldcddth TR s dnhle RRTENMA tHEnd Mmakidgldpe range
of from0.8 to 3.0 cc/g and the average particle size is in the range of

from30 to 1 her. a i ze ' S pRoy. t
materials i s%%naﬁgg;{'r gﬁéee%g'?’a’gr%o%gg%e? cr)éa T%B‘bstA?{%Bﬁg#ee?%%%;t ,E§Hsrﬁp{§o?st
material is ugasirbdatsif)ds paitt AURIgRH &B.EOT. QBAANEL &, Bimdit, PO Telier, FOOA, and
nost preferably from75 to 350A. 1t may be particularly 25 desirable to
dehydr at & t hd4€511938, &0, 309)empkecat be exempfifiednby0BE use FOBdystpmepevbesad f r om 3
to 24 hours. Preferrefls pol.yneric. s
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upports typically c rjse an essentially
hydr ocar bon B8AdPneF igs deadsy oF eielp e d?ghéléif Frioé?’ggchil aPévxf‘@gﬁ”fﬂaYce area

so 30 as togavoi S q h Ly.e I i tes,
which si tes AMERbRUEAE IR YE BRORTES) SAOERTrhRe (LpipialReatd ahed P2
uni formy di shtaiyeusgpoithioatalagy arkNasdTasiEtyoin thB8oBdRRAIskd by pYdpating gl  the
random y i ncorporated functional groups on the polyneric chains making up

the support. sippertedroatalysts suitf de asanegolymwnging manémess, Hreepartitlesigtan?/ g as
e o2 S Bk BT B L CRCUNBUE S SIS Pl el
based fracture under temperature pressure and Joading requirements. Thus the support
must be insoluble under normal polymerization operating conditions. Preferably
the beads are in the form of spheres of uniform dimension and having a normal
size range between 400 and 100 US Mesh sizing (30 to 100 micrometers).
15
Transition metal catalyst compounds, activator and support material may
be combined to prepare the supported catalyst in any number of ways. Suitable
support techniques are described in U. S. Patent Nos. 4,701,432 and 4,808,561.
Preferably fhe transition metal compounds and activator are combined and their
20 reaction product supported on the porous, support material as described in U. S.
Patent No. 5,240,894 and EP 705 281, EP 766 700, EP 766 702. Alternatively,
the transition metal compounds may be preactivated separately and then combined
with the support material either separately or together so long as at least one
metallocene is left inactive 'in the mixed metallocene composition of this
25  invention. If the transition metal compounds and activator are separately
supported, then preferably they are dried and combined as a powder before use in
polymerization. Preferably the step A) active catalyst is activated prior to being
mixed with the step A) inactive catalyst so as to avoid potential interfering

interactions. Thus the active catalyst may be on a portion of the inert support

30 material and additional noncoordinating anion cocatalyst activator may be with the



beads or gels. These beads or gels are lightly cross-linked and randomy
functionalized with the ammoni um salt conpounds. |nportant featurkesJof 280hese
cat al yst wapposwstonpounds are insolubility in the sol vent gCugsdi/#3340
preparing the supported catalysts or in its use in polynerizing nononers,
the particle size as 10 related to effegtiveness for use in fluidized bed
reactors, and overall resistance to fracture under tenperature pressure and
| oadi ng requirements. Thus the support nust be insol uble under nornal

pol ymeri zat i ;g QReL@Yson SRAHEL pRHISH oﬂh‘%flﬁél@%ﬁbontrﬂﬁeﬁﬁagﬁha{a%lﬂgb beffe form
of spheres of uniformdi nension and having a normal size range between 400

and 100 US Neeparsd seipagitelBénd corhbdedipooptwettery 4).. 15 Transition netal catal yst
conpounds, activator and support material may be conbined to prepare the
supported catal yst in any nunber of ways. Suitable support techniques are

described in U. _Pat,ent _Naos.. 701,432, ndmAh898 561.. Preferably the
transition netal S‘% %ﬁﬁd‘é‘ r‘l‘ﬁ“‘z'i‘(r:t"l’?/ért"m“‘gr é“”c‘B} TR a'nﬁ“t I"ie‘l"a“Zoél'P'eactl on

product §upp§egsﬁ gogrercbﬁ’taﬂ% Qiﬂauheshqum&ttraﬂeﬁlehlraétaxaeorﬁg&mcn Betadtvatdr S
Patent No. 5, 24 94 and EP 705 281. EP 766 700, EP 766 702. Alternatively,

t he transitioea coatbihedcatmuoendlse netyl belupresiC tdavadre dolaaparaapBéd tampdrduben
conbined wth the sup fgort material either separately or together so |ong as
at | east onesupﬁeftaﬁmse FOLY dessethan | dabiegdhe ﬁottahéwfﬁ Xelpnife P4 |1ho Perus
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activator are E en pre era are Sand
conmbi ned as gup ?gmjer before use |n pol ymeri zati on. Preferabl y the step A
active catalyst is activated prior to being nmxed with the step A inactive
catal ystl0so as to avoid potential interfering interactions. Thus the active

catal ot ey be o & BEL!L O Al e Lo AR SR BLLEh A A0 L o
02/ 060957 PCH {30114 33%Bordinating anions are described in WO 91/09882, WO 94/03506,
WO 98/55518, EP 507 876, EP 702 700 and U.S. Patents No. 5,427,991 and
5,643,847. The methods generally comprise either physical adsorption on
i5 traditional polymeric or inorganic supports that have been largely dehydrated and =
dehydroxylated, introducing coupling groups onto support substrates such that the
noncoordinating anion, or precursor compound, is covalently bound 1o the
support, or using neutral anion precursors that are sufficiently strong Lewis acids
to activate hydroxy groups in the supports such that the Lewis acid becomes
20 covalently bound and the hydrogen of the hydroxy group is available to protonate

the metallocene compounds.

The supported mixed catalyst composition may be used directly in a
polyrﬁerization reactor or the catalyst composition may be prepolymerized using
25 methods well known in the art for subsequent use in polymerization. For details
regarding prepolymerization, see U. S. Patent Nos. 4,923,833 and 4,921,825, EP

279 863 and EP 354 893.

Metallocene Compounds
30 As used herein “metallocene” and “metallocene component” refer

generally to compounds represented by the formula Cp,MR X, wherein Cp is a



_7_ inactive catal yst on another portion of the inert support material,
each having been prepared separately and conbined prior to step f%JU 2005
Regar dl ess of whether the transiton nmetal conpound and activator afre E

. separ at el Wpodwotact ed or whether the transition netal comEIuvR)1ERTEH0
activator are conbined at once, the total volunme of reaction solution
applied to porous support is preferablygless than 4 tinmes the total pore
vol une of the porous support, nore preferably I ess than 3 tines the total
pore vol une of the porous support. 10 Exenpl ary net hods of supporting ionic
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conprise either physical adsorption gn 15 traditional polyneric or inorganic
supports t hatrapayen gl foscgamnplegeryding: BHRnENg ZILRoRim.diajiiame §anadigmoduci ng
coupling groups.onto support substrates,such _that the moncogrdi nating

ani on, or pr 812)3?%’87 Ia@baﬁg Ur(fafor?lgnbd'{}%wgﬁiﬁnluif’ %%ﬁan%%e‘ﬂg B APpEPYEPY usi ng
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activate hydroxy groups in the supports such that the Lew s acid becones 20
coval ent |y badegersdedtly Belettgd fiopea hofirogtre atoyd mdXj Cg iy | igsowgy pidferbbig a o
protonate the netall ocene conpounds. The supported m xed catal yst

conposi ti on fRyChelkyd gdoud, meCi-Cy giatkexy gyolyy eeferdiy o1C-€gctlaxy@roahe

catal yst conposition may be prepolynerized using 25 nmethods well known in

the art for <€igh€egueyit grosp, prefaeblynelgz@gianl gfap, de€Cgilg reimiydgmgp,
prepol ynerization, see U S. Patent Nos. 4,923,833 and 4, 921, 825, EP 279
863 and EP 35#%fe@Bly MicaCh acdoey @oopoar(tsC) g alkenyl group, preferably a Co-Cy

10 alkenyl group, a C7-Cy( arylalkyl group, preferably a C7-Cy( arylalkyl group, a
C7-Cy4 alkylaryl group, preferably a C7-Cyp alkylaryl group, a Cg-Cyq
arylalkenyl group, preferably a Cg-Cj3 arylalkenyl group, preferably a C,-C,,
organometalloid group, or a halogen atom, preferably chlorine, and m=1-3, n=0-3,

q=0-3, and the sum of m+n+q is equal to the oxidation state of the transition

15 metal.

Methods for making and using metallocenes are very well known inlthe
art. For example, metallocenes are detailed in United States Patent Nos.
4,530,914; 4,542,199; 4,769,910, 4,808,561; 4,871,705; 4,933,403; 4,937,299;

20 5,017,714; 5,026,798; 5,057,475, 5,120,867; 5,278,119; 5,304,614; 5,324,800;
5,350,723; and 5,391,790. Various methods for preparing metallocenes are fully
described in the literature, see, e.g., Journal of Organometallic Chem., volume

288, (1985), pages 63-67, and in EP-A- 320762.

25 Activators
Metallocenes are generally used in combination with a cocatalyst activator
so as to be effective for olefin polymerization. The term “activator” is defined
herein to be any compound or component, or combination of compounds or

components, capable of enabling the ability of one or more metallocenes to



30 As used herein "netall ocene” and "netal |l ocene conponent"” refer generally
to conpounds represented by the fornula ComVR Xq, wherein Cp is a,I ] |5J L
2005 WD 02/ 060957 PCT/ USO1/ 43540 -8- cycl opent adi enyl ri n}g whi ch (?
subst it ut®8 %4P08Rsubstituted, or derivative thereof whi chPGRYSpE3s
substituted or unsubstituted, Mis a Goup 3, 4, 5 or 6 tran5|t|on nmet al ,
for exanple scandium titanium zirconi-#m hafnium vanadium niobium
tantal um chrom um nolybdenum and tungsten, R is a hydrocarbyl 5 group or
hydr ocar boxy group having fromone to 20 carbon atons, X is independently

sel ect ed fr qulyandrigdr olgbns ad qly e fitlh: CWheal Kyhis grimlpgenpireftiee aimétyll@cenéll- C3
al kyl group, a Cl-Cl0 al koxy group, preferabl y a Cl1-C3 al koxy group, a
C6- C10 aryl represeptedppethsrfapnyla LIodIRX at 1 f’gF’@Jﬁfe"&dGe -aspolahilg halagenr oup,

R G X e R e R T TN
group. 2 ChoRiatlhyhtihdlr SiitoPhR! eipbkyed, &7 1481 ﬁilggi;arsw&stﬂmeﬁlp a

C8-C40 aryl al kenyl group, preferably a C8-Ci2’arylal kenyl group, preferably

a CG3-C, ,5 ormaaldvehakhwbel agiwigy by brganbalmgenn atkyhatingrehgyainly, subhasi ne, and
m=1-3, n=0-3, q=0-3, and the sumof mrn+qg is equal to the oxidation state
of the transilimerane] Butrfsnagt b@e@qﬁwa@dfbdrceﬁa ﬁ@ssahaf NP ORENINHEARS ar e

very wel | inthe art. net al | ocenes are detailed,in
Uni Fed st at XA Ompﬁ“%@bwg"fh“ ol b6 B 30888 b o Fillys i,
4,871, 705; 4, 33A0 3k at 70%9‘% 5,017, 714; 5, 026 798; 5,057, 475;

5,120,867; 5,278,119; 5, 3 4,614; 5 '324, 800; 5 350, 723; and 5, 391. 790.
Vari ous nethods for preparing netallocenes are fully described in the

literature, see rﬁ‘g Journal of Organonetallic Chem, volune 288, (1985),
pages 63067, Neprqoondipting Agmpsso.

Thus non-coordinating anion (NCA) precursors are useful to selectively
activate the mixed catalyst of this invention. NCA precursors alone are not
generally believed to be capable of fofming an active catalyst with a labile halogen
substituted metallocene, unless used in conjunction with an alkylating compound,

15 and are therefore useful to selectively activate a labile non-halogen substituted
metallocenes which are in mixtures with a labile halogen substituted metallocenes.
NCA precursors are compounds which will react with at least one non-halogen
iigand of a metaliocene compound to produce a stable ion pair comprising a
cationic metallocene compound and an anionic compound. The -cationic
20  metallocene complex is referred to as a transition metal cation. The anionic

complex is referred to as a non-coordinating anion.

The term "non-coordinating anion” (NCA) means here an anion which

either does not coordinate to said transition metal cation or which is only weakly

25 coordinated to said cation thereby remaining sufficiently labile to be displaced by
a neutral Lewis base. "Compatible" non-coordinating anions are those which are

not degraded to neutrality when the initially formed complex decomposes.
Further, the anion will not transfer an anionic substituent or fragment to the cation

so as to cause it to form a neutral four coordinate metallocene compound and a

30 neutra] by-product from the anion. Non-coordinating anions useful in accordance



25 Activators Metallocenes are generally used in conbination with a

cocatal yst activator so as to be effective for ol efin polynerizafiSall Iitie
term "actwygatofosi s defined herein to be any conpound or pErpesentsy or
conbi nati on of conpounds or conponents, capable of enabling the ability of
one or nore netallocenes to 1 5 JUL 2005 WO 02/060951 PCT/USO1 /43540 -9
polyneri ze olefins to polyolefins. When X is a halogen in the netal |l.ocene
represented by the formula Cp,"MR;,Xq it is herein referred to as a labile
hal ogen subst,ituted tal | ocgne. n X is not halogen it is rein
referred toﬁ@hhgméﬂpY%EKWo thpgbé%%EE35%f??ﬁ@gaqng?%ﬁFﬁéhﬁépa%ﬁxﬁgﬁeraI, a
I'abi | e hal oggpos UPskistilead b2 AR hORANEHaRR: Pe afkiavatedrpyn QLgRAGRAI um num
al kyl ati ng conpounds, such as alunbxane, but cannot bé activated by
certai n cl adsigitnyofo pamiconphicaatitng amiedryleniddQA) orpacecliers cillycampounds when
used alone, or in the absence of or with trivial anounts of alkylating
conpounds. FOOINGREr doeRdiPeltneitzanal-onddmpnadiindhe aueryrsedtli Indghiam SRUPINCA)
precursors are . useful to,selectively tivate the m xed catalyst. of this
Pventi on. NGR B adRuSGrohe e Y st sl Bt FRUEEH T Bbi Bt pabl o
of form ng gReAct ¥ErABLALY I Mt bheid1dcal L& dirbPa&ilis ARSIt othet 6dn the

net al | ocene, unl ess used 1 n conjunction with an”al kylating conpound, 15 and
are theref orluseaiibld mmehreed itvel papdiel pasentainl dei pelynenziddnogestess.
substituted netall ocenes which are in mxtures with a |abile hal ogen
substit ut ed hetellydbensen wiNdrvsraaokesdprissias af eEaso dirdsonauagliowbopt 4 eact

with at | east one non-halogen ligand of a netall ocene conpound to produce

a stable iornf ﬁtir?m%orrpri sing a cationic netall ocene conmpound and an

ani oni c;gonmpound. The cationic 20 netal |l ocene conplex is referred to as a
transition nmetal cation. The anionic
Descriptions of ionic catalysts for coordination polymerization comprised

of metallocene cations activated by non-coordinating anions appear in the early
work in EP-A-0 277 003, EP-A-0 277 004, U.S. Patents 5,198,401 and 5,278,119,
and W092/00333. These teach a preferred method of preparation wherein
15 metaliocenes are protonated by non-coordinating anion precursors such that an
alkyl group is abstracted from a transition metal to make it both cationic and
charge-balanced by the non-coordinating anion. The use of 1onizing ionic
compounds not containing an active proton but capable of producing both the
active metallocene cation and a non-coordinating anion is also known. See, EP-A-
20 0 426 637, E.P-A- 0 573 403 and U.S. Patent 5,387.568. Reactive cations other
than Bronsted acids capable of ionizing the metallocene compounds include
ferrocenium triphenylcarbonium and tniethylsilylium cations. Any metal or
metalloid capable of forming a coordination complex which is resistant to
degradation by water (or other Bronsted or Lewis Acids) may be used or contained
25 in the anion of the second activator compound. Suitable metals include, but are
not limited to, aluminum, gold, platinum and the like. Suitable metalloids include,

but are not limited to, boron, phosphorus, silicon and the like.

An additional method of making the ionic catalysts uses lonizing non-

30 coordinating anion precursors which are initially neutral Lewis acids but form the



complex is referred to as a non-coordinating anion. The term

"non-coordi nati ng ani on" (NCA) neans here an anion which either hoe¥lL Agb
coor di natveohoo@asd transition netal cation or which is onlycweaki/yss5
coordinated to said cation thereby remaining sufficiently labile to be

di spl aced by a neutral Lewi s base. "Conpatible" non-coordinating anions are
those which are not degraded to neutrality when the initially forned

conpl ex deconposes. Further, the anion will not transfer an anionic

substituent or fra nt to the. i . SO, cause it to for neut r al
argl% on_upon lom%ﬁ%nrg clio \gﬁg 1519 m%\tag?cegg corm é)&g?é afor

. cation an
four coordi Hat¥ fe [‘Ocehd conpo an 0 neu y-p fromthe

ani on. Non- ¢eahgiengtigesaBib@psiesebblon fAGE MHABCE 1Y), Lhy2fie orVByI
02/ 0609i 7 7PC uJU S /43540 -10- " with this invention are those which are

conpati bl e, lgpabitd iyrdd aheetabBo@ink cesne and atdbolielng nbheosenseingfanbal,ssaci ng its
ionic charge in a+-1 state, yet retain sufficient lability to permt

di spl acerrent“b(}\"aﬂi’é@i’f/P%FEafﬁoy&@r’%chell‘)i)lcé:ﬁif’(l,‘ésl“l {pr GRSINOD PRI EET Z35AB e r
during pol yneri han, Addj.t by, th i I} his_invention 5
will be Tar ggn O@?ci)&% k?rep%g{j hﬂé?;bgﬁi%mgf Ogl,tl ing(lgglnt% g’ﬁ%’l%egthéa?]sgl?ﬂz]egiegdll argely

inhibit or cRrPHGERds ts},em_sxﬂl:'gz&ms@& @cfnt&ihi%ﬁrfﬁét@ﬂli'c%&ﬂﬂﬁng@Pétﬁﬁ_a‘ﬂyn ®Wh s bases
ot her than the  polyrnerizable nononers that may be present in the

pol yneri zat itbmappogeswps, seTEPisdl 436 3 He anion will have a nol ecul ar size of
greater than or equal to about 4 angstrons. 10 Descriptions of ionic
catal ysts for coordination polynerization conprised of netallocene cations

activated by non- i i i i rly. .. ain ' -P-A-0

277 003, ET-A-0 zﬁﬁ%ﬂwﬁf SRS @;g‘pl{g%{ric?%p%mng ogﬁaﬁl%‘,”ﬁ%%ﬁ”egh"d‘

W92/ 003 3. hbngse tessiuiad phedardcest neshashnat Prepahrt | @tloMei®i, N and
consequent stabilization with a resulting non-coordinating anion include trialky!-

substituted ammonium salts such as:

trimethylammonium tetrakis(p-tolyl)borate,

15 trimethylammonium tetrakis(o-tolyl)borate,
tributylammonium tetrakis(pentafiuorophenyl)borate,
tripropyvlammonium tetrakis(o,p-dimethylphenyl)borate,
tributylammonium tetrakis(m,m-dimethylphenyl)borate,
tributylammonium tetrakis(p-trifluoromethylphenyl)borate,

20  tributylammonium tetrakis(pentafluorophenyl)borate,

tri(n-butyl)ammonium tetrakis(o-tolyl)borate and the like;
N,N-dialkyl anilinium salts such as:

25 N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,

N,N-dimethylaniliniumtetrakis(heptafluoronaphthyl)borate,

N,N-dimethylanilinium tetrakis(perfluoro-4-biphenyl)borate and the like;

dialkyl ammonium salts such as:



5 netal | ocenes are protonated by non-coordi nati ng ani on precursors such
that an group is abstracted froma transition netal to nake it botfil§ jy_ 2005
cationi ¢ \apd,,naloky! charge-bal anced by the non-coordi nati ng-fpises3sine use
of ionizing ionic conpounds not containing an active proton but capabl e of
produci ng both the active netallocene ?@tion and a non-coordi nating ani on
is also }known. See, EP-A 20 0 426 637, EP-A- 0 573 403 and U.S. Patent
5,387.568. Reactive cations other than Bronsted acids capabl e of ionizing,
t he nmetal | ocene conmpounds include ferroceniumtriphenylcarbonium and
triethylsilyliumcations, Any netal or netalloid capable of formng a
coordinatio -gggg WX a BN i i -mat er (or other
Bronsted or ndI_le‘wi }%}%@m@rﬁB‘g%ﬁgﬁ%@@%ﬂdggﬁ}gﬁ%gg&%{g aﬁgtt le]]\\l\c?mi on of the
second activator conpound. Suitable netals include, but are not limted
to, alumnium gold, platinumand the like, Suitable netall oids include,
but are not &km&kgmph@xmbmmgﬂﬁmpbgapﬁﬁrus. silicon and the |ike. An

addi tionall nethod of making the ionic catal ysts uses ionizing non-

coordi nati ng anion precursors which are initially neutral Lew s acids but
formthe 15 JUL 2005 WO0210(;095 } LIl E33id3 30 cation and ani on upon

i oni zi ng reagfsheR IMBLENEmEL Al ReaReyRePROUNdS, for exanpl e
tris(pentafiugrggkgﬁ;P) b&?on acts to ébstract an al kyl. hydride or silyl

i gand to yiel(cheahyipicall)cdospleordahitemapdatlylbbald, | | zi ng non- coordi nati ng
anion, see EP-A-0 427 697 and EP-A-0 520732. lonic catalysts for addition
pol yner i zat i BRdetipdpheyYshprwhppisprictartispy BordaendHiediket he netal centers of
transition nmetal conpounds by anionic precursors containing netallic
oxi di zing groups along with the anion groups, see EP -.A-0 495 375.

Exanpl egoof sui t ablighdNCAapHREWISANEbIe PRl Gelfrs@§ihdidid Masd abthp@singna- 10
hal ogen substituted netal | ocene conpounds via ionic cationization, and

stable carbonium ion, and a compatible non-coordinating anion. These include:

triphenylcarbenium tetrakis (trifluorophenyl) borate

tropillium tetrakis(pentafluorophenyl)borate,

15 triphenylmethyhium tetrakis(pentafluorophenyl)borate,
benzene (diazonium) tetrakis(pentafluorophenyl)borate,
tropillium phenyltris(pentafiuorophenyl)borate,
triphenylmethylium phenyl-(trispentafluorophenyl)borate,
benzene (diazonium) phenyl-tris(pentafluorophenyl)borate,

20 tropillium tetrakis(2,3,5,6-tetrafluorophenyl)borate,
triphenylmethylium tetrakis(2,3,5,6-tetrafluorophenyl)borate,
benzene (diazonium) tetrakis(3.4,5-trifluorophenyl)borate,
tropillium tetrakis(3,4,5-trifluorophenyl)borate,
benzene (diazonium) tetrakis(3,4,5-trifluorophenyl)borate,

25 tropillium tetrakis(3,4,5-trifluorophenyl)aluminate,
triphenylmethylium tetrakis(3,4,5-trifluorophenyl)aluminate,
benzene (diazonium) tetrakis(3,4,5-trifluorophenyl)aluminate,
tropillinum tetrakis(1,2,2-trifluoroethenyl)borate,
triphenylmethylium tetrakis(1,2,2-trifluoroethenyl)borate,

30 benzene (diazonium) tetrakis(1,2,2-trifluoroethenyl)borate,



consequent stabilization with a resulting non-coordinating anion include
trial kyl - substtuted ammoni um salts such as: trimethylamonium 15 jyi 2005

t et raki sgwo bodghshc~rtde, 15 trinethvi anmoni um tetraki s( ed©Lyd)bBowat e,
tributyl ammoni um tetraki s(pentall uorophenyl)borate, tripropylamoni um
t et raki s(o, p-di net hyl phenyl ) bor at e, t_rlg_but yl ammoni una tetraki s( n, mdi
net hvl phenyl )bore. e, tributylammoniu ri

tetrakis(p-trifluoronethyil 5henyl)horaie, 20 tributylairinmrnurn

tetrEil:is(pei .;]ﬁ‘ﬁiﬁé{%rkfsgﬂg%y -{eﬁrghﬁ%g?er{yw;bqu%ﬁtf“t y) ) anr noni um

t et r aki s(03-rf)Bll yl') bora al kyl aniliniumsalts such

as: 25 N, N mﬁmhme@w]iuhmeuakﬁsﬁzt,x,a,s-ﬂeﬁémsa{éngg%@&ber :yl)borate,
N, N- di met hyl ani I'1 ni unt etraki s(hept a; | uoronaphthy |)borate, 1

; N- di nt et hybenvien¢ {diadopium t tetralaki2sy, péretrafbrocepheby Phenyl dibrhatiéeand t he |i ke;
di al kyl a=monium salts such as: 1 5 JUL 2005 WD 02/06095 1'i:ri~" tl1%u;
40 di - (i sopropyl)ammoniumtetra ki s(pentafuorophenyl)b"rate and the |ike;
and tri aSryI IAEQo%gQgensi unm salts such as: triphenyl phosphoniumtetra

tl uorophenyfbcrate, ™ tri (methyl phet;yl)ph: sphoniurrt tetra, henyl borate,

tri( 'dimeth” | phenyb)pbRaPEhBodihiem, t Fick 3P ReRYhDRr pbonrRidatidie d hliged 10
Furt her exanples of suitable NCA precursors inclu+_|é those conprising a
st abl e car hoeatalysncaropysitamdwiaich cnpatisdsl @ leroneoan die rratl iong ipatitien cat@lysse

i nclude: triphenyl carbeniumtetrakis cg,tri fl ugrophenyl) borate tropillium
t et raki s( petabf GBFBHRE M) AR BPrexanesadliviigh ayRM dvet R U ¢Xape it QIGes [0

pent af | uor ophenyl }}QOIF]%UQ/E catalyst. Alkylalumoxanes are preferably used as activators,
10 most preferably methylalumoxane (MAQO). The alumoxane component useful as

catalyst activator typically is an oligomeric aluminum compound represented by

the general formula (R-Al-O),, which is a cyclic compound, or R(R-Al-O) AIR,,

which is a linear compound. Generally, the alkylalumoxanes preferred for use in

olefin polymerization contain 5 to 40 of the repeating units (R-Al-O), where each

15 R is independently a C}-Cg, alkyl including mixed alkyls. Particularly preferred

are the compounds in which R is a Jow carbon-number alky] such as methyl or
ethyl. Alumoxane solutions, particularly methylalumoxane solutions, may be
obtained from commercial vendors as solutions having various concentrations.
Modified alumoxanes known in the industry are also suitable. There are a variety
20  of methods for preparing alumoxane, non-limiting examples of which are
described in U.S. Patent No. 4,665,208, 4,952,540, 5,091,352, 5,206,199,
5,204,419, 4,874,734, 4,924,018, 4,908,463, 4,968,827, 5,308,815, 5,329,032,
5,248,801, 5,235,081, 5,157,137, 5,103,031 and EP-A-0 561 476, EP-B1-0 279
586, EP-A-0 594-218 and WO 94/10180. (as used herein unless otherwise stated

25 ‘“solution” refers to any mixture including suspensions.)

Mixed Catalyst Composition
The mixed catalyst composition of this invention preferably comprises at
least two catalysts: at least one Catalyst-A, capable of being activated with an

30 NCA precursor; and at least one Catalyst-B, incapable of being activated solely



benzene (dia_zonium tetra is{pentaf ocropitenyl)borate, tropillium
phenyitris(pentail uorophenyi)borate, tripheryinmeehyhurn

phenyl - (trispeni af | uorophenyi ) borate. phenyl-tris(.peniaij; 15 JUL 7005
, rr,:ophekoyherat e, benzene (diazonium 20 tropiihurn tceciakhiRao

5. 6-tezrat ~uoropktertyl}bo.rate, triphenylrnethyliurn

tetrakis(2, 3,5, h-teirafl ucrophenyl}bor at e , benzene (diazoniu e;?
tetrakis(3,4,5-tri3luorophenyl)borate, tropilliurn
tetratkis(3,4,5-trifluorophenyl, borate. benzene (diazoniumtetrakis{?, 4,5
rif oorophenyl, borate, 25 trcpillju : : -
tetrakisf: s,”%}ﬁ\%ﬂ &C% B&ercgﬁﬂ%nyﬁ/)fe;rgrlamﬁ ?&ttalé’,St'BtﬁsiSﬁR%WF?tﬁve?%VlaFeﬂrvh"h an

i eirakis(, 4,uhéland L&S}Efepsbqﬁwm&)al@mmaa@ Shay A1605ELEN(cHed inBM ddtngound
tetrakis(.,4;5-trill aorophenyilalun mate, ~ tropillinurn

tetraki s(!, 2agatile idf| beomg sebdequartlybactataesd with phelRglAnpedchysbt, usuchtas by
trakis{1,2,2-tri 7uoroethenyljl;ara c., 30 benzene (diazonium) tetr

ki s(1, 2, 2.t rdddingormoBreheaynd eeatan onpsngapmapes alkyeomy 0en9smdpCrAUSa4354( ¢)
tropilliumtetrakis(2, 3,4 5-1et rafl.uorophen h e, triphenyl nethylium
tetraki st 2, 0By Bt B cryrenlT B EE Sh bR Rt dbserbioh iy bonal o
tetrakis(i, 3h& Relt HBALKOTORNRILY I Ah8L ol ol B ldiEin sipcdfsuffpxanes In
a preferred enbodi nent, after afirst stage pdlynerization, m xed

cat al yst cornpashiitioagsbélghed garjnni [gesesato nekst remeorgolyive terd. one i nacti ve
catalyst can he contacted with an al unoxane activator such as

al kyl al unoxane in order to activate the inactive catalyst. Al kyl al unoxanes

are preferably usﬁ'(xje ga%a]?s(’\itclo\r/na;;[o%.tlgs, prior to activation, are selected so as to prepare

10 reactor polymer blends. The reactor polymer blends typically comprise at least
two components: component-one and component-two. Catalyst-A is preferably a
metallocene compound which is effective for making component-one. Catalyst-B
is preferably a metallocene compound which is effective for making component-
two. Selection of activator and the labile ligands on the metal center of each

15 metallocene compound in the mixed catalyst composition allows the practitioner
to selectively activate either Catalyst-A or Catalyst-B for polymerization. A
preferred activating compound for Catalysi-A is a non-coordinating anion (NCA)
precursor discussed above. Generally, NCA precursors form an active catalyst
with a metallocene compounds having labile ligands that are non-halogen (labile

20 non-halogen substituted metallocene), e.g. dialkyl substituted metallocene.

Thus, one embodiment of this invention 1s a mixed metallocene catalyst
composition wherein: one catalyst, Catalyst-B, is a metallocene compound whose
labile ligands are halogen (labile, halogen substituted metallocene) while the other

25 catalyst, Catalyst-A, is a metallocene compound whose labile ligands are not
halogen (labile non-halogen substituted metallocene).  When the mixed
metallocene is contacted with NCA precursors in or prior to a first polymerization
stage, Catalyst-B, the labile halogen substituted metallocene, is not believed to
form an active catalyst with NCA precursors. Catalyst-A, the Jabile non-halogen

30 substituted metallocene, e.g. hydridyl or alkyl substituted, does form an active



t C nost preferably nethylal urnoxane (MAO) . The al unbxane conponent ‘jﬁefﬁﬁk
as catalyst activator typically is an oligoneric alum num corrpouh%i iy
repr esenggsodyoosthe general formula (R-AI-O,, which is apgueldes/seQepound,
or RRA-0O,A IR, whichis a linear conmpound. Generally, the

al kyl al unoxanes preferred for use in olefin polynerization contain 5 to 40
of the repeating units (R Al-O, where each t5 R is independently a C -C8,
al kyl including m xed al kyls. Particularly preferred are the conmpounds in

which Ris | rbans e | kyl as,. et hyl or ethyl. Al unoxane
sol uti ons, %éarI? *@ﬁﬁ‘a&'ﬁ&‘?ﬁ%@fszflﬁé%g(glg%&gg%h% coarrlls}!’enn%%/wﬁév GbEAiNEd from
commer ci al  veRsiRiDnaDNFRIsHid BRSeaYh PHdviar ¢ faealoans aRd EANOA$recuMadi fi ed

al unoxanes known; in the industry are also suitable. There are a variety 20
of net hods flos (aaparB ngCalalysprahesomeenadtiverilt vingheXd@pl pecofsomivitdla ar e
described in US. Patent No. 4.565, 208, 4,952, 540, 510011, 152. 5, 206, 99,
5.204, 419, Y“aghal-Bamp labitm hajopsn hRNYEINeiallesge.gsgmags 3WECIEEs unit

b1 0 270 RARY B B B Tt doteadihade Pubtlela b i ess

ot herw se siahRdane2d "solution” refers to any m xture including
suspensions.) M xed Catal yst Conposition The , ni xed catal yst conposition.
of. this invention preferably conprises at |east two catalysts: at |east
one Catal yst-A, capable of heing activated with an 0 NLCA precursor; and
at |east one Cat Hl y& MBSt pifddfrabfaoetimsal qg g ipvaatied: ds aixrdicaalysty i 2005

0422, " nr o9 @g&%@g;@s?&%ﬁ@@é@x% %ﬁ%ﬁ%&*&g@@ﬁ@g@rﬁsgﬂr hon-

Preferably i s subsecltaen i vate ur noxane,

preferahl y MAGserCatiBdiitsled BmRYloadne0 Wigick ORvedpaBld bhtiBaldng osrebsdcificapabl e
of being subsequently activated with an NCA precursor, such as by adding
in the secondystapykenan aod i GrieksuAmsns alkipllatdnag pedaneblynd, labile hhadegen

substituted metallocene, which is capable of making an semicrystalline,

amorphous or elastomeric copolymer, preferably ethylene propylene copolymer.

Catalyst-A
Preferred metallocenes for Catalyst-A are biscyclopentadieny]

metallocenes represented by the formula:

10
(R )4
8~9
RERY)
R 5 \
R1\ R6 /Q7
R 4
R CR8RY)
n
10
R
20 ( )4



5 trilsobutyl alum num optionally wth amunts of an NCA precursor
additional to that present fromthe first stage. The m xed catal yst)@s)
activated in stages is used it,, a nultistage polynerization process to
make a re®& ®YOPHymer bl end. The catal yst conpounds, pri orPGGUaBE-HBYEL i on,
are selected so as to prepare 10 reactor polyner blends. The reactor

pol ymer blends typically conprise at |east two conponents? conponent-one .
and conponent-two. Catalyst-A is preferably a netall ocene conpound which
is effective for making conponent-one. Catalyst-B is preferably a

met ai | ocene. waeRPONNds Whirelhl i &f €fdupch] ¥eof @ offaké FArie@RPPALAL pref@ably,

Sel ection of activator and the | abile ligands on the netal center o¥ each
15 net al | ocenecopompoiatoiuimandigamiine dndasl ysferggpposotivon al | ows t he
practitioner to selectively activate either Catal yst-A or Catal yst-B for
pol yneri zation. A preferred activating conpound for Catalyst-Ais

e EEh e e e
) R BT PIS IM ETE ,
o' Tl AR e T ELLIRSIEN AL BT RO
A L L R ]
not el ogencll a L 1on hah oggh DS LS RBATL 5eneL Mienchie,m e
pol yror 2211 s hage L S Byh0nu ot L ¢ fel paR0 ShhstiL teey

pr ecur sops. U St 2R, e i 1 i atl.ocene,
o o R R i PR Nt vis st el
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arylalkenyl group, or a halogen, preferably chlorine, and a C4-Cyg

organometalloid group.

R5 and RO are identical or different, preferably identical, are one of a

15 halogen atom, preferably a fluorine, chlorine or bromine atom, a C1-Cjq alkyl
group, preferably a C1-Cy4 alkyl group, which may be halogenated, a Cg-C1 aryl
group, which may be halogenated, preferably a Cg-Cg aryl group, a C»-Cjg
alkenyl group, preferably a C9-C4 alkenyl group, a C7-C4( -arylalkyl group,
preferably a C-Cjq arylalkyl group, a C7-C4( alkylaryl group, preferably a C7-

20 Cy12 alkylaryl group, a Cg-Csq arylalkenyl group, preferably a Cg-Cyn
arylalkenyl group, a -NRp1>, -SRI5 -ORI!>, -0OSiR3!> or -PRy!3 radical,
wherein R15 is one of a halogen atom, preferably a chlorine atom, a C;-Cj alkyl
group, preferably a Cy-C3 alkyl group, or a C¢-Cq ary] group, preferably a Cg-
Cg aryl group.

25

R7is



catalyst with the NCA. Afirst stage polynerization can then occur with a
catal yst conposition conprising the reaction product of Catal yst1-5AJl5,n2ﬂ05an
NCA preculV§di2/06095f us Cat al yst-B. Catal yst-A beconmes acti vaPe#/UpPE+¥#He NCA
precursor while Catalyst-:"s, a |labile hal ogen substituted netall ocene,
remains inactive unit 5 activated. after;-the first stage wth an activating
conpound, preferably an alunbxane. in the nost preferred enbodi nent of
this invention, the m xed catal yst conposition conprises Catalyst-A and
Cat al yst - B wher ei p1€at al yst - A 512431 a ngat1 hal ogen s‘g&bqti tuted netall ocene,

whi ch is capable maki ng stereospecific polypropylene; and Catalyst-B is
a netall ocene, pr%f erably a lapile hal ogen substituted netal |l ocene, which

i s capabl e of maki r? an semcrystalli nﬁ, anor phous2 or el ast ?geri C

copol ymer, preferd$t yet hylemeMsr opyl Me—copol ymeM< 45—CHeRel vst=A"
Preferred nmetal | odenes for Caﬁl yst- Al are biscycl gpentadi eny] netall ocenes
represented by théd formula: ( 9 1 ~':~r Cl~-F2~ 1 ~' }st 15 JUL 2005
w01l) 2JO6M05, P T 6 u43530 1 R'2 wheRéZn Mis ai Riétal of Croup 4, 5, or 6
of the Periodic "f"able, preferably, zirconium hafniumand titanium and
nost preferably zi rconilgm Rl and R2 are jdentical or dinerent, preferably

identical, and are o@' 0f a 5 hydr ogerR1a orr,, a Cl-ci®'al kyl group,
preferably a Cl-C3 alryl group, at 1-CFI; l
C_—

0O— M — 00— e O M2

| | |

R12 R12 R12

BRI, -AI(R11)-, -Ge-, -Sn-, -O-, -S-, -SO-, -SO9-, -N(R11)-, -CO-, -P(R1})-,

or -P(O)R11)-.

5 R11 R12 and R13 are identical or different and are a hydrogen atom, a
halogen atom, a C1-Cyq alkyl group, preferably a C1-Cjq alkyl group, a C}-Coq
fluoroalkyl group, preferably a C1-Ciq fluoroalkyl group, a Cg-C3q aryl group,
preferably a Cg-Cp( aryl group, a Cg-C3( fluoroaryl group, preferably a Cg-Coq
fluoroary! group, a C1-Cyq alkoxy group, preferably a Cy-Cjq alkoxy group, a

10 Cy-Co alkenyl group, preferably a C»-Cjq alkenyl group, a C7-C4¢ arylalkyl
group, preferably a C7-Coq arylalkyl group, a Cg-Cy( arylalkenyl group,
preferably a Cg-Co7 arylalkenyl group, a C7-Cy4( alkylaryl group, preferably a
C7-Cpq alkylaryl group or R11 and R12, or R11 and R13, together with the atoms

binding them, form ring compositions.

M2 is silicon, germanium or tin, preferably silicon or germanium, most
preferably silicon. R8 and R9 are identical or different and have the meanings

stated for R11. The values of m and n are identical or different and are zero, 1 or

2, preferably zero or 1, m plus n being zero, 1 or 2, preferably zero or 1. Finally,



al koxy group, preferably a Cl1-C3 al koxy gr oup, a C6- C10 aryl group,
preferably a C, Cg aryl group, a G Cl10 aryl ('xy group, preferablyy aULCNﬂ&:g
a: yl oxy grawpz@oese2- CL0 al kenyl group, preferably a C1 C4 paitkenylszgooup,
a C7-C40 aryl al kyl group, preferably a C7-Cl10 arylal kyl group, a C7-C40
al kylaryl group, preferably to a C7-Cl7 al kylaryi group, a Cg-CAO

aryl ai ker:yl group, preferably a Cg-Cl, arylal kenyl group, or a " hal ogen,
preferably chlorine, and a C4-C 2~ organonetailoid group. R~ and R6 are
identical or different 3 prdef er abllé( identical, are One of a 1 hal ogen
atom pref er abF yacacqlﬁ Jori a”éhRor ieFfe 14stigRl ot Hidfernomnd ahase - b cneaniags
group, prefer ablg q11 Clg aI Kk roup, whi ch ng% be hal ogenated, a C6 C1C
ar yl  group, S &5 Kn énf og st é‘i’iaceﬁ%B p@}saar&el%n%girtygeagrdgp a

Ca- C10 al ker roup-_ pref el ahl ken rou
-aryl al kyl %B ? rwlge@er%cgruo 87(( @&33 i aPE’;PIOXlSPg Conpdm'&?(%argdal Eyl aryl

group, Pref er@im)% Aofs. - -V Cl2 aikylaryl group, a CgC 4{t ttryl al kenal
croup, preferably a Cg-Cl2 arvial kenyl group, a -NR715, -SR15, -CSR15,
-0Si R315 or -PR215 radical, wherein R15 is one of a hal ogen atom
preferably a chlorine atom a Cl1-Cl10 al kyi  grou pref erabl y a_Cl-Ca al kyl
group, O a C6- ClOAH?YQI reigTeul, HrReher abl arasheé gﬂi”aﬁ . legenj s 15

JUL 1105 WO 0 5 71458114354 11T R RITR.- 21 t,42 - . . ------
VB ..o Ugjptenaied) flerdigp %ﬁ%ﬁl%&@% %ff* m@\%f sy
fluorine or chlorine.
The most preferred metallocenes for Catalyst-A are those that are
10 advantageous for making stereoregular polypropylene, preferably 1sotactic

polypropylene, and are represented by structures (A) and (B):

)
R8ROC ! E 4
| in”” g in”
i
R1IR12C | RS . R6
15 wherein M1 is Zr or Hf, R! and R? are methyl or chlorine, and R5, R6,

RS, R9, R10 RIT and R12 have the above-mentioned meanings.

These chiral metallocenes may be used as a racemate mixture for the
preparation of highly isotactic polypropylene copolymers. It is also possible to
20 use the pure R or S form. An optically active polymer can be prepared with these

pure stereoisomeric forms. Preferably the meso form of the metallocene is



-0 -------- M - ------ c)-, C---mm--- 0---,nm2 R12 112 R1 ..
-n.I(RL {3e Sn -0-, -S, -SC, -SC2, NRL') , -CO, P(F 11) , %érﬁﬁﬁ%&)
-P({3" (12hwd)o2hedi1. R12 and R13 are identical or differentpantsens=mn
hydrogen atom a halogen atom a C-C20 al kyl group, preferably a C1-CIr
al kyl grooup. a G-Cl12 fluoraal kyt group, preferably a G-Clt1l flnoroal kyl
group, a d6-C30 aryl group, preferably a C6-C20 a yl group, a C6-C30
fluoroac | group, preferably a C6-C 20 fluoroaryl group, a Cl-C201 al koxy

group, prefer ablo&%té:: i:_(ngs:%xgel ?‘}i)ek%)éXIegr(?%gn&go%%ta?zétgﬁnél }?Tiogledégl st&eOBu)ar

preferably a 'e2" group, a aryl a roup, e erably a

C7- C20 aryl aldeyd m&QuBn. ZefarafioftOf Hevdi@bliemnhvls @hosPaccorkblishddr ©f RAAM Y a
Cg-02.2 aryl al keny'i group, a C7-C40 ai ky-laryl group, preferably a C
--C2() al kyl ditytatwr@rnedhpiqres.0 ForaspeciBl phduors iR1$ ahsed pREble 10 agetrh@mesd t h t he
atonms binding them for.. ring conpositions. 3 1Y92 is silicon, germanium
or tin, prefPaBYYS-silicon or germanium nost prctenbly silicon. R8 and R9
are ident;cal or different and have the neanings stated for RI | . The
values of "rri and 35 are identical or different and are zero, 1 or 2, pre;

erab y zero or 1, pRsphle g P&i-ﬂ%iﬁ@%&an{pl&rof refRHef eleddlote AR felQde: | -
Finally, i~53 1 5 JUL W 0299060957 PCT?LUSO 143 40 tl.e radicals R3, R',

and flat are identical or different and have the neanings stated for Rl

R1Z and Rl Two. adj acent, R10 radicals can be joined together to forma ring
conposi tion, pPHEs! YléBW‘Hb‘iSi@f@“eé}&Hﬁb%}?etnb’bh‘lﬁ‘!&ﬁ‘ﬁb)' fkdg from 4-6 carbon

atorms. Dimethylsilandiylbis(2-methyl-4,5-benzoindenyl)ZrX>;

10 Dimethylsilandiylbis(2-methyl-4,6-dnisopropylindenyl)ZrX»;
Dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl)ZrX»;
Dimethylsilandiylbis (2-etﬁyl-4-naphthyl-l -indeny)ZrX?2,
Phenyl(methyl)silandiylbis(2-methyl-4-phenyl-1-indenyl)ZrX2,
Dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl)ZrX?2,

15 Dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indenyl)ZrX2,
Dimethylsilandiylbis(2-rmethyl-indenyl)ZrX?_,
Dimethylsilandiylbis(2-methyi-4,5-diisopropyl-1-indenyl)ZrX?2,
Dimethylsilandiylbis(2,4,6-trimethyl-1-indenyl)ZrX2,
Phenyl(methyl)silandiylbis(2-methyl-4,6-diisopropyl-1-indenyl)ZrX2,

20 1,2-Ethandiylbis(2-methyl-4,6-diisopropyl-1-indenyl)ZrX2,
1,2-Butandiyibis(2-methyl-4,6-diisopropyl-1-indenyl)ZrX?,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl)ZrX2,
Dimethylsilandiylbis(2-methyl-4-isopropyl-1-indenyl)ZrX?,
Dimethylsilandiylbis(2-methyl-4-t-butyl-1-indenyl)ZrX2,

25 Phenyl(methyl)silandiylbis(2-methyl-4-isopropyl-1-indenyl)ZrX2,
Dimethylsilandiylbis(2-ethyl-4-methyl-1-indenyl)ZrX2,
Dimethylsilandiylbis(2,4-dimethyl- 1-indenyl)ZrX2,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl)ZrX?2,



Al kyl refers to straight or branched chain substituents. Hal oge

(hal ogenated) refers to fluorine, chlorine, bromne or iodine é[&)%'—, 1003

pr ef er abl wo 6d/s0937ne or chlorine. 'I re nost pref' bn-ed netedtosensssof or
Catal yst-A are ; hose that are 10 advantageous for naking stereoregul ar

pol ypropyl ene, preferably isotactic polypropylene, and are represented by
structures (A) and ( B): R Ra RBROC (RIO i ~~~ 7?2Ct "tl)4 >11 % (A ,2,
() RRIIRI2ZCR6 R6 fem. , ~i (R 10)4 15 wherein ML is Zr or 1'f, Rl and

R2 are methyl,. or, chlori.ne: an R R9 11 and R12 have the
b eth Ex]grhddgl%is@—ngetﬁ Qégr‘

above- nent i onéd ani ese ch(f'réRgfinaH@?’é 'Imc%@ ys be used as a

B o T 2 Rt

copol yners. 0SS eto 0 ‘use t S form An

optically achhue@UNTREI2EERINE2RRARALLY- (WY IEHESR 1 RMIG yHYEX 01 Sor neri ¢
fornms. Pref eraébéﬁy@ﬁtle%sao orfgn of tﬂhe rgctea}ﬁ ocen}; i's 1g¥)UL2U5 WO

02i 0649Si P fPherddimdiBYlisiBbd@IYist2reemyied si(euensungbdhe)-canderzixXe. , the
nmetal aton) provides stereoregular polynerization. Separation: of the
st er eoi soner Shaai(nehditlanpiyits hédmeathykaawanaphih-ériadany®Zr¥ghni ques. for
P A O B nandiybis(2-methy 4.5-penzo-s-indenyngrxa. 0 e
1,2-Butandiylbis(2-methyl-4,5-benzo-1-indenyl)ZrX2,
Dimethylsilandiylbis(2-methyl-4,5-benzo-1-indenyl)ZrX2,
1,2-Ethandiylbis(2,4,7-trimethyl-1-indenyl)ZrX?,

10 Dimethylsilandiylbis(2-methyl-1-indenyl)ZrX?2,
1,2-Ethandiylbis(2-methyl-1-indenyl)ZrX2,
Phenyl(methyl)silandiyibis(2-methyl-1-indenyl)ZrX?2,
Diphenylsilandiylbis(2-methyl-1-indenyl)ZrX?2,
1,2-Butandiylbis(2-methyl-1-indenyl)ZrX?,

15 Dimethylsilandiylbis(2-ethyl-1-indenyl)ZrX2,
Dimethylsilandivlbis(2-methyl-5-1sobutyl-1-indenyl)ZrX?,
Phenyl(methyl)silandivibis(2-methyl-5-isobutyl-1-indenyl)ZrX2,
Dimethylsilandiylbis(2-methyl-5-t-butyl-1-indenyl)ZrX?,
Dimethylsilandiylbis(2,5,6-trimethyl-1-indenyl)ZrX?2, and the like;

20
wherein X may be a halogen or an alkyl, preferably alkyl or alkylidene when used

as Catalyst A.

These preferred metallocene catalyst components are described in detail in
25 U.S. Patent Nos. 5,145.819; 5,243,001; 5,239.022; 5,329,033; 5,296,434;
5,276,208; 5,672,668, 5,304,614 and 5,374,752; and EP 549 900 and 576 970; and
WQ098/22486. Additionally, metaliocenes such as those described in U. S. Patent

No. 5,510,502 and 5,527,929.



c Illustrative but non-li=niting exanples of preferred netall ocenes

i nclude: D nethvlsilandiylhs (2-nethyl-4-phenyMindenyl) Zr X1

Di net hyi siybapdiggshi s(2-tr, ethyl -4, " -hen oi 3tdenyl) Zr X2; tOp@f/lmgol 453J4W- 200
hyl si | andi yl hi s(2- et hyl - 4. 6r-di i sopropylindenv ZrX2; D nethylsiland

yl bi s(2- et hyl - 4- phenyl -1 -i ndenyl ) Zr X2; ]DI met hyl si | andl vi hi s

(2-et hyl -4-napht hyl -1 -i ndenvl) Zr X2, Phenyl (met hyl ) si | andi yl bi s( 2- et hyl
.-4- . phenyl --indenyl) Zr X2, D nethylsiiandiylhis(2-meth}'1-4-(":-naphthyi)-
-indenyl) ZrX2, 15 y . .

D net hyl si | andl yl her?aéwely’erlﬂ P”%fﬁe rc?%ap f?“)aklfg'sﬁa%ﬂtyaﬁ"‘zps?fylene and

Di : net hvl si |@UQ@VA@MI&’&H&BW@H%@§W% b&2ffecthvely used as Catalyst A. Such

i rnethyl silandi yl bi s(2-tneth 5-diisopropyl -1-indenyl ZrX2, D

nmet hyl si | andhstalhiosE aB- kmomhlhlyhe lasti meleny InheZnods, of makmg them. See, for

Phenyl (et hyl ) si | andl yl bi 322 nmeEhvl1-4, 6-dii soﬁphgg -indenyl )ZrX2, 20
1, 2- Et handi yPBMSE? USrRateys s%&éh%bpﬁr oy and. #8A- ) Zr X2,

1, 2- But apdi yl hi s(2-met hyl -4, 6-di i sopropyl -1 -indenyi)Zr X2,

D nethtyisila,.diyibis(2-3nethyl-4 ..ethyl-1-indenyl)ZrX2;

Di nt et hyl si | @ndiyst-Bi s(2- et hyl - 4-i sopropyl -1 -i ndenvl) Zr X2,

D et hyi si | andi v1hi s(2-nmethyl-4-t-butyl-1-indenyl)Zr X2, 251

F' lenyl (et hyl ) siCaalgsty Bhicaf 2bavebhiyedllbsopr bpys | toi bdesmidbl)er 2, olefin

D net 3ayl silar 3iyl bi ss2-etl -4-metl| yi-|-indenyl)Z 3-

Di et hy1si | aRfiYFHaaion, Q@-’H?‘f’ﬁ’éﬂ Hprt thaher@ feythfa@r making 2 different polymer

02/ 060557 Pl UHSH)TIASET RO By Rt i e o e
x-acet 3apl t tfell bieRdeNNirdoAly/frém thé:"lzléeméttbmxméhb &dla&mlyﬁnmna or blending,

s(2-nethyl -4, 5-benzo-1- indenyl)Zr.'?2,
can thus be prepared that encompass such obvious vanants as polypropylene

blends, where two or more components are essentially crystalline but differ in one
or more polymer properties such as molecular weight and crystallinity. Thus,
catalysts described above for Catalyst A, so long as differently selected than that
15 specifically selected as Catalyst A, and, as well, differing in their labile ligands,

can be effectively utilized as a Catalyst B.

A vparticularly preferred class of metallocenes for Catalyst-B are

represented by the formula (Cp'R' )R’ (ERHMX, wherein Cp is a

20 cyclopentadienyl! ring which may be substituted, or derivative thereof which may
be substituted, R' is, each independently, a halogen or a hydrocarbyl, halocarbyl,
hydrocarbyl-substituted organometalloid or halocarbyl-substituted
organometalloid group containing up to 20 carbon atoms, “m” is 0 to 5, and two

R’ substituents on adjacent carbon atoms of the cyclopentadienyl ring associated

25 there with can be joined together to form a ring containing from 4 to 20 carbon

“ ki

atoms, R* is a bridging group, is 0 to 3, M is a transition metal having a
valence of from 3 to 6, preferably from group 4, 5, or 6 of the periodic table of the
elements and is preferably in its highest oxidation state, E is a heteroatom
containing group in which the heteroatom is an element with a coordination

30 number of three from Group VA or a coordination number of two from group VIA



Phenyi (nmet hvl ) siland iyi his(2- nethyl-4,d-(nmethylbe zo)-I-indenvl)ZrX2,

land iylbis. (' __1-me thy 5 3'lie3tyt(3-nethyl)silandiylbis 15 JUL 2005
(2- met hylwa-vaeepapht h-1-indenyl ) ZrX, ), | -indenyl )ZrX2, pCT/US01/43540
1, 2-,~?tttandi yl bi s(2-tnei hyl -4,5-betrzc~-1-indenyl) Zr X2,

Di net hyl si | ai di yl bi s(2-nethyl -4,5_benzo: %-i ndenyl ) Zr X7. i
2-Ethandiy' : his(2, 4, 7-tnnmet hyd- I - ndenyiZ Z2~X2. ttl

Di met hy! si I andi yl bi si 2-met hyl -1 -i ndenyi ) Zr X2, I 2 Et handi yI hi s(2- net hyl - |
-indeny])Z r X2 Phe h si | andi yl b| $ yDZr X2,

Di phenyl si | a;ﬁaferzibl)h %Oﬁg Y né%;{)}h({ro% OXY %‘é ny 1 uz,r z'\yraihcal se?ec?e% fDo

, 2- But andi y'%}bﬁ}ﬁ 2edmishie |l oft | ﬂﬁ %'B\%"raﬁ%rboﬁ rQ!x@EE hyhisdth@edi @;
bIS(2 ethyl i'ndeny!) Zr X2, 'Di et y|S|Iand|be|s(2tnetI|yt 5|sobutyl-

| -indeny. ") Ziy@ocarbon radicals, wherein one or more hydrogen atoms is replaced with a
Phenyl (et hy' 1) si | 2ndi yl bi s(2 rnet hyl -5-isohutyl -1-iadenyi)Zrx2, D,
ethy'] s31arrd1P%H)$ﬁns9(‘°m ar;chwggn ﬁyp}rzpygooromaie and unbridged tnere may be two R

DL ey 9 a0l o PSP RN T B Lok S A B BRSBT LT, 204

used as Catel M@Hrd%arbm%&cﬂl"se&%f@@dr@etfoadi' %9a%a%mbafaxsc\9na@me&nes are
described in defail in Pat ent 5.145,819; 5,243, 001;

5, 239M2; 5, @%D%B}dﬁgﬂﬁﬁtoms re;ﬂa@ﬂ&vﬁﬁ)& heﬁog‘eﬂZatSﬁB,andi e@C]’BZK Bl namd
5,374,752; and EP 549 900 and 576 970; and W98/22486, Additi onall
met al | ocenesCSIRNNESIanbdieaads#id bedndppententty, pabadpgen b2 YE0@B2 and

5,527, 929. ’g)g'y%ydrocar\%?/l,ozl Q)%Po%gr%yﬁc ThI)T rogrb)5l55ubsmuted organometalloid,

10 oxyhydrocarbyl-substituted organometalloid or halocarbyl-substituted

organometalloid group containing up to 20 carbon atoms, “s” is equal to the

valence of M minus 2.

When X 1s a halogen it is herein referred to as a labile halogen substituted
15 metallocene. When X 1s a not halogen it is herein referred to as a labile non-
halogen substituted metallocene. In one embodiment, X is a halogen in Catalyst

B, and X is not a halogen in Catalyst A when used together.

The Catalyst-B 1s preferably a metallocene having only one Cp ring

20 composition as a ligand as shown above and 1is referred to as a
monocyclopentadienyl metallocene. The Cp ligand forms a half-sandwich
complex with the metal and can be free to rotate (unbridged) or iocked into a rigid
configuration through a bridging group to a heteroatom-containing ligand (E).

The Cp ring ligand can be unsubstituted, substituted, or a derivative thereof such

25 as a heterocyclic ring composition which may be substituted, and the substitutions
can be fused to form other saturated or unsaturated rings compositions such as
tetrahydroindenyl, indenyl, or fluorenyl ring compositions. The heteroatom
containing ligand (E) is bound to both the metal and optionally to the Cp ligand
through the bridging group. The heteroatom itself is an atom with a coordination

30 number of three from group VA or VIA of the periodic table of the elements.



Al ternatively, a netall ocene capabl e of making syndiotactic propyl ene and
havi ng 3. on-hal ogen labi."'e ligands can be effectively used as Catal yst
Such netallocenes are |;- owm in the art, as are nethods of nakiné 3
See, for wexampbe; LIS patents 4.8592,8 51, 5.1 32, io i , ramdi$W)/4589080. 5
Ca alyst-R Catal yst B can be any rnetall ocene known to be suitable for
olefin polyneriz abort, particularly thgse that are effective for naking a
di fferent polyner conponent that is made by Catal yst A Effective bl ends,
in the sense of being 10 well blended directly fromthe |ast reactor

wi t hout additional m xing or blending, can thus be prepared that enconpass
such obvi ous variants as pol ypropyl ene blends, where two or nore
conponents are esBemhpla |of enyslalhbneyblipetiafiesy) inetdheendr fomuee pal yner
properties such as nol ecul ar weight and crystallinity. Thus, catalysts
descri bed abb¢elysbB dathglmpsied Aat ﬁtl@ﬁgvoa%mmqfftéﬁewwprylcgepréc@ igdosedan that s

speci fical ly. sel gcted | fenlh n thelr
labile Ii ganb@é‘e s?:‘ﬁwsbga"eﬁfca&é%t g\?é? 529a§ %&Efg(% 22l Y8~ %3é And

particul arlysprefel Hedhvh §§§, wb g@bgﬂ@cenes fOr Catalyst-B are

represent ed bycthe qul F R,,,2)R;(EER)M wherein Cpis a 20

cyci opent adi enyl ring whi ch may be substl tuted, or derivative thereof which
may be substituted, R is, each md@ﬁendentl y, a hal ogen or a hydrocarhyl,

hal ocarbyl,  hydr dbe most psafpreblet mewdopnga $yoketehisl-B; @recmetallocenes which

hai ocar byl -subst t ut ed d‘r? rnet al | qu gr oqglconta n| to 2@ car bon
atoms. "ni i &0ENEECYROF B @ T4 udnt S%THeré%jCSB {ne 2R A ons of
the cycl openmgle%ey by MheASERS ﬁ&d 2> grheng wess!amcaaop&y'cmp@ﬁqcﬁfeﬁget her
to forma ring conta{)nlngfrom to 20 carbon atons, R is a bridging
group, "n" i snefaltooeres aNl mbse @eferradsi ti on netal having a valence of from3
to 6. preferably fromgroup 4, 5, or 6 of the periodic table of the

el enents and is preferably in its highest oxidation state, Eis a

het er oat om lustrative, but not Iimiting, examples of preferred monocyclopentadieny]

metallocenes for use in this invention's mixed catalyst composition are:

15 p-(CH,),Si(cyclopentadienyl)(1-adamantylamido)M(R),
p-(CH;),Si(3-tertbutylcyclopentadienyl)(1-adamantylamido)M(R),
p-(CH,(tetramethylcyclopentadienyl)(1-adamantylamido)M(R),
p-(CH,),Si(tetramethylcyclopentadienyl)(1-adamantylamido)M(R),
p-(CH,),C(tetramethylcyclopentadienyi)(1-adamantylamido)M(R);,

20 p-(CH,),Si(tetramethylcyclopentadienyl)(1-tertbutylamido)M(R),
p-(CH;),Si(fluorenyl)(1-tertbutylamido)M(R),
p-(CH,),Si(tetramethylcyclopentadienyi)(1-cyclododecylamido)M(R),
u-(C¢H;),C(tetramethylcyclopentadienyl)(1-cyclododecylamido)M(R),;

25 wherein M is selected from a group consisting of Ti, Zr, and Hf and wherein R 1s

selected from halogen or C, to C; alkyl, 2 methyl group in one embodiment.

Catalyst-B may also comprise biscyclopentadienyl metallocenes but
preferably Catalyst-B only comprises biscyclopentadienyl metallocenes when they

30 are advantageous for making semicrystalline, elastomeric or amorphous



containing group in which the heteroatomis an elenent with a coordi anon
30 nunber of three from G oup VA or a coordination nunber of two firsom|gfoup
VIA 1 5 JWlo390&ms- WO 02/ 060957 PCT/ US01/ 435 0 _22 preferabl ycpiks 088k
phosphor ous, oxygen, or sulfur, R2 is a radical selected froma group
consisting of A to C20 hydrocarbon radizgals, substituted C, to C, ,;

hydr ocarbon radi cals, wherein one or nore hydrotten atons is replaced with
a halogen atom and when E is three coordi nate and unb3i dged t here may be
two sC 5 groups on Eseag li%%e\ge%degt%% radilqal sel ected, from a }?roup
consi sting of ROYPE™: G PEF NG TR ok PR Eac8PO S TISEY i t GFEGPE 9l se¢
hydrocarbon radijcRbses WheRd %éaaeiso%smQheygiegw@@tﬂmyn SmE@RbaGed Wi th
a hal ogen atom and each X is a non- cycl opentadienyl |ligand and is,

i ndependent | ylesaibhdlabgen Othea chryglysocaitblyik .for oseydsydatabar-Bydre fonaldomamiyl |

hydr ocar byl - substi tuted organotnetail oid, 10 oxvh}drocarhvl-substituted

or ganonet al ! §o&38#-hal ocar byl -substituted organonetalloid group containing
up to 20 carbon atons, "s" is equal to the valence of Pvl mnus '> Wen X
is a haldben it is hereinreferred to as a |abile hal ogen substituted 15

rttetal | ocer 3geth €01 Bsing MixeAlCA1281yQ0€Bnipositanherein referred to as a
| abi | e non- hal ogen substituted tnétaliocene. In one etnbodirrent, Xis a

hal ogen i n Cat al yskhe BixedratdlyXt ¢snpaitica dfahsgeventionGatisddyistmakewheactosed
together. The Catalyst-B is prefer abI]y, a netall ocene having only one
ring 20 conpebimgrdiends made lgqneh asnNSIRAC ASOPETHAHOR PTOEFFPBAIEB A% a

rronocycl opery. dsitaq,rgy\wggiggl #9C8 ﬁ‘gf {nTo*;l,%rq%gs llsiéx;%ﬂ]rgeriz%dr\%ﬁ? 1 d?%('g%i c?%@%\’“ ch

conpl ex with the Teta nd can ree f unbri dbe ed into

?i 5 Ia % d( I <§:9nfdoﬁﬁ!>b§itibﬁ.n ThEhakahc a1 P& deipasitigh RUp ptiGe ACAREIEI- Rah@E £ANGAI Ni ng
B as both defined above. During the first stage Catalyst-A is active while
Catalyst-B is inactive for polymerization. The multistage process further
comprises a subsequent stage wherein additional monomer is added to the
contents of the first stage but subsequent to it, and polymerization is conducted in

15 one or more additional stages wherein Catalyst-B becomes active for

polymerization.

As explained in detail above, preferably Catalyst-A is a Jabile non-halogen

substituted metallocene, preferably dialkyl substituted, while Catalyst-B is a labile

20 halogen substituted metallocene, preferably dichloride substituted. Before or
during the first polymerization stage, an NCA precursor is preferably added as an
activator. The NCA precursor only activates Catalyst-A and leaves Catalyst-B
inactive when polymerization is conducted in the first stage. Although it is
preferable for Catalyst-B to be a labile halogen substituted metallocene, Catalyst-

25 B may be any catalyst incapable of being activated by NCA precursors alone but
capable of activation by other means. During the second polymerization stage, an
activator, preferably an alumoxane, more preferably MAO, 1s added to activate

Catalyst-B.



The Cp ring ligaud can be unsubsiituted, substituted; or a derivative
thereof such 5 as a heterocyclic ring conposition which nay be ﬁﬁpgﬁuw%ted,
and the substitutions can be fused to form other saturated or ufs at ed
rings conp8P?¥ns such as tetrahydroi ndenyl, indenyl, or PEFIGPERIHEC ring
conpositions. The heteroatomm containing ligand (E) is bound to both the
metal and optionally to the Cp |igand -1shrough the bridging group. The
heteroatomitself is an atomw th a coordi nati on 3D nunber of three from
group VA or VIA of the periodic table of the elenents. JUL 5 2005 WD 02,!0

0957 PCT(US01/ 43%@mdmivanplasal odt-B uidyaid @odifledchetbenpabadcemyt staps abi ocenes
for use in Catalyst-B of the m xed catalyst cotnposhi n of this invention
are di scl osabeli fatalysisB epoates scapablzeof7 aggyatmnoythaNG:A pygorseeg; Whess, 438

and are 5 scribed in.publicatjon \VO 96/ 002244. The nost preferable
:netal | oce: € @E’ﬁ‘p%éﬁ ar \'/'Eatq’%e ;?abéiet Ralogsh o éH%ecﬁH!e&%loc%ﬂee o eRPalt Hﬁ’aﬁus f or
maki ng amor phous b?rsu%'s@t%iiggﬁthé%a@ 2l YPELS  WRE PSSRk lhicethy lene, propyl ene
copolymer. For this reason nonocycl opentadi enyl ~10 netal |l ocenes are nore
preferred. libhidingt sigtiavéon buith MOCAI prectistg, eXappiselseredfiepr efereded as

nonoc"' cl onent adi enyl netal | ocenes for use in this invention's m xed
cat al yst corfeskérsioprpiagreinacgve catalyst. Conversion may be conducted via known

A-(CH,),Si (cydopent adi eny. ' -ad antyl am doi ‘| . p-it f:
Sl (5t or By P et s S EI PP T RS P4 10y RieR of afbmisum
}a- (CH, Ce: r apeityd Gyahapent asduaikhidsl Gadanartydamd dR) sedErEAZ) 500 944
p- (CH, ) zSi (tétraartet hyl'cycl opentatdi enyl ) (I -ztdama r tvlarnido)N (R)2
(CH3) 2C( t et rEErret1hGISTY OBD peddH-anvd H( 2 7a8domptogkssenidee)ibig) the r&@tion of
(CH,) zSi éi ettarnettyl cvcl opentadi enyl ; (l-tertl t;tyi,.~nido)d4(~); -(CH);
Si (f1 nor nvlz)lﬁl- tB@%mWHW,‘&quLﬁéi sz(lﬂq) ,lablle halogen ~ substituted “metallocene

compounds prior to or with the addition of activating anionic compounds. For
example, an aluminum alkyl compound may be mixed with the mixed metallocene
catalyst composition and any other contents from the first stage polymerization.
This converts the inactive labile halogen sﬁbstituted metallocene (Catalyst-B) into
15 a compound capable of forming an active catalyst with NCA precursors. NCA
precursors present from the first stage can be used to active the converted catalyst
or more NCA precursors can be added. However, 1t is more preferable to leave
Catalyst-B unmodified and added an activating compound in the subsequent
polymerization stage such as MAO.
20
The mixed catalyst composition of this invention may be used in any type
of polymerization process such as well known processes of solution, slurry, gas
phase, and combinations thereof. These well known processes may be used in any
stage of a polymerization used the mixed catalyst. The mixed catalyst

25 composition may be used in a batch, continuous, or semi-continuous process.

In a preferred embodiment, the mixed catalyst composition is used in a
multistage polymerization process wherein monomers are chosen for each stage in
order to make a reactor polymer blend comprising an intimate mixture of at least

30 two components which are typically immiscible to one another. Examples of



.HCH, ), Si (tetras: et hyl cycl opent adi eny] ) ti-cycl ododecyhi ,ido)MI 2),

p- (CaH5)) C(terramet hyl cyel opent adi enyl ) (I . cyci ododecy! ar ni do) M R) Z;5 28 2005
wher ei n RIWO928¢e19%8tt ed froma group consisting of Ti, Zr, aRdTHSOamH40
wherein Ris selected fromhalogen or C, to C< alkyl, a nmethyl group in
one enbodi nent. Catalyst-B may al so conpyi se bi scyci opent adi enyl

rnetall ocenes but preferably Catalyst-B only conprises hiscycl opentadi enyl
net al | oc. enes when they 30 are adv, ntageous for making sen.icrystalline:

el astoneri ¢ OheRNMRAEABP YdIiRer) bendO8R 1udD RHhL16(Rrs! vRGlis/ $500) d4dare - 24-

c.opolynnrs, especially ethylene propyl ene co}ol yrners. ExanplesS of suet)
met al | ocenes @rigropdemeso polyetmelese ofitht heemicsgstalliopemtaghheny br aesahleacenes
descri bed above. Ot her catalysts suitable for use as Catal yst-B are found
in WO 96/ 230%0ylem/Ivehero PR OleRR n§ONIIXEEF. Cat afpstalles: MRETPPYANS heithi xed
catal yst conposition of,this,invention s used to. e.a reagtor ql| ymer

bl end made th?%ﬂ&hg%% Rﬁl)lpfosqyé%‘é:’ p I‘i}hﬁ‘r“i"i‘%t"i’ogﬁp‘b’ b%géso‘cgﬁg?ﬁ]sv?eﬁﬁ:ggk first
stare whekei nggrehé rald Hat QS]]iHPB@g%Fcﬁ) IeheRR! pOXRdth sk Widheth @iyl %&date

catal yst 10 conp03|t|on.r¥he m xe cagalyst conposition conpri ses Catal yst

: A and Cat al ystethBmathabotidiedef i ned above. During the first stage Catal yst-A
is active while Catalyst-B is inactive for polynerization. "hhe nultistage
process further conprises a subsequent stage wherein additional nononer is

added to the cont gl s of MG JhEL: S3A0R ML SUBSRAVEDh L8l 1 B0lic

pol ymerization is conducte one or _ stages wherein

C=at al yst - B bgcea®s: golyi&@ bRhd S&thyieed Zs@érh&@%uléﬁ Xphrapyiese, i pregigbisi |
above, preferably Catalyst-A is a |abile non--hal ogen

10 1sotactic polypropylene; and an amorphous or elastomeric copolymer, preferably

ethylene propylene copolymer, ethylene comprising 20-85 mol% of the

copolymer. When isotactic polypropylene 1s made in a first stage and an

amorphous or elastic ethylene propylene copolymer i1s made in a subsequent stage,

a modified impact polypropylex;e 1s made.

A preferable multistage process for making modified impact
polypropylene with the mixed catalyst composition of this invention comprises:
in a first stage, a predominately stercospecific propylene, preferably isotactic
polypropylene, is polymerized from liquid monomers; and in a subsequent stage,

20 an amorphous or elastomeric copolymer, preferably ethylene-propylene, is
polymerized in the gas phase. An intermediate second stage is preferably
performed to make more predominately stereospecific polypropylene from liquid
monomers, preferably Catalyst B is inactive through the intermediate stage as well
but is activated for the subsequent stage. An example of an intermediate stage

25 process suitable for adoption in accordance with the invention is found in U.S.

Pat. No. 5,280,074.

The preferred mixed catalyst composition for making impact modified
polypropylene comprises: a polypropylene advantageous Catalyst-A, ie. a

30 catalyst that is particularly efficient at stereospecifically, polymerizing propylene,



substituted rnetall ocene, preferably dial kyl substituted, while Catal yst-.B
is alabile _0 halogen substituted rnetaliocene, preferably dichloride
substituted. Before or during the first polynerization stage, an NGAJUL 2005
precur sorWP$2/pei85er abl y added as an activator. The NCA prBETHUSHY436H] vy
activates Catal yst-A and | eaves Catal yst-B inactive when polynerization is
conducted in the first stage. Although-i1t is preferable for Catalyst-B to
be a | abil e hal ogen substituted netall ocene, Catalyst- B may be any

catal yst incapable of being activated by NCA precursors al one but capable

of activati qpefeyabBt REfactiB PaSpréMNénty ahhanSEEQRHoRObY BREbAR E Wdpslyage, an
activator, preferably an al unoxane, nore preferably MAO, is added to

activate cadadysgeors ChtdygtB. HO52 Wielyst 2a0609BTIRET]Y effRSO1; at483840g - 25-

Al ternatively, talyst-B may be podified befor he subsequent stage so
that Catal ys“ﬁncﬁp(:@%k?d‘ﬁ’@iaskfﬁ’b%{%% P >’“&edfvie\§8‘f‘%“§k eﬁvfﬁnm@vﬁf‘é’guﬁgdh%ﬁr en
Catal yst-B i s, an,i hye. R i LML e L i;t can be
made active ‘%%rbs‘ § qzét&#%ﬁgt‘Lflﬁsgéét'ﬁgp‘%g?%ggﬁﬁ%g%ds&\%mgg ﬁgﬁE %é‘f?g’g%v}/ﬁ?nce h'E are
capabl e of Ha ZirdIeraBRSHRIRCCAAN sMALIR NGHe B6EBHINVERESatickhivpileSChgyaabt er
referrer: to as conversion of an inactive catalyst. Conversion may be
conduct ed viramkimowmctiat Kyl atlyroerizagiact iromsy sibséqyent glagiowhee anldrgh@smpounds
sous as lithiumor alum num hydrides_or al kyls,_ alkylalunioxans, Crrignard
reagents, etdaS!@BYFIEROROY Y019 4nadeggatalyg-Eppierably1 DeogBes diclips oO8sses
descri bi ng Hgﬁl%gagﬁ%gn of 1i al kyl alum num conpounds with | abile hal ogen
substituted hetarl’scene conpounds prior to or wwth the addition of
activating anionic conpounds. For exanple, an alum num al kyl conmpound nay
be m xed with the m xed netal |l ocene catalyst conposition and any oilier
cont ent $0from t heThd prstiomirsty peraospecifzapdlppropy e ss pefarebly snadeanionact i ve

labile hal Oggrnm%lrjebgtg,j;gsuxtne]?qqutp%}l)y?gn%ngveg %a;eglld%rslgé It?l’?'nei c?it ?5 to 400 minutes
under a pressure of 5 to 100 bar and at a temperature of 0° to 100° C wherein only

Catalyst-A not Catalyst-B of the mixed catalyst is activated for polymerization.

The amorphous or elastomeric copolymer is prepared in a subsequent stage over a

15 residence time of 10 to 180 minutes, under a pressure of 5 to 100 bar and at a
temperature of 0 to 100° C in the presence of ethylene in the gas phase wherein

Catalyst-B of the mixed catalyst becomes activated for polymerization.

The following examples are presented io 1illustrate the foregoing
20 discussion. All parts, proportions and percentages are by weight unless otherwise
indicated. Ambient temperatures were used for the polymerization examples
unless otherwise noted. Although the examples may be directed to certain
embodiments of the present invention, they are not to be viewed as limiting the
invention in any specific respect.
25
Examples

1. Preparation of supported catalyst (Method 1)

In a nitrogen purged glove box, 394 g of Davison 952 silica (1.55 cc/g pore
volume; dried at 600°C for at least ] to 10 hours) is weighed into a 3-neck, 4-liter

30 reactor equipped with an overhead stirrer. Two liters of dry toluene are added,



15 a conpound capabl e of formng an active catalyst with NCA precursors.
NCA precursors present fromthe first stage can be used to activehtjue 2005
conver t edyeabhalyst or nmore NCA precursors can be added. Howew@fsohtsshS nore
preferable to leave Catalyst-B unnodified and added an activating conpound
in the subsequent polynerization stage guch as MAC). 2J The m xed cat al yst
conposition of this invention may be usét in any type of polynerization
process such as well known processes of solution, slum gas phase. and

conbi nations thereof. These wel| kno roces be used.in any. stage
oo pol ynrer FYRTTEGR e RS NF R ear A yorT STRONTISBe! wabas jetidsd Via
conposition e i o3 ¢ i Sen1:QF ] i rocess,
3 pref or r Sasn SHRRE: O FreoBdithn, BERE AL ol SR RO BYOHS R 3

mul tistage pghymBhitgdtis aNoREQEEsS MASHeHIuADTRRRE %S o f dhras@Ristiombigach
stage in order to nmake a reactor polynmer blend conprising an intinmate

m xture of ametipdsit-piBnylitdamybampomemt &mekiyt s aidedtangdi tosl rhxtinans glddvatde t o
one anot her. Exanples of 15 JUL 2005 WD H2/ 06(2957_ YCT/ USCx i 435 t 3, -26-
these redct ofo pol PrehowsdapgeTi nidieudBrng b AYPBEhes, thp|sehds apy allayed to

talli I I - pol. ' ' Lj
aror phous. or 812 Bra g iR ¥ ol T Uk do B ST B Ry s s
crystalline mxl,]y&m&yb@emﬁilgm.tme_ RS BhOMspoRed YRIaBRY kienad b3)ap‘lfofdk$z§1§ﬂel)i ne
pol ypropyl ene or polyethyllene with 5 styrene, and 4) crystalline

pol ypropyl ené2di, pahyebiyihe o€ approkinetdly I0ViZnymodoétratetioometal per gram of

et hyl net hacryl ate. One preferable nethod of using the m xed catal yst
conposi tion ngished pERES 1 eact or pol ynmer bl end conprising stereoregul ar

pol ypr op%l ene, preferably tr isotactic polypropylene; and an anor phous or
el astoneric copolyner, preferably

2. Preparation of the supported catalyst (Method 2)

48.5 grams of Si0,, available from Grace Davison, a subsidiary of W.R.
Grace Co.-Conn. as SYLOPOL®952 ("952 silica gel") having N, pore volume
1.63cc/g and a surface area of 312m?/g, was dry mixed with 1.5 grams ammonium
15 hexafluorosilicate ((NH,),SiF,) available from Aldrich Chemical Company,
Milwaukee WI.  The ammonium hexafluorosilicate added corresponds to 1.05
millimole F per gram silica gel. The mixture was transferred to a 5 cm 1D by S0
cm vycor glass tube having a medium frit plug 3.8 cm from one end. The tube
was inserted into a tube furnace and a flow of N, (220 cc/min) was passed up
20 through the frit to fluidize the silica bed. The furnace was heated according to the
following schedule.
Raise the temperature from 25 to 150°C over 5 hours
Hold the temperature at 150°C for 4 hours
Raise the temperature from 150 to 500°C over 2 hours
25 Hold the temperature at 500°C for 4 hours
Heat off and allow to cool under N,
When cool the fluorided silica was stored under N,. Neutron Activation
Analysis, Nuclear Analytical Services, The University of Texas at Austin, showed
1.68+0.06 weight percent (wt%) fluorine. Also, the following compounds can be

30 used with or in place of (NH,),SiF,: NH,BF,, (NH,),PF,, NH,F.



et hyl ene propyl ene copol yner, ethylene conprising 20-85 tnol %o the

copol ymer- Wen isotactic polypropylene is [Wade in a first stage ahdyamgs
amor phous Vo 0¥P@8%7 ¢ et hyl ene propyl ene copol yrner is made PRTASSMESEquent
stage, a nodified inpact polypropylene is nade. 15 A preferable nultistage
process for making nodified i npact pol ypropylene with the m xed catal yst
conposition of this invention conprises: in a first stage, a predom nately
st ereospecific propyl ene, preferably isotactic polypropylene, is

pol ynmeri zed fromliquid nononers; and in a subsequent stage, 20 an

anor phous or el astoneric copol yner, preferably ethyl ene-propylene, is

pol ymeri zed in t heAdfasopbaSaalyanB itmsgpoedd astelysecond stage is preferably.
performed to snake nmore predoninately stereospecific polypro erne from
liquid rononers, lprféméasab\ug) @Jtuawﬁswnla 3 $P32RgLE .Sws,m@aqrbaug?é? g of the

t diate st \ ted f t st
exanpl 6 of e RPCP M iRy e E B Rt a 5 P ke THE
accordance Wdhhheisi AYEMd & hs fQusd hihuldkS. Copn%rrex';\‘%n Ry dQM thdhe

preferred nixed catal yst composition for naking inpact nodifie

pol ypropyl eneuppspsd cedyst dojdd prppaopy ircBearaple dntrd eeydadedtialaysdinléss dteed. a
30 catalyst that is particularl X efficient at stereospec i;ically_

pol ymeri zi ng Bensisy lcepesquipmdjwith 2Ubgtom enipen2/1g60g5T @ © f theusEPPGTs 46
f bl | | t
el Vet e BESRILETES AP O S PRI

efficient at \gRKIdDGer AP PROURaIAoGhaST ?H@étb@sP&R%é{ﬁrﬁﬂ&d t%stﬂg‘éb;?dolrﬁéd
et hyl ene-propylene. In'the first stage or any additional stage where

predomi nat el ycastl gt éodperighired poicpprve pydceaeohusmeSlonside, of 51784 eThbivgt anidy
Catal yst-A is active for polynerization while Catalyst-B remains inactive
for pol ymeri &8¢ frapsfersd @wawa@@m@mr AdhgEediRere aAiosRLIGE PsFature for at

least 4 hours.

4, Polymerization of homopolyvmer isotactic polypropylene (i-PP) using the

15 catalyst from Example 1 (Comparative)

A 2-liter autoclave reactor previously flushed with nitrogen and containing
triethylaluminum (0.25 m! of a 1M solution in hexane) and 1000 ml] of propylene
1s heated to a temperature of 70°C. A 75 mg sample of the free fiowing solid
catalyst prepared according to Example 1 is slurried in 2 ml of hexane, and

20 flushed into the reactor with 250 ml of additional propylene to start the reaction.
After one hour, the reactor is cooled, vented and purged with nitrogen for 20
minutes prior to opening and recovering the homopolymer PP product. The
product is transferred 1o a ceramic bowl, and allowed to dry one hour in a fume
hood. The bowl is then placed in a vacuum oven, and allowed to dry an additional

25 hour in vacuo at 75°C.

5. Polvmerization of homopolymer isotactic polypropylene (i-PP) using the

catalyst from Example 3

The same polymerization procedure used in example 4 was employed,

30  except that the catalyst used was the same catalyst produced in Example 3.



clastonmeric copolyner is trade, Catayst-eB preferably beconmes active for
pol ymerization. to The predom nately stereospecific. polypropylengjsig

pr ef er ablyworma@depsh one or nore stages in liquid propyl enepgyﬂrsomﬁe@lzgence
time of 15 to 400 minutes wunder a pressure of 5 to 100 bar and at a
tenperature of 0 to 1000 C wherein onlyﬂocatalyst A not Catalyst-B of the
m xed catalyst is activated for polymerization. The anorphous or

el astoneric copol yner is prepared in a subsequent stags over a 1s residence

i f 10 80
temper at ure St oF oo e HeREETalS AaripPang™ Ko PR Pl Thh ase
wherei n  Cat@laysfle 3596 ym@ HbPé@QlaP@‘é%'hY%elhﬁ@%@ﬁﬁ ofGihd MRHEE dhelvs that

pol ymeri zation. The fol l'owi ng exanples are presented to illustrate the
foregoi ng 2#e desmudssitanst Arhp@ant ssmagnoporhimnsrantopetecenhagesf atie by
wei ght unl ess otherwi se indicated. Ambient tenperatures were used for the
pol yneri zat |Rmyféﬁfa1ﬁblloés§iepunl ess ot herwi se noted. Although the exanples may
be di recg ed to certain enbodi nents of the present invention, they are not
to be viewed as limting the invention in any specific respect. 2.;

Exarpl es 1.6 Pr epepahi aeriohihURpRThedueRtat dileitchod 1) 10 a ni trogen

purged gl ove box. clg pore voluneg;
dried at 600C forAatlifeeastoclavt eeaddr povickly Bushed ghﬁdnlrﬂgtm andeometiking4- i ter
;t reactor equi p%d with an overhead stirrer. Two liters of dry toluene are

added, 1 5 itrghyldesinupD( 621080957 Merusnin brsae) ardi | Pmkiok piarslens

r90rousl Y el W Bl B b AT B B B 0o
Thi's m x§ur eca'laﬁyﬁgbr@fﬁ‘ﬁ@d tRc Sy {PEXABBIhPUE -s1UHeR - in52 981 9f Hexane, and
di met hyl si |yl hi's(2-
ﬂushed into the reactor with 250 ml of additional propylene to start the reaction.
After one hour, the reactor is vented to a pressure of 170 psig to remove unreacted
propylene monomer. Then 0.5 to 3.0 cc aliquot of a 30 wt% methylalumoxane
solution (available from Albemarle Corporation) in toluene is added to the
15 reaction and stirred for 10 min. for activation of Catalyst B. At this point, a
constant flow of an ethylene/propyvlene gas mixture (80 mol% ethylene) is
initiated to the reactor. The reactor pressure is maintained at 200 psig using a
back pressure regulator on the reactor vent. The ethylene/propylene gas flow is
maintained for another hour before it is turned off, and the reactor allowed to cool.
20 The reactor is purged with nitrogen for 20 minutes prior to opening and recovering
the product. The product is transferred to a ceramic bowl, and allowed to dry one

hour in a fume hood. The bowl is then placed in a vacuum oven, and allowed to

dry an additional hour in vacuo at 75°C..

25 7. Copolymerization using the catalyst from example | LComparative)

A 2-liter autoclave reactor previously flushed with nitrogen and containing
triethylaluminum (0.25 m] of a 1M solution in hexane) and 1000 ml of propylene
is heated to a temperature of 70°C. A 75 mg sample of the free flowing solid
catalyst prepared according to Example 1 is slurried in 2 ml of hexane, and

30 flushed into the reactor with 250 ml of additional propylene to start the reaction.



nleth 9-4-phenylinrtenyl) zirconiumdtnethyl is added, and this mxture is
allowed 5 to stir two hours longer. The stirring is stopped and tiHeJ$olilds
are al | owed ot/osoosettl e, The supernatant |iquid is decantedpcandothessolids
are vacuumdried at room tenperature overnight. The yield of supported
catal yst should be approximately 423 g, with a |oading of approximately
0.02 mmol of transition metal per gramof finished catalyst. to '.
Preparation of the supported catalyst (Method 2) 48.5 granms of SiO,

avail abl e fr 1 i,di

aval 2Dt e g GigasuDnA ARy R SRR SLa0L 1% 9 A5 Ry MRS
surface areggfy flékZ%h&neﬁAﬂSﬂ&b&dlnbﬁfa@dachtBr i]s R1d98 axF t}ﬂﬁgﬂh UWt$hstant
hexaf | uorosil i cate t( H _}tSiFr) available fromAl drich em cal Conpany,

M | waukee yrflow dhen at’nyinmeipmﬂ@émai Fasdnosirke i(8@teo] Adeléd! coo)-sasprredstottbe 1. 05
mllitnole F per grain silica gel. The mﬁﬂ%ure was transferred to a 5 cmID
by 50 cm vyesiogi 48 redskE Wﬁﬁuﬁ“g‘-‘am?é‘d?’ﬂ £t wpumm@ using & PrCk PEATShe ertd.

The tube u furn cl m n)
was passed u?ogl%t hr gﬁe ﬁeg%t%r %F%ltl ?F}t]eo&h]%g%f)%gg eﬁ'e gSaI I (‘:Ja'sb\e/\é‘n{af%% i\%’ur nace
was heated agefdhig He@ortehteis uhi@kd o9 nel SehadwraoRalise cbhie TerpRiatiyre from
25 to 150C over 5 hours Hold the tenperature at 150C for 4 hours Raise the
t enper at ur e furgah WBD nitcods0F@ 29 erinutes hoor ® oRBindodrd tehevearegpbe atqaimet. at

500C. for 4 hours Heat off_and allow to cool under N, When cog t he

f1 uori ded s.Thec&rOWae lgtteflé@rrﬁ der saMRRYoAnhetiPYa itonry ARaPgt 81 2 Nucl ear

Anal ytical SR eS TEoNDLYBLR kel ToURAA AU LLA cnBeNed ard y§87-0. 06

wei ght per cen{ne UOI’I ne. oW n oun can
used W tif OradUﬂldhlaﬁH&lrQrﬁvédﬂo,atslsrtﬁ- NH, | 3Fn, tt fhl _Pf,,, NH, F.

Analysis of the results of the copolymerization experiments 6 and 7 (yield,
molecular weight of the ethylene-propylene copolymer component, and flexural
modulus) shows that the catalyst of this invention produces a copolyvmer

15 composition with a better balance of physical properties than the catalyst of
example 1 due in great part to the high moiecular fraction contributed by the
second catalysts species, counter to what is observed when Catalyst A alone is
present in the second or final stage. Improvement in polymer properties is also
improved over those achieved where a second catalyst species is added to a

20 second, or subsequent reactor, in view of the better homogeneity of the polymer

mix that is achieved with the invention process.

All priority documents are herein fully incorporated by reference for all
jurisdictions in which such incorporation is permitted. Further, all documents
25 cited herein, including testing procedures, are herein fully incorporated by

reference for all jurisdictions in which such incorporation is permitted.



15 JUL 2005 WO 02i1t tf95 f H 43J40 addition of Catalyst 13 to sup orted
catalyst In a glass vial equipped with a magnetic stirring bar, 76.7, ng of
the co nmmpound is dissolved in 15 r:nl of toluene. This 5 sol utLS)p L%UUS
allowed to mx for 30 m nutes. Concun'ently, 10 grams of the supp «g

catal yst solids prepared in Exanple | apy2 are placed in a stainless steel
bl ender cup, equi pped with a bottom m xer. The solution of the titanocene
is added dropwi se to the supported catalyst while it is being continuously
stirred in the blender cup. The total volune of'7i-catal yst solution added
to the suppotiledhflvISatal yst is that required to achieve a pore vol ume

| oadi ng of 97% The wet solids are transferred into a rotaev' aporator, and
dried in vacuo at root; tenperature for at |east 4 hours. 4.

Pol yrmeri zati on of hornopol ynmer isotactic pol ypropylene (i-PP) using the

cat al yst froWeExlanpi e-1 (Conparative) A 2-later. autoclave reactor
previously flushed with nitrogen and containing u iethylahamnuni (0.2 s
Al of al Msolution in hexane) and 1000 ml of propylene is heated to a
tenperature of "Viu-o ANz ampl t W i t.al,yst

pr epar ed accgr di né Féﬁéix%%n%@ [ i}% ngotﬂ]r)t&?ggqﬁﬁeﬂz% of Oﬁ){ﬁg{“‘ﬁgﬁﬁ"fézﬁ
flushed into the gpgaeioh Jedsthn2IRstnhtadbceaddCitabrals, propyikene ckpelgt af t the
reaction. After one hour, the reactor is cooled, tented and purged with
nitrogen for 20 mndgties pHridrstio egelsi Ngr antiinecoudrichgatitie HonBpeidner PP

product. 'Alie r ct i rna erred to a.cerapm c how . .an l.] dto
dry one hour in a%&%cewo%%alﬁgé,hg a(itévafcﬂéﬂca&ag}@eﬂh‘fcﬁwén%&ﬁ%% en, and
allowed to dry ansgddisd pfidherizRidpour in vacua at 75C. 5. Polynerization of

honopol y: ner isotactic ol viroar,vlene (~=PP) usiatr. the catalyst from
Example. 3

2. The composition of claim 1 wherein the activator compnses at least one

NCA precursor.

L)

The composition of claim 1 wherein the activator consists essentially of at

least one NCA precursor.

4, The composition of ciaim 1 wherein the activator consists of at least one
NCA precursor.
5. The composition of claim 1 wherein Catalyst-B is capable of being

activated by an alumozxane.

6. A catalyst composition comprising a metallocene, Catalyst-A, and =2
metallocene, Catalyst B, and zn activator comprising at least one NCA

precursor



The sane pol ynerization procedure used in exanple 4 was enployed, 'O
except that the catal yst used was the saute catal yst produced in EanPIe 3.
i5 JU _CUUJ WD 02106609c+7 PCT/ US9t 143540 Anal ysis of the resultd Jof it WES
poly raerization experinment and conparison with Exanple 4 as to yield,

nmol ecul ar wei ght, nelting point of the product shows that the second
cat al yst conponent remains dormant throughout the course of this

pol ynmeri zation step. J ii. Coynteriz, Lon usinthe catalyst fonn exanple -g

A 2-liter autocl ave reacto revi pus| ushed.with nitrogen and nt ai ni ng
et hyl &l um nunt Y CBETECSR T ot SIS b RGO e AR SR R0 M - of
propylene is hea{h%%\tngdg. tenperature of 70C. A 75 ng sanple of the free
flow ng solid to catalyst prepared according to Exanple 3 is slurried in 2
m of hexane, and flushed into the reactor with 250 n11 of additional
propylene to start the reaction. After one hour, the reactor is vented to
a pressure of 170 prig to renove unr eébtné\@Rr%q' opyl ene. nononer, Then 05 to
3.0 cc aliquot c4 "a 30 wm % net hyl al unoxane solution (available from

Al bemarl e Corporation' in toluene is added to the reaction and stirred for
10 train. for aCt{v‘i‘x@xte'ixP'tsypfis Qafcéém,(éémﬁnc_, ) L5 Swipeh Nhay e GRRSIARYE 6 ow of
an et hyl ene/ propyl ene gas m xture (90 tnol % ethylene) 1s vitiated to the
reactor. 'The readtorative adsuene vitlschmatayt be nedstatte2EQD ipsi Srogi By 5a or fack
pressure regul ator on the reactor vent, 'l _he ethyleneﬂgrop | ene gas fl ow
is maintained fofaRnBeherctRbw Hefbrwde Tagle R nBda ob¥drogby} BEOWeatt or
allowed to cool. 23, The, reactor i urged W t Lt rRg for . 1 gut.es
prior to opening gﬁ%m?%rg?ﬁf r%rr?ﬁp ?xﬁgln%rgr&Wct?nQTﬁé %gog%gf)gi §%?]?J;n§f érred to
a ceram c bow , apfheptidened stRcdByréMahe %bﬁwp bdhsaibgng Hegeogihetdiow is
then placed in a vacuum oven, and allowed to dry an additional hour in
vacuo at 75C. C1-Cy alkyl group, a Cy-Cyg alkoxy group, 8 Cg-C1q aryl group, a Cg-

Cy0 aryloxy group, a C»-Cyq alkenyl group, a C5-Caq arylalky] group, a
C7-Cy4q alkylaryl group, a Cg-Cygq arylalkenyl group and a helogen atom,
and m=1-3, n=0-3, g=0-3, and the sum of my-+n+q is equal to the oxidation

state of the wansition metal,

provided that for Catalyst-A, X is not z hzlogen; and for Cetalvst-B, X is a

halogen.

=~

The composition of claim 6 wherein the activator consisis essentially of at

least one NCA precursor.

8. The compesition of claim 6 wherein the activator consists of at Jeast one

NCA precursor.

O

The composition of claim 6 wherein Catalyst-A comprises a metallocene

represenied by the folJowing formula:



2x 7- Us i n g the catalyst fromexanple 1 (Conparative b ------ - -----
A 2-liter autoclave reactor pre'v'iously flushed with nitrogen and
Containing triethylalumuurn (0.25 rnl of a | N solution in hexane Jianghi;
1000 rnl of propylene is heated to a tenperature of 70C. A 75 ng sanpl e of
the free flowing solid catalyst prepared.according to Exanple | is
slurried in 2 m of hexane, and 30 flushed into the reactor with 250 inl of
addi ti onal propylene to start the reaction. 15JU110? WO J21J60957

PCT/ USoV43SW z| After one hour, the reactor is vented to a pressure of 170
prig to renove unreacted propylenq mer. No additional activator is
added. At this point, a consta flow'@f, an ethyl ene/ propyl ene gas

m xture (80 tnol % et hyl ene] i?f$ tiated to the reactor. The reactor
pressure i s mantai nca at 204¢ Ps using a 1'aclk pressure 5 regulator on
the reactor vent. The ethyle

er hour before it is turned off
reactor is purged with nitroge
recovering the product. TheR
allowed to dry one hour in aglful
vacuum oven, and allowed to %gx/
Anal ysis of the results of t COpO
(yield, nole: ular weight of the
and flexural nodulus) shows that th
copolynmer t5 conposition with a bett
the catal yst of exanple 1 due in grga
contributed by the second catalysts
when Catal yst A alone is

ow is maintained for note
lowed 'o co-!, The
m nuies prior to opening and
transferred to a ceramc bow, and
hoog® The sl is then placed in a
to| addi tignal hour in vacuo at 75C.
,erizafion experinents 6 and 7
yﬁ%ne copoly ntr conponent,
al yst of Dhis invention produces a
| ance of physical properties than
rt. to the high noecular fraction
'es.ﬁﬁounter to what is observed
(R™)

4

wherein M is a metal of Group 4, 5, or 6 of the Periodic Table;

R} and R2 are identical or different, and are one of a hydrogen atom, 2 C1-
Cyp alky! group, a C;-Cyq alkoxy group, a Cg-C1q aryl group, 2 C¢-Cqp
aryloxy group, 2 CZ‘C,IlO aikeny] group, a C7-Cy4q arylalky) group, a C-

Cag alkylaryl gr'oup.,-la Cg-Cy arvlalkeny) group and 2 halogen atem;

R? and R6 are identical or different, are one of & halogen atom, a C3-Cyq
zlkyl group which may be halogenated, a Cg-Cyg aryl group which may
be halogenated, a C7-C1 alkenyl group, a Cy-Cyqq —arvlalky! group, a Cy-
C4( alkylary] group, a Cg-Cgq arylalkenyl group, a —=NR» 15, -SR15,

-ORI3, -0SiR515 or ~PR515 radical, wherein R13 is one of a halogen

atom, a Cy-Cyg alkyl group, or a Cg-Cyq ary! group;



present in the second or final stage. Inprovenent in polymer properties is
al so inproved over those achi eved where a second catal yst species is added
to a 20 second, or subsequent reactor, in view of the better honp ;eneity
of the polymer mix that is achieved with the invention process. 1115 Jy| 2005
priority docunments are herein filly incorporated by reference for al
jurisdictions in which such itrcotporation-£$ permtted. Further, al
docunents 25 cited herein, including testing procedures, are herein fully

i ncorporated by ref/geence for al” jurisdictions in which such
incorporation is permtted. 2005 1 5 JUL -32- CLAIMS W claim | A m xed
cat al yst conpositiq?qfor po~|yri¢e1izi ionomner s co§pnising a supp on. a

| east One fist metaflocn, c, Catalyst-A, an activator capable of rendering
Catal yst-, A active [for olefin pofyneri aion, a secoFd nmet al | ocene,

Catal yst-B, said activator itiet ahi f aetii'atirig Cataly 5.-8 for
ole n x ol r merfzavi‘or—" 2. “TheMComposition of trah F‘WhQFEQE the
activator esnprisesjat |east one| NCA precursor. 3. [The conposition cf
claiml -wherein the activator consists! essentiallylof at |eas, one ;' A CA
p:recarsor. 4, The ROAposition oR12l ai %2 wherein t R82activator consists of
at least On NCA prec" ,, sor, 5. The conposit:ot; of claiml wherein Cat
lyst-B is capable of being activatedb'y an al unoxane. n. A catal yst
conmpros; non cornprrs' R%W .netalioceTie, RGdtal yst-A ., and’P.

| | |

O M2 0 ; C , O VY4

| | |

R12 R12 R12

BRI, AR, -Ge-, -Sn-, -0-, -S-, -SO-, -SO5-, -NRI )., .CO-, -

PRI, or -P(O)RIT)-;

wherein R11, R12 and R13 are identical or different and zre u hydrogen
atom, & halogen atom, a C1-Cy alky! group, a Cy-Cyq fivoroalkyl group,
a Cg-Cpq aryl group, a Cg-Csq fluoroary] group, 8 C1-Coq alkoxy group,
a C»-Cy alkeny! group, a C5-Cyq arvlalkyl group, a Cg-Cag arylalkenyl
group, 2 C7-C40 alkylaryl group, or R11 end RI2, or R11 ang R13,

together with the atoms binding them, form nng structures;,
- . iyt . .
M« s silicen, germanium or Tin;

R& and RY are identical or different and have the meanings stated for R11;



n7etail ocene, Catalyst B. and sri aci;Valor conp ising at |east one
precursor 15 [UL2U5 wherein Catalyst-A and C atalys tB conprise ne

ai | ocenes represented by the formula: xn where'in Cp is a cyclo 13JUL 200
entadl enyi ring which may be substituted, or derivative thereof which may
he substirrted, Mis a Goup 4, 5. or 635transition nmetal of the Periodic
Table, R a |ydrocarbyl group or by drocarbo-xy group having fromone to 20
eai -holi atons, X is independently selected fromthe group consisting of a

hydrogen atom a _Cl-Cpp_al . groups. a.Cl -Cl Q ai kox r Qup, C6-C10 aryl
group, a Cs- CI O g%a??ﬁﬁv b‘}%{’?ﬂg,"rggﬁé%ﬁ“a‘f%ﬂ?= ]8?%%%? Pg‘%d} B_Egg Zgroyi al kyl
gro:,p. a C7 40 Ky a-r AF Ot i CL:+@40 euy! a. | de_gr.oup -a a
hal ogen at om an&%rr,”i%ng%en%gﬁag,ﬂqﬁ 3,‘m%ﬁd iy ]sd\éﬁﬁ%"f]lé?@}/‘éeé%étlawoh“? ge
oxidation state of xbi transit.?0ra;jmeig gvi ded that. for Gataly', sl-A
X is not a hal ogegl,]e g%@“?ﬁ S@LFF&?&EI F%{{ )meg‘ a a@a‘i‘"oog“ecﬁ?cef{ RThéa%X_?lﬁrposi ti
on of claim6 wherg)RetiBe@fdgeMal & foFRASISHE Snesentially of a, |east one
NCA prec rsor. The conposition of claim6 wherein the. activator consists
of ai feast one NCA precursor. The conposition of claim6 wherein

Catal yst-A conprises a rnet3llccene represented by the follow ng fornmula:
15 JUL 2005 r. A"~ |



4 X* )4 wherein Mis a netal of Goup 4, 5 or 6 of he Periodic Table; R
and R' are identical or different, arid are one of at hydrogen atom a C -
C10 al kyl group, a C]-Cl0 al koxy croup, a C_6-Cp y] group, a C6-€LO)y| 9005
arvl oxv group; a CC2-C 0 ai kenyl group, a Cy-C40 acyl al kv;i group, a C,
alkvia i group, a CS-C. 40 a }rx& er;yl-3group and a ha! o'r.en atom C4 R
r,d "S ueidentacal er ci f get, aye one of a halogen atom, a d-d U alkyl
group which may he k alt:ge ;:led, a C6-(710 an ] gmup which may be

hal ogenat ed, C2. | ri : - (s Aar oK, C ?-
C40 alktii an}&coug%a(%@oléﬁgmaéfy(ﬁglgrEe\}l}sﬁrgarceﬁ‘rgs& %5",0"%‘2%%;? %9{%%?%%%&

_0Si R715 or --PRZ}gprggé;,itmy thelgl iR gtfemsaone of a halogen aic,n, a C |
-C 10, 31k | ;group; or aC6-C 10 aryl group; 1 5 JUL 2Uu® "r'1l (;11 Rf1l
Nrj2 ;M1 --- M M2 ------ (CR2"3)------ ~ 1?12 } i2 RI2 RI2 RI1 R 1 R,
R12 R12 R12 ))- fi;l(~j 11).., 1G-n3i-20. ()- -S, -SO, S)2_
NR -CO- '"(R11}-,0r -P(O( t m@gﬁp‘&i@%){and R1J are identical or
different and 1s. a hydrogen atom a hatlo Een atom a C 9 ' C70 alk i
group, a C -C70 uiuoroajky) group. a C6-C20 an) group; a C6' .C3 J fluoroa
yl group. a C31-- G2raihkQyyisgt otiRlopentadienyl ring which may be substituted, or

derivative thereof which may be substituted;

R' is, each independently, 2 halogen or a hydrocarbyl, halocarbyl,
hydrocarbyl-substituted  organometalloid or  halocarbyl-substituted
organometalloid group containing up to 20 carbon atoms, "m™ is 0 10 5,
and two R' substiuents on adjacent carbon sioms of the cyclopentadienyl
ring associated therewith can be joined tegether to form a nng containing
from 4 10 20 carbon atoms;

b

R* is a bridging group, “n” is 0 to 3, M is 2 transition mets) having a
valence of from 3 1o 6 from group 4, 5, or 6 of the periodic table of the

eiements;

E 15 a hetercatom contaizing group in which the heteroatom 1s an element
with z coordinztion number of three from Group VA of the Periodic Table
or 2 coordination number of two from "group VIA, R? is a radica) selected
from 2 group consisting of C; to Cy hydrocarbon radicals and substituted
C; to Cyo hydrocarbon radicals wherein one or more hydrogen atoms is
replaced with s halogen atom, and when E Is three coordinate and
unbridged there may be two R? groups on E, each independently a radica)

selected from a group consisting of C, to C,p hydrocarbon radicals and,



a C2-Cn aikenvi group, a C7-C40 arv alk;~l group, a CS-C4. ylal enyl

group; a Cr7-c40 allcy)a yl group, or f.1 I and R12, of Rl | ana Rl a.
together J ith the atoms binding ?} em formring snrciures; 112 i%k5JUL 2000
S7)icon, germaniumo - :in; R8 and RO are identical or differs nt and have
t he rreani ngs stared for R) I 1 5 JUL 20U5 -3fn 8nd Ti are idennti cal or
cliff '"r t andazero |In)§s n being zero. 3 or thhe
rr.clica.1s R3.124Y Sa‘h‘d“RfO"Oé?r@ VHOREPERAM AT U BV e REE Snémﬁave EHe nean

ings stated for i 1, . two . adjacent RIO radicals can be
j oi ned toget her t%l ]Q%%?%ﬁgm?% gti}g}t%g%e&\é%s 1IULCEJU3 |,% The

co: npositic+n of claim®6 wherein Cat alyst-B corrpri ses a net allc' cenc
represented by the follow ng foi: Fia. ", ."n(E7 "}1,"17t (CD~l)
wherein C.p is a eyél epenXads eanyxon qychmgcmhancmy]rragaxtre asGbst i inGtmacemly, E, e

ivative thereof which maybe substituted; Ris end$ri

hal ogen or a hydr 't ‘éfé%%ﬁ?%‘onl‘tafl Y Hy?lk?(/j) %ﬁoPBr"ogé?é ]Eg{pﬁg{cglphak%dt]o
orgaronetal | oid or alocarb bs ituted orf: et ai | oi d oup

cont SI ni ngt up tg Qﬁy tcﬁp%rf} ﬁ:ﬁtfrﬁ) (RN E’m§:?a g@ 10 & nﬂ\/\%’“’ﬁps 3%/;5‘{"1;@ uents
on adj acent carbon 0 adi e i qci ate
therewith can be j25V'A )%WF-E’&Q‘B{?@F/' 8&5%@"33 0% ﬁrllc/ﬂoﬁf‘ r‘ﬂﬁﬁl ew dhP¥: %0 20
carbon atons; . IS bri dgi.n : Ls a transition
netal having a v&ﬁé"ﬁ%é’”&fo’f"r g ?Soe%‘a V’o‘ﬁ?ﬁ?%“ﬁ" %%gmng; 6 of the
periodic table of the e;enents;

11.  The composition of claim 6 wherein Catalyst-A, Catalyst-B, and the NCA

precursor are supported on a porous support material.

12, The composition of claim 6 wherein Cata}yst-A is selected fFom the group
consisting of dimethylsilandiylbis(2-methyl-indenyl)ZrMe,,
dimethylsilandiylbis(2-meibyl-4-phenyl-1-indenyl)ZrMe,, and
dimethylsilandiytbis(2-methyl-4-(1-paphthyl)-1-indenyl)ZrMes,.

13. The composition of claim 6 wherein Catalyst-B is seiecied from the group
consisting of p-Me;Si(Indenyl);HiMe;,  p-(CH:).Si(Indenyl). HfCI,,
11-(CH;)zSilietrametbylcyclopentadieny)]  [adamantylamido] TiCly, and

p-(CeHe)2Sifcyclopentadienyll{fluorenyl JHICI,.

14, The composition of claim 6 wherein the 'NCA precursor is selected from
the grohp consisting of N,N-dimethylaniimiumn
tewrakis(pentafluosophenyl)borate,  tripropylammonium tetrakis(o,p-
dimethylphenyl)borate, tributylammopium
tetrekis(m,m-dimethylphenylborzte, wibutylammonium tetrakis(p-
trifleoromethylphenyl)borate, and tributylammonium

tetrakis(pentzfluorophenyl)borate.

15, A polymerization method comprising;



i a hete_roatonl coat fining group in which the eteroatotn is an el enent
with a coordination nunber of three from G oup VA of the Periodl(f eﬁ@@

or a coordination nunber of two fromL',roup V.IA ' is a radical é @d
froma g:cup consig of Ca to Czo hvdrocanon radicals and substituted G to
C7Fr hy' dsoczrbon radicals wherein one or .amnst hydrogen atonrs is replaced
with a hal ogen alorn, and when E s thee coordinate and unv-rid ed e e may
be two R2 groups @) E. pehwididg zmnik6d cataryqdrexaxlpowehe@trfrmf°flrgom aﬁfgr@u@)
consisting of C~ to Czo })ydr ocar bon radicals and.  15JUL 005d

suhsnio.ed C; to iCl B dED0CAPDGH: 78 i TERYPCHCe DHAP R e 2 d?oaléﬁrmét omis
rcRJiar"t:.d Wth a hal h X is a non-cyclopentad"ieny'3 |ig;
.nc: and is, mdepende%??q &;ﬁﬁ]ygﬂ% " atom a C3-Cl13 al kyl group, a
Cl-Ctr, aill;oxy group, . C6-Cl(; aryl group, a C6C 0 anl o; ~y group, a
C3- CFOalkeI~yI grous;, a C7-CC, anlaikyl group, a QW allc)'laa ']
group, a Cg-CA4() (b}yl ahlae’n;ﬁlpo@ymamatxon stageha ogen atom and s" is equal to
the valence of Mmnus 2. | i. The conposition of claim®6 wherein

Catal yst-A, Catalyst-B, and the NCA pre: rsor" are supported On a porous
support material. 12t 'E{}e c ,f é)ﬁrs%ex%'fﬂ{d?i‘oﬁme@er ein Catalyst-Ais
selected ', Toni the group onsisling of di neth y“Isiiandiy

bi s(2-Te”. ethyi-inden~"i)Zr -e2. dig.czliylsilandi>>|br s(2" me=. hvY4 phe7711
3-iad:n |I)zr fey, and dinethyl iian3thy bis(2 nethyl-r-

-nanht 11vl ) - | -rode xyl )#¢ aecontafsmgm@ &Y el o8f tmeﬁoraﬁrscwaﬁhmtéemaeé. n

Catal yst-B is selected fromt roup consisting of u- e,e2Sitindr }'1;
:.131 pie;. v' 1-1Si(lrndenv C32. p-;0213 12Si{Tells" ameth
[c-v~i,li! T, entadi enyl~ [adamantvi arnido] | iCG2. and dr-{C 1;41;Si[e:

| opentadienv3 i fiunrei y;;?3fdz _
(ii)  conducting s first polymerization in the presence of the

mixed catalyst composition product to produce a first
polymer, wherein Catalyst-A 1s active for polymenzation

and Catalyst-B is inactive for polymerization,
(c) in a subsequent polymerization stage:
(2) providing a2 subseqguent set of menomers;

(13) contacting the sabsequent set of monomers with the mixed

catalyst composition;

(1)  conducting a subsequent polymerizetion in the presence of
the mxed catalyst compositon resujting in  product
compnsing a polymer wherein Catalyst-B is active for

polymenzation; and
()  recovenng a polymer product.

16, The method of claim 15 further comprising 2 second polymerization stzge

comprising:



i 14, The Conposition cd clanm 6 where;n the NCA precursor is selected from
the gro?ip consisting of Ti,: -di;ne.hvlaniliriiurn tr:trakis(pentafiu
orophe; ny) )5ot'ate, '"mpropylai:*nt(.', .117t1 rCG2' rGds('t1. i1BiJoe.200
hvl phenvfl horate. tributv)anrnmoniarri tear& |L3s ?r:,i:"i-dinme hylp;-ie;
}}'y JE CTa'te. tiibutyl axnnoni umtttraki—s’?-p ,. ~ipileriy.)borale, and

ti bats' |l annnoni nm tern kisi(pentafinorophenyl)borate. 1 f. A poly
a'ierization 7;iethod conprising: 1 5 J UL 2005 (t) providing a nixed

eai ai yst ccnpositigh a wals . = Vla € kue S| Cai. ivat.5. a rnetaliocc
"ie, Cara yst-;° 1(‘éandt‘:’elsléa]‘df}‘frrgge"rsé’ﬁ‘tijl Sr%tg'all é@grgf C atal.7stJJ; (o} in a

first polynerization stage: dr} providing a first see of i o criers; (i?}
contacting the first set of nononmers with the r ixed cataly sr conducting
a first poymuintién) iiconteheng phesemad. seofof tthenomsr editie bt abiise @RS tion
product to produce a first po y ne wherein Catalyst-Ais active for p 1);?
erization and Catal yst©FPPOSi88 nacti ML e for polyrrnerizatior:; <vi::>>in
a subsequent poi!'3-fien tail nii saa ""'.: i f rajesio ,c; .; (;! p; og
idt :g a subse[luent Sc-,. Ili" contacting the s-ibsequent set of nononers
vw Atb th- m xed (eatalcpstiuaimgpostdondmpolmdrizpticomltiot pregercesubidhe quend
pol yneri zation in the pre-se:-Ace of. . ..
catalyst composition resulting in product comprsing a polymer,
wherein Catalyst-A is active for polymerization and Catalyst-B is

inactive for polymenzation,

17.  The method of claim 15 wherein at least one of Catalyst-A znd Catalyst-B

comprise a2 metallocene represented by the fermula:
CeaMRiXq

wherein Cp is 3 Cyclépehtaééen)'l n'n'g. which may be substituted, or
derivative thereof which may be subsututed, M is a Group 4, &, or 6
transition metal of the Periodic Teble, R is a hydrocarbyl group or
hydrocarboxy group having from one to 20 carbon atoms, X s
indepandently selected from the group comsisting of a hydrogen atom, &
Cy-Cyp alkyl gTCUp, a C1-Cy alkoxy grovp, a Cg-Cqq ary) group, a Cg-
Cyo aryloxy group, a C»-Cyg alkeny! groﬁp, a C7-Cyq arylelkyl group, =
C7-Cyqq alkylaryl group, a Cg-Cyq arylalkenyl} group snd 2 halogen atom,
and m=1-3, n=0-3, q=0-3, and the sum of m=+n+q 1s equa) 10 the oxidation

siate of the wransition metal, provided that:

(8)  for Catalyst-A, X is not 3 balogen; and for Catalyst-B, X is

a halogen;

or



the m xed catal yst conposition J- ,JIt.tnig itt piodlr,,et conprising a
pol ymer wherein Catalyst-s is active for poiynen ation: and (ci)
recovering a Colyncr product. i 6. Thy; nmethod of Caim15 futl. hor
c:omrising, a second pclynexi2ation stage conprising; 1Jul- 20655 (& 0P
oidi ng a sec nd seta noflone.rs; (b) contacting the second set of T
onloners with the m xed catal yst conposii{-on; (c) conducting a second

pol wnenzat zon in the presence of the m xed Catalyst Conposition resulting,
in product coma prising a poly-mu, wherein Catalyst-Ais active for

pol yneri zati on and £at ai te IV : yRer < 7 e

met hod of clairm 1 whe%,OZl nRa eaxqéﬁeﬁ%;;?%afag’ldyg? g h{ipgét)gllys/sn-g?m
Conprise a netzllocene rgpresent ed by the si;rnula: CpmVRn+ q wherein Cp a
cyci p ntaci.r bl sing whi ch may be substiuaed, or derivative thereof

whi ch may he substlty?ea. Mis a Goup 4; r; oT 6 transition netal of the

Peri odi ¢ Tabl e,, R a hydrofai"ltyi up, or h.ydrocarl. Vi ng
fromone to 20 %ar bop Br6Hed Aéclamg p@n"d@?ﬁlﬁlgﬁé‘%‘i‘ ‘641101‘1%7 roup

consisting of a hyd C}%?cﬁxmp%y S\éﬁ)ogulg %%s@kktlam '<?‘B01and1a ngéé‘:qe%%n%xtgng e

cttp. a Cd C 10 ai aryl ox ‘group, 0 si Kenyl

group, a C CAfs ary{uﬁbxkﬁ}ecgfs@tlﬂn agordd¥s riateralyl g e=up, a CS.-C40 a;
w al kenyl , group and a hal ogen atom and ra=h -3. P=0-3, qot-3, and the
sumof rri-k-n*q is equal -,0 the cxici Con state. O the netal. provided

bat : 19.  The method of claim 17 wherein for Catalyst-A, X is not 2 halogen; and

for Catalyst-B, X 1s 2 halogen and wheremn Catalyst-B is subsequently

activated by:

(2) addition of an a&lumoxane before or dumng the subsequent

polymenzation stage;
o1

(b) substituting X in Catelyst-B with a non-hzlogen so that Catalyst-B
becomes capable of being activated with a non-coordinating anion
precursor and zctiveting Catalyst-B by centacting with a non-

coordinaling anjon precursor.

20. The method of claim 15 wherein a1 least one of Catalyst-A or Catalyst-B

comprises a metallocene represented by the following formula:



(a) for Cataiys -A, X is not a halogen; and for Catalyst-B, Xis a

hal ogen: or 1 5 JUL 2005 --40 for ~:cX a hslog?emand for Caiel vst-li

is not e halogen. 1 The nethod of claim1 5. rthher conprising prgz m.ﬂﬁS
m xed catal ysi conposition by supporting Caul ystrA;, Catalyst-B, 1 é
anon-coon natlrl anion precursor on a parous support nnteT:lai. 19. The
nmet hod of c]Jaim 1" wherein for Catalyst.-A X is no a hal ogen; and for
Catalyst-B, Ais a na:oce~i and whereat L ta;vst-B is subsequently
activated by: (a) addition of an al unoxane before or durine the subsequent
or (t) s 1, s tituting Xin Cata'.ys iByu=ith a nor; hal ogen so that

Cat al yst - B bQ cones capabl e of be n% activated mnth a non-coordi nating
a-iinn precursor and activatiy ta?y t-B by centa .+l e with a non
A,Ciord rati ng anon precursor

20.{ The. nmethod of claimii whe tin 2" | east
One o'. Catalyst-.~ or Calal’ gs /é\ conprlse%?§ geta ilocer;,.. represented
bythefollovvlngforrrula 15JU|> \ ~tel. ct 4

R CRBRQ

(R19),

wherein M is 2 meiz) of Group 4, S. or 6 of the Periedic Table;

R and RZ are identica) or different, and 2re one of & hydrogen atom, 2 C1-

(V)

Cyq alkyl group, & C1-Cyg zlkoxy group, 2 Cg-Cj aryl group, a Cs-Cyg
aryloxy group, a Cp-Cyg alkenyl group, a C7-Cyq arylelkyl group, 2 C5-

Cqq 2lkylary) group, a Cg-Cep arylalkenyl group end 2 helogen atom;

R and K€ are identical or different, are one of 2 halogep etom, & C1-Cqq

10 alky] group which mzy be haiogcnz.;ed, a Cg-Cyq aryl group which mey
be helogenated, a C-Cyg alkenyl group, a C7-Cy4 -arylelkyl group, & C7-
Cap 2lkylary} group, 2 Cy-Cag arylalkeny! group, a -NR515, -SR1S,
-OR15, -08iR315 or -PR51S radicel, whercin R15 is one of a halogen
atom, 2 Cy1-Cyq alky] group, or &2 C¢-Cyg ary) group;

15

R7is



wherein Mis a netal o Goup 4, 3, or 6 of thhe Periodi Table; Rx and R2 are
iden> cal or differ t, and are 0"he of a hydrogen atom ; C1 - 5 dO0 alkyl
rxou ). a CGdo ..ske?tl' coup, a C6 Cl10 aryl group. a Cn'Cs,D at§ljoxvi0s
group, a C2-C.,0 all:enyl group, ; C-C40,a-,71cky3 group., a C C4{n all
V3r".,Yl"."S Frfoup. a C8--C40 ary Il:xlltir1i"'J group end a h |ogen al onm;
R=" a;d 6 idenric, -r e: en are on o a hr;.l, cr rt>n, ¢,-C t 0 alkyd g
cuy, whic?, may be khal ogenated, a C6-C;;) aryl group which, xrie be
hJoge))atoc ;. C2-Ci_s') akenyl group, a C7 C40 ar I slkyi g oup, [: C,,-
C v0 alky:aryi grouR'a C, ,,-ca0rtlyJa: kéfy' group, Rd'-, NF, 215, -SRL S. r
kl GCSi ia7 or PR21 r‘adi cal . -heriin R13|it one of a(halogen, atc n, a
Cl-IN u alkyl roup, o a C6-Cl o ar) Produp; 1515JUu M ,A~ 1. 171 p';
i WMhu. RdR RE4REL2-4t RLLRyE P 222 ,BG—I—)MZ‘-_A;L(CL}Q,Z"-%-e.——-,Sn
_tI> 'S, -SO, Sn2-y-N(I~1i) , - : ~3 ::r :in)1t, R12 and 1 Pre
identical or d ffae;|t and are a ydroggn ato , ~n jhaa!.ogen atom a
Cl-C2. al kyl -oup, an{l--"20 Duon ;j)chFy‘;Jz e.roup, R -C[; aryl proup, a
C5C30 flac;roarv) Goup, a Cl-Cr0 axe" group. C-- . 3 i:-i-keny igrouup, a
ar lalkyl f_"ro:1j3, a C8-CGQ enlthenvS group, a C/f s;ik_y?; g nab:, cr
}?11 rr,d ) 2, o :2) kind RL" e to’\etﬁen wtfl the atg1g binding them

can formring sL'-Oet~.L1res; 1 .a silicco.‘ rer-mm | = or urln;
o—MZ2 —0O : C , O—M2
R12 R12 R12

BRI, -AURMD., -Ge, -Sp-, -O-, ~§-, -50-, -802~, NRI])-, -CO-, -

PRIV, or -P(OYRY)-;

A

wherein R11, R32 gnd RI3 are jdentical or different and are a hydrogen
ztom, a halogen atom, & Cj-Cyq alkyl group, s C1-Chg fluoroalky] group,
a Cg-Coq ary] group, a Cg-C3q fluorcaryl group, & Cy-Cyq alkoxy group.
8 C7-C5q elkenyl proup, 2 C9-Cyq arylalkyl group, 2 Cg-Cgp erylalkenyl
group, a C7-Cgp alkylaryl group, or RI1 znd R1Z, or R!1 and R13,

1o together with the ztoms binding them, can form ring structures;
M2 is silicon, germanivm of Un;

R% 2nd R are identical or different end have the meenings sizted for R11;
15
m and n ere identical or different znd ere zero, 1 or 2, m plus n being zero,

1 oy 2; and



"~ and RO are id ntical or diiieren: and have the nmeanings stated for ;7i
and n on ident. oal or differ nt and rse zero, S o 2, in plus n being zero,
Cr 2; and 5 Ji JI! LU, -43 ~ the raoicalS 1\3l'ic, 1& tcr afirne JUL 7005
iuent 1e87 aCru i Lc:n and" 1-Lave tii L'_43_for FO "; P,'"2 and 1\13; and
t'vt.”, ttCSiiC(:.Jt TOOi:dicals rail ~ he jomled together to forma rings
.1 tLre. 21. The neth-, od of cI/mmZO erein at | east one of Catal yst-A or
Cat al yst-S corrprmmemcacmm@valﬁ‘* 7cad3Bet ' reeprégeitkedr byuh@“»‘f ehfi GwivAgHe
fornula: (Cpi R) i R wherein | S cyC| g pent adi enyl A9 whi cb may be
substituted, or dmeiam'atgism@tetdf@r fl, R| bendru*asaﬁiﬁamné hagdigelaTan)

Rt is, eachlt fs ahal en 7 or % t5,udre carl:y;, t
h ,I hydrac. rb PﬁéQiB%d?qglﬁfbéHT‘b r?d?’i‘ﬁ'eit&} fd er ha.ccazbyi-substin. Jted
orl?arcnetaiieid grT on containing 31p to 20 carbon atoms, "in" is O to
and two It' substituents or, adjacent carbon atoms of the cyciopentadienyl

ring associaped : ena m&mba@amm J(DWB@:@mt él@ﬂ@ﬁﬁ%lhet&' Gmmmmrr@awwtml ni!T
2 fron) 4 to 20 cart on sterns: 1<R' is ai;tid?]i; tdil'l, ~! is O

to J, a 55 .'.".Ccampyise? memluocg)eaepmsnmcb@f&fem}lgmngtf@neuliar om group 4, 5,
orb of the perlodlc table of the. elements; Eis a netero ntom containing
group in which the llete.oatciln is an eier en wth a coordination nunber

of three; fro Go=up VA of the Pe(fdppﬂi&RT&E'}@)MXg

wherein Cp is a cyclopentadienyl ring which may be substituted, or

derivative thereof which may be substituied,

R' is, each independently, a halogen or a hydrocarbyl, halocarbyl,
hydrocarbyl-substituted  organometalloid  or  halocarbyl-substituted
organometalloid group containing up to 20 carbon atoms, “m™ 1s 0 to 5,
and two R} substituents on adjacent carbop atoms of the cyclopentadienyl
nng associaied there with can be joiped together to form a ring containing

rom 4 to 20 carbon &toms;

3 . Y e s v - . .. .
R 1s a bndging group, "n” 18 0 to 3, M 15 & wansition metal having a
valence of from 3 to 6 from group 4, S, or 6 of the periodic table of the

elements;

E 15 a heterosiom contaiming group in which the heteroatom is an element
with 2 coordinatiop number of three from Group VA of the Periodic Table
or a coordination number of two from group VIA, R? is a radica) selecied
from a grovp consisting of C; to Cyp bydrocarbon radicals and substituted
Cy to Cy hydrocarbon radicals wherein one or more hydrogen atoms is
replaced with a halogen atom, and when E is three coordinate and
unbridged there may be two R groups on E, each independently  radical

sclected from 2 group consisting of C; o Cyo hydrocarbon radicals and



or a coon i ati F] nunber of two fromgroup '"VIA R2 is a radical seeded
horn a grou7p consisting of O to C20 hydrocarbon radi cals and substituted
|,7 in i,fa hydrocarbon radicals wherein one or nore Z7}7dYCg' El lal diis 2605

.replaced with a ',loge’ atom and whenyE is ,liree coordinate and

unbri dged there may be two R groups on P. each independently a radical

sel ected froma group consisting of C7 W. C.:;.13 hydrocarbon radicals and
JUL 15 2005 -44- subsititatRdoCy hediGerrboh radiosarberaz@he aF $1¢7e hytEitan one ol

nmore h i ogen atons ;s replaced with a halogc,., atom and each N i a non
cyciope rrie iyi [BiQjay &deRlAEd Wh 2 haO8eR Fi°BEit1y, hydrogen atom, a Cl-Cl0
al kyl group, a G -Cl0 alltoxv group, a C6-CIO aryl group, a C6-C 40

aryl oxy grcup. a C2-Cl O al kenyl group, a C-C40 ar}'laikyl group, a C7-C40
al hyl zzy group, a.g8- & xanylahkanytlgesudiendr liganhahdgen atepdridentand "s
is equal to the aale;ice of TO mnus 2 22, The nmethod of claim 21 pros:ded
that ;a) for Catalhystogap sRimanb O @eEYI B8P 2 C¢-G 1 aAdoRX &T¢Bs sHab-6gen; and
for Catalyst--B. Nis a halogen; or (h) for Catalyst-A RO and R2 are
;dentinal  and ar e 2l ergen; 2 AigdCTo eryloagronpsa Cp3Ciialkenut L Rak dgef4023.
The met hod of cial;n 22 wherein C atal yst-A conprises Fornula-| and

Catal yst-, B conprizBelkgberavpup &71F40 kY ke mrew, 2iC3-6d 0601288y gl Fur t her
conprising providing a Printed catal yst_ conposition by supporting

Cat al yst-A, Cat al yshalegengiemaantors: codtdi b nglenendod Breédr sor ' on a
porous support maielie) 25. The nethod of claim24 herein for Catalyst-A

Rt and R2 are identi cal

22. The method of claim 21 provided that

(a) for Catalyst-A, R} and R2 are identical and are not halogen; end

for Catalyst-B, X 15 2 halogen;

or

() for Catalyst-A, R) and R2 are identical 2nd zre halogen; and for

Catzlysi-B, X 15 not a halogen.

23. The method of claim 22 wherein Catalyst-A compnses Formula-1 and
Catalyst-B comprises Formula-I1.
24. The method of claim 23 further comprising providing a mixed catalyst

composition by supporting Catalyst-A, Catalyst-B, and a non-coordinating

anion precursor on a porous Support maieriel,

25. The method of claim 24 wherein for Catalyst-A, R} and R2 are identical
and are not halogen; for Catalyst-B, X 1s a halogen; and wherein: Catalyst-
A 1s activated by contacting with a precursor for a non-coordinating befere

or during the first polymerization stage and Catalyst-B is activeted by:



and are not hal ogen; fez Catal 'y'st-B, X is a halogen; and w herein' Ca

alyst- Ais activated by contacting with a lr,e iirsor for anon-coordinati

g be=ere or during the first cl;,'n;e ezatirn stage and Catal ysty- Bjli ®05
. bS

activated by: 1 5J U 2005 '"1 of zlurys0 :0oc: -"ore or du ing At bSe u

psis" -nerization stage;; or (b) suhsnaiting, Xin Caitaiyst-Bwith a

nor hai ogen so that .Catalyst-B _becones csipable of bein tivated with a

non- coor di nati ng i onddglﬁtcécuf sor aqﬁ’&”ét't"i 3&%?‘ngota(§“afr&sﬁi% BV“S%ﬁct‘ acting
ith a now Coordinatipg, an9n pLes..rsor. 26. The met hod of claim 17

wherein Catal yst-Ais ggﬁect‘eﬁ ?Qomg%he group consistznl? of dl1:3 e

hyi sil zndi yi bi s{~.-;":ethyi-.ind enyl-; Gw-lea,

di rnet hgl si | andi vi bi sf2. -rnethyl -4-phenyl--1.inderl~Tl)Zr~fe.;, and

di met hv3si 1' ndi | | obi AA2-noci by -() -riaphtth r 1-indenyl)Zrhle;; end
Catal yst-B is chosen fro; Yl i.he L 0.3p Consisting of u-
R-ie2Si (indenvi)2HL.fe . p--(CHa)z~"i{l 3}den,ri)r},; C')z.

p-(C H)2Si[i.eiragy.e i e T (oo TN N =i tthat Catz) (3155 ;
rylarr,.ciol Tid :@?) ortSM%%G\{%éu% gnsqaldc:l%}'%tlEr%r%{euﬁ}figig%g%}l%%e?nsgcﬂé?e(%t,)\“/%] HC,.
2':. The conposition ofbechatmdBbivheirteimg setniaed WAz propeurcsdimaiisg sebect ed
from the group consisting O: 1' . rV-diroeiliyvi aBi inium jei rr_lgi s{ ,enl af
uo; op: henyi Ybn. rate, , WHUSHYi G FRbYAIGM taphakbspy. gentecung with 2 "non-

i i edaviphonavi} bor at B BTGP RS Cfral sip irifuoi ono
et hvlphenyl ) borate, and tribni [|ai nnmuni um
26. The method of claim 15 wherein Catelyst-A 1s selected from the group
consisting of dimethylsilandiylbis(2-methyl-indenyl)ZrMe,,
dimethylsilandiylbis(2-methyl-4-phenyi-1-indenyl)ZrMe,, and

dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl)ZrMe,; end

Catalyst-B is  chosen from the goup «consisting of -
hdezSi(Inden)']jiHNe;, }J-(CH:-)QSi(IDdﬁD}']);HfC]z:
u-(CH:),Saiftetramethylevelopentadienyl]  [adamantylemido] TiCly, or

u-(CeHs)aSi{cyclopentadienyl][fluorenylJHICl.

27. The ccmposition of claim 18 wherein the NCA precursor js selected from
the gToup consisting of N.N-dimethylanilinium

tetrakis(pentafluorophenylborate,  tripropylammonium tetrakas(o,p-

dimethylphenyl)borate, tributylammonium
tetrakis(m,m-dimethylphenyl)borate, mbutylammonium tetrakis(p-
trifluoromethylphenyl)borate, and mbutylammonium

tetrakis(pentafluorophenyl)borate.

28, The method of claim 23 wherein;:



teiraki s4p e=nt;:# ucaopheny]) snaie. 28. The nethod of claim 23 wherein: 1
5 JUL 2005 -46 le AmSCr 1if ;;', Qi Cel?, "-?2°$ :SfJ?:"i1JInSe$ e:

i Ei63t ""0' ~+'i. pli}lylY.1;'r L7G err, i:_er being a C . .C 1) Alph&
(b) the second set of nononers conprisgg. at. iei st SOw. "Y.-3 pmpyicne
the remai nder being a C2-Cic al pha olefin; and (C) the subsequent set of
nmonomers conprises 30-60 W, % propylene and 301-66 wt. %of a C2-C U

al pha ol efin. 29.(zThe wrefiriitsot 1 obnwhak KPR8iwdIer édaat (@it harbpyispe e

pol ymeri zation stage is qondugt:ed 3@%6 ﬁﬁ e first set of r. orserners is
in the |iquid phase. (BY2HE’ S888Ad-PolfH @28t 0 stage is conducted while
the second set of nononers is in the |iquid phase; and (c) the subsequent
poll;, erizatioz stage is conducted while the. subsequent set o nonC'Y ers

is ?il the 1? ut @h sete Th@ndalehetmohomtaidthgdiswharieidn sohet. @2 ppyiakpha
diefz?n in the first s teen(, and subsequent skit of nononers is ethyl:
ine. 3i. A catal yst coposntinger edrgpnSi-figo tlpbs mekpuped of P, 2eta i.| C+:
erle cata?yst-.

& _retall ocer?e Ca t-B. and i vator, c, ) aprisi
ot Teaot o NOTI (5} couecnCmbru w SCIPhTEe R wang el e vepiiSBene. 1 op
esented by Foym ul a-1:,HdkS095, o afC,CCf; 2¥ha olefin.

29.  The method of claim 28 wherein

(a) the first polymerization stage is conducted while the first set of

monomers is in the liquid phase;

(b) the second polymenzation stage 1s conducted while the second set

of monemers is in the liquid phase; and

(c) the subsequent polymerization stage is conducted while the

subseguent set of monemers i3 in the liguid phase.

30. The method of claim 28 wherein the C,-Cy¢ alpha olefin in the first,

second, and subsequent set of monomers 1s ethylene.
31. A catalyst composition comprising the mixture of metallecene Catalyst-A,
metallocene Catalyst-B, and an activator comprising 21 Jeatt one NCA

precursor wherein:

Catalyst-A compnses a metallocene represented by Formule-1:



it 4 wherein Al is ar eul of Cxoup 4, 5 or 6 of the .Periodic Table;

ElIl and 2 rct net ha-oxen, are identical or cliffelent, and arc Oge 0] 5
hydrogen atom a Ct--Cl0y al kyz group, a Cl--Cl10 al koxy , group, h é@Léﬂ[ﬁ a
C6- C10 aNOW group, a C2-Cl10 al kenyl group, a CG'-C40 arylai d group, a
C,,-C40 al kyiaryl group and a CR-C40 arsaaJkenyl group 1G R5 and p6 are
iden.tical or different, are one of a haloo,cn atom a Cl1-CJO aiky | group
whi oh nmay be zlrgc<taate a C6-Cl0 aryl gT~ouy which may be kai ogenated, a
C2-fCl rGclkeryl g op, a C7-C40 71a kvi O-T. 2 C 7- Cop al kylary’

group, a Cg-C40 a xy aukene | groug, 1&)— ~z 1$F -5.R 15, -OR 5. -001015 or
-PR215 radical, wherein Ki~ is-qn (ﬁ a4hal oget 1s ate .; a d'Cl0 abiky)
group and a C5-C10 ar MW gr oup; is15JU_ 2005 RI1 RII RI'1 X11

-------- M - MB2 ---- M2 -- - ---- | | RI2 R12 N1 R12 R11 X11 R11 |
1 R12 R12 R12 ->3(R11)-, -Al ; Rgiég)" O5-. -3C-. -5072-,
-N(k11)-, --CC., .. P(11.11)- ; *5mwherein R11, R12 and R13

are identical or different aﬁa

atom a hal ogen atom a
Cl - C20 al kyl group, a d-C20

R— R 7

" /
R CRORY)
(R1G )4

wherein M is a metel of Group 4, S, or 6 of the Periodic Table;

R} and R2 zre not helogen, are identicel or different, and arc one of &

n

hydrogen atom, a2 C1-Cyg alky! group, 8 C1-Cyq alkoxy group, & Cg-Cyy
aryl group, a Cg-Cyg aryloxy group, a C3-Cq elkeny] group, a C9-Cgg
arylaikyl group, a C7-Cqq alkylaryl group and z Cg-Cg4g azylalkcnyi

group;

10 RS and RS are identical or differemn, are one of & halogen 2tom, & C1-Cjg
alkyl group which may be halogensted, a: Cg-Cqg aryl group which may
be hzlogenated, 2 C5-Cj g alkenyl greup, a C5-Cyq -arylalkyl group, 2 C-
Cz( alkylary) group, a Cg-Cq,b arylalkenyl group, 2 -NR5 12, -SR15,
-OR13, -OSiR3!5 or -PR515 radical, wherein RIS is one of a halogen

18 etem, a C}-Cq alkyl group and a Cg-Cj g aryl grovp;

R7 is



a C6 20 aryl group, a C6-C30 ;luoroaryl group, a Cl1-C2[0 al koxy group. a
C--C20 alk.enyl group, a C -C40 arylal'.ryl group, a Cg-C40 axyl al kenyl
group, a C7C40 al kylaryl group, or R11 and R12, or R11 and 8133, 5% L2005
together with the atons binding there, forth rang conpositions; I\;Q ig
silicon, germaniumor tin; R8 and R9 are identical or different and have
the meanings stated for Rl1; to and n%re identical or different and are
zero, | or 2, mplus r, being zero, or 2; and the radicals R3, K4, and Kl
are identical or different and have the 20 neanings stated for R 1, R12
and K13, and two g@¢fj acent R Oppdicalgiican 1 5 . Jyq19 2035 49 he 6ad

together to formpP. ring stn3: 4+rt; aid ri 'J="JleTP,il7 G. iAtnlVt-,'S
SQ"P f.THot; G a BueV11l L~Ge~i | reT7\IﬁE3e311Cd by the 'F fJ.11f 1~71i ~,
formula; x (C pl 3.,1F. ,Ra) , t X ﬁrein Cpis,.a cyc{’éﬁ) .adi e3Jy' |
ring which rmy beMéubsTi tu &d, M6r —TEVfivat ' vetWéreof Rz )may be subst

tuted; 10 R is, ?ach irndepeﬂLentIy, a hal ogen oL hvdt ocat byi, hal ocar byl ,

hycroca byksuhsri qhed or gana Il oid or hal nca | -substituted

C75i enf 291 | CLFel | §'2 group conRafni ngRl%p to 26 coRoA Ei Rt 37rd=, "m" 35 L

iDand tu'o R s'ubsta" r;s on ;diaccnl. car or, atons of the cyciopentat

icnyl ring assoc aced, thurc with taxi q ; caned together, to Ecm P- Sind
1{_ s: R% 11

from4 to 20 carbon 6? . T
O— M2 0 ; C , 0O—MZ2
IL12 ,\;12 ,Lu

BRIy, -AIR)-, Ge-, -Sn-, -O-, -8-, -SO-, -805-, -N(R11)-, -CO-, -

PRI, or -PO)RID)-;

5 wherein R11, R12 and R13 are identical or different and are a hydrogen

atom, a halogen atom, a C1-Cy() alkyl group, a C1-C;( fluoroalkyl group,
2 Cg-Cy ary! group, a Cg-C3 fluoroaryl group, a C1-Cpp alkoxy group,
a C-Cy alkenyl group, a Cy-C4g arylalkyl group, a Cg-Cg( arylalkenyl
group, a C7-C4¢ alkylaryl group, or R11 and R12, or RI1 apd RI3,

10 together with the atoms binding them, form ring compositions;
M2 is silicon, germanium or tin;

R& and RY are identical or different and have the meanings stated for R11;
15

m and n are identical or different and are zero, 1 or 2, m plus n being zero,

1 or2; and

the radicals R3, R4, and R10 are identical or different and have the

20 meanings stated for R [,RI2 and R13, and two adjacent R10 radicals can



l: 1 a tr'6gng gioup, "n" is Olc i, Mis a [ 75343:: raci | na n vale--cc
of from3 to 6 fromgroup 4_ 5, or 6 of the periodic ta2la o the1 Zﬁgx 0

el enents, is a iJeteroatorn Cont.ainlng group in whjch the hc.terosa Z‘qu
an element w u3i a coordination nu mper of u ree from Goup VA or a coos
di E)ation nu tber of two fromg7o0'up VIA, R' is ar is Bel ted ux a group
25 co37se5ui.g of C3 to C :fl hydrocarbon ra9iccajs and SSil1 Siltllied C
10 C20 37bi rocarbon r;a.[iicalS MW ezeln one or 'or' hydrogen atons as
replaced wth a hal ogen n%Jdrl, ,. id when .G 1S three CCd]P . Lai dAts
aYltJ. ti7J.|.664cCISincEhesdhsny G ¢ woe Bocd8tpdn E, each independently a
radi cal selected "aore r cioup consjs ng of C to C20 hydrocarbon rao3cal s
and substituted Clo ~.. C hyd _nocarbon radicals whtrein one or nore
1":)"i::ogen at ongphésiy ERLACEE conipieda hati0geratepraserandvd 15 HilovddP5 - 50
and each Xis ai:aioge anf . and Wis | to the ce of >4 mnus ti G 32. A
cat al yst cor nposi fokmmlaconpri sing W mixture o Catal si-A Catalyst-U and
an activator conprisin fat ie st one NCA precursor wherein: .~ talyst-A
and Catafyst-B each conprise a metal kccrie represented by :he fo | ow ng
formula: 10, k R9) \-. -10 wheyep'm'Mr® ER‘@vpgta of Goup 4, 5 or J c-
the Periodic |]"able; !'? and R2 aggﬁid@%r% or different, an are one of a
by ogee To ;, a l

wherein Cp is a cyclopeniadieny) ring which may be substituied, or

derivative thereof which may be substituted;

10
R' is, each independently, a halogen or a hydrocarbyl, belocarbyl.
hvdrocarbyl-substituted  orgenometalloid or  halocarbyl-substituted
oréanomemlloid group containing vp to 20 carbon atoms, “m’ is 0 to 5,
and two R' substituents on adjacent carbon ztoms of the cyclopentadicny)
15 ring associaled there with czn be joined together to form e ring conteining
from 4 10 20 carbon ztoms;
R" it 2 bridging group, “n” is 0 10 3, M is 2 wensition meizl having &
valence of from 3 1o € ffom group 4, S, or § of the periodic wble of the
20 eletnents, ‘

E is 2 heteroztomn containing group in which the heteroztom s un element
with & coordingtion number of three from Group VA or & coordination

number of two from group VIA, R® is s radical selected from a group

[
th

consisung of C; to Ciq hydrocarbon radicals and substinied C; to Cyp
hydrocarbon radicals wherein cne or more hydrogen etoms is replaced
with a helogen atom, end when E is three coordinate end unbridged there
mazy be ™o R* groups on E, each independently a radical selected from a

group consisting of C) to Czq hydrocarbon radicals and substtuted C) 10

03
(@]

Cazp bydrocarbon radicals wherein one or more hydrogen atoms is replaced

with 2 halocen atom; and



CJC~ al kyl goon, a C]-C: 10 alko):y croup, a C6-Cl10 aryl group. a C6- Cl G
arylo:Y gounn a C2-ClI O al kenYl prcrap, a C ,-C40 a=vla]} ~-'. WP g @30
a; kylaryl group, -a Cg-C40 aryl al kenyl [J-013p, or n hal ogen ato §<J '-zg
R6 an. YGentical or eiherent, axe one_gp_a hi al oeen atom a C -d 0 ax,
ggroup, which may he hal ogenated, a ary gee up, mhich may 15JR2005 r; |I:
byo E- _nat+ed, 'a C7 -C 10 ai kenyl _r. I cup a
C,, C40 a k; isad @rfou?} IS & EeasAc! *ar*v’krdl Iecr*r F" 9’4 "%%JBBO{ I& - CS;
B;l|5 o0; -PR71 . radical. wherein R15 i one of a halogen Flom a CI-C 0
alkyl givup and 8 GG C1j aryl g>oup; Rna Rf il R Rv 12 ,12 - M
-1, A2 (CR2"3)- |I: f Rd S12 R1?_ R12 i" R11 Rli N12 CO 1,A2 RI12 FR12
;R12 -B(R 11r.> -AJ(R11)-, Ce -S'a, _c, -So-, -SCL -N(-Ct~ S~ ~"a ~p
. P~O (;2 132)-: Avb@elashcdinpdsitiRBeempras Rl theariex Lﬂ@)@lt*ﬁtal}"or &sta! é‘é@b and

=.re a h, droacn ,,om.a hal ogen ) 70 al k a Cl-C2i)
fuoor Cal kyl i.'r&hOpangcesienty rﬁm%ﬁ@ﬁt O?G‘%Eg Ef?ﬁmfsér Brrqzeartegr?r yl group, 13
Cl-C20 group. a C2-C2r0 allkenyl -roup, a ¢ -C40 arylal"xyl group, a
Cg- 40 axylal ktnyl group, a C;-Cgrj ai y'.;s,t group, or RI' and R 2. ,
R .11 rnd R 3 . QageithernndiGdnlyhed aichnenhirndiangetkherens rémesantddigy the
conposi tions.

following formula:

wherein M 1s a meta) of Group 4, 5, or 6 of the Periodic Table;

R1 and R? are identical or different, and are one of a hydrogen atom, a Ci-
Cjo alkyl group, a C1-Cqq slkoxy group, a C¢-Cyp aryl group. a Cg-Cyp
aryloxy group, a C-Cyg alkeny} group, a C3-C4q arylalkyl group, z Co-
Cyq alkylaryl éroup, a Cg-Cyq( arylalkenyl group, or a halogen atom;

R and RO are identical or differem, are one of a halogen atom, a C;-Cjq alky)

group, which may be halogenated, a Cg-Cy aryl group, which may



lv;' is e ;;cod:,
i dej:dcal or different'
ideritica) of di
and the radicals
meani ngs stated for

cornpositior,
not hal ogen for
The conposition

n and R 10 R z2 are identi cal
R13. R12 acid Rl and two adi acent R
joined together to forma ring conposition.
containing from4-6 carbon atons wherein,;

sigheg @
g? : glﬁﬁéﬁ"’? 3

g=rrr ~iarn or tin; i5JUL25C -52 TOfiat][ 1 19 am
| hav the neanie es avd th t) | 7ri and r,, ar
ferent and ate Zero, | or 2; mpus x, being zero,1§fﬁ5r200§;

or different and have the
0 radical s can
preferably a ring

ry Rand ti.2 are

%C%_aﬂﬂﬂy)@oﬁk_ﬂﬁ tralCogenrytadky! Gavwgth psi+B. 3 :
S’herein he activator consists essentially of

be

2

at | east one NCA eCUr3or, T, i€ I DROS KL SBuRfs Blpats- 3Rk Mherein the
activator consists“6f a(t'ﬂpegéglpb%gg %-gfecai s%}r .Q35. Pg‘?zhe conposition of
cline 9 ".i'Aerein.t j-aggnt Qsradi cal s f B kd r e
cont ai ning from 4681%@%%2 a?ro%sR.lz 36’.-3%0%%8%?%%;% o$g gllgear?-?iat ng%evr\]her ein

r,,w, , adjacent R10 r
to 6 carbon atons.5%% 2
wj ace?)t Rio radicals
carbon a 0:Ts,

dica'i,s. form i - .e conta;ning fromi4
CT’Pfe ) a‘?%]’ﬂ%“%%%%@?ﬁ@%% }éﬂ%{i m 31 wher eign t wo

font a ring structure e containing from4, to 6

R7 s
R11 R11 R R
| I |
M2 . M2 M2 , M2 (CRz13)— -
O
R11 R11 R11
| | |
0— M2 o 7 c , O—— M2
,Lw. ,Ln ;—Lm

BRI, -ARID)-, -Ge-, -Sp-, -O-, -8-, -SO-, -807-, -N(R! )., -CO-, -

PRIV, or -P(OYRID)-;
10
wherein R}, R12 and R13 zre identicel or differemt and zre a hydrogen
atom, 2 helogen ztorm, a Cy-Cqp alkyl group, & C1-Coq Suoroelkyl group,
a Cg-Coq aryl group, a Cg-Cxzg fluoroaryl group, a C1-Co alkoxy group,
2 Cp-Coq alkenyl group, 2 C7-Cyqq arylalkyl group, a Cg-Cag arylakenyl
group, a C7-Caq alkylaryl group, or R11 and R'2, or R1! and RI2,

together with the atomns binding them, form ring compositions;

M2 is silicon, germenium or tin;
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m and n are identica) or different and are zero, 1 or 2, m plus n being zero,

ior2; and

the radicals R3, R4, and R10 are jdentical or different and have the

meanings stated for R11, R1Z and R13, and two adjacent R10 radicals can
be joned together to form a2 ring composition, preferably 2 ring

composition containing from 4-6 carbon atems wherein;
R! and R? are not halogen for Catalyst-A; and
R! 2nd R2 are halogen for Catalyst-B.

The composition of claim 32 wherein the activator consists essentielly of

at Jeast one NCA precursor,

The composition of claim 32 wherein the activator consists of at Jeast one

NCA precursor.

The composition of claim 9 wherein two adjacent R;q radicals ferm a ring

structure containing from 4 to 6 carbon atoms.

The method of claim 20 wherein two acjacent Rjq radicals form a ring

structure contzining from 4 to € catbon atoms.

The catalyst composition of claim 31 wherein two adjacent Ry radicals

form a ring structare containing from 4 to 6 carbon atoms.



