
15 JUL 2005  WO 02./060957 PCT/USOI/43540 TITLE: POLYMERIZATION PROCESS WITH
MIXED  CATALYST COMPOSITIONS FIELD OF THE INVENTION 5 This invention relates
to mixed catalyst compositions, methods for their  production and their use
in a multistage polymerization process. The invention  particularly relates
to the use of mixed catalysis in a multistage polymerization  process
suitable for the tailoring of polymer blends. 10 BACKGROUND OF THE INVENTION
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, 1 5 J U L 2005 WO 02/060957 PCT/US01/43540  -2  with
introduction of a second catalyst particularly suitable for making a
copolymer  selected for the final blend. The first transition metal catalyst
may be deactivated,  and the second is added with activator, typically a
metallocene pre-contacted with  an alumoxane activator. A drawback to this
solution is the cumbersome step of 5 adding an additional catalyst and
activator and effectively having the second  catalyst uniformly dispersed
within the first polymer component such that the  second copolymer component
is prepared with an essentially uniform dispersal  within the first polymer
component. 10 Another solution to this problem is to use a mixed catalyst
composition  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 is 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 blend. 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, 1 5 JUL 2005 WO 021060957 PCT/US01/43540
-3- inert particulate material wherein the catalyst comprises a) at least
one transition  metal catalyst compound activated for polymerization by
reaction with a  noncoordinating anion precursor compound and b) at least
one inactive transition  metal catalyst compound that cannot be activated by
said noncoordinating anion 5 precursor compound; B) transferring the product
of A) into a second stage,  optionally after removing unreacted monomer,
by-products, or other unwanted  materials; C) modifying the mixed catalyst
system of A) by adding into the second  stage an effective alkylating
compound for the b) transition metal catalyst  compound; and D) contacting
in this second stage one or more olefins, the same or  10 different from
those of A), with the modified mixed catalyst system of C). An intermediate
product of the invention, prepared in the first stage, is a  supported 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 is 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 in  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 15 JUL 2005 WO
02/060957 PCT/US01/43540  .4- a mixed catalyst composition and effectively
tailor-make reactor polymer blends  without adding additional catalysts or
deactivating catalysts after the first  polymerization stage. The
intermediate product is a intimate mixture of the mixed  catalyst in the
first stage polymer which allows for second stage activation of the 5
inactive catalyst without having to independently introduce it and undergo
blending or rigorous mixing processes to try to achieve a desired homogenous
mix  or blend of the first stage and second stage polymers. DETAILED
DESCRIPTION OF THE INVENTION 10 Generally, this invention relates . to a
mixed 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 ii) 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 Q. 30 15 JUL 2005  WO 02/060957 PCT/US01/43540
-5- Support Materials The mixed catalyst compositions used in the process of
this invention are  preferably supported using a porous particulate
material, such as for example, talc,  inorganic oxides, inorganic chlorides
d resinous materials such as polyolefin or  5 polymeric compounds. Preferred
support materials are porous inorganic oxide materials, which  include those
from the Periodic Table of Elements of Groups 2, 3, 4, 5, 13 or 14  metal
oxides. Silica, alumina, silica-alumina, and mixtures thereof are
particularly 



10 preferred. Other inorganic oxides that may be employed either alone or in
combination with the silica, alumina or silica-alumina are magnesia,
titania,  zirconia, and the like. 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  pm. More
preferably, the surface area is in the range of from 50 to 500 m2/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 pm. 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 100C to 800C  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 1 5 J U L 2005 WO 02/060957 PCT/US01/43140  .6  essentially
uniformly distributed throughout the mass of the support by virtue of  the
randomly incorporated functional groups on the polymeric chains making up
the support. The term low surface area means a surface area of < 50 m2/g as
measured a single point nitrogen B.E.T. (Brunauer, S., Emmett, P.H., Teller,
E., 5 JACS 1938, 60, 309) and can be exemplified by the use of polystyrene
based  



beads or gels. These beads or gels are lightly cross-linked and randomly
functionalized with the ammonium salt compounds. Important features of these
catalyst support compounds are insolubility in the solvents used in
preparing the  supported catalysts or in its use in polymerizing monomers,
the particle size as 10 related to effectiveness for use in fluidized bed
reactors, and overall resistance to  fracture under temperature pressure and
loading 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 the
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 1 5 JUL 2005  WO
02/060957 PCT/US01143540 



_7_  inactive catalyst on another portion of the inert support material,
each having been  prepared separately and combined prior to step A).
Regardless of whether the transiton metal compound and activator are 5
separately precontacted or whether the transition metal compound and
activator  are combined at once, the total volume of reaction solution
applied to porous  support is preferably less than 4 times the total pore
volume of the porous  support, more preferably less than 3 times the total
pore volume of the porous  support. 10 Exemplary methods of supporting ionic
catalysts comprising metallocene  cations and noncoordinating 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 15 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 to 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  polymerization 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 CpmMR,Xq, wherein Cp is a 1 5 J U L
2005  WO 02/060957 PCT/US01/43540 -8- cyclopentadienyl ring which may be
substituted or unsubstituted, or derivative  thereof which may be
substituted or unsubstituted, M is a Group 3, 4, 5, or 6  transition metal,
for example scandium, titanium, zirconium, hafnium, vanadium,  niobium,
tantalum, chromium, molybdenum, and tungsten, R is a hydrocarbyl 5 group or
hydrocarboxy group having from one to 20 carbon atoms, X is  independently
selected from a hydrogen atom, a C1-C10 alkyl group, preferably a  C1-C3
alkyl group, a C1-C10 alkoxy group, preferably a C1-C3 alkoxy group, a
C6-C10 aryl group, preferably a C6-C8 aryl group, a C6-C10 aryloxy group,
preferably a C6-C8 aryloxy group, a C2-C10 alkenyl group, preferably a C2-C4
10 alkenyl group, a C7-C40 arylalkyl group, preferably a C7-C10 arylalkyl
group, a  C7-C40 alkylaryl group, preferably a C7-C12 alkylaryl group, a
C8-C40  arylalkenyl group, preferably a C8-C12 arylalkenyl group, preferably
a C3-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 in the  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 1 5 JUL 2005  WO 02/060951 PCT/US01 /43540 -9
polymerize olefins to polyolefins. When X is a halogen in the metallocene
represented by the formula Cp,"MR;,Xq it is herein referred to as a labile
halogen  substituted metallocene. When X is not halogen it is herein
referred tows a labile  non-halogen, substituted metallocene. In general, a
labile halogen substituted 5 metallocene can be activated by organoaluminum
alkylating compounds, such as  alumoxane, but cannot be activated by
certain classes of non-coordinating anion  (NCA) precursor compounds when
used alone, or in the absence of or with trivial  amounts of alkylating
compounds. 10 Non-coordinating Anions 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 forming 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  ligand of a metallocene 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 neutral by-product from the
anion. Non-coordinating anions useful in accordance 15":U 2005  WO
02/0609i7 7PC uJU SOl /43540 -10- with this invention are those which are
compatible, stabilize the metallocene  cation in the sense of balancing its
ionic charge in a+-1 state, yet retain sufficient  lability to permit
displacement by an ethylenically or acetylenically unsaturated  monomer
during polymerization. Additionally, the anions useful in this invention 5
will be large or bulky in the sense of sufficient molecular size to largely
inhibit or  prevent neutralization of the metallocene cation by Lewis bases
other than the  polyrnerizable monomers that may be present in the
polymerization process.  Typically the anion will have a molecular size of
greater than or equal to about 4  angstroms. 10 Descriptions of ionic
catalysts for coordination polymerization comprised  of metallocene cations
activated by non-coordinating anions appear in the early  cork in '-P-A-0
277 003, ET-A-0 27 004, U.S. Patents 5,138,401 and 5,2'78,119,  and
W092/003;3. These teach a preferred method of preparation wherein  



5 metallocenes are protonated by non-coordinating anion precursors such
that an group is abstracted from a transition metal to make it both
cationic and  alkyl charge-balanced by the non-coordinating anion. The use
of ionizing 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, EP-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
triethylsilylium 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, aluminium, gold, platinum and the like, Suitable metalloids include,
but are not limited to, boron, phosphorus. silicon and the like. An
additionall method of making the ionic catalysts uses ionizing non-
coordinating anion precursors which are initially neutral Lewis acids but
form the 15 JUL 2005  W00210(;095 } Lll E33id3 30 cation and anion upon
ionizing reaction With the metallocene compounds, for  example
tris(pentafiuorophenyl) boron acts to abstract an alkyl. hydride or silyl
ligand to yield a metallocene cation and stabilizing non-coordinating
anion, see  EP-A-0 427 697 and EP-A-0 520732. Ionic catalysts for addition
polymerization  5 can also be prepared by oxidation of the metal centers of
transition metal  compounds by anionic precursors containing metallic
oxidizing groups along with  the anion groups, see EP'-.A-0 495 375.
Examples of suitable NCA precursors capable of activating labile non- 10
halogen substituted metallocene compounds via ionic cationization, and  



consequent stabilization with a resulting non-coordinating anion include
trialkyl- substtuted ammonium salts such as: trimethylammonium
tetrakis(p-tolyl)hc~rtde,  15 trimethviammonium tetrakis(o-tolyl)horate,
tributylammonium tetrakis(pentall uorophenyl)borate, tripropylammonium
tetrakis(o,p-dimethylphenyl)borate,  tributylammoniuna tetrakis( n,m-di
nethvlphenyl)bore.e,  tributylammoniu ri
tetrakis(p-trifluoromethyil5henyl)horaie, 20 tributylairimornurn
tetrEil:is(pei;tai3uorcphenyl)borate,  rri(n-buty))amrnonium
tetrakis(o3-tolyl)borate and the like;  N,N-dialkyl anilinium salts such
as: 25 N,N-dimethylanilinium tetra .is(pentatludaropher:yl)borate,
N,N-dimethylaniliniumtetrakis(hepta;luoronaphthy l)borate, 1
;N-dintethylaniiii .loin tet.akis(perfluoro-4-biphenyl)borate and the like;
dialkyl a=mmonium salts such as: 1 5 JUL 2005  WO 02/06095 1'i:ri~' tlI% u;
40 di-(isopropyl)ammonium tetra kis(pentafuorophenyl)b"rate and the like;
and triaryl phosphoniunm salts such as: triphenylphosphonium tetra
tluorophenylbcrate,  tri(methylphet;y1)ph: sphoniurrt tetra, henylborate,
tri( 'dimeth" lphenyl)phosplion ium teiraphenylborate and the like. 10
Further examples of suitable NCA precursors inclu+_le those comprising a
stable carhoniurn ion, and a compatible non-coordinating anion. These
include:  triphenylcarbenium tetrakis (trifluorophenyl) borate tropillium
tetrakis(pentalluorophenyl)borate, 15 triphemylmethyliurr tetrakis(
pentafluorophenyl)horate,  



benzene (dia_zonium) tetra is{pentaf ocropitenyl)borate,  tropillium
phenyitris(pentail uorophenyi)borate,  tripheryimeehyhurn
phenyl-(trispeniafluorophenyi)borate. phenyl-tris(.peniai;
;rr,:opher~y)horaie,  benzene (diazonium) 20 tropiihurn tc.:rakis(2,
5.6-tezrat~uoropktertyl}bo.rate,  triphenylrnethyliurn
tetrakis(2,3,5,h-teiraflucrophenyI}borate ,  benzene (diazoniu e;?
tetrakis(3,4,5-tri3luorophenyl)borate, tropilliurn
tetratkis(3,4,5-trifluorophenyl,`borate. benzene (diazonium tetrakis{?,4,5
rif oorophenyl,`borate,  25 trcpillium
tetrakisf:s,4,5-trilluorophenyi)aluminate,  triphenylrneihyliurn
ieirakis(,4,5-tri Juoropttenv1)alurninate,  benzene (dia..oniur,l
tetrakis(.,4;5-trill aorophenyilalun mate,  tropillinurn
tetrakis(I,2.2-tritluorr~ethenyl)borate,  triphenylntethyliun, t,
trakis{1,2,2-tri 7uoroethenyljl;ara c., 30 benzene (diazonium:) tetr
kis(I,2,2.trilluoroethenyl)borate, 15 JUL 2005  WO 02/060957 PC17US44354(c)
tropillium tetrakis(2,3,4,5-let rafluorophenyI)horate,  triphenylmethylium
tetrakis!2,3,4,5-tetra luorophenyl)borate, benzene (dtazornum)
tetrakis(i,3.4,5 tetra7Lkorophelty111lorate, and the like.  5 Alumoxanes In
a preferred embodiment, after a first stage polymerization, a mixed
catalyst composition which comprises at least one active and one inactive
catalyst  can he contacted with an alumoxane activator such as
alkylalumoxane in order to  activate the inactive catalyst. Alkylalumoxanes
are preferably used as activators, 



tC most preferably methylalurnoxane (MAO). The alumoxane component useful
as  catalyst activator typically is an oligomeric aluminum compound
represented by  the general formula (R-AI-O),, which is a cyclic compound,
or R(R-Al-O),AllR,,  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 t5 R is independently a Cl-C8,
alkyl including mixed alkyls. Particularly preferred  are the compounds in
which R is a low carbon-number alkyl such as methyl or  ethyl. Alumoxane
solutions, particularly rnethylaiumoxane 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-lirniting examples of which are
described in US. Patent No. 4.565,208, 4,952,540, 510011,152. 5,206,99,
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,;03,031 and EP-A-0 561 476,
EP-B1-0 279  586, EP-A-0 594218 and WO 94110180. (as used herein unless
otherwise stated  25 "solution" refers to any mixture including
suspensions.) Mixed Catalyst Composition The ,nixed catalyst composition.
of. this invention preferably comprises at  least two catalysts: at least
one Catalyst-A, capable of being activated with an  _0 N1CA precursor; and
at least one Catalyst-B, incapable of being activated solely 1 5 J U i 2005
0422,'nro9 7 PC 1-11)7.1;011143540 1q_  with an ;*C:v. precursor.
Preferably C;ata,yst-T?> is subsecltaently activated with an  alurnoxane,
preferably MAO. Catalyst-B may also be converted into a compound  capable
of being subsequently activated with an NCA precursor, such as by  adding
in the second stage an orianoaiummum alkyiating compound, such as 



5 trilsobutyl aluminum, optionally with amounts of an NCA precursor
additional to  that present from the first stage. The mixed catalyst as
activated in stages is used  it,, a multistage polymerization process to
make a reactor polymer blend. The catalyst compounds, 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
metailocene. compound which is effective for making component- io.
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 Catalyst-A is
anon-coordinating anion (NCA)  precursor discussed above. Generally, NCA
precursors forth an active catalyst  with a metailocene compounds having
labile ligands that are non-halogen (labile.  20 non-halogen substituted
rnetallocene), e.g. dialkyl substituted rrtetallocene. Thus, one embodiment
of this invention is a mixed metailocene. catalyst  composition wherein:
one catalyst, Catalyst-B, is a metallocene compound whose  labile ligands
are halogen (labile, halogen substituted metailocene) while the other YS
catalyst, Catalyst-A, is a metailocene compound whose labile ligands are
not  halogen (labile non-halogen substituted metailocene). When the mixed
metailocene is contacted with NCA precursors in or prior to a first
polymerization  stage, Catalyst-B. the labile halogen substituted
rnetallocene. is not believed to  fors, all active catalyst with NCA
precursors. Catalyst-A. the labile non halogen 30 substituted metallocene,
e.g. hydridyl or alkyl substituted, does form an active 260"  1 5 JUL WO
02/060957  



catalyst with the NCA. A first stage polymerization can then occur with a
catalyst  composition comprising the reaction product of Catalyst-A and an
NCA precursor,  plus Catalyst-B. Catalyst-A becomes activated via the NCA
precursor while  Catalyst-:`s, a labile halogen substituted metallocene,
remains inactive unit 5 activated. after the first stage with an activating
compound, preferably an  alumoxane. in the most preferred embodiment of
this invention, the mixed catalyst  composition comprises Catalyst-A and
Catalyst-B wherein Catalyst-A is a non- halogen substituted metallocene,
which is capable of making stereospecific  polypropylene; and Catalyst-B is
a metallocene, preferably a labile halogen  substituted metallocene, which
is capable of making an semicrystalline,  amorphous or elastomeric
copolymer, preferably ethylene propylene copolymer. 45 Cat.rlvst-A
Preferred metallocenes for Catalyst-A are biscyclopentadieny]  metallocenes
represented by the formula: (R10) 1  ~ ~':~ r C1~F2~ 1 ~' }st 15 JUL 2005
w01)2JO6O95, P T usoiu4353o 1 fi. wherein M is ai metal of Croup 4, 5, or 6
of the Periodic "f"able, preferably,  zirconium, hafnium and titanium, and
most preferably zirconium. R1 and R2 are identical or different, preferably
identical, and are one of a  5 hydrogen atorr,, a C1-C10 alkyl group,
preferably a C1-C3 alkyl group, a t 1-Cll;  



alkoxy group, preferably a C1-C3 alkoxy group, a C6-C10 aryl group,
preferably a  C, Cg aryl group, a C-C10 aryl('xy group, preferably a C6-Cg
a:yloxy group, a  C2-C10 alkenyl group, preferably a C21 C4 aikenyl group,
a C7-C40 arylalkyl  group, preferably a C7-C10 arylalkyl group, a C7-C40
alkylaryl group, preferably to a C7-C17 alkylaryi group, a Cg-C40
arylaiker:yl group, preferably a Cg-C1,  arylalkenyl group, or a `halogen,
preferably chlorine, and a C4-C 2~  organometailoid group. R~ and R6 are
identical or different, preferably identical, are One of a  1` halogen
atom, preferably a fluorine, chlorine or bromine atom, a C1-CIO alkyl
group, preferably a C1-C,4 alkyl group, which may be halogenated, a C6`C1C)
ar yl  group, which rnaY be halogenated, preferably a C6-Cg aryl group, a
Ca-C10  alkertyl group- preferably a C.2-C4 alkenyl group, a C7-C4.0
-arylalkyl group,  preferably a C7-C1CP arylalkyl group, a C7-C40 aikylaryl
group, Preferably a C; .`'.V C12 aikylaryl group, a CgC,4{t ttrylalkenal
croup, preferably a Cg-C12  arvialkenyl group, a -NR715, -SR15, -CSR15,
-OSiR315 or -PR215 radical,  wherein R15 is one of a halogen atom,
preferably a chlorine atom, a C1-C10 alkyi  group, preferably a C1-Ca alkyl
group, Or a C6-C10 aryl group, preferably a C6- Co aryl group. <S R7 is 15
JUL 1105  WO 02/060957 Pt TIUS01143540 X11 R1 R11 R, 11 t,42 -...._ _------
M2 ......---- M2 -----..- - M2 (CR213}_  R12 R''2 R12 R12 W 1 R11 R11 r~ E 



- C) -------- M2 -.------ c)- , _C --------- 0---,m2  R12 112 R12  B(R)1)..
-n.l(R1 {3e Sn -0-, -S-, -SC-, -SC 2 , N(R1') , -CO-, P(F 11) ,  or
-P({3'(121 1) 5 P11. R12 and R13 are identical or different and are a
hydrogen atom, a  halogen atom, a Cl-C20 alkyl group, preferably a C1-Cllr
alkyl grooup. a C-C12  fluoraalkyt group. preferably a Cl-C1t1 flnoroalkyl
group, a Cl6-C-3O aryl group,  preferably a C6-C20 a yl group, a C6-C30
fluoroac l group, preferably a C6-C'20  fluoroaryl group, a C1-C201 alkoxy
group, preferably a Cl-C1d aikoxy group, a 10 C2-C23 aikenyl group,
preferably a C2-CIO alkenyl group, a C7-C40 arylalkyl  group, Preferably a
C7-C20 arylalkyl group, a CS-r"40 arvialkenlvl group,  11 - preferably a
Cg-02.2 arylalkeny'i group, a C7-C40 aiky-laryl group, preferably a  C
--C2() alkylaryl -Troup or 0 1 and RI Y, or R1I and R1= , together with the
atoms  binding them, for.. ring compositions. l3 IY92 is silicon, germanium
or tin, preferably silicon or germanium, most  prctembly silicon. R8 and R9
are identical or different and have the meanings  stated for RI I . The
values of rri and 35 are identical or different and are zero, 1 or  2, pre;
erab y zero or 1, rn plus n being zero, I or 2, preferably zero or I.
Finally, i~53  1 5 JUL Wo 02%060957 PCT?LUS0 143 40  tl.e radicals R3, R",
and flat are identical or different and have the meanings  stated for R1
R1Z and R1 Two adjacent R10 radicals can be joined together to  form a ring
composition, preferably a ring composition containing from 4-6  carbon
atoms. 



Alkyl refers to straight or branched chain substituents. Halogen
(halogenated) refers to fluorine, chlorine, bromine or iodine atoms,
preferably  fluorine or chlorine. 'l re most pref'bn-ed metallocenes for
Catalyst-A are ;hose that are  10 advantageous for making stereoregular
polypropylene, preferably isotactic  polypropylene, and are represented by
structures (A) and (`B): R5 Ra  R8R9C (RI0 i ~~~ 7?C t `tl)4 >11 %  (A) ,2,
( )  R R11R12C R6 R6 fem.. , ~ i (R 10)4 15 wherein M1 is Zr or 1'f, R1 and
R2 are methyl or chlorine, and R5, R6,  p8, R9, R10, R11 and R12 have the
above-mentioned meanings. These chiral metallocenes mays 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 he prepared with these pure stereoisorneric
forms. Preferably the meso form: of the mctallocene is 15 UL2U5  WO
02i0649Si P (: 71i t3]i'3510 I~ removed to ensure the center (i.e., the
metal atom) provides stereoregular  polymerization. Separation: of the
stereoisomers can be accomplished by known  literature techniques. for
special products it is also possible to use rac/meso  Enixtures. 



c Illustrative but non-li=niting examples of preferred metallocenes
include:  Dimethvlsilandiylhs (2-methyl-4-phenyM indenyl)ZrX1
Dimethyisilandiyihis(2-tr,ethyl-4,`-hen oi3tdeny1)ZrX2; t0 Dimet
hylsilandiylhis(2-methyl-4.6r-diisopropylindenv ZrX2;  Dimethylsiland
ylbis(2-ethyl-4-phenyl-l-indenyl)ZrX2;  Dimethylsilandivihis
(2-ethyl-4-naphthyl-l-indenvl)ZrX2,  Phenyl(methyl)silandiylbis(2-methyl
.-4-.phenyl--indenyl)ZrX2,  Dimethylsiiandiylhis(2-meth}'1-4-(':-naphthyi)-
-indenyl)ZrX2, 15
Dimethylsilandiylhis(2-trierhyl-442-riaphthyl)-1-indenyl)ZrX2,
Di:nethvlsilandiylbis(2-methvhindenvDZ.rx2,  l
irnethylsilandiylbis(2-rnethy -4,5-diisopropyl-I-indenyI ZrX2,  D
methylsilandiyihis(2 ,6-trimethyl-l-indenyllZrX~,
Phenyl(methyl)silandiylbis(2-meEhv1-4,6-diisopropy I- l -indenyl )ZrX2, 20
1,2-EthandiylbisC?. methyl-S,6-diisopropyl-l-indenyl)ZrX2,
1,2-Butandiylhis(2-methyl-4,6-diisopropyl-l -indenyi)ZrX2,
Dimethtyisila,.diyibis(2-3nethyl-4 ..ethyl-1-indenyl)ZrX2;
Dintethylsilandiylbis(2-methyl-4-isopropyl-l-indenvl)ZrX2,
Dimethyisilandiv1his(2-methyl-4-t-butyl-l-indenyl)ZrX2, 251
F'!enyl(methyl)si;andiyihis(2-methyl-4_isopropyl-I-indenyl)ZrX2,
Dimet3aylsilar 3iylbiss2-etl.yl-4-metl yi-l-indenyl)Z.3-,X
Dimethy1silandiyihis(2,4-dirnethyhI-indenyl)ZrX2,
Dimethylsilandiylbis(Z-methvh4-ethyk -inden y 1)ZrX2, 15JUL2005 WO
02/066957 PC1/L 5i}l1435-40  Dimetbylsiiandivlbis(2 rnettiyl-
x-acet3apltth-l-indenyl)Zr7{2,  P'henyi(methyl)siiandiylbi
s(2-methyl-4,5-benzo-I- indenyl)Zr.'2,  



Phenyi(methvl)siland iyihis(2- methyl-4,d-(methylbe zo)-I-indenvl)ZrX2,
land iy1bis.('__1-me thy 5 3'Iie3tyt(3-nethyl)silandiylbis
(2-methyl-a-acenaphth-I-indenyl)ZrX,),  I -indenyl )ZrX2,
1,2-,~?tttandiylbis(2-tmeihyl-4,5-betrzc~-l-indenyl)ZrX2,
Dimethylsilaidiylbis(2-methyl-4,5_benzo-I-indenyl)ZrX7.  i
2-Ethandiy':his(2,4,7-tnmethyd-I-indenyflZ2~X2. tt1
Dimethy!silandiylbisi2-methyl-l-indenyi)ZrX2,  I ,2 Ethandiylhis(2-methyl-I
-indeny])Z rX2.  Phenyl(methyl jsilandiylbis("2-methyl-I -indenyDZrX2,
Diphenylsilandiyl his(2-.tnethyl..I -inde.nyl)Zr~s 2, I
,2-Butandiylbis(2-methy l-l -indenyl)ZrX2, 15 Dimethylsilandiy;
bis(2-ethyl-I-indeny!)ZrX2,  DimethyisilandiyIbis(2-tnetliyt-5-isobuty l-
I-indeny.')ZrX2,
Phenyl(methy'1)sil2mdiylbis(2-rnethyl-5-isohutyl-l-iadenyi)ZrX2,  Di
ethy']s31amdiyihis('- -inde3_nyI)ZrX2,
Dimeti,%,Isilandiylbis(2.5,6-tiimethy 1-1-int;enyl)ZrX2. and the like;  20
wherein X may be a halogen or an atkyi, preferably alkyl or alkylidene when
used  as Catalyst A. These preferred rnetaliocene catalyst components are
described in detail in  25 1,.i.S. Patent Nos. 5.145,819; 5,243,001;
5,239M22; 5,329.033; 5,296,434;  5,276,208; 5,672,668, 5,3 34.614 and
5,374,752; and EP 549 900 and 576 970; and  W098/22486, Additionally,
metaliocenes such as those described in 11. S. Patent  No. 5,51 0.502 and
5,527,929. ,11+C.~  WO 02!060457 PC TiLISO/ 55 



Alternatively, a metallocene capable of making syndiotactic propylene and
having 3.on-halogen labi.'e ligands can be effectively used as Catalyst A.
Such  metallocenes are l;- own in the art, as are methods of making them.
See, for  example, LIS patents 4.8592,8'51, 5.1 32, io i , and 5) 55,080. 5
Ca alyst-R Catalyst B can be any rnetallocene known to be suitable for
olefin  polymeriz abort, particularly those that are effective for making a
different polymer  component that is made by Catalyst A. Effective blends,
in the sense of being 10 well blended directly from the last reactor
without additional mixing or blending,  can thus be prepared that encompass
such obvious variants 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 s
specifically selected as Catalyst A, and, as well, differing in their
labile ligands,  can be effectively utilized as a Catalyst B. A
particularly preferred class of metailocenes fOr Catalyst-B are
represented by the formula (Cp'R',,,)R';(E,R`)MX, wherein Cp is a  20
cyciopentadienyl ring which may be substituted, or derivative thereof which
may be substituted, R is, each independently, a halogen or a hydrocarhyl,
halocarbyl,  hydros rbrl-substituted orga3)ometallo;d or
haiocarbyl-substituted  organornetalloid group containing tip to 20 carbon
atoms. "m" is 0 to 5, and two  F' substituents on adjacent carbon atoms of
the cyclopentadienyl ring associated 2> there with can be ioined together
to form a ring containing from 4 to 20 carbon  atoms, R' is a bridging
group, "n" is 0 to 5, NI 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 coordi anon
30 number of three from Group VA or a coordination number of two from group
VIA 1 5 JUL 2005  WO 02/060957 PCT/US01/435 0 _22 preferably nitrogen,
phosphorous, oxygen, or sulfur, R2 is a radical selected from a  group
consisting of Cl to C20 hydrocarbon radicals, substituted C, to C,,;
hydrocarbon radicals, wherein one or more hydrotten atoms is replaced with
a  halogen atom, and when E is three coordinate and unb3idged there may be
two sC`  5 groups on E each independently a radical selected from a group
consisting of C, to  C-.0 hydrocarbon radicals, substituted C, to C,r
hydrocarbon radicals, wherein one  or more hydrogen atoms is replaced with
a halogen atom, and each X is a non- cyclopentadienyl ligand and is,
independently, a halogen or a hydrocarbyl.  oxyhydrocarbyl, halocarbyl,
hydrocarbyl-substituted organotnetailoid, 10 oxvh}drocarhvl-substituted
organometal!oid or halocarbyl-substituted  organometalloid group containing
up to 20 carbon atoms, "s" is equal to the  valence of Pvl minus '>. When X
is a halogen it is herein referred to as a labile halogen substituted  15
rttetallocer3e. When X is a not halogen it is herein referred to as a
labile non- halogen substituted tnetaliocene. In one etnbodirrent, X is a
halogen in Catalyst  B, arid X is not a halogen in Catalyst A when used
together. The Catalyst-B is preferably a metallocene having only one Cp
ring  20 composition as a ligand as shown above and is referred to as a
rronocyclopentadienyl metaliocene. The Cp ligand te,r3ns a half-sandwich
complex with the metal and can be free to rotate (unbridged) or locked into
a rigid  conficurat;on through a bridging group to a heteroatom-containing
ligand (E).  



The Cp ring ligaud can be unsubsiituted, substituted; or a derivative
thereof such 5 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 heteroatomn  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 3D number of three from
group VA or VIA of the periodic table of the elements. JUL 5 2005 WO 02,!0
0957 PCT(US01/43540  Examples of suitable monocyclonentadienyl metaliocenes
for use in  Catalyst-B of the mixed catalyst cotnposhi n of this invention
are disclosed in  U.S. Patents a, 26.7`98; 5,057,415; ,J50, 23; =,055,438
and are  5 described in publication \VO 96/002244. The most preferable
:netalloce:es for Catalvst-B are tnetailocenes which  are advantageous for
making amorphous or e'as:omeric copolymers, especiallv  ethylene propylene
copolymer. For this reason monocyclopentadienyl  10 metallocenes are more
preferred. Illu:strative, but not limiting, examples of preferred
monoc"'clonentadienyl  metallocenes for use in this invention's mixed
catalyst composition are: ~5
)A-(CH-,),Si(cydopentadienyl)(':-adamaantylamidoi 'I(R)2 p-it ] f;
),Si(3-ter butylc~. ciopentadienyl)f.l -adamantylamido)M(R),
}a-(CH,Oe:ramethylcyclopentadienyl)(1-adanartylamido) ,4(,F)z
p-(CH,)zSi(tetraartethylcyclopentatdienyl)(I -ztdama r tvlarnido)NI(R)2
(CH3)2C(tetrameth5icyclopemadienvl)(I-adamantylarnido)M R)z  20 u
(CH,)zSi(iettarnettylcvclopentadienyl;(I-tertl t;tyi,.~nido)d4(~);  -(CH );
Si(flnorenvl)(i-terthuty,arr,ido)N4(R),  



.HCH,),Si(tetras:ethylcyclopentadieny])ti-cyclododecyhi ,ido)M(l2),
p-(CaH5)) C(terramethylcyelopentadienyl)(l.cyciododecylarnido)M(R)z; 25
wherein RI is selected from a group consisting of Ti, Zr, and Hf and
wherein R is  selected from halogen or C, to C< alkyl, a methyl group in
one embodiment.  Catalyst-B may also comprise biscyciopentadienyl
rnetallocenes but preferably Catalyst-B only comprises hiscyclopentadienyl
metalloc.enes when they  3o are adv, ntageous for making sen.icrystalline:
elastomeric or amorphous 15 JUt 2005  WO 02111609^7 PCT /LS0t 143540 -24-
c.opolynmrs, especially ethylene propylene co}olyrners. Examples of suet)
metallocenes are the meso isomers of the biscyclopentadienyl metallocenes
described above. Other catalysts suitable for use as Catalyst-B are found
in WO  96/23010. 5 Methods of Using Mixed Catalyst Cornposilion she mixed
catalyst composition of this invention is used to make a reactor  polymer
blend made through a multistage polymerization process comprising: a  first
stare wherein a first set of monomers is polymerized with the mixed
catalyst 10 composition. The mixed catalyst composition comprises Catalyst
:A and Catalyst- B as both defined above. During the first stage Catalyst-A
is active while  Catalyst-B is inactive for polymerization. "hhe multistage
process further  comprises a subsequent stage wherein additional monomer is
added to the  contorts of the first stage but subsequent to it, and
polymerization is conducted in  one or more additional stages wherein
C=atalyst-B becomes active for  polyme3:zation. As explained in detail
above, preferably Catalyst-A is a labile non--halogen  



substituted rnetallocene, preferably dialkyl substituted, while Catalyst-.B
is a labile  _0 halogen substituted rnetaliocene, 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- 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, is added to
activate  catalyst-R. 1 5 JUL H05 W o tt2/O60957 PCT /U SSO1; 43540  -25-
Alternatively, Catalyst-B may be modified before the subsequent stage so
that Catalyst-B becomes capable of activation with NCA precursors. When
Catalyst-B is an inactive labile halogen substituted metallocene, it can be
made  active by su;>stituttng the halogen , ands with ligands which are
capable of  ionizing abstraction with NCA precursors. This is hereafter
referrer: to as  conversion of an inactive catalyst. Conversion may be
conducted via known  alkylation reactions with (,rganornetallic compounds
sous as lithium or aluminum  hydrides or alkyls, alkylalunioxans, Crrignard
reagents, etc. See EP-A-0 500 944, 982 and EP-AI-0 612 768 for processes
describing the reaction of  1i alkyl aluminum compounds with labile halogen
substituted metailocene  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 oilier
contents from the first stage polymerization.  This converts the inactive
labile halogen substituted 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, it is more
preferable to leave  Catalyst-B unmodified and added an activating compound
in the subsequent  polymerization stage such as MAC). 2J The mixed catalyst
composition of this invention may be used in any type  of polymerization
process such as well known processes of solution, slum, 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 3t) two components which are typically immiscible to
one another. Examples of 15 JUL 2005  WO H2/060957 YCT/USOti435 t3 -26-
these reactor polymer blends include, along others, blends of: 1)
crystalline  polypropylene or polyethylene with a semicrystalline,
amorphous or elastomeric  ethylene/higher alpha-olefin copolymer, 2)
crystalline polypropylene with  amorphous polypropylene, 3) crystalline
polypropylene or polyethylene with 5 styrene, and 4) crystalline
polypropylene or polyethylene with ethylvinyl acetate  or
ethylmethacrylate. One preferable method of using the mixed catalyst
composition is to make  reactor polymer blend comprising stereoregular
polypropylene, preferably  tr isotactic polypropylene; and an amorphous or
elastomeric copolymer, preferably 



ethylene propylene copolymer, ethylene comprising 20-85 tnol % o the
copolymer- When isotactic polypropylene is [Wade in a first stage and an
amorphous or elastic ethylene propylene copolyrner is made in a subsequent
stage,  a modified impact polypropylene is made. 15 A preferable multistage
process for making modified impact  polypropylene with the mixed catalyst
composition of this invention comprises:  in a first stage, a predominately
stereospecific 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 snake 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, i.e. a
30 catalyst that is particularly efficient at stereospec-i;ically_
polymerizing propylene, 1 5 JUL ?U05  `e O 02/960957 P '"T/USOtr93540
preferably isotactic polypropylene; and an amorphous or elastorneric
copolymer  advantageous Catalyst-13, i.e. a catalyst that is particularly
efficient at making  amorphous or elastomeric copolymers. especially
ethylene-propylene. In the first  stage or any additional stage where
predominately stereospecific polypropylene is 5 made, preferably only
Catalyst-A is active for polymerization while Catalyst-B  remains inactive
for polymerization. In any subsequent stage where amorphous or  



clastomeric copolymer is trade, Catayst-eB preferably becomes active for
polymerization. to The predominately stereospecific.polypropylene is
preferably made in one  or more stages in liquid propylene over a residence
time of 15 to 400 minutes  under a pressure of 5 to 100 bar and at a
temperature of 0 to 1000 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 stags over a 1s residence
time of 10 to 180 minutes, under a pressure Of 5 to 100 liar and at a
temperature of 0 to 100' C in the presence of ethylene in the gas please
wherein  Catalyst-13 of the mixed catalyst becomes activated for
polymerization. The following examples are presented to illustrate the
foregoing  24 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. 2.;
Examples  1. Preparation of supported catalyst (Method 1) In a nitrogen
purged glove box. 394 g of Davison 952 silica (1.55 eclg pore  volume;
dried at 600C for at least I to 10 hours) is weighed into a 3-neck, 4-liter
;t reactor equipped with an overhead stirrer. Two liters of dry toluene are
added, 1 5 i W. 2005  WO 621060957 PCTJUSO;137540 and the mixture is
vigorously stirred. 27.6 ml ofid,N-diethyI aniline is added via  syringe,
followed by the addition of 86.0 a of solid trisE.fer 3uoropherbl)borc~
This mixture is allowed to stir for one hour. Then. 5.99 g of
dimethylsilylhis(2- 



nleth 9-4-phenylinrtenyl) zirconium dtmethyl is added, and this mixture is
allowed 5 to stir two hours longer. The stirring is stopped, and the solids
are allowed to  settle, The supernatant liquid is decanted, and the solids
are vacuum dried at room  temperature overnight. The yield of supported
catalyst should be approximately  423 g, with a loading of approximately
0.02 mmol of transition metal per gram of  finished catalyst. to '.
Preparation of the supported catalyst (Method 2) 48.5 grams of Si0,,
available from Grace Davison, a subsidiary of W.R- Glace Co.-Conn. as
S'YLOPOL(r)952 ("952 silica gel") having N2 pore volume  I.63cc/g and a
surface area of 312m2lg. was dry mixed with 1.5 grams ammonium 5
hexafluorosilicate t( H,_}tSiFr) available from Aldrich Chemical Company,
Milwaukee yrl. The ammonium bexat7udrosilicate added co~-esponds to 1.05
millitnole F per grain silica gel. The mixture was transferred to a 5 cm ID
by 50  cm vycor glass tube having a medium frit plug 3.8 ctn from one ertd.
The tube  was i:set<ed into a tube furnace and a flow of ;W, (220 cclmin)
was passed up 20 through the frit to fluidize the silica bed. The furnace
was heated according to the  followine schedule. Raise the temperature from
25 to 150C over 5 hours  Hold the temperature at I50C for 4 hours Raise the
temperature from 150 to 500C over .~ hours  25 Hold the temperature at
500C. for 4 hours Heat off and allow to cool under N; When cool the
fluorided silica was stored under N2. Neutron Activation  Analysts, Nuclear
Analytical Services, 'The University of Texas at Austin, showed  1.68+_0.06
weight percent (wt%) fluorine. Also, the following compounds can be  3o
used with or in place of IH~; SiF6: NH,l3Fn, tt fhl_Pf,,, NH,F. 



1 5 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, mg of
the  co mmpound is dissolved in 15 r:nl of toluene. This  5 solution is
allowed to mix for 30 minutes. Concun'ently, 10 grams of the supported
catalyst solids prepared in Example I or 2 are placed in a stainless steel
blender cup, equipped with a bottom mixer. The solution of the titanocene
is  added dropwise to the supported catalyst while it is being continuously
stirred in  the blender cup. The total volume of'7i-catalyst solution added
to the supported 1o catalyst is that required to achieve a pore volume
loading of 97%. The wet solids  are transferred into a rotaev'aporator, and
dried in vacuo at root; temperature for at  least 4 hours. 4.
Polymerization of hornopolymer isotactic polypropylene (i-PP) using the
catalyst from Example-1 (Comparative) A 2-later autoclave reactor
previously flushed with nitrogen and containing  u iethylahaminuni (0.2 s
^:l of a I M solution in hexane) and 1000 ml of propylene  is heated to a
temperature of "V;-' A n-w, sample of the free flowing solid  catalyst
prepared according to Example I is slurried in 2 ml of hexane, and 20
flushed into the reactor with 250 nil of additional propylene to start the
reaction.  After one hour, the reactor is cooled, tented and purged with
nitrogen for 20  minutes prior to opening and recovering the homopoiymer PP
product. 'A lie  product is transferred to a ceramic howl, and allowed to
dry one hour in a fume  hood. The howl is then placed in a vacuum oven, and
allowed to dry an additional  25 hour in vacua at 75C. 5. Polymerization of
homopoly:ner isotactic olvnroar,vlene (~=PP) usiatr. the  catalyst from
Example. 3 



The same polymerization procedure used in example 4 was employed,  '0
except that the catalyst used was the saute catalyst produced in Example 3.
i5 JUr_CUUJ  WO 02106609c+7 PCT/US9t143540 Analysis of the results of the
poly raerization experiment and comparison with  Example 4 as to yield,
molecular weight, melting point of the product shows that  the second
catalyst component remains dormant throughout the course of this
polymerization step. J ii. Coynteriz, Lon usinthe catalyst fonn example -g
A 2-liter autoclave reactor previously flushed with nitrogen and containing
triethylaluminunt (0.25 33;11 of a IM solution in hexane) and 1000 ml of
propylene  is heated to a temperature of 70C. A 75 mg sample of the free
flowing solid to catalyst prepared according to Example 3 is slurried in 2
ml 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 remove unreacted  propylene. monomer, Then 05 to
3.0 cc aliquot c4 'a 30 wt% methylalumoxane  solution (available from
Albemarle Corporation' in toluene is added to the  reaction and stirred for
10 train. for activation of Catalyst B. At this point, a  constant flow of
an ethylene/propylene gas mixture (90 tnol% ethylene) is  vitiated to the
reactor. 'The reactor pressure is maintained at 2E00 psis using a  back
pressure regulator on the reactor vent, 'I he ethylene/propylene gas flow
is  maintained for another hour before it is turned off. and the reactor
allowed to cool. 23 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 howl is
then placed in a vacuum oven, and allowed to  dry an additional hour in
vacuo at 75C. 



2x 7- U s i n g the catalyst from example 1 (Comparative b  ------ - -----
A 2-liter autoclave reactor pre'v'iously flushed with nitrogen and
Containing  triethylalumiuurn (0.25 rnl of a I NI solution in hexane; and
1000 rnl of propylene  is heated to a temperature of 70C. A 75 mg sample of
the free flowing solid  catalyst prepared according to Example I is
slurried in 2 ml of hexane, and 30 flushed into the reactor with 250 inl of
additional propylene to start the reaction. 15JU110?  WO J21J60957
PCT/USoV43SW zl After one hour, the reactor is vented to a pressure of 170
prig to remove unreacted  propylene monomer. No additional activator is
added. At this point, a constant  flow of, an ethylene/propylene gas
mixture (80 tnol% ethylene] is initiated to the  reactor. The reactor
pressure is mamtainca at 2040 ps3g using a 1'aclk pressure 5 regulator on
the reactor vent. The ethylene propylene gas flow is maintained for  note
er hour before it is turned off, and the reactor allowed 'o co-!, 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  to additional hour in vacuo at 75C.
Analysis of the results of the copoly n,erization experiments 6 and 7
(yield,  mole: ular weight of the ethylene-propylene copoly mcr component,
and flexural  modulus) shows that the catalyst of this invention produces a
copolymer t5 composition with a better balance of physical properties than
the catalyst of  example 1 due in great part to the high moecular 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 homo ;eneity
of the polymer  mix that is achieved with the invention process. 11
priority documents are herein filly incorporated by reference for all
jurisdictions in which such itrcotporation is permitted. Further, all
documents  25 cited herein, including testing procedures, are herein fully
incorporated by  reference for al` jurisdictions in which such
incorporation is permitted. 2005  1 5 JUL -32- CLAIMS We claim: I A mixed
catalyst composition for po~lyrile izin monomers comprising a  supp on. a
least One fist metaflocn, c, Catalyst-A; an activator capable of  rendering
Catalyst-,A active for olefin polymerizaion, a second  metallocene,
Catalyst-B, said activator itietix ahie of aetii'atirtg Catalyst.-B  for
ole n x oI r merizatio;.. 2. The composition of claim I wherein the
activator esnprises at least one  NCA precursor. 3. The composition cf
claim I -wherein the activator consists essentially of at  leas, one ;'A'CA
p:recarsor. 4, The composition of claim ? wherein t e activator consists of
at least On  NCA prec" ,, sor, 5. The composit:ot; of claim I wherein Cat
lyst-B is capable of being  activatedb'y an alumoxane. n. A catalyst
compros;non cornprrs' R a .metalioceTie, Catalyst-A,., and P.  



n7etailocene, Catalyst B. and sri aci;Va1or comp ising at least one
precursor 15 IUL2U5  wherein Catalyst-A and C:atalys tB comprise me
ailocenes represented by the formula: xn  w'here'in Cp is a cyclo
entadlenyi ring which may be substituted, or  derivative thereof which may
he substirrted, M is a Group 4, 5. or 6  transition metal of the Periodic
Table, R a lydrocarbyI group or  by drocarbo-xy group having from one to 20
eai-holi atoms, X is independently selected from the group consisting of a
hydrogen atom, a  CI-Cpp alkyl group. a CI-CIO aikoxy group, a C6-C10 aryl
group, a C6- CIO ar`r;onY gro::p, a C2-C10 arks l group, a C,-C40 aryialkyl
gro:,p. a  C7 C40 alkya-ryl g.rotip, a CL;-C40 euy!a.lkenyl group and a
halogen atom,  and r,=i-3. ni=O 3, q4-3, and he sum of is equal to the
oxidation  state of xbi transit?ora meial, provided that for Cataly'.sl-A,
X is not a halogen; and for Catalyst-B, )i is a  halogen. 1. The GLlmpositi
on of claim 6 wherein the activator consists essentially of a,  least one
NCA prec rsor. The composition of claim 6 wherein the. activator consists
of ai feast one  NCA precursor. The composition of claim 6 wherein
Catalyst-A comprises a rnet3llccene  represented by the following formula:
15 JUL 2005  r.A '~I l  



4 X* )4  wherein M is a metal of Group 4, 5, or 6 of he Periodic Table; R.i
and R" are identical or different, arid are one of at hydrogen atom, a Cl-
C10 alkyl group, a C]-C10 alkoxy croup, a C_6-Clp y] group, a C6-C10
arvloxv group; a CC2-Cl0 aikenyl group, a C'y-C40 acylalkv;i group, a C-, 0
alkvia i group, a CS-C.40 a }rx&k er;yI group and a ha! o'r.en atom;  C4 R`
r,d "S ueidentacal er ci f get, aye one of a halogen atom., a Cl-ClU  alkyl
group which may he k alt:ge ;:led, a C6-(710 an ] gmup which may  be
halogenated, a C2`C7 0 alken ri group, a C'- -C40 ar.,la'.k group, a C:?-
C40 a!ktiianl coup, a CS-C07 aryl:alkenyl greuri. a5, -SR15,  -CIR15,
_0SiR715 or --PR215 radical, wherein tc is one of a halogen  aic,n, a C I
-C 10, 3 lk l ;group; or a C6-C 10 aryl group; 1 5 JUL 2UQ5  "r'1 (;11 Rif1
Nrj2 ;M,1 --- M2 M2 ------ (CR2"3)------ ~ 1?12 } i2 R12 R12 R11 Ri 1 R.,
R12 R12 R12  ))- _fi;l(~`j l1 )... -G,-,.; -Sn-, `()- -S-, -SO-, _S )2_
_N(R) -CO-- '(R11}-,or -P(O)( t wherein R11 R12 and R1J are identical or
different and 1s. a hydrogen  atom, a ha`tlo E'en atom, a C 9'C70 alk i
group, a Ci-C70 uiuoroajky) group. a C6-C20 an) group; a C6'.C3 J fluoroa
yl group. a C31--C20 alkoxy group.  



a C2-C-n aikenvi group, a C7-C40 arv alk;~l group, a CS-C4. ylal enyl
group; a C7-C40 allcy)a yl group, or f.I I and R12, of RI l ana R1 a.
together J ith the atoms binding ?} em, form ring smrciures; 112 is
S7)icon, germanium o`- :in; R8 and R9 are identical or differs nt and have
the meanings stared for R) l 1 5 JUL 20U5  rn 8nd Ti are idenntical or
cliff 'r t and a zero, i or 2, rn pilnss n being zero. 3 or 2; and the
rr.clica.1s R3.124. and R10' arc identical or di `event and have  the mean
ings stated for it] 1, R12 and R!3, and two adjacent RIO radicals  can be
joined together to form a ring st ucture. 15 1ULCEJU3  I,%. The
co:npositic+n of claim 6 wherein Catalyst-B comprises a metallc'cenc
represented by the following foi:tr.Fia. ", .'n(E7 `}I,'17 t  (CID ~I)
wherein C:p is a cyelopen adieny'; ring which may be substituted, or E, e;
ivative thereof which maybe substituted; R is, each tndepend$riLlei; a
halogen or a hydr'ocarbyl, haloearnyl,  htidrocai'oyi-suh:isthuted
orgarometalloid or balocarbyI-s,)bstituted  orf:r1e ometailoid group
containing up to 2n carbon atoms, "iii" is 0 to 5  and two R s'ubstituents
on adjacent carbon atoms of the c'y'olopenttadienvi  ring associated
therewith can be joined together to font-i a rin containin  from 4 to 20
carbon atoms; . ?'3 is a bridging group; "n' is 0 to 3. M is a transition
metal having a  valence of from 3 to 6 from group w; 5, or 6 of the
periodic table of the  e;ements; 



i a hete_roatonl coat fining group in which the eteroatotn is an element
with a coordination number of three from Group VA. of the Periodic Table
or a coordination number of two from L',roup V.lA. ' is a radical selected
from a g:cup consig of Ca to Czo hvdrocamon radicals and substituted  Ci to
C7Fr hy'dsoczrbon radicals wherein one or most hydrogen atom=s is  replaced
with a halogen alorn, and when E s thee coordinate and  unv-rid ed e e may
be two R2 groups on E. chi 2; en 16' a r dical  selected from a group
consisting of C~ to Czo hydrocarbon radicals and. 15JUL2005  -j ?
suhsnio.ed C ; to iC1 by di-ocarbon 7fi ical i e on rno;e h"drogen  atom is
rcFJiar"t:d With a halogen atom and each X is a non-cyclopentad"ieny'3 lig;
.nc: and is, independently,  hhyd oger3 atom: a C3-C13 alkyl group, a
C1-C'tr, aill;oxy group, . C6-C1(;  aryl group, a C6Cl0 anlo;~y group, a
C3-CFO aikel~yl grous;, a C:7-C C,  anlaikyl group, a Q W0 allc)'laa ']
group, a Cg-C4() : -ylalkenyl group, or  a ha ogen atom, and s" is equal to
the valence of M minus 2. l i. The composition of claim 6 wherein
Catalyst-A, Catalyst-B, and the NCA  pre: rsor" are supported On a porous
support material. 12t The composition of claim 6 herein Catalyst-A is
selected ',Toni the group  consisling of di meth y'lsiiandiy
bis(2-Te^.ethyi-inden~'i)Zr -e2. dig.czliylsilandi>>lbrs(2"me=.hvY4 phe7711
3-iad:n l)Zr fey, and  dimethyl iian3thy bis(2 methyl-r-(;
-nanht11vl)-l-rode xyI)Zc ae,. 13. The cevma osit!cn of claim 6 wherein
Catalyst-B is selected from the group  consisting of u- e,e2Sitindr }'1;
:.131 pie;. v' 1-1Si(Irndenv3)-,HfC32. p-;0213 I2Si{Tells'ameth
lc-v~i,li!T,entadi enyl~ [adamantviarnido] l iCi2. and dr-{C 1;41;Si[e:
lopentadienv3 i`fiunrei y;;?3fClz 



i 14, The Composition 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, 'm propylai:^mt(.', .1I7t1 rCi2'rGids('t1. i dime.
hvlphenvflhorate. tributv)anrmoniarri tear&,lL3s ?r:,i:'i-dime hylp;-ie;
}}'y )E C>Ta'te. tiibutylaxnmonium tttrakis(p ,.'~ipileriy.)borale, and
tibats'lannmoninm  tern kisi(pentafinorophenyl)borate. 1 f. A poly
a'ierization 7;iethod comprising: 1 5 J U L 2005  (t) providing a nixed
eaiaiyst ccmpositicn at a`.ns` ~Yvl. ctiucrent Cai. ivat.5. a rnetaliocc
"ie, Ca:a yst-;`1 aand a different  meta11ocere. C.atal.7stJJ; (o} in a
first polymerization stage: dr} providing a first see of i o criers; (i?}
contacting the first set of monomers with the r ixed  cataly sr conducting
a first poymuintion) iii the -presence. of the  mixed ca:taiyst composition
product to produce a first  po y ne wherein Catalyst-A is active for p 1);?
erization  and Catalyst-l;` is inactiM1 e for polyrrnerizatior:; <vi::>> in
a subsequent poi!'3-fien tail nii saa`""'.: i f ra;esio ,c; .;  (;l p; og
idt :g a subse[luent Sc-,. Ili" contacting the s-ibsequent set of monomers
vw'Atb th- mixed  catalyst composition; (iii) conducting a subsequent
polymerization in the pre-se-Ace of  



the mixed catalyst composition J- ,Jlt.tnig itt piodlr,,et  comprising a
polymer wherein Catalyst-s is active for  poiymen ation: and (ci)
recovering a C'olymcr product. i 6. Thy; method of Claim 15 futl.hor
c:omnrising, a second pclymexi2ation stage  comprising; 1Jul- 2065  (a i p
o idi ng a sec n d seta moflome.rs; (b) contacting the second set of T
onlomers with the mixed catalyst  composition; (c) conducting a second
polwnenzatzon in the presence of the mixed  Catalyst Composition resulting,
in product coma prising a poly-mu,  wherein Catalyst-A is active for
polymerization and Cataiyst-D is  inactive for polymerization, 17. The
method of clairm. 15 wherein at least one of Catalyst-A and Catalyst-k3
Comprise a metzllocene represented by the si;rmu]a: CpmMRn+ q wherein Cp a
cyci p ntaci.r bl sing which may be substiuaed, or  derivative thereof
which may he substlty?ea. M is a Group 4; r; oT 6  transition metal of the
Periodic Table,; R a hydrofai"ltyi group or  h.ydrocarl_oxy group having
from one to 20 carbon StilriAS. A is  independentiv selected from the group
consisting of a hydrogen ,porn, a C.l-Cy r alkyl g cup, ., CI-CI() alkcxv e
cttp. a Cd C 10 ai I gri up, a C;t,..  CIO aryloxv group, a C2-C10 sikenyl
group, a C C4fs arylalkyl group, a  Cy-C40 iI y,a yl g e=up, a CS.-C40 a;
wlalkenyl ,group and a halogen atom,  and ra=h -3. P=0-3, qot-3, and the
sum of rri-k-n*q is equal -,o the cxici Con  state. Of the metal. provided
`bat: 



(a) for Cataiys -A, X is not a halogen; and for Catalyst-B, X is  a
halogen: or 1 5 JUL 2005  --40 for ~:cX a hslog?em and for Caiel vst-Ii, X
is not e  halogen. 1 The method of claim 1 5. rthher comprising providing a
mixed catalysi  composition by supporting CaulystrA;, Catalyst-B, and
anon-coon natlrl  anion precursor on a porous support nmteT:Iai. 19. The
method of c]aim 1" wherein for Catalyst.-A, X is no a halogen; and  for
Catalyst-B, A is a na:oce~i and whereat L ta;vst-B is subsequently
activated by: (a) addition of an alumoxane before or durine the subsequent
or (t) s 1, s tituting X in Cata'.yst-B u=ith a nor; halogen so that
Catalyst-B  bQ,comes capable of being activated with a non-coordinating
a-iinn  precursor and activating Cata?y t-B by centa .+l e with a non
^,Ciord rating anon precursor. 20. The. method of claim ii whe tin 2" least
One o'. Catalyst-.~ or Calal'yst.B  comprises a meta ilocer;,.. represented
by the following formula: 15JUL2005  1i>) is 4 t P  ~ tel. c t 4  



wherein M is a metal o Group 4, 3, or 6 of thhe PeriodiTable; Rx and R2 are
idcn> cal or differ t, and are o"he of a hydrogen atom, ; C 1 - 5 Cl0 alkyl
rxou ). a C-Clo ..ske?tl' coup, a C6 C10 aryl group. a Cn'Cs,D  aryloxv
group, a C2-C.,0 all:enyl group, ; C -C40 a-,71cky3 group., a C C4{n all
V3r".,Yl'.'S F7oup. a C8--C40 ary l:xlltirii'J group end a h logen alomm ;
R=' a;d 6 idenric, -r e: en are on o a hr;.l, cr rt>sn, Cj,-C;  t 0 alkyd g
cuy, whic?, m ay be khalogenated, a C6-C;;) aryl group which, xrie  be
hJoge))atoc ;. C2-C i s') akenyl group, a C7`C40 ar lslkyi g oup, [: C ,,-
C v0 alky:aryi group. a C,,,-C40 atyJa:kery' group, a -,N-F,215, -SR1 S. r
k1 OSi ia7 or PR21 radical. -herein R13 it one of a halogen,  atc n, a
C1-IN u alkyl roup, o a C6-C1 o ar) Proup; 15 1 5 JUL M5  ,A ~' 1. 1 71 p';
i W ^u.  Rid Rl RF4 R112 it R11 Rll  P.112 "2  BC l). -A1L 1}, -ue. -Sn
_tl> `S-, -SO-, Sn2- -N(l~1i) , -CO-.  5 ~3 ::r :in 1 t, R12 and 1 Pre
identical or d ffae;,t and are a hydrogen  ato , ^n haa!.ogen atom, a
C1-C2. alkyl -oup, a C1--^20 Duo~i CcJk-v1 e.roup, a C -C2[; aryl proup, a
C5C30 flac;roarvJ Group, a C1-C70 axe" group. C2-- . 3 i:-i-keny igrouup, a
ar lalkyl f_"ro:1j3, a C8-CGQ en1thenvS group, a C7f s;ik_y?; g nab:, cr
}?11 rr,d ) 2 , o: :2) 1 and R1'  e to^ether wjtfl the atc s binding them,
can form ring sL'-Oet~.ures; 1`.a silicco. rrr-mmil= or urn; 



`~ and R9 are id ntical or diiieren: and have the meanings stated for ;7i
and n on ident.`oal or differ nt and rse zero, S o 2, in plus n being zero,
C,r 2; and 5 Ji`Jl! LU;  -43 ~  the raoicaJS 1\3I'ic, 1& tcr afire
iuent1e87 aCru i Lc:n and" 1-Lave tiiL'  for FO `; P,'2 and 1\13; and
t'vt.^, ttCS;iiC(:.Jt TOO i:dicals rail  he jom1ed together to form a rings
.1 tLre. 21. The meth-,od of claim 20 wherein at least one of Catalyst-A or
Catalyst-S  comprises a rnetail 7cc:35e represented by he following
fornula: (Cpi R') `i R wherein Cp is a cycio"pentadienyl ring whicb may be
substituted, or derivative thereof hick may be rubstitiied, ha,acaT..) ,
Rt is, each it;e]e .,.:+...~x, istly, a halogen 7 or %t t5,udre,carl:y;, t
h ,l  hydrac._rb 1-subs ituted o;ganornetaltoid er ha.ccazbyi-substin.Jted
orI?arcmetaiieid grT on containing 31p to 20 carbon atoms, "in" is 0 to
and two lt' substituents or, adjacent carbon atoms of the cyciopentadienyl
ring associated :era with can be joined together to form a ring containi!T
2  fron) 4 to 20 cart on sterns: 1<R '~  is a i;tid?]i; f,.tGlil'l, ~! is 0
to J, a 55 .'.".C`a, ;"t2'. Rri g a  valence of front to 6 from group 4, 5,
orb of the periodic table of the.  elements; E is a netero ntom containing
group in which the 11ete.oatciln is an eier en  with a coordination number
of three; fro Gro=up VA of the Periodic Table  



or a coon i ati F] number of two from group 'VIA. R2 is a radical seeded
horn a grou7p consisting of Cl to C20 hydrocarbon radicals and substituted
l,7 in i,fa hydrocarbon radicals wherein one or more Z7}7dYCg'EI atoms is
.replaced with a ',loge` atom, and when E is ,Iiree coordinate and
unbridged there may be two R groups on P. each independently a radical
selected from a group consisting of C7 W.. C::;.13 hydrocarbon radicals and
JUL 15 2005 -44- substituted C, to C;r. h drocarbo rZdicaiS ' he`ein one oI
more h i ogen  atoms ;s replaced with a halogc,., atom; and each N' i a non
cyciope rr:e iyi ligarad and is, indeperireritly,  hydrogen atom,, a C1-C10
alkyl group, a Ci-C10 alltoxv group, a C6-CIO  aryl group, a C6-C'40
aryloxy grcup. a C2-CIO alkenyl group, a C/-C40  ar}'Iaikyl group, a C7-C40
alhylzzy group, a Cg-C C. arylalkenyl group, or  a halogen atcrit, and "s
is equal to the aale;ice of TO minus 2 22, The method of claim 21 pros:ded
that ;a) for Catalyst-A, RI and R2 are icte itic i and axe not halogen; and
for Catalyst--B. Nis a halogen; or  (h) for Catalyst-A. R0 and R2 are
;dentinal and are halogen; and f'or  Cat iys -13. N s net a halogen. 23.
The method of cial;n 22 wherein C atalyst-A comprises Formula-I and
Catalyst-,B comprises Fo; rnula-TI. .' he 7rIC'.i; od o.i claim 2.7 further
comprising providing a Printed catalyst  composition by supporting
Catalyst-A, Catalyst-B, and a non-coordinating  anion precursor 'on a
porous support maieIie) 25. The method of claim 24 herein for Catalyst-A.
Rt and R2 are identical  



and are not halogen; fez Catal`y'st-B, X is a halogen; and w'herein' Ca
alyst- A is activated by contacting with a lr,e iirsor for anon-coordinati
g be=ere  or during the first cl;,'n;e ezatirn stage and Catalyst-B is
activated by: 1 5 J U 2005  '"1 of zlur o :oc: -`ore or du ing At : bSe u
psis" -nerization stage;;  or (b) suhsnaiting, X in Caitaiyst-B with a
norhaiogen so that Catalyst-B  becomes csipable of being activated with a
non-coordinating anion   precursor and activating Catalyst-B by contracting
` ith a now  Coordinating anion ores rsor. 26. The method of claim 17
wherein Catalyst-A is selected f om the group  consistznl? of d1:3' e
hyisilzndiyibis{~.-;':ethyi-.ind enyl-;Gtw~lea,
dirnethglsilandivibisf2.-rnethyl -4-phenyl--I.inderl~Tl)Zr~fe.;, and
dimethv3si1'ndill biAA2-nociby -() -riaphtth r 1-indenyl)Zrhle;; end
Catalyst-B is chosen fro;YI i.he L 0.3p Consisting of u-
R-ie2Si(indenvi)2HL.fe_. p--(CHa)z~'i{l3}den,ri)r}; C")z.
p-(C_H,)2Si[i.eirarr.etylcvci_ipe; r.F: f~E: c1-E, [>dam.ut  ,< '7) r;
rylarr,.cio1 TiCl., or  (C613 5)2 siIcyclnnentadien)lllf ucare.;,v)] HIC],.
2':. The composition of claim 18 wherein t'rie?'7CA precursor is selected
from  the group consisting 0: 1'.rV-diroeiliviani]inium  ieirrkis{ ,enlaf
uo;op:henyi)bn.rate, ,-ipiopyia:rrnorium terrak s(c.t-
dimethl'iphenyi)orate, tribur ia_,,mcniu r  tetraliis{r ,
-ainiedav1phen3vl}borate7 niuuty!arnmcninir etra1 is{p- trifuoiono
ethv1phenyl)borate, and tribni lainmunium  



teirakis4p e=nt;:# ucaopheny]) snaie. 28. The method of claim 23 wherein: 1
5 JUL 2005  -46 le Am SC.r 1if ;;',Qti C'eI?', `-?'$ :SfJ?:'ilJnSe$ e:
i.Ei6$t ""0'~+''i. pli}lylY.1;'r L7G  err, i:_ er being a C,. .C);, alpha
(b) the second set of monomers comprises at. iei st SO wt. `Y.-3 pm-pyicne
the remainder being a C2-Cic alpha olefin; and (C) the subsequent set of
monomers comprises 30-60 wi, % propylene  and 301-66 wt. % of a C2-C,U
alpha olefin. 29. The me-..hot} of claim 28 wherein (a) the first
polymerization stage is conducted while the first set of  r. orserners is
in the liquid phase. (b) the second polym erizatio stage is conducted while
the second set  of monomers is in the liquid phase; and (c) the subsequent
poll;, erizatioz stage is conducted while the.  subsequent set o monC"Y ers
is ?il the 1? ut ph se. The method of claim 25 wherein the C2-C;n alpha
dlefz?n in the first  s teen(, and subsequent skit of monomers is ethyl:
ine. 3i. A catalyst composition compnsimg the mixture of P,?eta i.l C+:
erle cata?yst-.&.  retallocer?e Catalyst-B. and an activator c,I)mprising
at least o NCTi  precursor wherein: Catalyst-A comprises a metallocene rep
esented by Foym:ula-I: 5JiUL3005  4 F c t Y/  



it 4  wherein Al is a r eul of Clxoup 4, 5, or 6 of the .Periodic Table;
Ell and 2 rct net ha-oxen, are identical or cliffeIent, and arc One Of a 5
hydrogen atom, a Ct--C10y alkyz group, a C1--C10 alkoxy ,group, a C6-C10  a
C6-C10 aNOMY group, a C2-C10 alkenyl group, a C-'-C40  arylai d group, a
C-,,-C40 alkyiaryl group and a CR-C40 araaJkenyl  group 1G R5 and p6 are
iden.tica1 or different, are one of a haloo,cn atom, a C1-CJO  aiky l group
whioh may be zlrgc<taate a C6-C10 aryl gT~ouy which may  be kaiogenated, a
C2-fC l rG clkeryl g o p, a C7-C40 71a kvi O'-T. 2 C 7- Cop alkylary'
group, a Cg-C40 a xy aukene l group, a - ~z 1$F -5.R 15, -OR 5. -001015 or
-PR215 radical, wherein Ki` is one of a haloget  1s ate .; a Cl'C10 abiky)
group and a C5-C10 arMMM group; ri is 1 5 J U _ 2005  R11 R II R1'1 X11
-------- M2 - M32 ---- M2 -- -M2 -- ---- I I R12 R12 N1 R12  R11 X11 R11  I
1  R12 R12 R12 ->3(R11)-, -A1(R,11) , -(;7e-, -5n-, O 5-. -3C=. -5072-,
-N(k11)-, --CC-., ..  P(11.11)-, or P(C3(R11) ; 5 -wherein R11, R12 and R13
are identical or different and are a hydrogen  atom, a halogen atom, a
CI-C20 alkyl group, a Cl-C20 fuoroalk-yl group,  



a C6 20 aryl group, a C6-C30 ;luoroaryl group, a C1-C2[0 alkoxy group.  a
C--C20 alk.enyl group, a C;-C40 arylal'.ryl group, a Cg-C40 axylalkenyl
group, a C7C40 alkylaryl group, or R11 and R12, or R11 and 8133,  t0
together with the atoms binding there, forth rang compositions; M2 is
silicon, germanium or tin; R8 and R9 are identical or different and have
the meanings stated for R11;  to and n are identical or different and are
zero, I or 2, m plus r, being zero,  or 2; and the radicals R3, K4, and K1
are identical or different and have the  20 meanings stated for RI 1, R12
and K13, and two adjacent RIO radicals can 1 5 .J,_ 2035  49 he 6ad
together to form P. ring stn3: 4+rt; aid  ri 'J='JIeTP,il7 G.. iAtnlVt-,'S
SQ2"P f.THbt;G a 3ueV11lL~Ge~i; reT7Fe3e311Cd by the 'F fJ.l1f1~71i ~,
formula; x (C;pIRrn3 3.,1F.,Ra), tX wherein Cp is, a cyclop en.adie3Jy'I
ring which may be substitu ed, or  LE-livati ve thereof which may be subst
tuted; 10 Ri is, each irndepeniently, a halogen or hvdtocatbyi, halocarbyl,
hycroca byksuhsriruted organametalloid or halnca byl-substituted
C75ie^f?9IlCLFellgl~ group containing up to 26 colon EiRt37rd=, "m." 35 L
iD and tu'o R s'ubsta" r;s on ;diaccnl. car or, atoms of the cyciopentat
icnyl  ring assoc aced thurc with taxi be ;caned together to Ecm P- Sind
from 4 to 20 carbon at;L s; 



I: 1 a tr'6gmg gioup, "n" is 0lc i, M is a [ 75343:: raci l na n  vale--cc
of from 3 to 6 from group 4_ 5, or 6 of the periodic ta21a o the  2Q
elements, is a iJeteroatorn Cont.ainIng group in whjch the hc.teroatoxn is
an element  wi u3i a coordination nu mmber of u ree from Group VA or a coos
di E)ation  nu tber of two from g7o'up VIA; R" is a r is Bel ted ux a group
25 co37se5ui.g of C3 to C :fl hydrocarbon ra9iccajs and SSi1 Siltllied CI
10 C20  37bi rocarbon r;a.[iicaIS MV ezeln one or 'or' hydrogen atoms as
replaced  with a halogen `n%(Jdr1, ,.`id when .Gi 1S three CCd]P ^.LaidAts
aY1tJ. ti7J.l.66gC-Sl there m,y be two R" coups on E, each independently a
radical selected `aore r  cioup consjs ng of C! to C20 hydrocarbon rao3cals
and substituted C lo  ~.. C. hyd_mocarbon radicals whtrein one or more
1":)"i::ogen atoms is replaced  with a ha ogen atom; and 1 5 JUL 2005  -50
and each X is a i:aioge am" . and W is l to the ce of >4 minus  ti G. 32. A
catalyst cornposition comprising We mixture o Catal si-A, Catalyst-U  and
an activator comprisin fat ie st one NCA precursor wherein:  `.~:talyst-A
and Catalyst-B each comprise a metalkccrie represented by :he  fo lowing
formula: 10,  k  R9) \-. -10 wherein M': is a meta of Group 4, 5, or J c-
the Periodic ]"able; !? and R2 are identica3 or different, an are one of a
by ogee To ;, a l  



CJC~ alkyl goon, a C]-C:10 alko):y croup, a C6-C10 aryl group. a C6-CICj
arylo:Y gounn a C2-CIO alkenYl prcrap, a C;,-C40 a=vla]}_~-'. ;gawp, a  C40
a;kylaryl group, -a Cg-C40 arylalkenyl [J-013p, or n halogen atom; K.5 and
R6 an. YGentical or eiherent, axe one Of a hialoeen atom, a C -Cl0 ax,
ggroup, which may he halogenated, a aryl gee-up, which may 15JR2005  r; I:
byo E-_nat+ed, 'a C7 -C 10 aikenyl _r.~ilp, 2 C_ 7-C40 i ajl' yl _ cup, a
C-,, C40 a k; is 1 group, a Cg-C40 arvlrlkcrrl group, -SR3 5,  -CR13, -OS;
B;l5 o; -PR71 . radical. wherein R15 i one of a halogen  Flom, a CI-C, 0
alkyl givup and a C6` C 1 j aryl g> oup; Rn a Rif i1 R9i RV f12 ,12 - M2
-],A2 (CR2'3)- I: f Rid S12 R1?_ R12  i" R11 R1i  N12 C 0 1,A2  R12 FR12
;R12 -B(R 11r.> -AJ(R11)-, Cre -S'a , _c , -So-, -SCI -N(-C't~  Sl~ ~"a ~p
..P~O)(;2 l I)-; wherein fill, R32 and R1- are idx;tic J or dsfiaont and
=.re a h,'droacn  a;,om a halogen atOm,, a C1-C70 alkyl group. a C1-C2i)
fuoorOalkyl i.'roup. a C6-C20 aryl gjo p. t: C6-C30 fu prat--ry1 group, 13
C1-C20 group.  a C2-C2r0 allkenyl -roup, a Cj-C40 arylal"xy1 group, a
Cg-C40 axylalktnyl  group, a C';-Cgrj ai y'.;s,t group, or R1' and R'2. ,_
R..11 rnd R.3 .  together with the atoms binding Lher > form zing
compositions. 



lv;' is e ;;cod:, g= rrr ~,iarn or tin; i5JUL25O5  -52 TO fiat[ 1 19 am
idej:dcal or different' l hav the meanie es aVd th t) l 7ri and r, are
ideritica) of di ferent and ate Zero, I or 2; m pus x, being zero,  1 or 2;
and the radicals  n and R 10 R z2 are identical or different and have the
meanings stated for R13. R12 acid R1 and two adiacent R! 0 radicals can  be
joined together to form a ring composition. preferably a ring
cornpositior, containing from 4-6 carbon atoms wherein; ry  R and ti.2 are
not halogen for Catalyst-A: and  Rj and R2 are halogen for Catalyst-B. 3 :
The composition of chin", 32 S herein he activator consists essentially of
at least one NCA precursor. 4. T hie coinpos;t on of clam -32 wherein the
activator consists of at least one  NCA precursor. 35. The composition of
cline 9 `.i'A erein two adjacent R'10 radicals form a ring  s rtcm,:re
containing from 4 to , carbon atoms. 36.. The method of clan-it 20 wherein
r,,w(, , adjacent R10 radica'is form a ring  su-uctv.re conta;ning from 4
to 6 carbon atoms. 37, The catalyst composition of claim 31 wherein two
wjace?)t Rio radicals  font a ring structure e containing from 4, to 6
carbon a o:Ts, 




