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CATALYTIC OLEFIN BLOCK, COPOLYMERS VIA POLYMERIZABLE SHUTTLING AGENT

Cross Reference Statsment

This application claims the benefit of U.8. Provisional Application No. 66/717,544, filed
September 15, 2005,

Backaround of the ITnvention

The present invention relafes to a process for polymerizing a monomer of midures of two
O Tnore monomers such as mixtares of ethylene and one or more comonomers, 1o form an
interpotymer product having unigue physical properties, o a process for preparing suck
inﬁarpo}ymers, and to the resulting polymer products. In another aspect, the hivention relates to the
articles prepared from these polymers. In certain embodiments, the inventive polymers comprise
two ar more regions or segments (biocks) and at least one branching center, each block being
characterized by a generally umiform chemical composition. These branched, “pseudo-block”
copotymers and polymeric blends comprising the same are usefully employed in the preparation of
solid articies such as moldings, films, sheets, and foamed objects by molding, sxtruding, or other
processes, and are useful as components or ingredients i adhesives, laminates, polymeric blends,
and other end uses. The resulting products are used in the manufacture of components for
awtomotdles, soch as profiles, bur;:ipers and irim parts; packaging materiais: slectric sable
msuiation, and other applications. Blends of polymeré accerding to the invention with one or more
natural or synthetic polymers may be prepared ag well,

It has long been known that polviners coﬂtaizliﬁg é-blook»‘é}j:e structure often have superiar
properties compared to random copolymers and blends. For example, tribiock cbpoiymers of
styrene and butadiene (SBS) and hydrogenated versions of the same (SEBS) have an excellent
combination of heat resistance and elasticity. Other block copolymers are also kiown in the art,
Generally, block copolymers known as thermoplastic elastomers (TPE) bave desirable properties
due to the presence of “soft” or elastomeric block segments connecting “hard” either crystallizabie
or glassy blecks in the same pclyiner. At temperatures up to the melt temperature or glass ransition
temperaturs of the hard segments, the polymers demonstrate elastomeric character. At higher
temperatures, the polymers become flowable, exhibiting thermeplastic bshavior, Known methods
of preparing block copotymers include anionie polymei%ﬁation and controlied free radical

polymerization. Unfortunately, these methods of preparing block copolymers require sequential’

‘monomer addition with polymiefization to rélative completeness and the types of monomers that can

be usefully employved in stch methods are relatively limited. For example, i the anionic
potymerization of styrene and buradiens to forn a B3 type block copolymer, each polymer chain

requires a stoichiometric amount of initjator and the resulting polymers have extremely narrow
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molecular weight distribution, Mw/Mn, preferably from 1.0 to 1.3, That is, the polymer block
lengths are substantially identical. Additionally, antonic and free-radical processes are relatively
slows, resulting in poor process economics, and not readily adapted to polymerization of a-olefins.

Previous researchers have stated that certain homogeneous coordination polymerization
catalysts can be used to prepare polymers having a substaﬁtiaiiy “block-like” structure by
suppx‘esémg chain-transfer during the polymerization, for example, by condacting the
pelymerization process in the absence of & chain transfer agent and at a sufficiently low termperanure
such that chain transfer by B-hvdride elimination or other chain transfer processss is essentially
elimimated. Under such conditions, the sequential addition of different monomers soupled with
high conversion was said to result fn formation of polymers having sequences or segmenis of
Gifferent monomer content. Several examples of such catalyst compositions and Processes are
reviewed by Coates, Hustad, and Reinartz in Angew, Chem.. Int. Fd., 41, 2236-2257 (2002) as well
as US-A-2003/0114623,

Disadventageously, such processes require sequenttial monomer addition and result in the

production of oniy one polymer chain per active catalyst center, which iimits catalyst productivity.
In addition, the requirement of relati_vely low process témjieratures but high conversion increasss
the process aperating costs, making such processes unsuited for commercial implementation.
Moreover, the catalyst cannot be optimired for formation of each respective potymer type, and
therefore the entire process results in production of polymer biocks or segments of less than
maximal sfficiency and/or quality. For example, formation of a certain quantity of prematurely
terminated polymer is generally unavoidable, resulting in the forming of biends having inferior
polymer properties.

The use of certain metal alicy] compounds and otker compounds, such ag hydrogen, as chain
ransfer agents to interrupt chain growth in olefin polymerizations is well known in the art, In
addition, it is kmown 1o emplcf/ such compounds, especially aluminum alkyl compounds, as

scavengers or as cocatalysts in olefin polymerizations, In Macromolecules, 33, 9192-9169 {2000}

the use of certain aluminum trialleyl compounds as chain transfer agents in combination with certain
paired zirconocene catalyst compositions resulted in polypropylens mixtures containing small

quantties of polymer fractions containing both isotactic and atactic chain segments. In Lin and

Rytier, Macromolecular Rapid Comm., 22, 952-856 (205 1) and Broaseth and Ryter,

- Magromolecules, 56, 3026-3034 (2003} mixtures of ethylens and 1-hexene were polymerized by 2

similar catalyst composition containing trimethylaluminum chain transfer agent. In the latter

reference, the authors summarized the prior art studies in the following manner (some citations

omitted):
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“Wixing of two metaliocenes with known polyinérization behavior can be used to control
polymer micrestructure. Several studies have been performed of ethene polymerization by mixing
two metallocenes. Common observations wers that, by combining catalysts which separately give
poiyez'hene with differant A, polyethene with broader and in some cases bimedal MWI can be

ohtained, [S]oares and Kim (J, Polvim. Sci.. Part A: Polvin. Chem., 38, 1408-1432 (2000))

developed a criterion In order to test the MWD bimnodality of poiymers made by dual single-site
catalysts, as exemplified by ethene/|-hexene copolymerization of the mixtures
B{ad)sZrCla/CpaHfCE and EfInd )y ZrCly/ CGC (constrained geometry catatyst) supported on silica,
Heiland and Kamnsky (Malromol, Chem., 193, 801-610 (1992)) studied a mixture of Bt-

(Ing)yZrCly and the hafnivm apalogue in copolymerization of ethene and 1-butens.

These smdies do not contain any indication of interaction between the wwo different sites,
for example, by readsorption of & terminated chain at fhe alterpative site. Such reports have been

issued, howsver, for polymerization of propene. Chien étal (L Polym, Sci.. Part A: Polvin. Chent,

homog eneous binary zirconoosne catalysts. A blend of isotactic polypropyvliene (i-PF), atactic
poiypropylene (a-PP), and a stersoblock fraction (3-FP-5-2-PP) was obiained with 2 binary system
cormprising an isospecific and an aspecific precursor with a vorate and TIBA as cocatalvst. By
using 2 binary mixture of isospecific and syndiospecific zivconocenes, a blend of isowmetic
pokypropylene (i-PP), syndiotactic polypropylene (s-PP), and a stereoblock fraction (i-PP-b-s-PP)
was obtained. The mechanism for formation of the stereoblock fraction was proposed to involve the
exchange of propagating chains between the two different catalytic sites. Praybyla and Fink (Acta
Polvm., 30, 77-83 (1999)) used two different types of metaliocenes {isospecific and svndiospecific)

“gupperted on the same silica for propene polymerization. They reported that, with a certain types of

silica support, chain transfer between the active species 111 the catalvst systemn oceurred, and
sterechiock PP was obtained. Lieber and Brintzinger (Macromol, 3, 9192-9185 (2000)) bave
proposed a mors detailed explanation of how the transfer of a growing polymer chain from one type
of metallocene to another occurs. They studied propene polymerization by catalyst mixtures of two
different anso-zirconocenes. The different catalysts were first studied individually with regard to
their iendency toward alleyl-polvimeryl exchange with the aliivialuminum activator and then pairwise
with respect to their capability to produce polymers with a stereoblock structure, They reported that

formation of starecbiock polyiers by 2 nn;xmr@ of zirconocene catalysts with different

stcrcoselecﬁvmes is contingent upon an efﬁulent nalymeryl exchange between the Zr catalvst

centers and the Al centers of the cocatalyst.”
Brusath and Rytter then disclosed their own o,bé@n'atic}ns using paired zivconocene catalysts

to polymerize mixtures of ethyvlene/l-hexene and reported the effects of the influence of ths dual

-
2
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site catalyst on polymerization activity, incorporation of comonomer, and polymer mucrosiroctzre
using methylalumoxane cocatalyst.

Analysis of the foregoing results indicate that Rytter and coworkers Bkely failed to ntilize
combinations of catalyst, cocatalyst, and third components that were capable of readsorption of the
polyaoier chain from the chain transfer agent onto both of the active catalytic sites, that is they failed
to obtaim two-way readsorption. While indicating that chain fermination due to the presence of
trimethylalumioum fkely cceurred with respect to polymer formed from the catalyst incorporating
minimal comonomer, and thereafier that polymeryl exchaﬁge with the mors open catalytic site
followed by continued polymerization likely occurred, evidence of the reverse flow of polymer
ligands appeared to be lacking in the reference. In fact, in a later communication, Rytter, et, al.,

Polymer, 45, 7853-7861 (2004}, it was reported that no chain transfer betwaen the catalyst sites

actually took place in the earlier experiments. Simdlar polymerizations were reported in
WOUE/34970,

In USP’s 6,380,341 and 6,169,151, use of 2 “fiugional” metallocene catalyst, that is a
metaliocens capable of relatively facile conversion betwaen two sterecisomeric forms having
differing polymerization characteristics such as differing reactivity ratios was sajd to result in
production of olefin copolymers having 2 “blocky™ structure. Disadvantagecusly, the respective
stereoisomers of such metaliocenes generally fail to possess significant difference in polymer
formaticn properties and are incapable of forming both highly erystaliine and ainorphous block
copolymer segments, for example, from a given monoméf mixture under fixed reaction conditions.
Moreover, because the relative ratic of the two “fluxional” forms of the catalyst cannot be varied,
there is no ability, using “fluxional” catalysts, to vary polymer block composition or to vary the
retio of the respective blocks,

In JACS, 2004, 126, 10701-10712, Gibson, & of discuss the effects of “catalyzed living
polymerization” on molecular weight distribution. The anthors define catalyzed living
polymerization in this manner:

¥...if chain fransfer to aluminum constitutes the sole transfer mechanism and the
exchange of the growing polymer chain between the fransition metal and the aluminum
centers is very fast and reversible, the polymer chains will appear to be growing on the
aluminum centers. This can then reasonably be éescrihed as & cafalyzed chain growth
reaction on aluminum....An attractive manifestation of this type of chain growih reaction
iz & Poisson distribution of product molecular wéjéhts, as opposed to the Schuiz-Flory

distribution that arises when B-H transfer accompanies propagation,”



i

20

32
Ln

30

The authors reported the results for the catalyzed living homopolymerization of ethiylene
using an iron containing catalyst in combination with ZnEt, ZnMe;, or Znli-Pry,. Homoleptic
allcyls of aluminum, boron, tin, Kthium, magnesivm andlead did not induce catalyzed chain growth.

Using GaMes as cocatalyst regulted in production of a polymer having a narrow molecular weight

distribution. However, after analysis of time-dependent product disiribution, the authors concluded

s reaction was, “not a simple catalyzed chain growth reaction.” Similar processes employing
similar catalysts have been described in USP's 5,210,338, 5, 276,220, and 0,444,867,

Barlier workers had made claims to forming block copolymers using & single Zisgler-Natia
type catalyst in multiple reactors arranged i series, Examplaé of such teachingy nclude
USF's 3,870,715 and 4,039,632 1t is now known that ne substantial block copelymer formation
takes place under these reaction conditions.

It is known in the art that the presence of long chain branching (LCB) may mprove ceriain
pelymer characteristics, especially processability and melt strength. “The presence of LCB ina
polymer is characterized by the veeurrence of polymer moteties of a tength greater than thet of any
Ca.g olefin comonomer remnant attached to the main, backbone polymer chain. In prior art
techmigues, long chain branching may be generated in a polymer by incorporation of & vinyl-
terminated macromer (either deliberately added or formed in sitn during a polymerization such as

through fi~-hydride elimination) either by action of the potymerization catalyst itself or by the uss of

- a finking agent. These methods generally suffer from incomplete incorporation of the vinyl-

terminated macromer or linking moiety into the polvmer, and/or a lack of control over the extent of
1L.CE for given process conditions.

Accordingly, thers remains a need in the art for a polymerization process that is capable of
preparing copolymers having unique properties in a high yield process adapted for commercial
utilization. Moreover, it would be desirable if thers were provided an improved process for

preparing polymers, including copolymers of two or more comonomers such as ethylens and one or

‘more comonomers, by the use of a polymerizable shuttling agent (PSA) to introduce branching,

tnchiding long chain branching, in the resulting copolymers, especially pseudo-block copolymers.
It would also be desirable to provide a method for generating controlied amounts of long chain
branching in olefin potymers, especially pseudo-block copolymers, that does not require the in situ
formation of vinyl fimctionalized macromolecules. In addition it wouald be desirable to provide
such an improved process for preparing the feregoing brapched copolymer prqducts ina continvous

polymerization process.
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Summary of the Invention

According to the present invention there is now provided a branched copolymer of at least
one addition polymerizable monomer having unique morphology. The present polyme;,rs are
uniquely formed by the polymerization of one or more addition polymerizable monomers under
addition polymerization conditions with a composition comprising at least one addition
polymerization catalyst, a cocatalyst and a polymerizable shuttiing agens (PSA), Inapreferred
embodiment, the resulting polymer comprises multiple blocks or segments of differentiated polymer
coemposition or properties, especially blocks or segments comprising differing comanemer
incorporation ievels, i a branched polymer structure. Due to the $act that the blocks are
catalytically prepared they possess a random chemical structure and they are randomly assembled in
the resulting copolymer stzﬁcture. Accordingly, the resulting polymers are referred to as “peeudo-
block™ cbpoiymers. Certam of these branched copolymers may be substantially linear and possess
centroliable amounts of fong chain branching (dee to reincorporation of previously prepared |
palymer segments) through selection of catalyst and process conditions. Highly preferably, the
resuliing polymers are multiply branched and have 2 “comb” type of molecular architecture.
Additionally, certain of the Inveniive copolymers may possess a “branch on branch” architectare,

wherein some fraction of the long chain branches are themselves branched. in general, the resalting

. polymers contain reduced incidencs of crossiinked polymer formation svidenced by reduced gel

fraction, Preferably, the polymers of the mvention comprise less than 2 percent of a crossliniced gel
fraction, more preferably less than 1 percent crossiinked gel fraction, and most preferably less than
0.5 percent of crosslinked gei fraction.

Because the polymer is cqmprisad of at jeast s_'c'imé polymer segments joined by means of
one or more incorporated remnants of one or more polymérizable shuttling agerrts leading to
branching, or multipls brawching, the resuiting polymeric composition possssses unique physical
and chemical properties compared to random copolymers or mixtures of polymers of the same gross
chemical composition and also compared to pseudo-block copolymers prepared with a chain
shuttling agent lacking in branching ability. Advantages of branched block copolymers of the
mvention over linear pseudo-block copolymers may includs improved processability and hi gher
melt sirength. Hach of the branches resulting from incorporation of the polymerizable shutling
agent is relatively long, that is, it is comprised of two or more polymerized monomer units,
prei’bra_bly from 2 to 100, and most prﬂferably 3 to 20 polymerized monomer units, znd ideally each
branch alzo has & pseudo-block morphalogy. - ‘ ' -

More particularly, the present invention includes an embodiment wherein there is provided
a process and the resulting branched copolvmer, said process comprising polymerizing one or tmore

olefln monomers in the presence of at lvast one olefin polymerization catalyst and & PSA in a

&
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polymerization reactor thereby causing the formation of a polymer comprising mubtinie branches.
At Jeast some of the branches are ideally long chain branches formed from fhe polymerization of
two oz more, more preferably 2 to 160, and most preferably 3-20 monomer uniis, The polvmer
preferably ts further characterized by the presence of pseudo-biock chemical structure resuliing
from polymerization of different segments of the polymer under differing process conditions.

In a further embodiment of the mvention there s prcv;ded & provess and the resuiting
branched pseudo-block copolymer, said process comprising polymerizing one or more olefin
monomers in the prcsenc:é of two or more olefin polymerization catalysts and & PSA in 2
polymerization reactor thereby causing the formation of & polymer comprising multiple branches,
The polymer preferably is further characterized by the presence of pseude-block chemical
architecture.

Iz another embodzment of the invention there is provided a copolyiner, especially such a
copolymer comprzsmﬁ in polyinerized form ethylene and a copolymerizable comonemer, propylene
and af least one copolymerizable comonoemer having from 4 to 20 carbons, or 4-methyl-1-pentene
and at least one different copolymerizabie comonomers having from 4 to 20 carbens, said
copolymer comprising two or more, preferably two orx three inranolecular regions comprising
differing chemical or physical properties, especially remons of differentiated comonomer
ipeorporation, joined in a branched polymer sirwcture.

in another embodiment of the invention there s pmvzded & process and the resulting
branched pseudo-block copolymer, said process comprising:

polymerizing one or more olefin monomers in the presence of an olefin polymerization
catalyst and a PSA in a polymerization reactor thereby causing the formation of af least some
quanitity of an initial polymer containing shuttling agent functionality polymerized therem;

discharging the reaction product from the first reactor 6r zone to 2 second polymerization
reactor or zone operating under polymerization conditions that are distinguishabie from these of the
first polymerization reactor or zone;-

fransferring at Jeast some of the mitial polymer ébn‘caining shuttling agent functionality to
an active catalyst site in the second polymerization ruactor or zone; and

conducting polymerization in the second poiymerzzatmn reactor or Zons 50 as to form a
second polymer segment bonded to sorme or all of the injial polymer and having distinguishable
polvmer properties from the initial polymcr segments.

In yeft ancther embodiment of the mv\muon there is provided a process and the resuliing
branched psendo-block copolymer, said process compriging:

polymerizing one or mors olefin monomers in the presence of an olefin polymerization

catalyst and a PSA in a polymerization reactor, thercby causing the formation of at least seme

7
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quantity of an initial polymer terminated by a shuttling agent and containing addition polymerizable
fimctional groups thersin; ‘-

continuing polymerization in the same or a ciifferent poiymerization reactor, optionally in
ihe presence of one or more additional polymerization catalysts, cocatalysts, monomers, of chatn
shutiling agents, so as to form a second polymer segment bonded to some or 211 of the inttial
polymer by means of the addition polymerizable functionality of the PSA.

In a further embodiment of the invention there is provided a process and the 1 resulting
branched copelymer, said process comprising:

peiymerizing ethylene and one or more g~olefin comonomers in the presence of two
catalysts (A and B) and a PSA wherein;

Catalyst A is a good comonomer incorporator but a poor shuttler with the BSA and

Catalyst B is a poor comonomer but 2 good Shutﬂar with PSA, and

recovering the resulting copolymer comprising. bacicucnes of substsmﬁaﬂy rapdom
copolymers of ethylens and one or more c-olefins and branches consisting esse wtiaily of ethylens in
polymerized form or comprising ethylene and reduced quantities of copolymerized o-olefin
comonomer compared o the backbone polymer. In other words, the resulting polvmers possess a
baclkbone of relatively low derisi*:y polvethylene with branches of relativel v high density

polyethyiene,
By providing the polymerizable moieties, especialiv vinyl group containing PSA’s, at the

start of the polymerization reaction, rather than generating them during the reaction, such as via p-

hydride elimination, increased levels of long chain branching in the polymer product are atteinabie.
Moreover, the extent of LCB is easily controlled by metered addition of the PSA to
naiymexization reaction. Highly desirably, the poivmer wrodusts herein osmnrisa at least soine
guantity of & polymer containing two or mors dxstmgmshabie blocks or segments characterized by a
most probable distribution of biock sizes toined by means of the remnant of the pelymerizable
shuttling agent. Al of the polymers herein may be terminated | by use of a proton source to form a
branched block copolymer, coupled through use of 2 polj-zfunctianai coupiing agent to form a
matrix, cross-linked, or cured composition, or functionalized by conversion of terminal chain
shuttling dgent into vinyl-, hydroxyl-, amine-, silane, carboxylic acid-, carboxylic acid ester,
ionomeric, or other functional group, according to known techniques.

* Desixably, the polymeﬁzable shuttling agent contains ene or more polymerizable moieties,
preferably vinyl groups, resulting in the formation of comb type, pseudo-block cépeiymérs‘ _
Generally, such copolymers are characterized by an identifiable backbone or ceniral polyner chain
centaining muitiple branching points. The branches ma}? be imear or further branched as well,

Ideally, all of the polymer moisties are characterized hy substantially pseudo-block morphology.
§
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Both a PSA (having at least one polymerizable group therein) and a chain shuttiing agent
(C5A) Jacking 2 polymerizable group may be employed in the same process. CSA’s ars capable of
nteraction with an active polymer forming catalyst site to temporarily remove the growing polymer
chain and subsequently transfer it back to the same or & different catalyst site. The presence of a
CSA in 2 polymerization interrupts normal chain growth without causing significant polymer chain
termipation. The presence of the PSA helps to contro the resulting polymer block size and

distribution as well as the degree of polymer branching. The CSA only contributes towards

‘reducing the polymer average block size. By employi'r'igboﬂl a PSA and an non~p01ymerizabie

CEA, the “blockinsss™ of the pelymer and the branching can be controlled independently, That is,
pseudo-block copolymers can be prepared while controlling both the quantity and size of polymer
blocks (b]ockmess} and controlling the levels of branching therein.In still another embediment of
the invention, a “multi-centered shuttiing agent” (that is a non-polymerizable CSA having more
ihan one moiety capable of causing chain shuttling) is added on one or muliiple occasions to a
polymerization also including 2 polymerizabie shuttling agent, resulting in incorporation of one or
more multiply branched remnants in the polymer from such multi-centered shuttling agent in
addition to the normal branched functionality resulting from the polymerizable shuttling agent. The
resuliing polymer contains one or more branching centers, depending on whether a two-centered or
a higher-centered chain shuttiing agent is gmploved in thle‘polymerization. The resulting polymer
product is characterized by the presence of at least some amount of a first polymer having a first
molecuiar weight and at least some quantity of a second pblymar having a moiecular weight that is
approximately two, three, or more times the molecular ﬁ}éight of the first polymer, depending on the
munber of shuttling centers in ) the multi-centered shuttling agent etployed. All of the polymers are
preferably turther characterized by the presence of pseudo-block copolymer morphoiogy.

In & final embodiment of the present mvention, there is provided a poiymer mixture

comprising: (1) an organic or inorganic polymer, preferably a homopolymer of ethylene or of

propylene and/or a copolymer of etiylene or propylens with one or more copolymerizable

comonomers, and (2) one or more branched polymers according to the present invention or prepared

according to the process of the present invention.

Brief Descrintion of the Drawines

Flgure lisa sc,hematlc representatmn of the  process of Iormmo a branchea polymer
accorcimtf to the present invention using two dlfferent catalvsts
Figure 2 is a schematic representation of a multiple branched polymer according to the

present invention prepared using two different catalysts.
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Figure 3 is a schematic representation of a comb polymer according to the present invention

prepared by initial incorporation of 2 PSA followed by polymerization in the substantial absence of
PSA.

Detailed Drescription of the Invention

All references to the Periodic Table of the Blements herein shall refer to the Periodic Table
of the Elements, published and copyrighted by CRC Press, Inc., 2003. Also, any references to a
Group or Groups shall be to the Group or Groups refiested in this Periodic Tabis of the Elements
using the TUPAC system for numbering groups, Uinless stated to the contrary, iraplicit from the
context, or customary in the art, ali parts and percents are based on weight. For purposes of United
States patent practice, the contents of any batellf, patent application, or publcation referenced
herein are hereby incorporated by reference in their entirety (or the equivalent US version thereof is
so incorporated by reference) especially with respect to the disclosure of synthetic fechnigues,
definitions (to the extent not inconsistent with anys deﬁﬁitions provided herein) and general
knowiedge in the art,

* Theferm “comprising” and derivatives thereofis not intended to exclude the presence of
any additional portion, component, step or procedure, whether or not the same is disclosed lierein,
In order to avoid any doubt, all compositions claimed herein through use of the term “comprising”
may include any additional additive, adjuvant, or compound whether polymeric or otherwise, unless
stated to the contrary, In contrast, the term, “consisting essentially of” excludes from the scope of
any succeeding recitation any other portion, component, step or procedure, excepting those that are

not essential to operability. The term “consisting of” excludes any portion, component, step or

procedure not specifically delineated or listed. The term “or”, unless stated ctherwise, refers 1o the

listed members individually as well as in anv combination,

The term “polymer”, includes both homopoiymérs that is, homogeneous polymers prepared
from a single monomer, and copolymers (mterchdngeably referred to herein as mterpolymers),
meaning polymers prepared by reaction of at least two monomeis or otherwise containing
chernically differentiated segments or blocks therein even if formed from 2 single monomer. More
specifically, the term “polyethylene” includes homopolymers of ethylene and copolymers of
ethylene and one or more C3-g a-olefins. The term “crystalline” if employved, refers to a polymer
that possesses a first order transition or crystalline meltine pomt (Tm) as determmed by differential
scanning Lalorlmetry (DSC) or equivalent fechnigue, The term may be used mterchangeablv with

the term “semicrystalline”. The term “amorphous” vefers to 2 polymer lacking a crystalline melting

‘ point. The term “elastomer” or “slasiomeric” refers to a polymer or polymer segment having Tg

less than 0°C, more preferably less than -15°C, most preferably less than -25°C, and 2 sample of

10
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which, when deformed by application of stress, is generally capable of 1ecovering its size and shape
when the deforming foree is removed. Specifically, as used herein, elastic or elastomeric is meant
to be that property of any material which upon appiication of a biasing force, permits that material
to be stretchable to a length which is at least 25 percent greater than its unbiased length without
ruptare, and that will canse the material to recover at least 40 percent of ity elongation upon release
of the force. A hypothetical example which would satisfy this definition of an elastomeric material
would be & 1 cm sample of a material which may be elongated to a length of at least 1.25 cm and

which, upon being elongated 10 1.25¢em and released, will recoverto a length of not more than 1.15

-om. Many elastic materials may be stretched by much more than 23 percent of their relaxed lensth,

and many of these will recover to substantially their original reiaxed length upon release of the
elongating force. ' .

“Comb” polymers are polymers characterized by the presence of two or more branching
points on a common polymer backbone. Bach of the reép;%ctive pendent branches may be further
branched. Polymers containing multiple levels of branching (hyper-branched) and a single, multipie
centered, branching point are referred to herein as & “dendrimer” or “dendrimeric”.

" The term “pseudo-block copolvmer” refers to a copolymer comprising two or more blocks
or segments of differing chemical or physical property, such as variable comanomer content,
crystallinity, density, tacticity, regio-error, or other property. Non-adjacent blocics are not
necessarily of identical chemlcai composition, but may vary in one or more of the foregoing
respects, from the composition of all other blocks or remons Compared 1o random copolymers,

pseudo-block copolymers possess sufficient d}.fferencas 1n chemical properties, especially

crystaliinity, between blocks or segments, and sufficient blcck length to the respective blocks to

achieve one or more of the desired properties of true bioolx copolymers, such as thermoplastic/
elastomeric properties, while at the same time being ameuable to preparation in conventional olefin
polymerization processes, especiaily contitious solution polymerization processes employing
catalytic quantities of pelymerization catalysts. The respective blocks of a pseudo-biock copolymer
desirably possess a PDI fitting a Poisson distribution rather than & Schulz-Flory distribution,

It may be readily appreciated by the skilled artisan that in one embodiment of the present
nvented process the PSA may be added once, more than once (intermittently) or added
continpously to each polymerization reactor or zone employed in the polymerization. Highly
desirably, the PSA be added to the reaction mixture prior to initiation of polymerization, at the same
time as polymerization is initiated, or at least during a significant portion of the tims in which
polymerization is conducted, especially in the first reactor if multiple reactors are utilized.

Therough mixing of PSA and reaction mixture may be Gccasmned by active or static mixing devices

or by use of any stirring or pumme device emnioyed n maxmg or transferring the reaction mixture.

11
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As used herein with respect to a chemical compound, unless specifically indicated
otherwise, the singular includes all isomeric forms and vice versa (for example, “hexane™, includes
all isomers of hexane individualiy or collectively). The terms “compound” and “complex” are used
interchangeably herein to refer ta organic., morga;mc» and organometal compounds. The term,

“atom™ refers to tie smallest constituent of an eiement regardiess of ionic state, that is, whether or
not the same bears a charge or partial charge or is bonded to another atom. The term “heteroatom™
refers to an atom other than carbon or hydrogen. Preferred heteroatoms include: F,CLB, N, Q,P,
B, S, Si, Sb, Al Sn, As, Se and Ge.

The term, “hydrocarby?” refers to univalent subsiituents comaining onky hydrogen and
carbon atoms, including branched or unbranched, saturated or unsaturated, cyclic or noncyclic
species. Examples include alicyl-, cveloalkyl-, alicenyl-, alkadienyl-, cycloalkenyl-,
cycloalkadienyl-, aryl-, and allkynyl- groups. “Substituted hydrocarbyl” refers to a Irydrocarbyl
group that s substituted with one or more nonhydrocarbyi substituent groups. The terms,

“heteroatom containing bydrocarbyl” or “heterohydr ocarbyl” refer to univalent groups in which at
least one atom other than hydrogen or carbon is present along with one or more carbon atom and
one or more hydrogen atoms. The term “heterocarbyl” refers to groups containing one or more
carbon atoms and one or mors heteroatoms and no hydrogen atoms. Ths bond between the carbon
atorn and any heteroatom as well as the bonds between any two heteroatoms, may be saturated or
unsaturated. Thus, an afkyl group substituted with a iiéferocycioaﬂiyl- substituted
heterocycloalkyl-, heteroaryl-, substituted heteroaryl-, alko*{y aryloxy-, dihydrocarbylboryl-,
dihydrocarbylphosphino-, dihydrocarbylamine-, ‘frihycirocarbyisﬂyi- hydrocarbylthio-, or
hydrocarbylseleno- group is within the scope of the term heteroalkyl, Examples of suitable
heteroalkyl groups include cyano-, benzoyl-, (Z-pyridylymethyl-, and trifluoremethyi- groups,

As used herein the term “aromatic® refers to a polyatomic, cyclic, conjugated ring system
containing (46+2) n-electrons, wherein 8 is an nteger greater than or equal to 1. The term “fused”
as used herein with respect to a ring system containing two or more polyatomic, cyclic rings means
that with respect to at least two rings thereof, at least one pair of adjacent atoms is included in both
rings. The term: “aryl” refers to a monovalent aromamc substfment which may be a single aromatic’
ring or multiple aromatic rings which are fused together hnked covaienﬂy or linked to a common
group such as a methylene or ethyiene moiety. The avomatic ring(s) may mchide phenyl, naphthyl,
anthracenyl, and biphenyl, among others.

“Substituted aryl” refers to an aryl group in which one or more hydrogen atoms bound to
any carbon is replaced by one or more functiona} groups such as alkyl, substituted aliyl cycloatlkyl,
substituted cycloalkyl, heterocycloalkyl, substituted heterocycioallcyl, halogen, alkylhalos {e.g.,
CF3), hydroxy, amino, phosphido, alkoxy, amino, thio, nitro, and both saturated and umsatarated
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cyclic hydrocarbons which are fused to the aromatic ring(s), linked covalently or linked o a
comumon group such as 4 methylene or ethylene moiety. - The common linking group may also be a
carbonyl as in bcz,tzophenqne or oxygen as in diphenviether or nitrogen in diphenylamine.

The term, “comonomer incorporation index”, refers to the percent comonomer incorporated
mto 2 copolymer prepared by the catalyst under consideration. The selection of metal complexes or
catalyst compositions having the greatest difference i comonomer incorporation indices under
different polymerization conditions, in one embodiment of the present invention, results in
copolymers from two or more monomers haviag the largest difference in block or segment
properties, such as density, for the same comonomer composition distribution. Comonomer
ingorporation index is penerally determined by the use of NMR Spectroscopic techniques. It may
also be estimated based on monomer reactivities and reactor kinetics according to known theoretical
techniques.

In a very highly preferred embodiment, the poll-y‘/'-mers of the invention comprise pseudo-
block copolymers possessing a most probable distribution of block lengths and block compositions.
In a polymer containing three or more segments (that is blocks separated by a distinguishable biock)
each bilock may be the same or chemically different and generally characterized by a distribution of
properties. The foregoing result may be achieved if the polymer chain experiences different
polymerization conditions, especialfy differing catalysis, during formation, Different
polymerization conditions includes the use of different MONCMErs, comONOmers, or
roonemer/comonomer(s) ratie, different polymerization temperatures, pressures or partial pressures
of various monomers, different cataltysts, simultaneous use of mono-centered- or multi-centered-
chain shuttling agents, differing monomer gradients, or any other difference leadiucr e formation of
a dxstmguzshable polymer segment. In this manner, at least a portion of the polymer resulting from
the present process may comprise differentiated polymer segments arranged mtramolecuiarl)

' According to the present invention, by selecting hxghiy active catalyst compesmons capable
of rapid wransfer of polymer segments both to and from a suitable polymerizabie shuttling agent,
branched, including highly branched polymer products are formed resulting in a polymer product
having unigue prof)erties. Due to the use of at least one jﬁélymeriza,bie shuttling agent and catalysts
capable of rapid and efficient exchange of growing polymer chaing, the polymer experiences

discontinuous polymer growth and transfer, thereby forming at least some poiymer having comb or

. dendrimeric molecular architecture.

Monomers
Suitable monomers for uge in preparing the copolymers of the present invention include any

addition polymerizable monomer, preferably any olefin or diolefin monomer, more preferably any
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o-olefin, and most preferably ethylene and at least one copolymerizable comonomer, propylene and
at least one copolymerizable comonomer having from 4 to 20 carbons, or 4-metiyl-1-pentene and at
least one different copolymerizable comonomer having from 4 to 20 carbons. Examples of suitable
monoemers include straight-chain or branched o~oiefing of 2 to 30, preferably 2 ta 20 carbon atoms,
such as ethylene, propylene, 1-butene, l-pentene, 3-methyi-I-butene, I-hexane, 4-methyl-1-pentene,
3-metiryl-1-pentene, 1-octens, i-decene, 1-dodecene, 1-tetradecene, I-hexadecene, 1-octadecene
and l-eicosene; cycloolefins of 3 o 30, preferably 3 to 20 carbon atoms, such as cyolopentene,
cycloheptene norbornene, 5-methyl-2-norbornene, tetracyclodociec,ene and Z-methyl-1,4,5,8-
c[1me‘dmuo~1 »2,3,4,4a,5,8,8a-octahydronaphthalene; di- and poly-olefins, such as butadiene,
isoprene, 4-methyi-1,3-pentadiene, 1,3-pentadiene, 1,4-pentadiene, 1,5-hexadiene, 1.4-hexadiene,
1,3-hexadiene, 1,3-cctadiene, 1, 4-octadiens, 1,5-ogtadieneﬁ 1,6-octadiene, 1,7-octadiene, ethylidene
norbornens, viny! norbornens, dicyclopentadiene, 7-methy!i-1,6-0ctadienc, 4-ethylidene-8-methyl-
1,7-nonadiens, and 5,9-dimethyl~1,4,8-decatriene; aromatic vinyl compounds such as mono- or
poly-alicylstyrenes (including styrene, o-methylstyrene, m-methylstyrene, p-methylstyrene, o,p-
dimethy}sfyrene, o-ethylstyrene, m-ethyistyrene and p-ethylstyrene), and functional group-
containing derivatives, such as methoxystyrene, sthoxystyrene, vinyibenzoic acid, methyl
vinylbenzoate, vinylbenzyl acetate, hydroxystyrene, o-chlorostyrene, p-chlorostyrene, 7
divinylbenzene, 3-phenylpropene, 4-phenylpropene and a-methylstyrene, vinyichloride, 1,2-
difiuoroethylene, 1.2-dichloroethylene, tetrafluoroethylene, and 3 »3.3-trifluoro-1-propene, prdvided
the monomer is polymerizabie under the conditions eﬁlé-idyed. ‘
Preferred monomers or mixtures of mMOnocIers for use in combination with at least one PSA
herein include ethylene; propylene; mixtures of ethylene with one or more monomers selecied from
the group consisting of propylene, 1-butene, I-hexene, 4-methyl-1-pentene, l-octene, and styrene;

and mixtures of ethylene, propyiene and a conjugated or non-conjugated diene.

Cham Shuttling Agents
The term, “shuttling agent” or “chain shuttling agent”, refersto a compound or mixture of

compounds that is capable of causing polymery! transfer hetween the various active catalyst sites
under the conditions of the polymerization. That i 18, transter of a polymer fragment occurs both to
and from an active catalyst site in a facile mammer. In contrast to & shuttling agent, a “chain transfer
agent” causes termination of polymer chain growth and .afnount_s 1o a one-time transfer of growing
juolymer from the catalyst 1o the transfer agent. D@siré‘t}lj@ the intermediate formed between the
chain shuttling agent and the polymery! chain is sufficiently stable that chain termination is
relatively rare. In practice, suitable chain shuttling moieties preferably include metal centerg

derived from a metal selected from Groups 2-14 of the Periodic Table of the Eiements and having
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one or more available valencies able to reversibly bind to a growing polymer chain prepared by a
coordination polymerization catalyst. Desirably, at least 0.5 percent, preferably at least 1 percent,
more preferably at least 2 percent and most desirably at least 3 percent and up to 50, 90, 95 or even
99 perceat, of the polymer resulting from the use of a éhﬁ‘ctling agent contains blocks resulting from
incorporation of the shuttling agent into the growing pé'l-j}mer chains,

The term, “multi-centered shuttling agent™ refersto a compound or molecule containing
more than one, preferably 2 or 3, chain shuttling moieties joined by a polyvalent linking group. At
the same time that the chain shuttiing moiety binds to the growing polymer chain, the polyvalent
Hinking group remaining after loss of the chain shutiling moieties incorporates or otherwise bonds to
two or more active catabyst sites, fhercby forming a catalyst composition comfaining two or more
active coordination polymerization sites capable of polvmer insertion at the termini of the
polyvalent linking group. Desirably, at Jeast 0.5 percent, preferably at least 1 percent, more
preferably at least 2 percent and most desirably at least 3 percent and up to 50, 90, 95 or even 99
percent, of a higher molecular weight polymer component is present in the polymer blends prepared
by use of a multi-centered shuttling agent or formed by the use thereof,

The term, “pelymerizable shuttiing agent™ refer:s' toa shutthing agent, including a multi-
centered shuftling agent, wherein the moiety transferred 1o an active catalyst sife includes a
polymerizable segment either alone or attached to a metal center or other shuttling functionality.
Examples include compounds or complexes comprising ethylenic unsaturation such as vinyl groups,
including polyvinyl groups, such as conjugated or non-conjugated diene or divinylphenylene
functionality. Such polymerizable functionality may also be polymerized with addition
polymerizabie monomers in the reaction mixture either before or after the occurrence of a shuttling
exciange, Once polymerized into a polymer chain, the chain shuttiing portion {such as 2 metal
center) of the shuttling agent may exchange with a catalyst site or remain attached to the chain
siiutting agent until termination ocours. In the former event, the polymerizable shuttling agent
remains attached to the resulting polymer chain while polymer continues to form bv means of the
exchanged catalyst site as well as any other remamingiai:'tive catalyst sites.

While attached to the growing polymer chain, é_h"e shuttling agent (except for polymerizable
shuttling agents}) desirably does not alter the polymer structure or incorporate additional monomer.

That is, the shuttling agent does not aiso possess significant catalytic properties for the

polymerization of interest. Rather, the shuttling agent forms a metal-allyl or other type mieraction

with the polymer moiety, thereby interrupting the polymerization until tfransfer of the polymer
moiety to another active polymerization catalyst site ocours. Under certain circumstances, the
subsequently formed polymer region possesses a distinguishabie physical or chemical property,

such a¢ a different monomer or comonomer identity, a difference in comonomer composifion
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distribution, crystallinity, density, tacticity, regio-error, or other property, than the polvmer formed
at other times during the polymerization. Subseguent rapetmonb of the foregoing process can result
in formation of. segmen‘cs or blocks having differing properties, or a repetition of a previously
formed polymer composition, depending on the rates of po fymeryl exchange, number of reactors or
zones within a reactor, transport between the reactors or zones, number of different catalysts,
monomer gradient in the reactor(s), or other factors influencing the polymerization. The polvmers
of the invention desirably are characterized by at Ieast two individual blocks or segments having a
difference in composition and/or a most probable biock length distribution. More preferabiy,
mdividual blocks have altered composition within the polymer and a PD {Mw/Mn) greater than
1.2, preferably greater than 1.5, The entire polymer composition typically has a PD] greater than ‘
1.8, or even greater than 2.0 and up to 20, generally up to 10,

The process of the invention emploving a poiﬁnerizable chain shuttling agent and two
catalysts may be further elucidated by reference to Figufé I, where there is illustrated 2 monomer
mixture of ethylene, 1 and a polymerizable shuttling agent, 3 containing a polymerizable viny
group and a chain shuttling functional group, M, such as 2 metal center, joined by a divalent ligand

group, L. Two catalysts, C and C” capable of preparing differentiated polymers, represented by

<vwwv\> and («www) » respectively, are also present in the reactor.,

In step 1) the PSA is polymerized by means of the polymerizable functional group into the
growing polymer chain by one of the catatysts (C) to form 2 random ethylene/PSA copolymer
contaning pendant chain shuttling functionality L-M’. A similar copolymer formed by catalyst ¢
is not depicted. Alternatively, catatyst C° may be incapable of incorporating comonomer. That is,
the catalysts may be selected on the basis of incorporation abifity with respect to the polymerizable
shuttling agent, if desired, such that only one of the catalysts incorporates significant quantities of
PSA and the other produces a highly crystaliine ethylene"homopoiymer block. In step 2) chain
shuttling takes place to substitute metal center functionality, M’ for catalyst C*. Similar exchanges
with catalyst C moieties may also occur, but are not depicted. The process establishes a branching
center in the poiymer chain whenever a polymerizabie moiety is fransferred to an active catalyst
site. Steps 1} and 2) caﬁ oceur in the opposite sequence fo the same effect. Additionally, the chain
shuttling illustrated in step 2) may occur one or several times with one or several active catalyst
centers before or after incorporation into a polymer chain oceurs. Not all catalysts need be equally
active m this exchange process, which is equilibrium limited, and a variety of shattling agent
ligands (that is metal centers containing various remnants of polymer formed at various stages of
polymer addition) may be transferred to the active catélﬁt site, depending on whether PSA is

continuously added during the polymerization, whether the reactor is operated under batch or
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continnous polymerization conditions, whether the reactor is operating in piug flow or as a well
mixed reactor, and other conditions chosen by the operator thereby resultmcr in the possible
formation of numerous different polymer species.

i step 3, continued polymerization occurs wherever an active catalyst site, C or C’ exists
following a PSA exchange. This results in the formation of branched copolymers, optionally
having differentiated polymer blocks if both catalyst Cand C are present in the same polymer
chain. The process may be repeated any number of times so long as polymerization and shuttling
conditions are maintained in the reactar. The respective polymer biocks formed by cataivsts C and
C” may be distinguished such as by comonomer incorporation level, tacticity, Mw or other polviner
property. In step 4, termination of the polymerization and shuttling processes, such as by addition
of a polar compound, resulis in formation of a branched polymer according to the invention, The
branch point results from the remnani ofthe PSA, with a backbone and branches of different
polymer types due to the different active catalysts sites.

Although not illustrated, the skilled artisan will recognize that the incorporation illustrated
in step 1)'may occur multiple times along a polymer backbone to give a multiply branched, comb-
type polymer structure. Moreover, if catalyst C’ is selected such that tre PSA is incorporated into
the resulting polymer formed from that catalyst and/or. if polymer chains formed from the initial

incorporation shuttle with either catalyst, then some polymer chains with a branch-on-branch

. morphology will result. Additional polvmers such as unbranched polymers formed by catalysts C

and C’ alone (not depicted) may be present in the reaction mixture as well.

Under uniform pofymerization conditions, the grgwing polymer blocks are substantially
homogeneous, while the size of the polymer block conforms to a distribution of sizes, desirably a
most probable distribution, I differing polymerization conditions such as monomer gradients,
multiple reactors operating under differing process EonditionS; and so forth are emploved, the
respective polymer segments may also be distinguished based op differences in chemical or
physical properties. Chain shuttling and further growth may continue in the foregoing manner for
any number of cycles. However, it may be readily seen that the resulting product mixture contains
at least some branched polymer, including, in some cases multxple branched polymer and branches
that are themseives multiply branched.

In Figure 2, there is illnstrated a multi—branchecf’tﬂoc}c copolymer, such as might be
prepared using one or mors cafalysts, amonormer, such as sthiylene or propylene, or 2 monomer
mixture such as ethylene and a Cs5 a-olefin, as well as o, polymerizable shuttling agent. The
polymer comprises a random copolymer of the monomer or monomers and the polymerizable chain
shuttling agent, 1€, containing numerous branching points, 12, caused by PSA insertion as

previcusly explained. Under homogeneous polymerization conditions the polymer formed during
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continued polymerization, that is all polymer seglnents 14 are substantisliy identical, aithough the
molecular weights thereof may vary. The branched copolymer contains multiple distinguishable
segruents, such as unbranched, branched, or multiply branched 28 proviously discussad.

The polymer product may be recovered by termmanon such as by reaction with water or
other proton source, or functionalized, if desired, formmg vinyl, hydroxyt, silane, carboxylic acid,
carboxylic acid ester, ionomeric, or other functional terminal groups, wherever a terminal metal
center, 16, is located. Alternatively, the polymer segments may be coupied with a polyfunctional
coupling agent, not depicted, especially a difunctional coupling agent such ag dichlorodimethyl-
silane, telylene diisocyanate or ethylenedichloride, and i‘eccvered.

The skilled artisan will appreciate that the present polymerizable shuttling agent may
contain more than one polymerizable group, such as a diviny! substituted shuttling agent. This
resuits in formation of a cross-linked matrix, although for general polymer processes, crossiinking is
not desired, and in fact, one advantage of the present mvent;cn 18 the relative lack of crosslinked
polymer or gel formation. In addition, any of the pr esent processes may alse smploy a multi-
centered shuttling agent initially containing 2, 3, 4 or even more active centers, resulting in the
formation of polymer mixtures containing some guantity of a polymer that has approximately
double, triple, quadruple, or other multiple of the molecular weight of the remaining polymer and 2
linear, branched or star morphology.

Ideally, the rate of chain shutiling is equivalent to or faster than the rate of polymer
termination, even up to 10 or even 100 times faster than the rate of polymer termination and
significant with respect to the rate of polymerization. Preferred shuttiing agents undergo metal
transfer at rates sufficient to provide from 6.1 10 10 polymer branches per 1000 carbons. This
permits formation of significant quantities of branched polyme:r chains terminated with chain
shuttling agents and capabie of continued monomer insertion leading to significant quantities of
highly branched copolymer.

By selecting different shuttling agents or mixtures of agents with a catalyst, by altering the
COmOnomer COMPOSILon, temperature, pressure, optional chain terminating agent such as H,, or
other reaction condifions, by use of separats reactors or z;nes of a reactor operating under phug flow
conditions, branched polymer products having segments of varying density or comonomer
concentration, monomer content, and/or other distinguishing property can be prepared.

In addition, certain quantities of a conventional random copolymer may aiso be formed
ceineident with formation of the present polymer composition, resulting in a resiz blend, By proper
selection of catalyst and polymerizable shuitling agent, muitiply branched copolymers containing
relatively large polymer segments or blocks or blends of the foregoing with more random

copolymers can all be obtained.
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Highly desired polymers according to the present invention comprise branched polyolefins,
especially multiply branched copolymers of ethylene and a Cs_s comonomer confaining psetdo-
block copolymer architecture. Additional highly desirable polymers have 2 comb type of polymer
architecture, That is, the polymer contains at least some backbone poiymer containing multiple
branching points, each comprising a polymer lacking significant quantities of long chain branching.
Such a polymer may be formed in one embodiment by adding the PSA only at the beginning STages
of a continuous polymerization, especially to a reactor operating under plug-flow conditions. An
example of such a comb poiymer is illustrated in Figure 3, wherein random copolymer backbone
segment 20, baving branching points, 22, formed by PSA corporation and relatively linear
segments 24, formed in the substantial absence of PSA, ire depicted.

Suitable shuitling agents, if elnployed in addition_ to a polymerizable shutiling agent,
include metal compounds or complexes of metals of Groups 1-13, preferably Group 1, 2, 12 or 13 ‘
of the Periodic Table of the Elements, containing at least one C,.5 hydrocarbyl group, preferably
hydrocarbyl substirted aluminum, galitum or zine compounds containing from 1 to 12 carbons in
each hydrocarbyl group, and reaction products thereof with a newtral Lewis base or other stabilizing
group. Preferred hydrocarbyl groups are alkyl groups, preferably linear or bfancheci, Cog alkyl
groups. Most preferred shuttling agents for nse in the present invention are trialicy! aluminum and
diallcyi zin¢ compounds, especially triethylaluminum, tri(i-propyl) aluminum, tri(i-butyl)aluminum,
tri(n-hexybaluminum, tri(n-octyljaluminum, triethyigallium, or diethylzine. Additional suitable
shuttiing agents include the reaction product or mixmzl: formed by combining the foregoing
organometal compound, preferably a tri(C.q) alkyl alnminum or di(Cy.s) alkyl zinc compound,
especially triethytaluminum, tri(i-propyl) aluminum, tri(i'Q'btl‘cyI)alumiizum, tri{n-hexylaluminum,
tri(n-octylaluminum, or diethylzine, with less than a stoichiometric guantity (reiative to the number
of hiydrocarbyl groups) of a secondary amine or a hydroxyl compound, especialty
bis(trimethylsilylamine, tubutyl{dimethyi)siioxane, 2-hydroxymethylpyridire, di(n-pentyl)amine,
2,6-di(t-butyl)phenol, ethyl( L-naphthyliamine, bis(2,3,6,7—dibenzo—1—azacycioheptaneamine}, or 2,6-
diphenylphenol, Desirably, sufficient amine or hydroxyl reagent is used such that one hydrocarby!

group remains per metal atom. The primary reaction products of the foregoing combinations most

‘desired for use in the present invention as shuttling agents are n-octylahiminum

di{ bis(trimethylsilyhamide), +-propylaluminum bis(dimethyl(t-butyl)sitoxide), and n-octylatuminum
di{pyridinyl-2-methoxide), i-butylaluminum b_is(dimetiﬁ.fl({-butyl)siloxa.ne), i~butylaluminum
bis(di(trimethylsiiyDamide), n-octylaiuminum di(pwiéi11e—2-metizoxide), i-butylaluminum bis(di(n-
pentyl)amide), n-cotylaluminum bis(2,S—diwtmbutylphendxide), n-octylaluminum diethyl(1-
naphthyi)amide), ethylaluminum bis{t—butyldimethyisiia}éid@), ethylaluminum

dif{bis (trimethyisiiyl)amide), ethylaluminum bis(2,3,6,7-dibenzo-1 -azacycloheptaneamide), n-
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octylaluminum bis{2,3,6,7—dibenzo~1-azacycloheptaneamide), p-octylaluminum bis(dimethyl(t-
butylsiloxide, sthylzine (2,6-diphenylphenoxide), and ethylzine (-butoxide).

Preferred shuttling agents possess the highest transfer rates of polymer transfer as well as
the highest transfer efficiencies (reduced incidences of chain termination}. Such shuttling agents
may be used in reduced concentrations and still achieﬁ the desired degree of shuttling. Highly
desirably, chain shuttling agents with a single exchange site are employed due to the fact that the
effective molecular weight of the polymer in the reactor ig lowered, thereby reducing viscosity of
the reaction mixture and consequently reducing operafing costs.

Suitable multi-centered shuttling agents for use herein are compounds or complexes
comtaining two or more chain shuttling moieties per molecule which are capable of forming
reversible electronic interactions with polymer chains prepared by a coordination polymerization
catalyst. In addition, the multi-centered remnant formed upon loss of the chain shuttling moieties
must be capable of interaction with an active catalyst composition, ultimately resulting in pelymer
growth at two or more sites of the remnant. Preferred ﬁ;ulti-centered shuttling apents are
compounds corresponding to the formula: (M?),L° Whéff_:in M’ is a chain shuitling moiety,
preferably a monovalent derivative of a chain shuttling agent formed by separation from a kinking
group, [”, and m is an integer from 2 to 6, preferably 210} 3. Preferred L’ groups are organic
groups, espectally hydrocarbon or inertly substituted hydrocarbon groups, most preferably alkadiyl
or alkatriyl groupé and inertly substituted derivatives thereof. A most preferred L' group is Comp
hydrocarbylene. Specific examples of suitable M* groups include monovalent zine or aluminum
radicals and Lewis base containing complexes thereof, most preferably ~Zn(PG) and —Al(PG),
wherein PG is a protecting group, preferably a group selected from hydrogen, halo, hydrocarbyl,
tri(hydrocarbyl)silyl, halo- substituted hydrocarbyl, and halo- substituted trilhydrocarbylsilyl. The
skiiled artisan will appréciare that the foregoing M’ and L’ species are believed to be transient
charged species which are formed in situ during a polymerization herein and cannot be separately
isolated or recoveréd. o

Exmﬁp}es of the foregoing multi-centered shuttling agents include: (1,2-
ethylene)di{zincchloride}, (I,2—ethy}ene)di(zincbromidej;'( 1,2-ethylene)di(ethyizinc), (1.2-
ethylene)bis((trimethyl)silylzinc), (1,4-butylene)di(zincchloride), (1,4-butylenc)di(zincbromide),
(1,4-butylene)di(ethylizine), (14-butyiene)bis((trimethyl)sitylzine), Bis( 1, 2-ethyienedizine), bis(1,3-

propylenedizing), bis(1,4-butylenedizing), methyhri(1,2-ethylenezincbromide), (1.2~

ethviene)bis(dichioroaluminum), and (1,2-ethylene)bis(diethylaluminum),
Suitable polymerizable shuttling agents are compounds mmcluding at least one polymerizable
fonctionality in a ligand or group attached 1o a shuttling agent functional group, M. Accordingly,

such compounds may be depicted by the formula: (ML, wherein M’ and m are as previously
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defined, and L is a polymerizabie functionality, Preferred L groups include ethylenically

unsaturated hydrocarbyl groups, especially vinyl substituted hydrocarbyi- or hydrocarbylene
groups, attached fo one or more metal centers, optionally containing further substituents to balance
charge. Suitable polymerizable shuttling agents include but are not lmited to: vimyimethylzine, (2-
propene-1-ylimethylzine, (2-buten-2-ylimethyizinc, {(2-buten-3-ylymethylzine, (3-buten-1-
ylmethylzine, (1-butene-2-yDmethylzine, (1,3-butadiene-1 -yhmethyizine, 1,4-diphetyl-( 1,2,3,4-n"
1,3-butadiene)benzyizine, di(3-buten-1-yhzine, {(p~vinylbenzylimethyl zinc, (7-cctenyDmethylzine,
di(7-octenyhyzine, diallylzine, (vinylethylzine, (p-vinylbenzyhethyizine, (vinyl)i-dodecylzine, (2-
propen-i-yh{trimethyisilylmethyl)zine, (1 A-butylens)di((2-propen-1 ~yDzine), 5-
hexenylzincbromide, (2—pr0pen~1~y1)dimethylaluminum, di(2-propen-1-ylaluminumbromide, di(5-

hexenyljzine, S-hexenylethylzine, and (S-hexenyDyt-butylzine.

Catalvsts

Suitable catalysts for use herein include any compound or combination of compousnds that
1s adapted for preparing polymers of the desired composition or type. Both heterogeneous and
homogeneous catalysts may be empioyed. Examples of heterogeneous catalysts include the wel]
known Ziegler-Natta compositions, especially Group 4 metal halides supported on Group 2 metal
halides or mixed halides and alkoxides and the well known chromium or vanadium based catalysts.
Preferably however, for ease of use and for production of narrow molecular weight polymer
segmments in solution, the catalysts for use herein are homo geneous catalysts comprising a relatively
pure organometallic compound or metal complex, especially compounds or complexes based on
metals seiected from Groups 3-15 or the Lanthanide series of the Periodic Table of the Elements.

' Preferred metal complexes for use herein include complexes of metals selected from
Groups 3 to 15 of the Periodic Table of the Elements containing one or more delocalized, mbonded
figands or poiyvatent Lewis base ligands. Examples include metaliocene, nalf-metallocene,
constrained geometry, and polyvalent pyridylamine, or other polychelating base complexes. The
complexes are generically depicted by the formula: MEX;Z,, or a dimer thereof, whersin

M is a metal selected from Groﬁps 313, preferably 3-10, more preferably 4-10, and most
preferably Group 4 of the Periodic Table of the Blements ;

K independently each occurrence is a group containing delocalized n-electrons or one or
more electron pairs through Which K is bound to M, said K group containing up to 50 atoms not
counting hydrogen atoms, optionally two or more K groups may be joined together forming a
bridged structure, and further optionally one or more K émups may be bound to Z, to X or to both Z
and X a
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X independently each ccourrence is a monovalent, anionic moiety having up to 40 non-

hydrogen atoms, optionally one or more X groups may be bonded together thereby forming a

- divalent or polyvalent anionic group, and, further optionaily, one or more X groups and one or more

Z groups may be bonded together thereby forming a moiety that is both covalently bound to M and
coordinated thereio;

Z independently each occurrence is a neutral, Lewis base donor ligand of up to 50 non-
hydrogen atoms containing at least one unshared electron pair through which 7 is coordinated te M;

k is an integer from ( to 3;

Xisan iﬁteger from 1 to 4;

z is a number from 0 to 3; and

the sum, k+x, is equal to the formal oxidation state of M.

Suitabie metal complexes include those containing from 1 to 3 w-bonded anionic or neutral
ligand groups, which may be cyclic or non-cyclic delocalized T-bonded anionic ligand groups.
Exemplary of such n-bonded groups are conjugated or nonconjugated, cyclic or non-cyclic diene
and dienyl groups, allyl groups, boratabenzene groups, phosphols, and arene groups. By the term "
ni-bonded” is meant that the ligand groﬁp is bonded to the transition metal by a sharing of electrons
from a partially delocaiized n-bond.

Each atom in the delocalized w-bonded group may independenﬂx;f be substituted with a
radical selected from the group consisting of hydrogen, haloger, hydracarby!, halohydrocarbyl,
bydrocarbyl-substituted heteroatoms wherein the heteroatom is selected from Group 14-16 of the
Periodic Table of the Elements, and such hydrocarbyl- substituted heteroatom radicals further
substituted with a Group 15 or 16 hetero atom containing moiety. In addition two or more such
radicais may together form a fused ring system, metuding partialty or fully hydrogenated fused ring
systems, or they may form a metaliocycle with the metal. Included within the term © ‘hydrocarby!”
are Cyap s‘{razcrht branched and cyclic alicyt radicals, Cg.p aromatic radicals, Crap alkyi-substxmtad
aromatic mdmais and C’: an aryi-substituted alicyl radmals Suitable hydrocarbyl-substituted
heteroatom radicals include mono-, di- and tri-substituted radicals of boron, silicon, germanium,
nitrogen, phosphorus or oxygen wherein cach of the hydrocarbyl groups contains from 1 o 20
carbon atoms. Examples include N,N-dimethylamino, pyrrolidinyl, trimethylsityl, triethyisiiyl,
butyldimethylsilyl, met 1V1d1(t-butyl)51 Vi, trlphenylgennyl and trunethvlgermyl Broups. E\:amples
of Group 15 or 16 hetero atom containing moieties include amino, phosphine, alkoxy, or alkylthic 7
moieties or divalent derivatives thereof, for example, amide, phosphide, alkyleneoxy or alkylenethio
groups bonded to the fransition metal or Lanthanide metal, and bonded to the hydrocarbyl group, n-

bonded group, or hydrocarbyl- snbstituted heteroatom.
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Examples of suitable anionic, delocalized T-bonded groups molude cyciopentadienyl,

indenyl, fluorenyy, tetrahydroindenyl], tetrahydrofluorenyl, octahydrofluorenyl, pentadienyi,

_cvoiohexaazenyl diiydroanthracenyl, hexahydroanthracenyl, decahydroanthracenyl groups,

phosphole, and beratabenzyl groups, as well as inertly substituted derivatives thereof, especially
Ch.1o hydrocarbyl- substituted or tris(Cy.q hydrocarbyl)silyl- substituted derivatives thereof.
Preferred anionic delocalized n-bonded groups are cyclopentadienyl, pentamethyicyciopentadienyl,
tetrametitylcyclopentadienyl, tetramethylsilylcyclopentadienyl, indenyl, 2,3-dimethylindenyl,
fluorenyl, 2-methylindenyl, 2-methyl-4-phenylindenyl, tefrabydrotinorenyl, octahydroftuorenyl, 1-
indacenyl, 3-pyrrolidinoinden-1-y1, 3.4-(cyclopenta(Dphenanthren-1-v1, and tetrairydroindenyl.

The boratabenzenyl ligands are anionic ligands which are boren containing analogues io

benzene. They are previcusly known in the art having been described by G. Herberich, et al., in

Oreanometallics, 14,1, 471-480 (1995). Proferred baoratabenzeny! lHgands correspond to the

formula:
R’ ¢
/
Ri{{ ;/ B— R
R R

wherein R' is an inert substituent, prefembiy selected from the group consisting of
hiydrogen, hydrocarbyl, sﬂyl, halo or germyl, said R} having up to 20 atoms not counting hvdrogen,
and optionally two adjacent R' groups may be joined togetiter. In complexes involving divalent
derivatives of such delocalized n-bonded groups one atom thereof is bonded by means of a covalent
bond or a covalently bonded divalent group to another atom of the complex thereby forming a
bridged system.

Phospholes are anionic ligands that are phosphorus contaning analogues io a
cyclopentamenyl group. Thev are previously known in the art having been described by WO

98/50392, and elsewhere. Preferred phosphole ligands correspond to the formula:

R'I
R“s
r
1/\<
R

wherein R’ is as previousky defined.
Preferred transition metal complexes for use herein correspond to the formula: MK X,7Z,. or

a dimer thereof, wherein:



M is a Group 4 metal;
K is a group containing delocalized n-electrons through which K is bound to M, said I
group containig up to 50 atoms not counting hydrogen atoms, optionally two K. groups may be

joined together forming 2 bridged structure, and further optionalify one K may be bound to X or 7,

L

X each occurrence is a monovalent, anionic moiety having up to 40 non-hydrogen atoms,
optionally one or more ¥ and one or more K groups are bonded together to form a metalioeyele,
and further optionally one or more X and one or more Z groups are bonded together thereby
forming a moiety that is both covalently bound to M and coordinated thereto;

Z independently cach ocourrence is a nettral, Lewis base donor ligand of up to 50 non-

16 hydrogen atoms containing at least one unshared electron pair through which Z is coordinated to M:

k is an integer from 0 to 3;

x 1s an integer from 1 to 4;

Z is a number from 0 to 3; and

the sum, k~’r«x, is equal o the formal oxidation state of M,

13 Preferred compiexes include those containing either one or two K groups. The latter
complexes inciude those containing a bridging group linking the two I groups. Preferred bridging
groups are those corresponding to the formula (ER’;}. wherein E is silicon, germanium, tin, or
éarbon, R’ independently each occurrence is hy{irogeu.br & group selected from silyl, hvdrocarbyl,
hvdrocarbyloxy and combinations thereof, said R’ haviﬁg up to 30 carbon or silicon atoms, and e is

20 1to 8. Preferably, R’ independently each occurrence is rﬁethyl, ethyl, propyl, benzyl, tert-butyl,
phenyl. methoxy, ethoxy or phenoxy. |

Examples of the complexes containing two K groups are compounds corresponding to the

formula;
RS ) RB
R ’
4
R RB Mxnz
RS - RB
5 3
R R or
25 - wherein:

M is titanium, zirconium or hafnium, preferably zirconium or hafniwm, in the +2 or +4

formal oxidation state;
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R’ in each occurrence independently is selected from the group consisting of hydrogen,
hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R having up to 20 non-

hydrogen atoms, or adjacent R® groups together form a divalent derivative (that is, a hvdrocarbadiyl,

siladiyl or germadiyl group) thereby forming a fused ring system, and

X7 independently each occurrence is an anionic lizand group of up to 40 non-hydrogen
atorms, er'i“wo 7 groups together form a divalent anionic ligand group of up to 40 nor-hydrogen
atoms or together are a conjugated diene having from 4 to 30 non-hydrogen atoms bound by means
of delocalized n-electrons to M, whereupon M is in the +2 formal oxidation state, and

R’, E and e are as previously defined.

Exemplary bridged ligands containing two n-bonded groups are:
dimethylbis(cyclopentadienyl)sﬂane, dimethylbis(tetramethyicyclopentadienyl)silane,
dimethylbis(z—ethyloycbpantadien—1-yl}silane, dimethyibis(2~t—butylcyclopemadien-1—yl)si}ane,
2,2-bis(tetramethyloyclopentadienyl )propane, dimetiayiﬁis( inden-1-yi)silane,
dimethylbis(tetrabydroinden-1 -yhsilane, dimathylbis(ﬂuoren— I-yDstlane,
dimethylbis(tetrahydrofiuoren-1-yl)silane, dimethylbis(2-methyl -4-phenyviinden-1-yi}-silane,
dimethylbis(2-methylinden-1-yl)silane, dimethyl(cyclopentadienyl)(fluoren-1 ~yl}silane,
dimethyl(cyclopentadieny!)octahydrofiuoren-1-yDsilane,
dimethyi(cyclopentadienyl}(tetrahydroﬂuoren-1 “yl)silane, (1, 1, 2, 2-tetramethy)-1, 2-
bis(cyc}opentadienyl)disilane, (1, 2-bis(cyciopentadienyljethane, and dimethyl(cyclopentadienyi)-1-
(finoren-1-ylimethane. |

Preferred X groups are selected from hydride, hydrocarbyl, silyl, germyl, halohydrocarbyl,
halosilyl, silylhydrocarbyl and aminohydrocarbyl groups, or twe X7 groups together form a divalent
derivative of a conjugated diene or elge together they form a neutral, n-bonded, conjugated diene.
Most preferred X groups are C;.o hydrocarbyl groups. .

Examples of metal complexes of the foregoiné formula suitabie for use m the present
invention include: | |

bis{cyclopentadienylzirconiumdimethyl,
bis(cyclopentadienyljzirconinm dibenzyl,
bis(cyclopentadienyi)zirconium methyl benzyl,
bis(cyciopentadienyl)zircanium methy!l phenyl,
bis(cyclopentadienyl)zirconiumdiphenyl
bis(cyclopentadienyijtitanium-allyl,
bis(eyclopentadienylyzirconiummethyimethoxide,
bis(cyclopentadienyi)zirconiummethylchloride,
bis(pentamethyicydopentadienyl)zirconiumdimethyl,
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bis(pentamefhy}Cyclopentadieﬂyl}titanimndimethyl,
bis(indenyl)zirconiumdimethyl,
indenylfluorenylzirconiumdimetlyyl,
bis(indenyl)zirconiummethyl(2-(dimethy1aminD)benzyl},
bis(indenyl)zirconiummethylrimethylsilyl,
bis(tetrahydroindenyl)zirconinmmethylirimethylsilyl,
vis(pentamethylcyclopentadienyl)zirconiummethylbenzyi,
bis(pentamethyleyclopentadieny!)zirconiumdibenzyl,
bis(pentamethyicyclopentadienyl)zirconiummethylmethoxide,
bis(pentamethyicyclopentadienyl)zirconinmmethyichioride,
bis(methyisthylcyclopentadienyl)zirconiumdimethyl,
bis(butyleyclopentadienyljzirconivmdibenzyl,
bis(t-butylcyclopentadienyl)zircontumdimethyl,
Bis(ethyitetramethylcyciopentadienyl)zirconiumdimethyl,
bis{methylpropylcyclopentadienyl)zirconivmdibenzyl,
bis(trimethyisilylcyclopentadienyl)zircontumdibenzyl,
dimethylsitylbis(cyciopentadienyl)zirconiumdimethyl,
dimethylsitylbis(tetramethyloyclopentadienyljtitanium (II) alivi
dimethyisﬂylbis{t~butylcyc]opentadie:nyl)zirconiumdich‘ixoride:
dimethylsilylbis(n-butyleyelopentadienyl)zirconiumdichloride,
(rne“{hylenebis(tetramethylcyclopentadienyl)ﬁtauium(m) 2-(dimethylamino)benzy?,
{methylenebis(n-butylcyclopentadienytitanivm(TT) 2~(dimethyiamino)benzyl,
dimethylsitylbis(indenyl)zicconfumbenzyichloride,
dimethylsilylbis(2-methylindenyl)zircontumdimethyl,
dimefhylsilyibi5(2~1nethy1-4-pheny}indany]}zirconiumdimethyl,
dimethylsilyibis(2-methylindenyl)zirconium-1,4-diphenyl-1,3 ~butadiene,
dirnethyisﬂy]bis(2~methy1-4—phenylindenyl)zirconium (I} 1,4~diphenyi-1,3-butadiene,
dimethylsilylbis(ietrahydroindenyl)zirconium(Il) 1,4-diphenyl-1,3-butadiene,
dimethylsilyibis(tetramethyicyclopentadienyl)zirconium dimethy]
dimethylsitylbis(fluorenyijzirconiumdimethyl,
dimethyisilyl-bis(tetrahydrofinorenyl)zirconium bis(tﬁﬁwthylsilyl),
(iscpropylidene)( cyclopentadienyi)(ﬂuorenyl)zirconiﬁpldibenzyl, and
dimethylsiiy!{tetramethylcyclopentadienyl){ﬂuor@ﬁyijzirconium dimethyl,

A further class of metal complexes utilized in the present inveniion corresponds o the

preceding formula: MKZ,X,, or a dimer thereof, wherein M, K, X, x and z are as previously
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defined, and Zis ésubstituent of up to 50 non-hydrogen atoms that together with K forms a
metailocyete with M.

Preferred 7 substituents inchude groups contajning up to 30 non-hydrogen atoms comprising
at least one atom that is oxygen, sulfar, boron or a member of Group 14 of the Periodic Table of the
Elements directly attached to K, and a different atom, sélected from the group consisting of
nifrogen, phosphorus, oxygen or sulfur that is covalentb-' bonded to M.

Mors specificaliy this olass of Group 4 metal complexes used according to the present

invention includes “constrained geometry catalysts” corresponding to the formula:

XY
.

K'— M X,

whersin:

M ig titaniu;n or zirconium, preferably titanium m the +2,+3, or -+4 formal exidation state;

K’ is a delocalized, m-bonded ligand group optionally substituted with from 1 to 5 R>
groups,

R? in each occurrence independently is selected from the group consisting of hydrogen.
hydrocarbyl, silyl, germyl, cyvano, halo and combinations thereof, said R* having up to 20 non-
hydrogen atoms, or adjacent R* groups together form a di;valent derivative (that is, a hydrocarbadiyl,
siladiyi or germadiyl group) thereby forming a fused TINg system,

each X is a halo, hydracarbyl, hydrocarbyloxy or silyl group, said group having up to 20
non-hydrogen atoms, or two X groups together form a neutra} 53¢ conjugated diene or a divalent
derivative thereof;

xis lor2:

Y is -0-, -8-, -NR’-, -PR’-; and

X715 SiR’%,, CR’3, SiR"SiR’y, CRHCR . CR’=CR’, CR’,SiR’,, or GeR’,, wherein

R’ independently each occurrence is hydrogen or a group selected from silyl, hydrocarbyl,
hydrocarbyloxy and combinations thereof, said R’ hmr@ng up to 30 carbon or siticon atoms.

Specific examples of the foregoing constraineii ‘g:e‘;ametry metal complexes include

i

compounds corresponding to the formula:
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wherein,

Aris an ary! group of from 6 to 30 atoms not counting hydrogen;

R* independently each occurrence is hydrogen, Ar, or a group other than Ar selected from
hydrecarbyl, trihydrocarbylsilyl, trihydrocarbylgermyl, halide, hydrocarbyloxy,
trihydrocarbylsiloxy, bis(tribydrocarbylsityDamine, di(hydrocarbyl)amino, hydrocarbadiviamine,
hydrocarbylimino, di{hydrocarby})phosphino, hydrocarbadiylphosphine, hydrocarbylsulfido, halo-
substituted hydrocarbyl, hydrocarbyloxy- substifited hydrocarbyl, f:riin‘fcirocarl:»jylsJ‘Liyl~ substituted
nydrocarbyl, trihydrocarbylsiloxy- substituted hydrocarbyl, bis(trihydrocarbylsityhamino-
substituted hydrocarbyl, dithydrocarbylamino- sﬁbstituted hydrocarbyl, hydrocarbyleneamino-
substituted hydrocarbyl, di(hydrocarbyl)phosphino- sibstituted hydrocarbyyl,
hydrocarbylenephosphino- substituted hydrocarbyl, or hydrocarbyisulﬁdo~ substituted hydrocarbyl,
said R group having up to 40 atoms not counting hydrogen atoms, and optionally two adjacent R?
groups may be jomed together forming a pofyeyelic fused ring group;

M is titanium: _

X is SiR", CR, SIR%SIR, CRGCRY, CRO=CR?, CR%SIRY,, BRE, BREL”, or GeR';

Y is ~O-, -8+, -NR'-, -PR*-; -NR’;, or -PR;;

R’, independently each occurrence, is hydrocarbyl, tribydrocarbylsilyl, or
trilvydrocarbylsilylliydrocarbyl, said R” having up to 20 atoms other than hydroger, and optionally
two R’ groups or R® together with Y or Z form a ring systent;

R®, independently each oceurrence, is hydrogen, or a member selected from hvdrocarbyl,
hydrocarbyloxy, silyl, halogenated alkyl, halogenated 515}1, -NR®,, and combinations thereof, said R®
having up to 20 non-hydrogen atoms, and optionalty, two RS groups or R® together with Z forms a
ring sysrém; . ‘ -

Z is a neutral diene or a monodentate or polydentate Lewis base optionaily bonded o R®,
Ré, or X .

X is hydrogen, a monovalent anionic ligand group having up to 60 atoms not counting
hydrogen, or two X groups are joined together thereby forming a divalent ligand group;

%13 1 or2; and

zig 0,1 or2.

Preferred examples of the foregoing metal complexes are substituted at both the 3- and 4-

- positions of a cyclopentadienyl or indenyl group with an Ar group.

Examples of the foregoing metal complexes melude:
{(5-phenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
(3—?henylcyciopentadicm I-ylydimethyl(t-butylamido)silanetitaninm dimethy!,
(3-phenyleyclopentadien-1-yl)dimethyl(t-butylamido)silanetitaninm (i) 1,3-diphenyl-1,3-
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butadiene;
(3-(pyrrol-1-yl)cyclopentadien-1-yDdimethyl(t-butylamido)silanetitanivm dichioride,
t3—(pyn‘ol—1-yi)cyclopentadien-1-«yi)dimathyl(t—butylamido)silanetitanium dimethyl,
(3-{pyrrol-1-yleyelopentadien-1-yh))dimethyl(t-butylamido)silanetitaninm (I 1,4-
diphenyl-1,3-buiadiene; o
(3~(1-methylpyrrol-3-yDeyclopentadien-1 ~yi)dimethyl(i.»iﬁﬁtyiamide)silanetitanium dichloride,
(3-(I-methylpyrrol-3-yljoyclopentadien- [ ~yl)dimethyl{ t—lButylamido}sﬂanetitanium dimethyl,
(3-(i-methylpyrrol-3-yljcyclopentadien- I-yl)dimethyl(t-butylamido)silanetitaninm (1) 1,4~
-diphenyi-1,3~butadiene;
(3 A-diphenyleyclopentadien-1-yl)dimethyl(-butylamido)silanetitanium dichloride,
(3.4~diphenylcyclopentadien-1 -yDdimethyl(t-butylamido)silanetitanium dimethyl,
(3,4-ciphenylcyclopentadien-1-yldimethyl(t-butylamide)silanetitanium (II) 1,3-
pentadiene; |
(3-(3-N,N-dimethylamino)phenyleyclopentadien- 1 -yhdimethyl(t-butylamideo)silanetitaniom
dichloride,
(3-(3-N,N-dimethylamino)phenylevclopentadien- 1 ~yljﬁ'ﬁﬁeﬂ1y1(t—butylamido)silanetitanium
dimethyl, g
{3-{3-N,N’-dimsthylamino}phenyicyclopentadien—fi »yIjéiﬁleﬂlyi(t~butyian1ido)silanetitanium
(1) i, 4-diphenyl-1,3-butadiene; o
(3-(4-methoxyphenyll-4-methylcyciopentadie: »1~y1)dhn;;hyi(t~buty1amido}silanetitanium
dichioride-,
(3-(4~methoxyphenyl)—4~phenyicy010pentadien-1-y})ciimethyl(t—butyiamido}silanetitanium dimethyl,
(3-4-methoxyphenyl)-4-phenyicyclopentadien-1-y1)dimethyl(t-butylamido)silanetitanium (1)
1,4-diphenyl-1,3-butadiene;
(3-phenyi-4-methoxycyclopentadien-1-yl)dimethyi(i-butylamido)silanetitanium dichloride,
(3-phenyl-4-methoxycyclopentadien-1 -yl)dimethyl(t-butylamido)silanetitanivm dimethyl,
(3-phenyl-4-methoxycyclopentadien-1-yldimethyl(i-butylamidosilanetitanium (1) 1,4-
diphenyl-1,3-butadiene; -
(3-phenyl-4-(N,N-dimethylamino)eyclopentadien- 1 ~y1)dhﬁethyl(tubutyiamido)silanetimnjum
dichloride, o

. (3-pheny1—4~(N N-dimethylamino)eycicpentadien- 1 -yl)dimethyl(t-butylamido)silanetitanium

dimethyl,
(3-phenyl-4-(N.N-dimethylaminojeyclopentadien-1 ~yi)dimethyl(t-butylamido)silanetitanium
(L) 1, 4-diphenyl-1,3-butadiere; '
2~metiyi-(3,4-di{4-methyiphenylcyclopentadien- 1 -yl)dimethyl(t-butylamido)silanetitanium
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dichloride,
2—met11y].—{3 A-di{4-methylphenyljeyclopentadien-1 —y]“}dirﬁeﬂlyl(t-hutylmnido)sﬂanetitanium
“dimethyl, -
2-methyi-(3,4-di(4-methylphenyleyclopentadien-1 -yDdimethyl(t-butylamido)silanetitaninm
(I} 1,4-diphenyi-1,3-butadiene;
({2.3-diphenyl})-4-(N,N-dimethylamino)eyciopentadien- Lyhdimethyl(t-butylamido)silane
titaninm dichloride,
({2,3-diphenyl)-4—(N,N~dimethylammo)cycicpentadien»1—yl)dimethyl(t~buwlamido)sﬂane
titeniem dimethyl,
((2_,3—diphenyl)--@-(N,N—dimethylamino)cyciopmtadien—1—yl)dimeﬂ1yl(t~
© butylamido)silanetitanium (1) 1 4-diphenyl-1,3-butadiene;
(2,3 4~triphenyl-5-methyloyelopentadien-1 “yhdimethyl(t-butylamido)silanetitaninm dichloride,
(2,3 4-triphenyl-53-methylcyciopentadien- 1~yl)éimethyi(t'—butylamido)sﬂanetitauium dimethyl,
(2,3, 4-triphenyl-5-methylcyclopentadien-1- yl)dlmethyl(t—butylamxdo)sﬂanetxtamum (L) 1.4-
d}phenylml 3-buiadiene; -
(3—phenyln%methoxycyc1opentadienw1Imyi)dhnethyl(t—butylamido)silanatitanium dichloride,
(3-phenyl-4-mathoxycyciapentadiem L-yhdimethyl(t-butylamido)silanetitanium dimethyi,
(3-phenyl-4-methoxycyclopentadien-1-yl)dimethyl( t-butylamido}silanetitaninm (I} 1,4-
diphenyl-1,3-butadiene;
(2,3—dipi1eny1—4~(11-buty1)cyclopentadien—1-y})dimethyl(t—butylamido)silanetitanium dichloride,
(2,3-diphenyl-4-(n-butyljcyclopentadien-1 -yhdimethyl(t-butylamido)silanetitanium dimethyi,
{2,3-diphenyl-4-(n-butyl)cyciopentadien-1 —yl)d:methyi(t—butylamﬂo)s11anet1i"an1um (1) 1.4-
diphenyl-1,3-butadiene; _
(2,3,4,5-tetraphenyloyciopentadien-1 ~yl)d'1mf:thyl(t—buwlamido)silanatitanium dichloride,
2,3,4,5-tetraphenyleyoiopentadien-1 ~yl)é1meﬁlyl{t-butyiammoﬁsﬂdﬂemanmm dimethyl, and
(2,3,4,5-tetraphenylcyclopentadien- 1-y1) )cnmethyl(t—butyla_mmo)sﬂm)etltamum (ih 1,4-
diphenyl-1,3-butadiene,
Additional examples of suitable metal complexes for use herein are polycyelic compiexes

corresponding to the formula;
77
| R

RS R’

MEZ,
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where M is titanium in the +2, +3 or +4 formal oxidation state;

R’ independently each accurrence is hydride, hydrocarbyl, silyl, germyl, halide,
hydrocarbyloxy, hydrocarbylsiloxy, hydrocarbylsiTylamino, di{hydrocarbylamino,
hydrocarbyleneamine, di(hydrocarbyl)phosphino, hydrocarbylene-phosphino, hydrocarbyisulfido,
halo-substituted hydrocarby], hydrocarbyloxy-substituted hydrocarbyl, silyl-substituted
hydrocarbyl, hydrocarbyisiloxy-substituted hydro carbyl, hydrocarbyisilylamino-sohstituted
hydrocarbyl, di(hvdrocarbyDamino-substituted hydrocarbyl, hydrocarbyleneamino-substituted
hydrocarbyl, dihydrocarbylyphosphino-substitutec hvdrocarbyl hydrocarbylene-phosphine-
substituted hydrocarby} or hydrocarbylsulfide-substituted hydrocarbyl, said R group having up to
40 atoms not counting hydrogen, and optionally two or more of the foregoing groups may together
form a divalent derfvative;

R*is a divalent hydrocarbylene- or substituted hydrocarbylene group forming a fused
system with the remainder of the metal compley, said R® contaming from 1 to 30 atoms not
counting hydrogen;l ‘

X? is a divalent moiety, or a moiety comprising one c-bond and a neutral two electron pair
able to form a coordinate-covalent bond to M, said X* comprising boron, or a member of Group 14
of the Periodic Table of the Elements, and also cornpns_mg nitrogen, phosphorus, sulfur or oxygen

X is 2 monovalent anionic ligand group havin; up to 60 atoms exclusive of the class of
ligands that are cyclic, delocalized, n-bound ligand groups and optionally two X X groups together
form a divalent ligand group; ‘

Z independently each occurrence is a neutral ligating compound having up to 20 atoms:

X is O,-l or 2; and

ziszeroor 1.

Preferred exampies of such complexes are 3-phenyl-substituted s-indecenyl complexes

correspondmg to the formula:

CH. TR CHs_ 81 1 CHg

uH> \J TN

J o )4 -
NC CHajk NC Cdsk
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2,3-dimethy)-substituted s-indecenyl complexes corresponding to the formulag

CH, FEs
cH,
CL.3 e
~ \'I":'
TACH 5k CH ; - cH
CHy 54 ;1 351 ‘ 3
cuy Sy cHy Sy

Chy - or
hay
\n‘\‘ e
; &L (\.,H:g) o)
CHy si 5
i
CHy Sxe (CHy) o

Additional examples of metal complexes that are usefully employed according to the
presént invention inciude those of the formula:

CHy

e
;
© CHsg !

o

st |
“Sxe (CHg) -
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——3i{CHa)s

“NotcH
o C(CHa)z
CHT—CH
CeHsHC CHCHs
! :
HQC%-S\TCHQZ‘ Si(CHg)o
N
Q. . _NC(CHgls " O\ 1 NC(CHa:
\ ? \
CH{  CH, and CH@/ CHs '

Specific metal complexes melude:

(8-methylene-1,8-dihydrodibenzole, Hlazulen-1-y1}-N-(1,1 ~dimethylethyDdimethylsilanamide
titanium (1) 1,4-dipkenyi-1,3-butadiene, '

(6-methylene-1,8-dihydrodibenzofe, Ajaznlen-1-y1)-N-(1,1 -Gimethylethyl)dimethylsilanamide
titanium (I} 1,3-pentadiens,

(8-methylene-1,8-dihydrodibenzofe. hjazulen-1 “yH-N-(1,1-dimethylethyl)dimethylsitanamide
titantom (I1) 2-(N, N-dimethylaminobenzy?,

{8-methylene-1,8-dihydrodibenzole, Alazulen-1-y1)-N-(1,1 -dimethylethyl)dimethylsilanamide
titanium (IV) dichlorids,

(8-methytene-1,8-dihydrodibenzole, Alazulen-1 “yH-N-(1,1-dimethylethy)dimethylsilanamide
titanium (IV) dimethyl,

(8-methylene-1,8-dihydrodibenzo[e, Ajazulen-1-y1}-N-(1,1 -dimethylethyDdimethyisilanamide
titanium (TV) dibenzyl,

7]
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(8-difluoromethylenc-1,8-dihydrodibenzole, Alazulen- ~yIN-(1, 1=

dimethylethyl)dimethyisilanamide titaniwm (1) 1,4-diphenyi-1,3-butadiene,
(8-diftuoromethylene-1,8-dihydrodibenzo] e, Alazulen-1 syi-N-(1,1-
dimethylethyl)dimethylsilanamide titantum (I7) [.3-pentadiene,
{8-difluoromethylene-1,8-dilyydrodibenzofe, filazulen-1 -y1)-N-(1,1-
dimethylethyl)dimethylsilanamide titaniugm (1) 2-(N.N-dimethylamino)benzyl,
(8-difluoromethylene-1,8-dihydrodibenzole, Alazalen-1 “y-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (IV ) dichioride,
(3-difluoromethylene-1,§-dikydro dibenzofe, Zjazulen-1-y1)}-N-(1, 1~
dimethyletiryljdimethylsilanamide titanium {IV") dimethyl,

| {§-difivoromethylene-1,8-dihydrodibenzole, Alazalen-1 -yD-N-(1,1-

dimethylethyl)dimethylsilanamide titanium (IV) dibenzyl,

(B-ﬁlethyieﬁzeu 1,8-dihydrodibenzo|e, Ajazuien-2-y1}-N-( l,l ~dimethylethyl)dimethylsilanamide -
titanium (II) 1,4-diphenyi-1,3-butadiene,

(8-methylene-1,8-dilydrodibenzofe, 4] aznlen-2-y1)-N-(1, 1-dimethylethyl)dimethylsilanamide
titanium (II) 1,3-pentadiene, .

{8-methylene-1,8-dihydrodibenzole, 1} azunlen-2-yD-No(1,1 -dimethylethy})dimethyisilanamide
titanium (IIT) 2-(N,N-dimethylamino)benzy!, |

(8-methyliene-1,8-difvdrodibenzofe, 4] azulen-2-yI)-N-(1,1 -dimethylethyl)dimethylsilanamide
fitanium (TV) dichieride,

(8-methylene-1, &-dihydrodibenzole, Hjazulen-2-y[}-N-(1,1 -dimethylethyl)dimethylisilanamide

titanium (IV) dimethyl,
(8-methylene-1,8-dinydrodibenzole, hlazuien-2-y1) -N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dibenzyl,

(8-diflucromethylene-1,8-dihydrodibenzole, Aiazalen-2-yI)-N-(1,1-
dimethylethyldimethylsilanamide titanium (I[) 1,4-diphenyl-1,3-butadiene,
(8-difluoromethyiene-1,8-dihydrodivenzole, /) azuien-2-y1}-N-(1,1-
dimethylethyl)dimethylsilanamide titanium () 1,3-pentadiene,
(8-difluoromethylene-1,8-dihydrodibenzo[e, ﬁ}azuleg—E-yl}—N—( I,1- -
dimethylethyi)dimethyls ilanamide titaninm (T} 2+(N,N-dimethylaminoYbenzyl,
(8-difluoromethylene-1,8-dihydrodibenzo[e, Mazulen-2-y1)-N-(1,1-

dimethylethyl)dimethylsilanamide titantum (IV 3 dichloride,
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(8-diflucrometirylene-1, 8-dihydrodibenzofe, hlazulen-2-y1)-N-(1,1-
| dimethylethyl)dimethyisilanamide titanium (TV )} dimethyl,
(8-difluoromethylene-1,8-dihydrodibenzole, Aiaznien-2-yD-N-(1,1-
dimethylsthiyl)dimethylsilanamide tianium (IV ) dibenzyl, and mixiures thereof, especially
mixtures of positional isomers.
Further illustrative examples of metal complexes for use according to the present

invention correspond to the formula;

R gio-
L

/
¢

where M is fitanium io the +2, +3 or +4 formal oxidation state;

T is -NR®- or ~O-; |

R ig hydrocarbyl, silyl, germyl, dihydrocarbylboryl, or halohydrocarbyl or up to 10 atoms
not counting hydrogen; |

RY independently each occurrence is hydrogen, hydrocarbyl, tribydrocarbyisilyl,
trinydrocarbylsilylhydrocarbyl, germyl, halide, hydracarbyloxy, hydrocarbylisiloxy, |
hydrocarbylsilylamino, di(hydrocarbyl)amino, hydrocarbyleneamino, di(hydrocarbyl)phosphino,
l1ydrocarby1ene-phosplﬁno, hydrocarbylsulfide, halo- substituted hydrocarbyl, kydrocarbyloxy-
substituted hydrocarbyl, sifyl- substituted hydrocarbyl, h&ﬂfocarbyisiloxy- substituted hydrocarbyl,
hydrocarbylsilylamino-~ substituted hydracarbyl, di(hydrocarbyl)amine- substituted bydrocarbyl,

 hydrocarbyleneamino-substitited hydrocarbyl, di(hydrocarbyl)phosphine- substituted hydrocarbyl,

hydrocarbylenephosphino- substituted hydrocarbyl, or hydrocarbylsuifido- substituted hydrocarbyl,
said R* group having up to 46 atoms not counting hydrogen atoms, and optionally two or more of
the foregoing adjacent R'® groups may together form a divalent derivative thereby forming a

saturated or unsafirated fused ring;

X*is a divalent moiety lacking in delocalized n-electrans, or such amoisty comprising one - - —

o-bond and a neutral two electron pair able to form a coordinate-covalent bond to M, said X
comprising boron, or a member of Group 14 of the Periodic Table of the Biements, and also

comprising nitrogen, phosphorus, sulfur or oxygen;
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X is a monovalent anionic Hgand group having up to 60 atoms exclusive of the class of
ligands that are cyclic ligand groups bound to M through delocalized #-electrons or two X groups
together are a divalent anionic ligand group;

Z independently each occurrence is & neutra) ligating compound having up to 20 atoms ;

xis 0, 1,2, or3; and

zisborl

Highly preferably T is =N(CH,), X is halo or hydrocarbyl, x is 2, X* is dimethyvlsilane, 7 is
0, and R" each ocourrence is hydrogen, a hydrocarbyl, hydrocarbyloxy, dihydrocarbylamina,
hydrocarbyleneamino, dihydrocarbylamine- substituted hydracarbyl group, or
hydrocarbyleneamino- substituted hydrocarbyl group of up to 20 atoms not counting hydrogen, and
optionally two R groups may be Joined together.

Hiustrative metal complexes of the foregoing formula that may be employed in the practice
of the present invention further include the following compounds:

(t»nuty.‘:ammo)dmetbyl 16,7 benzo-{4,5:27 3 ’}{lqnethyhsomdol) (3H)-indene-2-yl)silanetitanium
(IT) 1,4-diphenyl-1,3-butadiene,

(t-butylamido)dimethyl-[6, 7benzo-[4,5:2°,3 ’](i—methj}iisoilldo D~(3H)-indene-2-yDsilanetitanium

(IT) 1,3-pentadiene, ;

(t~butylamido)dimethyl-[6, 7]benzo-14,5:27 3" K1 -methylisomdol)-(3H)-indene-2-yl)silanetitanium
(I 2-(N,N-dimethylamino)benzyl,

(t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3°)(1 -methylisoindol}-(3 H}-indene-2-yi)silanetitanium
(I'V) dichioride,

(t-butylamido)dimethyl-{6,7Tbenzo-[4,5:2°,37](1 t-methylisoindoD~(3H)-indene-2~yD)silanetitanium
(TV) dimethyl,

' (t-butylamido)dimethyl-[6,7]benzo-[4,5:2",3 (i-methyliscindo [}-(3H)-indene-2-y)silanetitanium

(IV) dibenzyl,
t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3°)( t-methylisomdol)-(3H)-indene-2 -yl)silanétitanimn
(IV) bis{trimethylsiivl),

(eyclohexylamido)dimethyl-[6,71benzo-[4,5:2°,3 ’](1-»rﬁé;t.hylisaindol)—(f%I—I}—indene—?.—
yljsilanetitanium (I0) 1,4-diphenyl-13-butadiens,

(cyclohexylamido)dimethyl-{6, 7ibenzo-[4,5:2° 3 }{1-methyiisoindol)-(3 H)-indene-2-
y.l)silaneﬁtaﬁium (II) 1,3-pentadiens,

{ovel ohexy]amido)dhnethyl—[6,7}1)6:1204[4,S 27,37 ](3-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (1) 2-{N,N-dimethylamino)benzyl,

36



10

20

30

(cyclohexylamido)dimethyl-[6,7]benzo-[4,5:2° 3° 1 1—methyhsomdol) -(3H)-indene-2-

‘yDsilanetitanium {IV} dichlorids,

{cyclohexyiam1do)d1methyi—[6j7]benzc>— [4,5:2°.3°7(1 ~met§iylisoind0i}—(3H)windene—ffl-
yhsilanetitanium (IV) dimethy!,

(cyclohexylamido)dimethyl-[6,7lbenzo-14,5:2",3 " J(1-methylisoindo-(3H )-indene-2-
vi)silanetitanium (IV) dibenzyl,

(cyciohexyiamido)dimethyl-[6,7]benzo-[4,5:2° 3° X L-methylisoindol)-(3H)-indene-2-
yhsilanetitanium (IV) bis(trimethylsiiy]),

(t -butylamido)di{p-metiylphenyl)-[6,7 benzo-14,5:2°.3 ’"’](1—methyiisoindol)—(BH)—indene-Z—
yhsilanetitanium (IT) 1,4-diphenyi-1,3-butadiene,

{t L~butylam1do}dx{p—methyipheuyi) [6.7]benzo-[4,5:2° 3’}( Iwmethyhsomdoi) ~(3H)-indene-2-
yDsilanetitanium (1) 1,3-pentadiene, .

(t-butylamido)di{p-methylphenyD)-[6,7]benzo-[4,5:2° 3 "J(i-methylisoindol)-(3H)-indene-2-
yhsilanetitaninm (TIT) 2-{N.N-dimethylamino)benzy!,

(t-butylamido}di(p-methylphenyl)-[6,7]benzo-[4,5 27,37 I-methylisoindol}-(3H -indene-2-
ylsilanstitanium (IV) dichioride,

(t-butylamido)di{p-methylphenyl)-[6, 7Tibenzo-[4.5:2° 3 “1(3-methyvlisoindol)-¢3H)-indene-2-
yDsilanetitanium (TV) dimethyl,

(t~butylamido)di(p-»m_ethylphenyl}-«{6,7}benzon[/—%,5:2’,3’}(1-methyiisoindol)—(BH}~indeue-2-
yDsilanetitanium (TV) dibenzyl,

(t-butylamido)di(p-methylphenyl}-{6, 7Ibenzo-[¢,5:2° 37 ](i-methyhsomdol) (EH)*mdene—'?—
yI)sﬂanentamum (IV) bis(trimethylsilyi),

(cyckohexvizumdo)dz(pnmethylphenyl) [6,7]benzo-[4,5:2° 3’](l—meththomdol} (3H-indene-2-
yhsitanetitanium (IT) 1,4-dipheny!-1,3-butadiene,

(cyciohexylamido)di(p-methyipheny!)-{6,7]benzo-[4,5:2 "3 }(1-methylisoindol-(3H)-indene-2-
yDsilanetitanium (If) 1,3-pentadiene,

(cyclohaxylamido)di{p—méthyiphenyl)—[6,'7]benzo— £4.5:2°, 3" }(i-methylisoindol)-(3H)-indene-2-
vlsilanstitanium (1) 2-(N,N-~dimethylamino)benzyl,

. (cycichexylamido)di(p-methylphenyl)-[6, 7]benzo- [4,5:2°.3"}(1 ~methy1isoindol)—(3H)uindene.nz-

ylsilanetitanium (IV) dichloride,
(eyclohexylamide)di(p-methylphenyl)-[6, 7lbenzo-{4,5:2°,3*)(1 ~methylisomdoD~(3H-indens-2-
yDsilanetitanium (TV) dimethyl, H
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(cyclohexylamido)di(p-methyiphenyl)-[6,7Joenzo-[4,5:2°,3°)(1 -methylisoindol}-(3H)-indene-2-

yhsilanetitanium (TV) dibenzyl; and

(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:27 37](1 -methylisoindol)-(3H)-indene-2-

yDsilanetitanium (IV) bis(trimethyisilyl).

Hiustrative Group 4 metal complexes that may be employed in the practice of the present

invention further include:

(tert-butylamido)(1,!-dimethyl-2,3,4,5,10-n-1,4,5,6,7,8-
hexah_ydronaphthalenyl)dimethylsiianetitmiumdilne{hyl:

(tert-butylamido)(1,1.2,3-tetramethy}-2,3,4,9,10-n-1,4,5,6,7,8-
hexahydronaphthaienyl)dimethylsilanetitanivmdimethyl,

(tert-butylamido)(tetramethyl-n’-cyclopentadienyl) dimethyisilanetitanium dibenzyl,

(tert-butylamido)(tetramethyl-n’ -cyclopentadienylydimethylsilanetitanium dimethyl,

(tert-butylamido)(tetrameth fm” -cyclopentadienyl)-1,2-ethanediyltitanium dimethyl,

(tert-butylamido)(tetramethyl-n, *-indenyl)dimethyisitanetitanium dimethyl,

(tert-butylamido)( tetrameti1y1-115 -cyclopentadienyl)dimethyisilane titanium (IID)
2-{dimethylamino)benryl; o

(tert-butylamido)(tetramethyl-n’ -cyclopentadienyl)dimethylsilanetitaniom (I} allyl,

(’fe:rt—butylamidé)(tetramethylun 5»cyc10pen’cadienyl)ﬁimethylsilanetitanium m
2, 4-dimethyipentadienyl,

(tert-butylamido)(tetramethyl-n’ ~cyciopentadienyl)dimethyisilanetitanium (IT)
1,4-diphenyl-1,3-butadiene,

(tert-butylamido)(tetramethyl-n® -cyclopentadienyl)dimethyisilanetitanivm (11}
1,3-pentadiens,

(tert—butyla.fnide){Z-methyﬁndenyi)dﬁnethyisilanatitauium 1) 1,4-diphenyl-1,3-
butadiene,

{tert-butytamido)(2-methylindenyl)dimethylsilanetitaniom (I} 2,4-hexadiene,

(tert-butylamido)(2-methylindenyldimethylsilanetitanium (IV) 2,3-dimethyi-1 3.
butadiene, -

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) ispprene,

(tert~buty1amido){2»me’shyiindenyl)dimei:hy}sﬂanetitaﬁiﬁii;x (IV} 1, 3-butadiens,

(tert~butylamido)(2,3—dimethylindenyi)dhnethyisilaneti%énium vy =
2,3-dimethyl-1,3-butadiens, |

{tert-butylamido)(2.3-dimethylindenyl)dimethylsilanetitanium (IV)

isoprene
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(tert-bu’ryiamido}@,?»-dimethyiindenyl)dimethylsﬂaneﬁfcauium (IV) dimethy]

(tert—bﬁtylamido)(?.,_’% ~dimethylindenyl)dimethyisilanetjt?.;zinm (IV) dibenzy!

(tert—butylamido}(z_.3-dimethyiindenyl}dimethylsiianeti.ténjum (IV) 1,3-butadiene,

(tert-butylaﬁzicio)(.’l,3~dimethy1indenyi)dimethyisilanetitanium (ID 1,3-pentadiene,

(tert-butylamidc)@,3—dimethylindenyi){iimeﬂlyisilanetitanium (H} 1L4~diphenyl-
1.3-butadiene,

(E'ert-butylamido)(2~methyliz1denyl)dimethy}silanetitanium (IT) 1,3-pentadiene,

(‘cer't~bﬂtylamid0)(Z—methyiindenyijdimethy}siianetitanium (IV) dimethy?,

(teﬁ-butyiamido)(,’z-methylindenyl)dimethylsﬁaaetz’tanium (IV} dibenzyl,

(tert-bui’ylamido}(}meﬂlyi«4—phenyl'mdenyi)dimethylsiiauetitanium (I
1,4-diphenyl-1,3-butadiene,

(tez‘t—bufy}amido)(E-meth3*1-4—phenylindeny2)dﬁnethylsiianetitanium (I) 1.3-pentadiene,

(tert-bu‘cylamido)(z-methyi~4-phenylindeuyi)dimathyi\siiianetita;ﬁum (I 2,4-hexadiene,

(tert—butyiamido)(tatramethyi—n5—cyciopentadienyl)dim?ﬂlyl- silanetitanium (TV)
1,.3_-butadiene,

(tert-butyiamido)(tetramethyi-n’ -cyclopentadienyl)dimethylsilanetitanium (IV)
2,3-dimethyl-1,3-butadiene,

(ter%butyiamido)(tem‘amethyi-n s -cyciopentadienyl)dimetivvisilanetitanium (IV)
1soprene,

(tert—butylamido){tetramethyl—n 5-cyc1opentadienyl)dimethy]» silanetitanium (1)
1, 4-dibenzyl-1,3-butadiene,

(tert—butylamido}(’ieﬁ'amethyhn5~cycl opentadienyl ydimethvisilanetitaninm (I
2.4-hexadiene,

(teri‘~butylamido)(tetrame_thyl-n ’ —cyclopentadienyl)ciim;athyl- silanetitanium (II)
3-methyl-1.3-pentadiene, ‘

(tert-butylamido)( 2,4—dimethyipentadiené~yl)dimetbylsilénetitaniumdinlethyl,

(tert-butylamido)( 6,6wciimethylcyclohexadienyl)dimathyls-ilanetitaniumdimethyl,

(tert-butviamido)(1, 1-dimethy1-2,3,4,9,10-?‘[—1,4,5,6 .7.8-hexahydronaphthalen-4-
vI) dimethyisilaneti‘cmimndimethyl,

(tert-burylamido)(1,1,2,3 -tetramethyi-2,3,4.9,10-n-1,4,5, 6,7,8-h8XﬁhYd1"Dﬂﬂphﬂlﬂlﬂﬂ~4-

vlydimethyisilanetitaniumdimethy!

(tert-butylamido)(tetramethyi-n*-cyclopentadienyl methylphenylsilanetitanium (IV)
dimethyl,

(tertnbuty'samido)(tetramethy]-‘q5—cyciopentadieny1 methyiphenylsilanetitanium (I1)
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1 A—diphenjfl— 1.3-butadiene,
1-(tert—butyiamido)—Z—(tetramethyl—ﬂ5~cyclopentadienyl)eﬂlanediyititanium (v

dimethyl, and
i-(tert-butylamido)-2-(tetramethyl-n 5~cyclopentadienyl)ethanediyl~titanium (IIy 1, 4-diphenyl-1,3-
butadiene.

Other delocalized, 7-bonded complexes, especially those containing other Group 4 metals,
will, of coursse, be apparent to those skilled in the art, and are disclosed among other places in:
WO 03/78480, WO 03/78483, WO 02792610, WO 02/02577, US 2003/0004286 and US
Patents 6,515,155, 6,555,634, 6,150,297, 6,034,022, 6,268,444, 6,015,868, 5,866,704, and

15,470,993,

Additional examples of metal complexes that are usefully employed herein include

polyvalent Lewis base compounds corresponding to the formula:

; preferably

‘ ’// \ - . './'/ \ !
(RD)g . Xb /Yb (Rh )g (Rb>g _— Xb /'&rb (Rb )g‘
% e - S M
H |
LD?’E’ Lbh‘ Z f b
- A T .
: / 7
; £ b Lo
Ry X5 PENEF i R, —x° /YD— R |
! 5 s 5 i
L -1 . OF L h'-i be

wherein T isa bridging group, preferably contannng 2 or more atoms other than hvdrogen

X* and Y are each independently selected from the group consisting of nitrogen, sulfur,
oxygen and phosphorus; more preferably both X' and V* are nitrogen, _

R® and R™ independently each occurrence are hydrogen or Cys hydrocarbyl groups
optionally containing one or more heteroatoms or inertly substituted derivative thereof, Non-
limiting examples of suitable R" and R groups include alikyl, alkenyl, aryl, aralicyl, (poly)alicylary!
and cycioalkyl groups, as well as nitrogen, phosphorus, oxygen and kalogen substituted derivatives
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thereof. Specific examples of suitable Rb and Riy* groups include methyl, ethyl, isopropyl, octyl,
phenyl, 2,6-dimethylphenyt, 2,6-di(isopropyl)phenyl, Z,é;éutrimeﬁlylphenyl, pentafinorophenyi, 3,5-
trifluoromethylphenyl, and benzyl; ’

gisDorl; o

M is a metallic element selected from Groups‘B to 13, or the Lanthanide series of the
Periodic Table of the Elements. Preferably, M is a Group 3-13 metal, more preferably M®is 2
Group 4-10 metal;

L.* is a monovalent, divalent, or trivalent anionic ligand containing from 1 o 50 atoms, not
counting hydrogen. Examples of suitable L.° groups include halide; hydrids; hydrocarbyl,
hydrocarbyloxy; di(hydrocarby!amido, hydrocarbyleneamido, di(hydrocarbyl)phosphido;
hydrocarbyisulfido; hydrocarbyloxy, ri(hydrocarbylsityDalkyl; and carboxylates. More preferred
i groups are Cyy alkyl, Cyy aralicyl, and chioride;

i1 is an integer from 1 to 6, preferably from 1 to 4, more preferably from 1 to 3, and j is 1 or
2, with the vatue b x j selected to provide charge bala:icc;

Z'isa neutral ligand group coordinated to M®, and containing up to 50 atoms not counting

hydrogen Preferred Z° groups include aliphatic and aromatic amines, phosphines, and sthers
y [l g‘r X 2 p p ¥ 3

alkenes, alkadienes, and inertly substituted derivatives thereof. Suitabie inert substituents include
halegen, alkoxy, aryioxy, alkoxycarbonyl, aryloxycarbortyl, di(hydrocarbyl)amine, |
tri(hydrocarbyl)silyl, and nitrile groups. Preferred 7" groups include triphenylphosphine,
tetrahydrofuran, pyridine, and 1.4-diphenylbutadiene;

f1is an integer from 1 to 3;

two or three of T°, R” and R may be Joined together to form 2 single or multiple ring
structure; '

h is an integer from 1 to 6, preferably from 1 to 4 more preferably from 1 to 3;

s indicates any form of electronic interaction comprising a net coulombic atiraction,

especially coordinate or covalent bonds, including muiﬁple bonds;

arrows signify coordinate bonds; and "

dotted lines indicate optional double bonds.

In one embodiment, it is preferred that R® have relafively low steric hindrance with respect

to X°. In this embodiment, most preferred R® groups are straight chain alky] groups, straight chain

_alkenyl groups, branched chain alkyi groups wherein the closest branching point is at least 3 atoms

removed from X°, and halo, dirydrocarbylamine, alkexy or trihydrocarbylsilyl substituted

derivatives thereof. Highly preferred R® groups in this embodiment are C; 4 straight chain allky?

groups,
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At the same time, in this embodiment R® preferaiﬁiy has relatively high éteric hindrance
with respect to Y'. Non-limiting examples of suitable RY’ groups for this embodiment inciude alkyl
or alkenyi groups containing one or more secondary or tertiary carbon centers, cyeloalicy], aryl,
alkaryl, aliphatic or aromatic heterocyclic groups, organic or inorganic oligomeric, polymeric or

cyelic groups, and halo, dikydrocarbylaminoe, alkoxy or trihydrocarbylsilyl substituted derivatives

- thereof. Preferred R™ groups in this embodiment contain from 3 to 40, more preferably from 3 to
| Brow I )

30, and most preferably from 4 to 20 atoms not counting hydrogen and are branched or cyclic.

Examples of preferred T° groups are structures corresponding to the following formulas:

R¢ ®Y), R ®%, RS ®%  (RY ®)
Ne ¢ \‘C——s{' \c«_c}é’ ool

V4 N, S N oL N / N
R N1\ e MR
e n m— | — —
7N L TN L ST e ST

, wherein
Each R%is Cpy0 hydrocarbyl group, preferabiy methyl, ethyl. n-propyl, i-propyl, t-butyl,
nhenyl, 2 6~dmlethvlpheuyl benzyl, or tolyl. Each R®is Cy hydrocarbyl preferably methyl, ethyi,
n-propyl, i-propyl, t-butyl, phenyl, 2,6- -dimethyiphenyl, benzyl, or tolyl. In addition, two or more B¢
or R aroups, or mixtures of Rd and Re groups may together form a polyvalent derivative of a
hydrocarbyl group, such as, 1,4-butylene, L.5-pentylene, or a multicyclic, fused Ting, polyvalent
hydrocarbyl- or heterohydrocarbyl- group, such as naplithalene-1,8-diyL.

Preferred examples of the foregoing poiyvalentl,ewis base complexes include:

Rd’ . If{di s I}d:
f— !

\7
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wherein RY each occurrence is independently selected from the group consisting of

hydrogen and Cy.5 hydrocarbyl groups optionally containing one or more heteroatoms, or mertly
substituted derivative thereof, or further optionally, two adjacent R groups may together form a
divalent bridging group; )

& 15 4

M" is a group 4 metal, proferably titanium or kafaium or a Group 10 metal, preferably Ni or
Pd; '

LY is 2 monovalent ligand of up to 5¢ atoms not counting hydrogen, preferably halide or
hydrocarbyl, ortwo L° groups together are a divalent or neutral ligand group, preferably a C, .«
hydrocarbylene, hydrocarbadiyl or diene group.

The polyvalent Lewis base complexes for use in the present invention especially include
Group 4 metal derivatives, especially hafnium derivatives of hydrocarbylamine substituted
heteroaryl compounds corresponding to the formuia:

1
N7 Nplz
d

an_‘\th';{l}f

wherein: _

R" is selected from alkyl, cycloaliyl, heteroalkyl, cycloheteroalkyl, aryl, and inertiy
substituted derivatives thereof containing from 1 to 30 atoms not counting hydrogen ar a divalent
derivative thereof; | |

T is a divalent bridging group of from 1 to 41 atoms other than hydrogen, preferably 1 to
20 atoms other than hydrogen, and most preferably a mono- or di- C, hydrocarbyl substitited

methyiene or silane group; and



R% 52 Csa bheteroaryl group containing Tewis base functionality, especialiy a pyridin-2-
yi- or substituted pyridin-2-vl group or a divalent derivative thereof;
M’ is a Group 4 metal, preferably hafnium;

X s an anionic, neutral or dianionic ligand group,

v

%’ is anumber from € to 5 indicating the number of such X' groups; and

bonds, optional bonds and electron donative interactions ars represented by lnss, dotted
lines and arrows respectively.

Preferred complexes are those wherein ligand formation results from hydrogen elimination
from the amine group and optionalty from the loss of one or more additional groups, especially
10 from R™. In addition, eleetron donation from the Lewis base functionality, preferably an electron
pair, provides additional stability to the metal center. Preferred metal com?iexes correspond fo the

formuia:

. Wherein
M, L %, RY and T are as previously defined,
15 R¥, RY, R” and R" are hydrogen, halo, or an alkyl, cycloaliyl, heteroalkyl,
heterocycioalicyl, aryl, or silyl group of up to 20 atoms not counting hydrogen, or adjacent R, R™,
R or R groups may be joined together thereby foﬁnmg fused ring derivatives, and
bonds, optional bonds and etectron pair donative interactions are represented by lines,
dotted lines and arrows respectively. -
20 More preferred exampies of the foregoing metal complexes correspond to the formula:

13 14

R
L8
R”\}{ ==
A=\ /R

15

. Wherein

M, X and ¥ are as previously defined,
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RY, R¥ R and R are as previousty defined, preferably RY, R and R are hydrogern, or
Craalkyl, and R is Cyup aryl, most preferably naphthalenyi;

R" independently each occurrence is Ciq alkyl, and a 1s 1-5, most preferably R® in two
artho- positions to the nitrogen is isopropyl or t-butyl;

RY and R independently each oceurrence are hydrogen, halogen, or a Cy alkyl or aryl
group, most preferably one of R and R ig hydrogen and the other is a Csao aryl group, especially
2-isopropyl, pheny! or a fused polycyclic aryl group, most preferably an anthracenyl group, and

bonds, optional bonds and electron pair donative interactions are represented by lines,
dotted lines and arrows respectively.

Highly preferred metal complexes for use herein corregpond to the formula:

\(Rf)f —
o,
(HaCpHC J \w Y &5,
-

L

e

ChHC Lo
(HzC)y x1,

wherein X' each occurrence is halide, N,N-dﬁge'thyiamidoﬁ or Cy.4 alkyl, and preferably
each occurrence X! is methyl;

Rf independently each occurrence is hydrogen, klaicgen, Ciap alicyl, or T aryl, or two
adjacent R groups are joined together thereby forming a ring, and fis 1-5 ;and

R’ independently each occurrence is hydrogen, halogen, Cy.,, alkyl, or Cyop aryl, or two
adjacent R® groups are joined together thereby forming a ring, and ¢ is 1-5,

Most highiy preferred exampies of metal complexes for nse according to the present

invention are complexes of the following formulas:
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wherein R* is C,.4 alkyi or cycloaliyl, preferably methyl, isopropyl, t-butyl or cyvclohexyl;
and .

X' each occurrence is halide, N,N»dimethyianﬁdd, or Cr alicyl, preferably methy!l.

Examples of metal complexes usefully employed accordin & to the present invention
melude:

[N-(2.6-di(1 -methylethyl)phenyl)amido){o-talyl)} ci-naphthalen-2-diyl(6-pyridin-2-
diylymethane)]hafniom dimethyl;

[N-(2,6-di(1 mmethyiethyl)phenyl)amido)(ﬂ—toIyi)(fxnnaphthalen-Z—diyl(6-pyridin~2-
diylymethane)Thafmium di(N,N-dimethylamide);

(N-(2,6-di{ 1 -methylethyDphenylamido)( o-tolyl){a-naphthalen-2-diyl(6-pyridin-2-
diylimethane) hafnium dichioride;

[N-(2.6-di(1 —methylethyl}phenyi)amido)(2-isqp_ropyiphenyi}(a—naphthaien~2~diy1(6-pyridin—
2-diylymethane)hafniunr dimethyi;

IN-(2,6-di(1-methyiethyl)phenylami do)(2~isoproi)ylphezzyl)(a-naphthal en-2-diyl(6-pyridin-
2—diy1)methane)]héﬁ1ium di(N, N-dimethylamido); _ -

IN-{2,6-di{1 wmethyisthyl)phenyl)a_mido)(Z»isopropylphenyl){oa—naphthalen-z-diyl(Gwpyrid'm-
E—diyl)methane}}hafnium dichioride;

[N ~(2,6-c£i(1-methyiethyl)phenyl)amido)(phenanthren—ﬂ-yl)( a-naphthalen-2-diyl(6-pyridin-
2-diylymethane)hafnium dimethyl;

[N-(2,6-di{1-methylethyl)phenylamido)(phenanthren- 5-yl)(e-naphthalen-2-divl(6-pyridin-
Z-diylymethane) hafnium di(N,N-dimethylamido); and

[IN-{2,6-di{1 —methylethyl)phenyl)amido)(phenanthren«:’)—yi)(oc—naphthalen~2-diyl(_6~pyri din-
2-diylymethane)Thafnium dichloride. N

Under the reaction conditions used to prepare the metal complexes used in the present
invention, the hiydrogen of the 2-position of the ¢-naphthalene group substituted at the 6-position of
ﬁl& pyridin-2-y} group is subject to elimination, thereby uniquely forming metal complexes wherein
the metal is covalently bonded to both the resuliing amide gl'oup and to the 2-position of the o-
naphthaienyl group, as well as stabilized by coordination to the pyricinyl nitrogen atom through the
electron pair of the nitrogen atom.

- Additionat suitable metal complexes of polyvalent Lewis bases for use herein include

compeunds corresponding to the formula:
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Ge . Where:
R* is an aromatic or inertly substituted aromatic group cantaining from 5 tc 20 atoms not

counting hydrogen, or a polyvalent derivative thereof:
£ b

T isa hydrocarbylene or silane group having fmm ! to 20 atoms not counting hydrogen, or
5 aninertly subsﬁtuted derivative thereof,

Misa Group 4 metal, preferabiy zirconium or hafnium;

G 1s an anionic, neutra or dianionic ligand group; preferably a halide, kydrocarbyl or

dﬂzydrocarbylamﬁc group having up to 20 atoms not counting hydrogen;

¢ is a number from 1 to 3 indicating the number of such & groups; and

10 bonds and electron donative interactions are represented by lines and arrows respectively,

Preferably, such ¢complexes correspond to the formula:

©, wherein:
T° is a divalent bridging group of from 2 to 20 atoms not counting hydrogen, preferably a
substituted or unsubstituted, Cs.¢ alkylene group; and

15 Art independently each occurrence is an arylene or an alkyl- or aryl-substituted arylene

groap of from 6 to 20 atoms not countmfr hydr{)gen
M isa ‘Group 4 metal, preferably hafnium or zirconiurm;
G mmdependently each oceurrence is an anionic, neutral or dianionic ligand group;
g is & number from 1 to 5 indicating the number of such 3 groups; and

20 electron donative interactions are represented by arrows.



Preferred exampies of metal complexes of foregoing formuia include the following compounds :

R?. 1 RQJ

where M” is Hf or Zr
Artis (g aryi or inertly substinuted derivatives thereof, especialiy 3,5~
5 di(isopropyl)phenyl, 3,5-di(isobutyl)phenyl, dibenzo~IH-pyrrote-1-vl, or anthracen-5-vi, and
T* independently each occurrence comprises a Cg_,; alicylene proup, a Cas cycloaliylene
group, or an inertly substituted derivative thereof; ' 7
R* independently each occurrence is hydrogen, héle, hydrocarbyl, tribydrocarbylsityl, or
trilrydrocarbylsilylhydrocarbyl of up to 50 atoms not counting hydrogen; and
10 (3, independently each occurrence is halo or a hydrocarbyi or trihydrocarbyisilyl group of
up to 20 atoms not counting hydrogen, or 2 G groups together are a divalent derivative of the
foregoing hydrocarbyi or trihydrocarbylsilyl groups.

Especially preferred are compounds of the formula:

R21

At Oz
w9
L

/

o

O
Art

RZI
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wherein A i 3,5-di{isopropylyphenyi, 3,3-di(isobutyl)phenyl, dibenzo-1H-pyrrole-1-yl, or
anthracen-3-v],
R g hydroges, hale, or Cy4 atkyl, especially methyl
T is propan-1.3-diyi or butan~1,4-diyl, and
3 G is chioro, methyl or benzyl.

A most highly preferred metal complex of the foregoing formula is:

/ \ CH;

The foregoing polyvalent Lewis base complexes are conveniently prepared by standard
metaliation and ligand exchange procedures invoiving 2 source of the Group 4 metai and the neutral
10 polyfunctional ligand source, In addition, the complexes may also be prepared by means of an
amide elimination and hydrocarbylation process starting from the corresponding Group 4 meral
tewraamide and a hydrocarhylating agent, such as trimethyiaiuminum, Other technigues may be
used as well. These complexes are imown from the disclosures of, among others, US patents
6,320,003, 6,103,657, WO 02/38628, WO 03/40195, and US 04/0220050,

15 Additional suitable metal compounds for use hersin include Group 4-10 metal derivatives

N
[(Tz\ﬁ(;%zxx’

M? is a metal of Groups 4-10 of the Peﬁodio Table of the elements, preferably

corresponding to the formuia;

wherein

26 Group 4 metals, Ni(Tf) or Pd(II), most preferably zircorinm;

T* is a nitrogen, oxygen or phosphorus containing group;
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X*is halo, bydrocarbyl, or hydrocarbyloxy;
tis one or two;
x” is a number selected fo provide charge balance;

and T* and N are linked by a bridging ligand.

Such catalysts have been previcusly disclosed in J. Am. Chem. Soc., 118, 267-268 (1996),

3. Awm. Chem. Soc., 117, 6414 6415 (1995), apd Organometallics, 16, 1514-1516, (1997), among
other disclosures.
Preferred examples of the foregoing metal complexes are aromatic dijmine or aromatic

dioxyimine complexes of Group 4 metals, especially zirconium, corresponding to the formula:

RY T2

Rd Rd
whereisn;
M2, X* and T% are as previousiy defined;
R® independently each oceurrence is hydro gen, halogen, or RY; and
R’ independently each oceurrence is C;.4 hydrocarbyl or a heteroatom-, especialivaF, N, §
or P- substituted derivative thereof, more preferably Ci.0 hydrocarbyl or a ¥ or N substimted

derivative thereof, most preferably alleyl, dialkylaminoaliyl, pyrrolyl, piperidenyl, perfluorophenyl,

eyeloaliyl, (pely)alkylaryl, or-aralicyl,

Most preferred exampies of the foregoing metal complexes are aromatic dioxyimine

complexes of zirconium, corresponding to the formula:

(CHg)s

(HaC)yC
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C\(Cﬂsh
—N 0 C(CHy)s
(HaC)s 0O N==

C(CHz)s

wherein;

X° is as previously defined, preferably C,.4, hydrocarbyl, most preferably methyl or benzyl;
and

R® is methyl, isopronyl, t-butyl, cyclopentyl, cyciohexyl, 2-methylcyclohexyl, 2,4-
dimethyicyclohexyl, 2-pyrrolyl, N-methyl-2-pyrrolvl, 2-piperidenyl, N-methyl-2-piperidenyl,
benzyl, o-tolyl, 2,6-dimethyiphenyl, perfluorophenyl, ﬁ,é—di(isopr{)pyl)phenyi, or 2,4,6-
trimefhy}phenyi.

The foregoing coraplexes also include certain phosphinimine complexes are disclosed i
EP-A-890581. These cbmplexes correspond to the formula: [(Rf)_g'P:NJfM(E{.z)(Rf ., Wherein:

Riis a monovalent ligand or two Rf groups together are a divalent Hgand, preferably R is
hydrogen or C,4 alkyl;

M is a Group 4 metal,

K'isa group containing delocalized n-electrons through which X* is bound to M, said K*
group containing up to 50 atoms not counting hydrogen atoms, and

Cfisd or 2.

Catalysts having high comonomer incorporation properties are also known to reincorporate
in situ prepared long chain olefins resulting mcxaen‘cally during the polymerization through {-
hydride ellmmatlon and chain termination of growing polymez‘, or other process. The concentration
of such long chain olefins is particularly enhanced by use of continous solution polymerization
conditions at high conversions, especially ethylene conversions of 95 percent or greater, mere
preferably at ethylene conversions of 97 percent or greater. Under such conditions a smal} but
detectable quantity of vinyl group terminated polymer mayv be reincorporated into a growing

paiymer cham resulting in the formation of long chain branches, that is, branches of a carbon

-lent?th greater than would result from other deliberately added comonomer. Moreover, such chains

reflect the presence of other comonomers present in the reaction mixiure. That is, the chains may
include short chain or long chain branching as well, depending on the comonomer composition of
the reaction mixture. However, the presence of an MSA or CSA during polymerization can
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seriously limit the mcidence of long chain branching since the vast majority of the polymer chains
become attached to an MSA or CSA species and are prevented from undergoing B-hydride

elimination.

Cocatalysts

Each of the metal compiexes {(alsc interchangeably referred to herein as procatalysts) may
be activated to form the active catalyst composition by combination with a cocatalyst, preferably a
cation forming cocatalyst, a strong Lewis acid, or a. combination thereof.

Suitable cation forming cocatalysts include these previously known in the art for use with

“Group 4 metal olefin polymerization complexes. Examples include neuiral Lewis acids, such as

C1.30 hydrocarbyl substituted Group 13 compounds, especially tri(hydrocarbylaluminum- or
trihydrocarbylboron compounds and halogenated (mcluding perhalogenated) derivatives theraof,
naving from 1 to 10 carbons in each hydrocarbyl or halogenated hydrocarbyl group, more especially
perfluorinated tri(aryl)ooron compounds, and most especially tris(pentafluoro-phenylborane;
nonpelymeric, compatible, noncoordinating, ion forming compounds (including the use of such
compounds under oxidizing conditions), especially the use of emmonium-, phosphonium-,
oxohium—, carbonium-, silyiium- or sulfoninm- satis of compatible, noncoordinating anions, or
ferrocenium-, lead- or silver salts of compatible, noncoordinating anions; and combinations of the
foregoing cation forming cocatalysts and techniques. The foregoing activating cocatalysts and
activating techniques have been previously taught wn:h respect to different metal complexes for
olefin polymerizations in the following references: EP-A- 27’? 003, US-A-5,153,157, US-A-
5,064,802, US-A-5.321,106, US-A-5,721,185, US-4A-5,350,723, US-A-5.425,872, US-A-3,625,087,
US-A-5,883,204, US-A-5,919,083, US-A-5,783,512, WO 99/15534, and WO09/42467 _
Combinations of neutral Lewis acids, especially the combination of a trialkyl aluminum
compound having from 1 fo 4 carbons in each alkyl group and a halogenated tri(hydrocarby!)boron
compound having from 1 to 20 carbons in each hydrocarbyi group, especially
tris{pentafivorophenyl)borane, further combinations of such reutral Lewis acid mixtures with a
polymeric or oligomeric alumoxane, and combinations of a single neutral Lewis acid, especially
tris(pentaﬂuorophenyi)boran.e with a polymeric or oligomeric aiumoxane may be used as activating

cocatalysts. Preferred molar ratios of metal compiex:tris(pentafluorophenyl-borane:alumoxane are

. drom 1:1:1 to 1:5:20, more preferably from 1:1:1.5 to 1:5:10.

Suitable ion forming compounds useful as cocatalysts in one embodiment of the present
invention comprise a cation which is a Bronsted acid capabie of donating a proton, and a
compatibie, noncoordinating anion, A As used herein, the term “noncoordinating” means an anion

or substance which either does not coordinate to the Group 4 metal containing precursor complex
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and the catalytic derivative detived there from; or which is only wealdy coordinated to such
complexes thereby remaining sufficiently labile to be displaced by a neutral Lewis base. A
noncocrdinating anion specifically refers to an anion which when functioning as a charge balancing
anion in a cationic metal complex does not transfer an anionic substituent or fragment thereof to
said cation thereby forming neutral comp}exef; “Compatxble anions” are anions which are not
degraded o neutrality when the initially formed complex decomposes and are nonmterfermrr with
desired subsequent polymerization or other uses of the complex.

Preferred anions are those containing a single coordination complex comprising a charge-
bearing metal or metalloid core which anjon is capable of balancing the charge of the active catalyst
species (the metal cation) which may be formed when the two components are combined, Also,
said anion should be sufficiently labile to be displaced by olefinic, diolefinic and acetylenically
unsaturated compounds or other neutral Lewis bases such as ethers or mmles Suitsble metals
inciude, but are not limited to, aluminum, gold and platmum Suitable metaﬂozds include, but are
not limited to, boron, phosphorus, and silicon. Compounds containing anions which comprise
coordination complexes containing a single metal or metaﬂmd atom are, of course, well known and
many, particularly such compounds confaining a smgle boron atom in the anion portion, are
availabls commercially.

Preferably éuch cocatalysts may be represented by the following general formula:

(LH)," (A)
wherein:

L* i5 a neutral Lewis base;

(L*-H)" is a conjugate Bronsted acid of L*;

A¥ is a noncoordinating, compatible anion having a charge of g, and

gis an integér from 1 to 3.

More preferably A® corresponds to the formullr_:i':' MG
wherein:

M is boren or alwminum in the +3 formal oxidation state; and

Q independenﬂy each occurrence is selected frolml hydride, dialikylamide, hatide,
hydrocafbyl, hydrocarbyloﬁde-, halosubstituted-hiydrocarby!, halosubstimted hydrocarbyioxy, and
halo- substituted silylhydrocarbyi radicals (including perhalogenated hydrocarbyl- perbalogenated
hycirocarbvloxy and perhaiogenated s1iylhydrocarhyl radicals), said Q having up.to 20 carhons with
the proviso that in not more than one occurrence is Q halide. Examples of suitable

hydrocarbyloxide Q groups are disclosed in US-A-5,296,433
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In a more preferred embodiment, d is one, that is, the counter ion has a single negative
charge and is A" Activating cocatalysts comprising boron which are particularly useful in the
preparation of catalysts of this invention may be represented by the following general formula:

(L*-HY"(BQ.);
wherein;
L* is as previcusly defined:
B is boron in a formal oxidation state of 3; and
. Q15 a hydrocarbyi-, hydrocarbyloxy-, ﬁuorinatsci hydrocarbyl-, fluorinated
hydrocarbyloxy-, or flucrinased sitylhydrocarbyl- group of up to 20 nonhydrogen atoms, with the
proviso that in not more than one occasion is Q hydrocarbyl,

Preferred Lewis base salts are ammonium salts, more preferably trialkylammonium salts
containing one or more Cip4 alkyl groups. Most preferably, Q is each ocourrence & fluorinated aryl
group, especially, a pentafiuorophenyi group.

Hlustrative, but not limiting, examples of boron compounds which may be used as an
activating cocatalyst in the preparation of the improved catalysts of this invention are
ri-substituted ammoniom 'saité such as:

trimethylammonium tetrakis(pentaflnorophenyl) borate,
triethylammonium tetrakis(pentafiuorophenyl) borate,
tripropylammenium tetrakis(pentafluorophenyl) borate,
tri(e-butylammonium tetrakis(pentafluorophenyl) boraté’
tri{ sec-butylammonium tetrakis(pentafiuorophenyl) borate,
N N-dimethyianilinium tetrakis(pentafluorophenyl) borate,
N, N-dimethyianilinium n-butyltris{pentafiuorophenyl) b;}rate,
N, N-dimethtylanilinium benzyltris(pentafluorophenyl) borate,
N.N-dimethylanilinium tetrakis(4-(t-butyldimethylsilyl)-2, 3, 5, 6-tetrafinorophenyl) borate,
N ,N~di1neﬂ1ylaniﬁniu1-n tetrakis(4-(triisoprogyisi1y})-2, 3, 5, 6-tetrafinorophenyl) borate,
NN-dimethyianiliniwm pentaﬂuorophenoxytris(pemaﬂuor(}pheny]} borate,
N,N-diethylanilinium tetrakis(pentafluorophenyl) borate,
N,N-dimethyl-2 4, 6-trimethylanilinium tetrakis(pentafiuorophenyl) borate,
dimethyloctadecyiammonium tetrakis(pentafivorophenyl) borate,
metnvldmctadecylammommn tetr akm(pentaﬂuorophenvl) borate
dialkyl ammonium salts such as:

di-(i-propyllammonium tetrakis(pen’{aﬁuoropﬁeﬁyl} borate,

methyloctadecyiammonium tetrakis(pentafluorophenyl) borate,



16

[
LA

0

38

methyloctadodecylammonium tetrakis(pentafivorophenyl) borate, and

dicctadecylammonium tetralis(pentafluorophenyl) borate;
tri-substituted phosphonium salts such as:

triphenyiphosphonium tetrakis(pentaﬂuorophéhyl) borate,
methyldioctadecylphosphonium tetralis(pentafluorophenyl) borate, and
tri(2,6-dimethylphenylyphosphenium tetrakis{pentafiuorophenyl) borate;
di-substituted oxonium salts such as:

diphenyloxonium tetrakis(pentafluorophenyl) borate,
di(0~tdlyi)oxsn'1um tetrakis(pentafiuorophenyl) borate, and
difoctadecyloxonium tetrakis(pentafinorophenyl) borate;
di-substituied sulfonium sakts such as:

di{o-tolylsulfonium tetrakis(pentafiworophenyi) borate, and
methylcotadecyisizifoninm tetrakis(pentafivorophenyl) borate.

Preferred (1.*-H)" cations are methyldioctadecylammoniym cations,
dimethyloctadecylammonium cations, and ammonium cations derived from mixtures of trialicy]
amines containing one or 2 Cpys alkyl groups, }

Another suitable ion forming, activating cocatalyst comprises a salt of a cationic oxidizing
agent and a noncoordinating, compatible anion represem‘:éd by the formula;

(Ox"™),(A®Y,
wherein:

Ox"" is a cationic oxidizing agent having a charge of b+

b is an integer from 1 to 3; and

A¥ and g are as previously defined.

Examples of cationic oxidizing agents include: ferroceninm, hydrocarbyl-substituied
ferrocenium, Ag” or Pb™. Preferred embodiments of A¥ are those anions previously defined with
respect to the Bronsted acid containing activating cocatalysts, especially
tetrakis(pentafivorophenyliborase. |

Another suitable ion forming, activating cocatalyst comprises a compound which is a salt of
a carbenium ion and a noncoordinating, compatible anio’h represented by the formula;

O A
wherein:
) {C]";“ is a Cyg0 carbenium ion; and
A’ 1s & noncoordinating, compatible anion having a charge of -1. A preferred carbenium jon

is the trityl cation, that is triphenylmethylium.
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A further suitable fon forming, activating cocatalyst comprises a compound which is a salt

of a silylium ion and a nencoordinating, compatible anion represented by the formula:
(QsSi"A"

wherein:

Qs Cro hydrocarbyl, and A’ is as previously defined.

Preferred silylium salt activating coocatalysts are trimethylsilylivm
tetrakispentafluorophenylborate, triethylsilylium tetrakispentafiucrophenylborate and ether
substituted adducts thereof. Silylium saits have been previously generically disclosed in J. Chem

Soc. Chem, Commy,, 1993, 383-384, as well as Lambert, I. B, et al., Organometallics, 1994, 13,

2430-2443. The use of the above silylium saits as activating cocatalysts for addition polymerization
catalysts is disclosed in US-A-5,625,087.

Certain complexes of alcohols, mercaptans, siiénoks, and oximes with
tris(pentafluorophenyl)borane are also effective cat&lyst' activators and may be used according to
the present invention. Such cocatalysts are disclosed 1n [JS-A-5 286,433,

Suitable activating cooatalysts for use herein also include polymeric or oligomeric

- alumoxanes, especially methyialumoxane (MAOQ), triisobuty] aluranum modified methylalumoxans

(MMAO), or isobutylalumoxane; Lewis acid modified alumoxanes, especially perhalogenated
tri(hydrocarbyhaluminure- or perhalogenated tri(hydrocarbyl)boron modified alumoxanes, having
from 1 to 10 carbons in each hydrocarby! or halogenated hydrocarbyl group, and most especially
tris(pentafiuorophenyDborane modified alumoxanes. Such cocatalysts are previously disclosed in
US Patents 6,214,760, 6,160,146, 6,140,521, and 6,696,379,

A class of cocatalysts comprising no11~coordi1iating anions generically referred fo as
expémded anions, further disclosed in US Patent 6,395_,6_71, may be suitably emploved to activate
the metal complexes of the present invention for olefin polymerization. Generally, these eocatalysts
(illustrated by those having imidazolide, substituted imidazolide, imidazoiinide, substituted

imidazolinide, benzimidazolide, or substituted benzimidazolide anions) may be depicted as follows:

. Qb QS ?3
]-_ i -—i e 2 /J\ 2
A*+IQ2-N%D\N-Q% AFQ - NTTIN-QP AT IQ—NT N>
| \ | (J
L H . "“*Jg e /‘< or f
Q® QY oY
Q° Q°

wherein:
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A™ is & cation, especially a proton containing cation, and preferably is a tribydrocarbyl
ammonium cation containing one or two Cye.q alkyl groups, especially a methyldi
{Ciago alkylammoenium cation,

Q’, independently each occurrence, is hydrogen or a haio, kydrocarbyl, halocarbyl,
halohydrocarbyl, sitylhydrocarbyl, or silyl, (including mono-, di- and tri(hydrocarbyl)silyl) gronp of
up to 30 atoms not counting hiydrogen, preferably C;.q; alkyl, and

O is tris(pentafivorophenyl)borane or tris(pentafluorophenyllalmmane).

Examples of these caté}yst activators include trihydrocarbylammonium- safts, especially,
methyldi(Cy40 alkyDammonium- saits oft

bis(tris(pentafluorophenyl)borane)imidazolide,
bis(iris(pentafiuorophenyl)borane)-2-undecylimidazolide,
bis(tris{pentaffuorophenyl}borane)-2-heptadecylimidazolide,
bis(tris(pentafiuorophenyl}borane)-4,5-bis(undecylimidazolide,
b:is(tris(peutaﬂuorophenyl)borane}—4,5-bis(heptadecyl)imidazolidea
bis(tris(pentafluorophenyl)boraneYimidazolinide,
bis(tris(pentafiucrophenyl)borane)-2-undecylimidazolinide,
bis{u'is(pentaﬂuemp11enyl)borane)—2~heptadecyiimidazdiilﬁds,
his(tris(pentaﬂuorophenyl)borane)—4,S-bis(undecyl)inﬁdazoiinide,
bis(tris(pentafiuorophenyl)borane)-4, 5-bis(heptadecyl)imidazolinide,
bis(iris(pentafinorophenylborane)-3,6~-dimethylbenzimidazolide,
bis(tris(pemaﬂuorophenyl)boran.e}~5,6—bis(und@cyl)benzimidazolide,

bis(tris(pentafluorophenyljalumane)imidazolide,
bis(tris(pentaﬂuomphenyl}aiumane)-2—undecy1imidazoiide,
bis(h‘ié(pentaﬂuorophenyl)alumane}-2~heptaciecy1imidazolide,
bis(tris(pentaflucrophenylalumane)-4,5-bistundecylimidazolide,
bis(tris(pentaﬂuorc}phenyl}aiumane}él,S-bis(heptadeayi)hnidazoﬁde,
bis(tris(pentafluorophenyl)alumane}imidazolinide,
bis(tris(pentafivorophenyl)alumane)}-2-undecyiimidazolinide,
bis{tris(pen‘caﬁuorophenyl)alumaﬁe)-E-heptadecylimidézolﬁzide,

bis(tris(pentafluorophenylialumane)-4,5-bis (undecylimidazo linide,

‘bis(tris(p entaﬂuorophenyljalumane)-4,5-birs(heptadepyi)imidazolini.de,

bis(tris(pentafiuorophenylalumane)-5 ,0-dimethyIbenzimidazolide, and
bis(tris(pentafiuorophenylalumane)-3,6-bis(undecylbenzimidazolide.
Other activators include those described in PCT publication WO 98/07515 such as tris (2,

2!, Z'-nonaflucrobiphenyl)fluoroaluminate. Combinations of activators are also contemplated by
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the mventiion, for example, alumoxanes and ionizing activators in combinations, see for example,
EP-A-0 573120, PCT publications WO 94/07928 and WO 95/14044 and US Patents 5,153,157 and
5453410, WO 98/09996 describes activating catalyst compounds with perchlorates, periodates
and icdates, including their hydeates. WO 99/1813 5 describes the uge of organoboreatumingm
activators, WO 03/10171 discloses catalyst activators that are adducts of Bronsted acids with
Lewis acids. Other activators or methods for activating a catalyst compound are deseribed in for
example, US Patents 5,849,852, 5,859, 653, 5,869,723, EP-A-615981, and PCT publication

WO 98/32775. All of the foregoing catalyst activators as well as any other know activator for
transition metal complex catalysts may be emploved alone or in combination according to the
present iﬁventicn, however, for best resnits alumoxane containing cocatalysts are avoided.

The molar ratio of catalyst/cocatalyst employed preferably ranges from 1:10,000 to 100: L
more preferably from 1:5000 to 1011, most preferably from 1:1000 to 1:1. Alumoxane, when used
by itself as an activating cocatalyst, is employed in laige quantity, generally at least 100 tirnes the
quantity of metal complex on a molar basis. Tris(pentéﬁﬁorophsnyl)borane, where used as an
activating cocatalyst is empioyed in & molar ratio to the metal complex of from 0.5:1 to 14:1, more
preferably from 1:1 to 6:1 most preferably from 1:1 to 5:1, The remaining acgijrivéting cocatalysts are
generally employed i approximately equimolar quantity with the metal complex.

During the polymerization, the reaction mixture is contacted with the activated catalyst
composition according to any suitable polymerization conditions. The process is deéirably
characterized by use of elevated temperatures and pressures. Hydrogen may be employed as a chain
transfer agent for molecnlar weight control according o known techniques, if desired. As in other
simmilar polymerizations, it is highly desirable that the monomérs and solvents employed be of
sufficiently high purify that catalyst deactivation or premature chain fermination does not oceur.

Any suitable technique for monomer purification such.as devolatilization at reduced pressure,

-contacting with molecular sieves or high surface area atumina, or a combination of the foregoing

processes may be emploved.

Supports may be employed in the present invention, especially in shurry or gas-phase
polymerizations. Suitable supports inciude solid, particulated, high surface area, metal oxides,
metalloid oxides, or mixtures thereof (interchangeably referred to herein as an inorganic oxide).

Exampies include: talc, silica, alumina, magnesia, titania, zirconia, 81,05, aluminosilicates,

. borosilicates, clays, and mixtures therscf. Snitable supporis preferably have a smrface area as

determined by nitrogen porosimetry using the B.E.T. method from 10 to 1000 m*/g, and preferably
from 100 to 600 m*/g. The average patticle size typically is from 0.1 to 500 um, preferably from 1
to 200 um, more preferably 10 to 100 pm.
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In one embodiment of the invention the present catalyst composition and optional support
may be spray dried or otherwise recovered in solid, particulated form to provide a composition that
is readily transported and handled. Suitable methods for spray drying a liquid containing slurry are
well known in the art and wsefully empioyed hereini. Preferred techniques for spray drying catalyst
compositions for use herein are described in US-A *s-5,648,310 and 5,672,669,

The polymerization is desirably carried out as a continuous polymerization, preferably a
continuous, solution polymerization, in which catalyst components, monomers, and optionatly
solvent, adjuvants, scavengers, and polymerization aids are continuously supplied to ons or more
reactors or zones and polymer product continuously removed there from. Within the scope of the
terms “continuous” and “continucusly” as used in this context are those processes in which there
are intermittent additions of reactants and removal of prodﬁcts at small regular or irreguiar intervals,
so that, over time, the overall process is substantially continuous. While the polymerizabie
shuttling agent(s) and optional multi-centered shuttling agent(s} and/or chain shuttling agent(s) may
be added at any point during the polymerization including in the first reactor or zone, at the exit or
slightly before the exit of the first reactor, between the first reactor or zone and in any subsequent
reactor or zone, or even solely to the second reactor or zone, if employed, all the foregoing shuitling
agents {to the extent used) are preferably added at the initial stages of the polymerization. If there
exists any difference in monomers, femperatures, pressures or other polymerization condition
within a reactor or between two or mors reactors or zones connected in series, polymer segments of
differing composiiion such as comonomer content, crj}étéllinity, density, tacticity, regio-regutarity,
or other chemical or physical difference, within the same molecule are formed in the polymers of
the invention. In such event, the size of each segment or block is determined by the polymer
reaction conditions, and preferably is a most probabie diéaibution of polymer sizes.

I[f muitiple reactors are employed, each can be independently operated under high pressure,
solution, slurry, or gas phase polymerization conditions. In a multiple zone polvmerization, all
zones operate under the same type of polymerization, such as solution, siurry, or gas phass, but,
optionally, at different process conditions. For a solution polymerization process, it is desirable to
employ homogeneous dispersions of the catalyst components in a liquid diluent in which the
polymer is soluble under the polymerization conditions employed. One such process wilizing an
extremely fine siiica or similar dispersing agent to produce such a homogenecus catalyst dispersion
wherein normally either the metal complex or the cocaf.aiyst Is only poorly soluble is disclosed mn
US-A-5,783,512. A high pressure process is usually carried out at temperatures from 100°C to
4900°C and at pressures above 500 bar (50 MPa). A slﬁrfy process typically nses an mert
hydrocarbon diluent and temperatures of from 0°C up to a temperature just below the temperature at

which the resuiting polymer becomes substantially solubie in the inert polymerization medinm.
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Preferred temperatures i a shurry polymerization are from 30°C, preferably from 60°C up to 115°C,
preferably up to 100°C, depending on the polymer being prepared. Pressures typically range from
atmospheric {100 kPa) to 500 psi (3.4 MPa).

in all of the foregoing processes, continuous or sﬁbstantialiy continuous polymerization
conditions are preferably emploved. The use of such polymerization conditions, espacially
continuous, solution pelymerization processes, allows the use of elevated reactor tenmperatures
which results in the economical production of the present polymers in high vields and efficiencies.

The catalyst may be prepared as a homogeneous composition by addition of the requisite
metal complex or multiple compiexes to  solvent in which the polymerization will be conducted or
in a diluent compatible with the ultimate rsastion mixture. The desired cocatalyst or activator and,
optionally, a shuttling agent may be combined with the catalyst composition either prior to,
simultaneously with, or after combination of the catalyst with the monomers to be polymerized and
any additional reaction diluent. Preferably, the PSA is added prior to or simultaneousty with the
initial contacting of the monomer with the catalyst. .

At all times, the individual ingredients as well as any active catalyst c-omposition must be
protected from oxygen, moisture and other catalyst poisons. Therefore, the catalyst components,
polymerizable shuttling agent and activated catalysts must be prepared and stored in an oxygen and
moisture free atmosphers, preferably under a dry, inert gﬁé such as nitrogen.

Without limiting in any way the scope of the invention, one means for carrying out such a
polymerization process is as follows. In one or more well stirred tank or loop reactors operating
under solution polymerization conditions, the monomers to be polymerized are introduced
continuously together with any solvent or diluent at one part of the reactor. The reactor contains 2
relatively homogeﬁeous tiquid phase composed substaztiallv of monomers together with any solvent
br diluent and dissoived polymer. Preferred solvents include Cy10 hydrocarbons or mixtures
thereof, especially alkanes such as hexane or mixtures of alkanes, as well as one or more of the
monomers employed in the polymerization. Exampies of suitable loop reactors and a vartety of
suitable operating conditions for use therewith, including the vse of multiple loop reactors,
opsrating in series, are Tound 1o TISP’g 3.977.251, 6,319,986 and 6,683,149,

Catalyst along with cocatalyst and poiymerizabié,:shutﬂjng agent are continuously or
intermittently introduced in the reactor liquid phase or any recycled portion thereof at & minimum of
one location. The reactor temperature and pressure may be controlled by adjusting the o
Sﬁl\féﬂt/mom)m@r-r&tio, the catalyst addition rate, as well as by use of coeling or heating coils,
jackets or both, The polymerization rate is controlled by the rate of catalyst addition. The content
of 2 given monomer in the polymer product is influenced by the ratio of monomers in the reactor,

which is controfled by manipulating the respective feed rates of these components to the reactor.
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The pelymer product molecular weight is controlled, optionally, by comntrolling other polymerization

variables such as the temperature, monomer concentration, or by the use of 2 shuttling agent (of any
type), or a chain terminating agent such as hydrogen, as is well known in the art.

In one embodiment of the invention, 2 second reactor is connected to the discharge of the
reactor, optionally by means of a conduit or other transfer means, such that the reaction mixtere
prepared in the first reactor is discharged to the second reactor without substantial termination of
polymer growth. Between the first and second reactors, a differential in at least one process
condition may be established. Preferably for use in formation of a copolymer of WO Or more
monomers, the difference is the presence or absence of 016 or more comonomers or a difference in
comonomer concentration. Additional reactors, each arraﬁged in a manner similar to the second
reactor it the series may be provided as well. Further }')olymerization is ended by contacting the
reactor effluent with a catalyst kill agent such as water, sieam or an alcohol, with a functionalization
agent if a functionalized product is desired, or with a coupling agent if a coupled reaction product is
desired,

The resulting pelyimer product is recovered by flashing off volatile components of the
reaction mixturs such as residual monomer(s) or diluent at reduced pressure, and, if necessary,
conducting further devolatilization in equiptnent such as a devolatilizing extruder. In a continuous
process the mean residence time of the catalyst and polymer in the reactor generaliy is from 3
minutes to & hours, and preferably from 10 minutes to 6 hours.

Alternatively, the foregoing polymerization may be carried out in a plug flow reactor
optionalty with a monomer, catalyst, polymerizable shuﬁ:ﬁncr agent, temperature or other gradient
established between differing zones or regjons thereof further opticnally:accompanied by separate
addition of cataiysts and/or chain shuttling agent, and operatmcf under adiabatic or non-adiabatic
polymerization conditions,

The catalyst cemposition may also be prepared and employed as a heterogeneous catalyst
oy adsorbing the requisite components on an inert inorganic or organic particulated sold, as
previously disclosed. Ina preferred embodiment, a heterogeneous catalyst is prepared by co-
precipitating the metal complex and the reaction product of an inert inorganic compound and an
active bydrogen containing activator, especially the reaction product of a tri {C, .4 allyl) aluminum
compound and an ammoninm salt of a hydroxyary}tris(pentaﬁuorophenyl}borate, such as an
ammonium salt of {(4-hydroxy-3 ,S_—ditertim‘ybutyiphernylt_)tris(pentaﬂuorophenyi)borate. When
prepared in heterogeneous or supported form, the catalyst composition may be employed in 2 slurry
or a gas phase polymerization. As a practical limitatic')h' 'slurry polymerization takes place in liguid
diluents in which the polymer product is substanmaﬁy msoluble Preferably, the diluent for siurry

polymerization is one or more hydrocarbons with less tnan 5 carbon atoms. If desired, saturated
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hydrocarbons such as ethane, propane or butane may be used in whole or part as the dilnept, As

with a solution potymerization, the o-olefin comomomer or a mixture of different o-olefin
monomers may be used in whole or part as the difuent, Most preferably at least a major part of the
diluent comprises the o~olefin monomer or monorners'to bs polymerized.

Preferably for use in gas phase polymerization processes, the support material and resulting
catalyst has a median particle diameter from 20 to 200 LT, more preferably from 30 um fo 150 wm,
and most preferably from 50 pm to 100 pm. Preferably for use in slurry polymerization processes,
the support has a median particle diameter from 1 Hm to 200 pm, more preferably from 5 wm to 100
um, and most preferably from 10 pn to 80 pm,

Suitable gas phase polymerization process for use herein ars substantially similar to known
processes used commercially on a large scale for the manufacture of polypropylene, ethylene/ o-
olefin copolymers, and other olefin polymers. The gas phase process employed can be, for
example, of the type which employs a mechanicallv stirred bed or a gas fluidized bed as the
polymerization reaction zone. Preferred is the process wherein the polymerization reaction is
carried out in a vertical cylindrical polymerization reactor containing a fluidized bed of polymer
pamcles supported or suspended above a perforated plate or fluidization grid, by & flow of
fluidization gas. ' ‘

The gas employed to fluidizs the bed comprises the monomer or monomers to be
polymerized, and also serves as a heat exchange medium to remove the heat of reaction from the
bed. The hot gases emerge from the top of the reactor, normally via a tranquilization zone, also
known as a velocity reduction zons, having e wider diameter than the fluidized bed and wherein
fmg particles entrained in the gas stream have an opportunity to gravitate back into the bed. it can
also be advantageous to use a cyclone to remave ultra-fine particies from the hot gas stream., The
gas is then normaily recycled to the bed by means of a biower or compressor and one or more heat
exchangers to sirip the gas of the heat of polymerization.

A preferred method of cooling of the bed, in addition to the cooling provided by the cooled
recycle gas; 15 to feed a volatile lguid to the bed to prgvide an evaporative cooling effect, often
referred to as operation in the condensing mode. The- vdiatiie liquid employed in this case can be,
fcsr exainple, a volatile inert lquid, for example, a saturated hydrocarbon having 3 to 8 . preferably 4
to 6, carbon atoms. In the case that the monomer or comonomer itself is & volatile liquid, or can be
condensed to provide such a liquid, this can suitably be fed to the bed to provide an evaporative
coolmc effect. The volatile Iiquid evaporates in the hot finidized bed to form gas which mixes with
the fluidizing gas. If the volatile liguid is & monomer or comonomer, it will undergo some
poljfmer*' zation in the bed The evaporated liquid then emerges from the reactor as part of the hot
recycle gas, and enters tha compression/heat exchange part of the recycle icop. The recycle gas is
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cooled in the heat exchanger and, if the temperatiire to which the gas is cooled is below the dew
point, ligquid will precipitats from the gas. This liquid is desirably recycled coniinuousty to the
fluidized bed. It is possibie to recycle the precipitated Jiguid to the bed as liquid droplets carried in
the recycle gas stream. This type of process is deseribed, for example in EP-89691; 1.8, 4,543 300:
WO-94/25495 and U.S. 5,352,749, A particularly preferred method of recycling the liguid to the
bed is to separate the liquid from the recycle gas stream and to reinject this Iiquid directly into the
bed, preferabiy using a method which generates fine droplets of the liguid within the bed. This type
of process is described in W0-94/28032.

The polymerization reaction cecurring in the gas fluidized bed is catalyzed by the
continuous or semi-continuous addition of catalyst composition as previously disclosed. The
catalyst composition may be subjected to a prepolymerization step, for example, by polymerizing a
small quantity of olefin monomer in a liquid inert diluent, to provide a catalyst composite
comprising supported catalyst parficles embedded in o.Je:'E'i“n polymer particles as well.

The polymer is produced directly in the fluidized hed by polymerization of the monomer or
mixture of monomers on the fluidized particles of catalyst composition, supported catalyst
composition or prepolymerized catalyst composition within the bed. Start-up of the polymerization
reaction is achieved using a bed of preformed polymer particles, which are preferably similar 1o the
desired polymer, and conditioning the bed by drying with inert gas or nitrogen prior to miroducing
the cafalyst composition, the monomers and any other gases which it is desired to have in the
recycle gas stream, such as a diluent gas, hydrogen chain transfer agent, or an inert condensable gas
when operating in gas phase condensing mode. The produced polymer is discharged continuously
or semi-continuounsly from the fluidized bed as desired.

The gas phase processes most suitable for the px:‘actice of this invention are continuous
processes which provide for the continnous suppty of réaictants to the reaction zone of the reactor
and the removal of products from the reaction zons of the reactor, thereby providing a steady-state
enviromment on the macro scale in the reaction zone of the reacter. Products are readily recovered
by exposure to reduced pressure and optionally elevated témperamres {devolatilization) according
to known techniques. Typically, the fluidized bed of the gas phase process is operated at
temperatures greater than 50°C, preferably from 60°C to 1 16°C, more preferably from 70°C to
110°C.

Suitable gas phase processes which are adaptable for use in the process of this invention are
disciosed in US Patents: 4,588,790; 4,543,399; 5.3 52.749: 5,436,304, 5,405,922, 2.462,999;
3,461,123, 5,453.471; 5,032,562; 5,028,670, 3:473,028; 5,106,804; 5,556,238, 5,541,270,
5,608,019; and 5,616,661,
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As previously mentioned, functionalized d erivatives of polymers are also included within
the present invention. Examples include metaliateci polymers wherein the metal is the remnant of
the catalyst or chain shuttling agent (including pols/merizabie chain shuttling agent) employed, as
well as further derivatives thereof. Because a substantial fraction of the polymeric product exiting
the reactor is terminated with a shuttling agent, further functionalization s relatively easy. The
metallated polymer species can be utilized in well known chemical reactions such as those suitable
for other alkyl-aluminum, alkyi-gallium, alkyl-zinc, or alicyl-Group 1 compounds to form amine-,
hydroxy-, epoxy-, sitane, vinylic, and other functionaiized terminated polymer products. Examples
of suitahie reactmn techniques that are adapiable for use here in are described in Negishi,
“Organometallics in Organic Synthesis”, Vol. I and 2, (19803, and other standard texts in

organometallic and organic synthesis.

Polvmer Products

Utilizing the present process, novel polymer compositions, including branched or muliiply
branched, pseudo-block copolymers of one or more olefin monomers, are readily prepared.
Preferred polymers comprise in polymerized form at least one monomer selected from the group
consxstmﬂ of ethylene, propylene and 4-methyi- 1-punlene Highly desirably, the polymers are
interpolymers comprising in polymerized form ethylene, propylene or 4~methyi-1-pentene and at
least one different Cy4 w-olefin comonomer, and opt;ona@]y one or more additional
copolymerizable comonomers. Suitable comonomers érér setected from diolefins, cyelic olefins, and
cyelic diolefins, halogegated vinyl compounds, and vinj;flidene aromatic compounds. Preferred
polymeérs are interpolymers of ethylene with l-butene, i-hexene or i-octene. Desirably, the
polymer coﬁmositions of the invention have an ethylene content from 1 to 99 percent, a ciiene.
content from @ to 10 percent, and a styrene and/or Css o-olefin content from 99 1o 1 percent, based
on the total weight of the polymer. Further preferably, the polymers of the invention have 2 weight
average molecular weight (Mw) from 10,000 to 2,500,000.

The polymers of the invention cen have a melt index, T, from 0.01 to 2000 g/10 minutes,
preferably from 0.01 to 1000 g/10 minutes, more preferably from 0.01 te 500 g/10 minutes, and
especially from 0.01 to 100 g/10 minutes, Desirably, the invented polymers can have molecular
weights, My, from 1,000 g/mole to 5,000,000 ginole, preferably from 1000 gimole to 1,000,000,
more preferably from 1000 g/mole to 500,000 g/mole, and especially from 1,000 g/mole to 300,600
g/mole. The density of the invented polymers can be from 0.80 to 0.99 giem” and preferably, for
ethylene containing polymers, from 0.85 g/em’ to 0.97 g/_cm ,

The polymers of the invention may be differentiated from conventional, random

copolymers, physical blends of polymers, and block copolymers prepared via sequential monomer
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addition, fluxional catalysts, or by anionic or cationic living polymerization techniques, due to the
previously mentioned unique molecular weight distribution. If present, the separate regions or
blocks within each polymer are relatively uniform, depefi&ing on the wniformity of reactor
conditions, and chemically distinct from each other. Tﬁﬁ"{; is_. the comonomer distribution, tacticity,
ar other property of segments within the polymer are relatively uniform within the same block or
seguent. However, the average block length is not a narrow distribution, but desirably is a most
probable distribution. Such polymer products having two or more blocks or segmenis and a broader
size distribution than a conventional block copolymer prepared by anionic techniques, are referred

1o herein as pseudo~block copolymers. The polymers have properiies approximating in many

- respects, those of pure block copolymers, and in some aspects exceeding the properties of pure

block copolymers.

Various additives may be usefully incorporated into the present compositions in amounts
that do not detract from the properties of the resultant composition. These additives include
reinforcing agents, fillers including conductive and noﬁ—conductive materials, ignition resistant
additives, antioxidants, heat and light stabilizers, colofé%ﬁé, extenders, crosslinkers, blowing agents,
plasticizers, flame retardants, anti-drip agents, iubricanfé; slip additives, anti-blocking aids,

antidegradants, softeners, waxes, and pigments.

Applications and End Uses

The polymer composition of the invention can be employed in a variety of conventional
thermoplastic fabrication processes to produce useful articles, incinding objects comprising at least
one film layer, such as a monolayer film, or at least one laver in a multitayer film, prepared by cast,
biown, calendered, or extrusion coating processes; molded articies, such as blow molded, injection
molded, or rotomolded articles; extrusions; fibers; and woven or non-woven fabrics, Thermoplastic
compositions comﬁrising the present polvmers, include Blends with other natural or synthetic
polymers and additives, including the previousiy mentioned reinforcing agents, fillers, ignition
resistant additives, antioxidants, heat and light stabiiizéﬁis_, ‘colorants, sxienders, crossimleers,
blowing agents, plasticizers, flame retardants, anti-drip agents, ubricants, slip additives, anti-
blecking aids, antidegradants, softeners, waxes, and pigments.

Fibers that may be prepared from the present polymers or blends include staple fibers, tow,

multicomponent, sheath/core, twisted, and monofiiament. Suitabie fiber forming processes nclude

spinbonded, melt blown technigues, as disclosed in USP’s 4,430,563, 4, 663,220, 4,668,566, and
4,322,027, gel spun fibers as disclosed in USP 4,413,110, woven and nonwoven fabrics, as
disclosed in USP 3,483,706, or structures made from such fibers, including blends with other ﬁbers,

such as polyester, nylon or cotton, thermoformed articles, extruded shapes, incinding profile
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extrusions and co-extrusions, calendared articles, and drawn, twisted, or crimped yarns or ﬁbers.
The new polymers described herein are aiso useful for Wil‘B’ and cable coating operations, as well as
in shest extrusion for vacuum forming operations, and forming moided articies, meliding the use of
injection molding, blow molding process, or rofomolding processes. Compositions comprising the
olefin polymers can aiso be formed into fabricated articles such as those previously mentioned
using conventional polyolefin processing techniques which are well known to thoss skilled in the
art of polyolefin processing. ‘

Dispersions (both aqueous and non-aqueous) can also be formed using the present polymers
or formuiations comprising the same. Frothed foams comprising the invented palymers can aiso be
formed, nsing for example the process disclosed in WO04/021622. The polymers may also be
cresslinked by any known means, such as the use of peroxide, electron beam, silane, azide, or other
cross-linking technique. The polymers can also be chemiéaiiy modified, such as by grafting (for
exampie by use of maleic anhydride (MAH), silanes, or other grafting agent), baiogena’nor
amination, sulfonation, or other chemical modification.

Suitable polymers for blending with the polvmers of the invention include thermoplastic
and non-thermoplastic polymers including natural and synthetic polymers. Exemplary polymers for
blending include polypropyiene, (both impact modifying polypropylene, isotactic polypropylens,
atactic polypropylene, and random ethyiene/propylene copolymers), various types of polyethyiene,
including high pressure, free-radical LDPE, Ziegler Natta LLDPE, meiallocene PE, mciuding
multiple reactor PE (“in reactor” blends of Ziegler-Natta PE and meiallocens PE, such as products
disclosed in USP’s 6,545,088, 6.538,070, 6,566,446, 5,844,043, 5,869,575, and 6,448,341, ethylene-
vinyl acetate (EVA), ethylene/ vinyl alcohol copolyméré, polystyrene, impact modified polystyrene,
ABS, styrene/butadiene block copolymers and hydrogenated derivatives thereof {(SBS and SEBS),
and thermoplastic polyorethanes. Flomogeneous polymers such as olefin plastomers and
elastomers, ethylene and propylene-based copolymers (for example polymers availabie under the
trade designation VERSIFY™ gvatiable from The Dow Chemical Company and VISTAMAX Y™
available from ExxonMobil can also be useful as componenis in blends comprising the present
polymer composition.

The blends may be prepared by mixing or kneading the respective components at a

temperature around or above the melt point temperature of one or both of the components. For

most of the present compositions, this temperature may rb‘e above | 30°C., 145° C., or even above

150°C. Typical polymer mixing or kneading equipméﬁt' that is capable of reaching the desired
temperatures and melt plastifying the mixture may be employed. These include mills, leneaders,
extruders (both single serew and twin-screw), Banbury mixers, and calenders. The sequence of

mixing and method may depend on the final composition. A combination of Banbury batch mixers

66



10

30

and continuous mixers may also be employed, such as a Banbury mixer followed by a mill mixer
followed by an extruder.

The blend compositions may contain processing oils, plasticizers, and processing aids.
Rubber processing oils have a certain ASTM designations and paraffinic, napthenic or aromatic
process oils are all suitable for use. Generally from 0 65150 parts, more preferably 0 o 100 parfs,
and most preferably from G to 50 parts of oil per 100 parts of total polymer composition are
employed. Higher amounts of oil may tend to improve the processing of the resulting product at the
expense of some physical properties. Additional processing aids include conventional waxes, fatty
acid salts, such as calcium stearate or zinc stearate, (polylalcohols including glycols, (poly)atcoho!
ethers, including ghycol sthers, (poly)esters, including {poly)giycol esters, and metal salt-, especially
Group 1 or 2 metal or zinc-, salt derivatives thereof.

Compositions according to the mvention may also contain anti-ozonants and anti-oxidants
that are known to a person of ordinary skill. The anti-ozonants may be physical protectants such as
waxy materials that come fo the surface and protect the part from Oxygen or ozong or they may be
chemical protectors that react with oxygen or ozone. Si;itable chemical protectors include

styrenated phenols, butylated octylated phenol, butylated di(dimethylbenzyl) phenol, i

. phenylenediamines, butylated reaction products of p-cresol and dicyclopentadiene (DCPD),

poiyphenolic anitioxidants, hydroguinone derivatives, quinoline, diphenylene antioxidants, thioester
antioxidants, and blends thereof. Some representative trade names of such products ars Wingstay™
3 antioxidant, Polystay™ 100 antioxidant, Polystay™ 160 AZ antioxidant, Polystay™ 200
antioxidant, Wingstay™ [, antioxidant, Wingstay™ LHLS antioxidant, Wingstay™ K antioxidant,
Wingstay™ 29 anticxidant, Wingstay™ SN-1 antioxidant, and Irganox™ éntioxidants. In some
applications, the antioxidants and antiozonants used will preferably be non-staining and non-
migratary,

Fbr providing additional stability against UV radiation, hindered amine Hight stabilizers
(HALS) and UV absorbers may be aiso used. Suitable examples include Tinuvin™ 123, Tinuvin™
144, Tinwvig™ 6,.4,, Tinuvin™ 765, Tinuvin™ 77{),' aﬁd'TinuvinTM 786G, available from Ciba
Specialty Chemicals, and Chemisorb™ T944, availabll'e‘ from Cytex Plastics, Houston, TX, USA. A
Lewis acid may be additionally inciuded with a HALS campound in order to achieve superior
surface quahty as disclosed m USP 6,051,681,

For some composxtmnsj addrtional mzxmw process may be employed to pre- dxsperse the

an’n oxidants, anti-ozonants, pigment, UV absorbers and/or Hght stabilizers to form a masterbatch
and subsequently to form polymer blends therefrom.
Certain compositions according to the invention, especially those containing the remmant of

a conjugated diene comonomer, may be subsequently crosslinked to form cured compositions.
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Suitable crossiinking agents (also referred to as curin g or vulcanizing agents) for use herein include
sulfur based, peroxide based, or phenolic based compouﬁdq Examples of the foregoing materials
are found in the art, including in USP*s: 3,758, 643, 3,806,558, 5,051, 478, 4,104,210, 4,130,535,
4,202,801, 4,271,049, 4,340,684, 4,250,273, 4,927,882, 4,31 1,628 and :,248,729.

When sulfur based curing agents are employed, accelerators and cure ectivators may be
used as well. Accelerators are used to control the time and/or temperature reguired for dynamic
vuicanization and to improve the properties of the resulting cross-linked article. In one )
embodiment, 2 single accelerator or primary accelerator is used. The primary accelerator(s) may be
used in total amounts ranging from 0.5 to 4, preferably 0.8 to 1.5, phr, based on total composition
weight. In another embodiment, combinations of a primary and a secondary acceierator might be
used with the secondary accelerator t t)emg used in smaller amounts, such as from 0.05 to 3 plr, in
order to activate and fo improve the pr opemes of the cured article. Combinations of accelerators
generally produce articles having properties that are somewhat better than those produced by use of
a single accelerator. In addition, delayed action accelerators may be used which are not affected by
normal processing temperatures vet produce a satisfactory cure at ordinary vulcanization

temperatures. Vulcanization retarders might also be used. Suitable types of accelerators that may

'be used in the present invention are amines, disulfides, guanidines, thioureas, thiazoles, thiurams,

sulfenamides, dithiocarbamates and xanthates. Preferably, the primary accelerator is 2 sulfenamide.
I a second accelerator is used, the secondary accelerator is proferably a guanidine, dithiocarbarnate
or thiuram compound, Certain processing aids and cure activators such as stearic acid and ZnO
may also be used. When peroxide based curing agents are used, co-activators or coagents may be
used in combination therewith. Suitable coagents ineiﬁde trimethylolpropane friacrylate (TMPTA),
trimetiylolpropane trimethacrylate (TMP TMA), trxalEyI cyanurate (TAC), triallyl isocyanurate
{TAIC), among others. Use of peroxide crosslinkers and optional coagents used for partial or
complete dynamic vuicanization are known in the art and disclosed for example in the publication,
"Peroxide Vulcanization: of Elastomers®, Vol. 74, No 3, July-August 2001.

The degree of crosslinking in a cured composition according to the invenition may be
measured by dissolving the composition in a solvent fora specified duration, and calculating the
percent gel or unexiractable rubber. The percent gei normally increases with increasing
crosslinking levels. For cured articles according to the mvention, the percent get content is
desirably in the range from 5 to 100 percent. ' o )

The present compositions and blends thereof uniquely possess improved melt strength
properties due to the presence of the high molecular we.ight component and unigue molecular
weight distribution, thereby allowing the present com}‘:;q-'s‘i'iions and biends thereof to be usefully

employed in foam and in thermoforming applications where high melt strength is desired.
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Thermoplastic compositions according to the invention may also contain organic or
inorganic fillers or other additives such as starch, taic, calcium carbonate, glass fibers, polymeric
fibers (including nylon, rayon, cotton, polyester, and polyaramide), metal fibers, wire, mesh, flakes
or particles, expandable layered silicates, phosphartes or carbonates, such as clays, mica, silica,
alumina, aluminosilicates or aluminophosphates, carbon whiskers, carbon fibers, nanoparticles
meluding nanotubes and nonofibers, wollastonite, graphite, zeolites, and ceramios, such as silicon
carbide, silicon nitride or titanias. Silane based oils or other coupling agents may also be employed
tor better filler bonding. Additional suitabie additives include tackifiers; oils, including paraffinic
or napthelenic oils; and other natural and synthetic poelymers, inciuding other polymers according to
the invention.

The polymer compositions of this invention, including the foregoing blends, may be

processed by conventional molding techniques such as injection molding, extrusion molding,

‘thermoforming, slush molding, over molding, insert molding, blow molding, and other technigues,

Films, inchuding multi-layer films, may be produced by cast or tentering processes, inctuding blown

film processes.

Testing Methods | , - ’

In the foregoing characterizing disclosure and the exmples that follow, the following
analytical techniques may be employed:
Standard CRYSTAF Method

Branching distributions are determined by crystallization analysis fractionation
(CRYSTAF) using a CRYSTATF 200 unit commercially available from PolymerChar, Valencia,
Spain. The samples are dissolved in 1,2,4 trichlorobenzene at 160 °C (0.66 mg/mL) for 1 hr and
stabilized at 95°C for 45 minutes. The sampling temperatures range from 95 e 30 °C at a cooling
rate of G, 2 °C/min. An infrared detector is used to measure the polymer solution concentrations.
The curnulative solublu concentration is measured as the polymer crystallizes while the temperature
is decreased. The analytical derivative of the cumulative profile reflects the short chain branching
distribution of the polymer. N

The CRYSTAF peak temperature and area are identified by the peak analysis module
included in the CRYSTAF Software (Version 2001 .b; PBlymerChar, Valencia, Spain). The
CRYSTAT peak finding routine identifies a peak temperature as a maximum in the dW/dT and the
area between the largest positive inflections on either side of the identified peak in the derivative

curve.
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DSC Standard Method

Differential Scanning Calorimetry resuits are deiermined using a TAL mode! Q1000 DSC
equipped with an RCS cooling accessory and an autosampler. A nitrogen purge gas flow of 50
ml/min is used. The sample is pressed into a thin film and melted m the press at 175°C and then
air-cooled to room temperature (25 °C). About 10 mg of material in the form of 2 5-6 mm diameter
disk is accurately weigheﬁ and placed in an aluminum foil pan {ca 50 mg) which is then crimped
shut. The thermal behavior of the sample is mvestigated with the following temperature profile.
The sample is rapidly heated to 180°C and held isothermal for 3 minutes in order 1o remove any
previous thermal history, The sampie is then cooled to 40°C at 10°C/min cooling rate and held at -
40°C for 3 minutes. The sample is then heated to 150 °C at 10°C/min. heating rate, The cooling
and second heating curves are recorded,

The DSC melting peak is measured as the maxlmum in heat flow rate (W/g) with respect to
the linear baseline drawn between -30 °C and end of meltmcr The heat of fusion is measured as the
area under the meliing curve between -30-°C and the end of melting using a linear baseline.
Abrasion Resistance

| Abrasion resistance is measured on compression molded plagues according to ISO 4649,

The average value of 3 measurernents is reported. Plaques of 6.4 mm thick are compression molded

using a hot press (Carver Model #4095-4PR 1 00IR). The pellets are placed between

poivtetraflucrosthylene sheets, heated at 190 °C at 55 psi (380 kPa) for 3 min, foliowed by 1.3 MPa
for 3 min, and then 2.6 MPa for 3 min. Next fhe film is cooled in the press with running cold water
at 1.3 MPa for 1 min.
GPC Method

The gel permeation chromatographic system consists of either a Polymer Laboratories
Model PL-210 or a Poiymer Laboratories Model PL-220 instrument. The column and carousel
compartments are éperated at 140 °C, Three Poiymeriefbor&tories L0-micron Mixed-B columns are
used. The solvent is 1,2,4 trichlorobenzene. The samples are prepared at a concentration of 0,1
grams of polymer in 50 milliliters of solvent containing 200 ppm of butyiated hydroxwoluene
(BEIT). Samples are prepared by agitating lightly for 2 hours at 160°C. The i mjection volume used
is 100 microliters and the flow rate is 1.0 mi/minute.

Calibration of the GPC column set is performed with 21 narrow molecular weight

distribution polystyrene standards with molecular weights ranging Hom 580 to 8,400, OOO arranged

© in 6 “cocktail” mixtures with at least a decade of separation between mdzvxdual melecular weights.

The standards are purchased from Polymer Laberatories (Shropshire, UK). The polystyrene
standards are prepared at 0.025 grams in 50 milliliters of solvent for molecular weights equal to or

greater than 1,000,000 and 0.05 grams iti 30 milliliters o_f solvent for molecular weighits less than -
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1,000,000. The polystyrene standards are dissolved at 80 °C with gentle agitation for 30 minutes.
The narrow standards mixtures are run first and in order of decreasing highest moiecular weight
component to minimize degradation. The polystyrene standard peak molecular weights are
converted to polyethylene molecular weights usin g the following equation {as descrived in Williams

and Ward, J. Polvm. Sci., Polym. Let., 6, 621 (1968)) Mipsiyetnyiene = 0.43 MM potystyrens. -

Polyetheylene equivalent molecular weight caiculations are performed using Viscotek
TriSEC software Version 3.0.
Compression Set

Compression set is measured according to ASTM 1> 395, The sample is prepared by
stacking 25.4 mm diameter round discs of 2.2 mm, 2.0 mm, and 0.25 mm thickness until a total
thickness of 12.7 mm is reached. The discs are cut from 12.7 om x 12.7 em compression molded
plaques molded with a hot press under the following conditions: zero pressure for 3 min at 180°C,
followed by 86 MPa for 2 min at 190°C, followed by cooling inside the press with cold Tunning
water at §6 MPa.
Density

Density measurement are conducted according to ASTM D 1928, Measurements are made
within one hour of sample pressing using ASTM D792, Method B.
I‘iexurai/ Secant Modulus

Samples are compression molded using ASTM D 1928. Flexural and 2 percent secant
moduli are measured according to ASTM 1-790,
Optical properties, tensile, bysteresis, and tear

Films of 0.4 mm thickness are compression molded using a hot press (Carver Modet #4095-
4PR1001R) The pellets are placed between polytetrafluaroethyiene sheets, heated af 190 °C at 55
psi {380 kPz) for 3 min, followed by 1.3 MPa for 3 min. and then 2.6 MPa for 3 min. The film is
then cooled in the press with running cold water at 1.3 MPa for | min. "The compression molded
films are used for optical measurements, tensils behavior, recovery, and stress relaxation.

Clarity is measured using BYK. Gardner Haze-gard as specified in ASTM D 1746,

45° gloss is measured using BYK Gdrdner Glossmeter Microgloss 45° as specified in
ASTM D-2457 .

Internal haze is measured using BYK Gardner Haiemgard based on ASTM D 1003
Procedure A. Mineral oil is applied to the fiim surface o remove surface scratches. o
| Strass—straih behavior in uniaxial tension 1s measured using ASTM D f’]dS- microtéﬁsile
specimens. Samples are stretched with an Instron at 500 percent (%) min” at 21°C. Tensile

strength and elongation at break are reported from an average of 5 specimens.
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100% and 300% Hysteresis is determined from eyelic loading to 100% and 300% strains
according to ASTM D 1708 with an Instron™ instrument. The sample is loaded and unloaded at
267 % min™ for 3 cycles at 21°C, Cyclic experiments at 300% and 80°C are conducted uging an

environmental chamber. In the 80 °C experiment, the sample is allowed to equilibrate for 45

mirutes at the test temperature before testing. In the 21 ‘°C, 300% strain cyclic expertment, the

retractive stress at 150% strain from the first unloading cycle is recorded. Percent recovery for all
experiments are calculated from the first unloading cycle using the strain at which the load retumed

to the base line. The percent recovery is defined as:

£, -8,
Y Recovery = -2 %100

<5

witere g is the strain taken for cyclic loading and ¢, is the strain where the load returns to
the baseline during the 1* unloading cycle. _

Stress relaxation is measured at 50 percent strain and 37 °C for 12 hours using an Instron™
instrument equipped with an environmental chamber. “The gauge geometry was 76 mm x 25 mm x
0.4 mm. After equilibrating at 37°C for 45 min in the envirﬁmnental chamber, the sample was
stretched to 50% strain at 333% min”, Stress was recorded as a function of time for 12 hor;u's. The
percent stress relaxation after 12 hours was calcutaied using the formula:

Ly—L
%6 Stress Relaxation = -2 —12. 5100
3
where L; is the load at 50% strain at 0 time and L5 is the load at 50 percent strain after 12 hours.

Tensile notched tear experiments are carried out on samples having a density of 0.88 g/oc or
less using an Instron™ instrument. The geometry consists of a gauge section of 76 inm x 13 mm x
0.4 mm with a 2 mm notch cut into the sample at half the specimen length. The sampie is stretched
at 5'08 mm min~ at 21 °C until it breaks. The tear energy is calculated as the area upder the stress-
elongation curve up to strain at maximem load. An average of at least 3 specimens zre reported. -
TIVIA ‘

Thermal Mechanical Analysis is conducted on 30mm diameter x 2.3 mm thick, compression
molded discs, formed at 180°C and 10 MPa molding pressure for 5 mimutes and then air quenched,
The instrument used is a TMA 7, brand available from Perkin-Elmer. In the test, a probe with 1.5
mm radius tip (P/N N519-0416) is applied to the surface of the sample disc with IN force. The
temperature 15 raised at 3°C/min from 25°C. The probe penetration distance is measured as
function of temperature. The experiment ends when the probe has penetrated 1 mm into the sampie.
DMA
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Dynamic Mechanical Analysis (DMA) is measured on compression reolded disics formed in
ahot press at 180°C at 10 MPa pressure for 5 minutes and then water cooled in the press at 90°C /
min. Testing is conducted using an ARES controlied strain rheometer (TA instruments) equipped
with dual cantilever fixtures for torsion testing.

A 1.5mm plague is pressed and cut in 2 bar of dimensions 32x12mm. The sampie is
clamped at both ends between fixtures separated by 10mm {grip separation AL) and subjested to
suceessive temperature steps from -100°C to 200°C (5°C per step}. At each temperature the forsion
modulus G is measured 2t an angular frequency of 10 rad/s, the strain amplitude being maintained
between 0,] pércent and 4 percent to ensure that the forque is sufficient and that the measurement
remains in the linear regime.

An initial static force of 10 g is maintained (auto-tension mode) to prevent slack in the
sample when thermal expansion occurs. As a consequence, the grip separation AL increases with
the temperature, particularly above the melting or softening point of the polymer sample. The test
stops at the maximum temperature or when the gap between the fixtures reaches 65 mm.

Peliet Bloeking Behavidr |

Pellets (150 g) are loaded into a 2 inch {5 om) diameter hollow cylinder that is made of two
halves held together by 2 hose clamp. A 2.75 Ib (1.25 kg) load is applied to the pellets in the
cylinder at 45 °C for 3 days. After 3 days, the pellets loosely consolidate into a cylindrical shaped
plug. The plug is removed from the form and the pell_ef blocking force measured by loading the
cylinder of blocked pellets in compression using an Insﬁohm instrument to measure the
compressive force needed to break the cylinder into pe’ﬂe‘rs.

Melt Properties

Melt Flow Rate (MFR) and Melt index, or I, are measured in accordance with ASTM
D1238, Condition 190°C/2.16 kg.

ATREF

Analytical temperature rising elution fractionation (ATREF) analysis is conducted
according te the method described in USP 4,798,081, The composition to be analyzed is dissolved
in trichlorobenzene and allowed to crystallize in a column containing an inert support (stainless
sieel shot) by siowly reducing the temperature to 20 °C at a cooling rate of 0.1 °C/min. The column
is equipped with an infrared detector. An ATREF chromatogram curve is then generated by eluting
the crystallized pelymer sample from the column by slowly increasing the temperature of the

eluting solvent (trichlorobenzene) from 20 to 120 °C dt a rate of 1.5 °C/min.
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Specific Embodiments

The following specific embodiments of the invention and combinations thereof are
especially desirable and hereby delineated in order to provide detailed disciosure for the appended
claims.

1. A process for preparing a branched polymer comprising polymerizing one or more
addition polymerizable monomers and a polymerizable shuttling agent in the presence of at least
one addition polymerization catalyst comprising a metal compound or compiex and a cocatalyst
under conditions characterized by the formation of a branched polymer.

2. A process according to embodiment 1 wherein at least some of the branches are
long chain branches formed from the polymerization of two or more monormer units,

3. The process according to embodiment | wherein different segments of the polymer
are prepared under differing process conditions.

4, The process of embodiment 1 wherein two or more polymerization catalysts are
employed. in the polymerization. .

5. The process of embodiment 4 wherein ﬂlé twWo or more polymerization catalysts are
employed in separate polymerization reactors connected i series,

6. The process of embodiment 4 wherein the polymerization is conducted in a single
reactor. '

7. A process according to embodiment ! wherein the catalyst comprises a metal

. complex corresponding to the formula:

N og®
R f/ 1
M

wherein;

RY is selected from alkyl, cycloalkyl, heteroal kyl cycloheteroalkyl, aryl, and inertly
subsnmted derivatives thereof containing from 1 to 30, atoms not counting hydrogen or a divalent
derivative thereof: ‘

T! is a divalent bridging group of from 1 to 41 atoms other than hydrogen, preferably 1 to
20 atoms other than hydrogen, and most preferably a mono- or di- Cy.0 hydrocarbyi substituted
methylene or silane group; and

R%isa Cs.0 heteroary! aroup containing Lewis base functionality, especially a puridin-2-.
vi- or substituted pyridin-2-yl group or a divalent derivative therect:

M’ is 2 Group 4 metal, preferably hafniurm;

X* is an anionic, neutral or dianionic ligand group;
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x' is a number from 0 to 5 indicating the number of sach X' groups; and
bouds, optional bonds and eleciron donative interactions are represented by lines, dotted lines
and arrows respectively, or

ametal complex corresponding to the formula:

N
jMZ sz"
5 =
T

M is a metal of Groups 4-10 of the Periodic Table of the elements ;

whereim -

T isa nitrogen, oxygen or phosphorus confaining group;
X* is hale, hydrocarbyl, or hydrocarbyloxy;
tis one or twao;
%" 15 a number selected to provide charge balance;
and T° and N are linked by a bridging ligand.
8.‘ A process for preparing a multiply branched copolymer comprising:
polymerizing one or more olefin monomers in the presence of an olefin polymerization
catalyst and & polymerizable shuttling agent, thereby causing the formation of at least soms quantity
of an initial polymer terminated by a shuttling agent and contanung addition polymerizable
functional groups thersin;
continuing polymerization in the same or a different polymerization reactor, optionally
the presence of one or more additional polymerization i:zitalysts, cocatalysts, monomers, or chain
shuttling agents, so as to form a second polymer segmént bonded to some or ali of the initial
polymer by means of the addition polymerizabie funcﬁénality of the polymerizable shuttling agent.
9. A process for preparing a multiply branf:hed copolymer comprising:
polymerizing one or more olefin monomers in T:h'= presence of an olefin poiymerlzanon
catalyst and a polymerizable shuttling agent in 2 polymerization reacior thereby causing the |
formation of at least some quantity of an initial polymer containing shuttiing agent funciionality
polymerized therein;
ciischafging the reaction product from the first reactor or zone 1o 2 second polyerization
reactor or zone operating under polymerization conditions that are distinguishabie from those of the
first polymerization reactor or zone;
" transferring at least some of the initial pbkymer"éontaining shﬁttllingr agent ﬁmctionélityﬂto

an active catalyst site in the second polymerization reactor or Zoneg; and
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conducting polymerization in the second polymerization reactor or zone so as to form a
second polymer segment bonded to some or all of the initial polymer and having distinguishable
polymer properties from the initial polymer segment.

16, A. process for prepating a multiply branched, pseudo-block copolymer comprising,

polymerizing ons or more olefin monomers in the presence of an olefin polymerization
catalyst and a polymerizable shuttling agent, thereby causing the formation of at least some gquantity
of an initial polymer terminated by 2 shuttiing agent and containing addition polymerizable
functional groups therein; '

continﬁing palymerization in the same or a different polymerization reactor, opticnally in
the presence of one or more additional polymerization catalysts, cocatalysts, monomers, or chain
shuttling agents, so as to form a second polymer segment that is distinguishable from the initial
polymer segment and bonded to some o alf of the initial polymer by means of the addition
polymerizable functionality of the polymerizable shuttling agent,

9. A process for preparing a multiply branched pseudo-block copolymer comprising:

polymerizing one or more olefin monomers in the presence of an olefin polymerization
catalyst and a nolymenzable shuttling agent in & po]ymenzauon reactor thereby causing the
formation of at least some quantity of an initial poiymer containing shuttling agent functionaiity
polvmenzed therein;

discharging the reaction product from the first reﬁctor or zone fo a second poiymeﬁzaﬁon
Feactor or zone operating under polymerization conditions that are distinguishable from those of the
first polymerization reactor or zone;

transferring at least some of the initial polymer containing shuttling agent functzonahty to
an active catalyst site in the second polymerization reactor or zone; and 7

condueting polymerization in the second polymerization reactor or zone so as to form a
second polymer segment that is distinguishable from the initial polymer segment and bonded to
somze or all of the initial polymer segments,

i2. A branched pseudo-block copolymer. . -

13 A multiply branched pseudo-block coﬁd]ymer according to embodiment 12,

14. A multiply branched, pseudo-biock cdﬁoiymer according to embodiment 13 having

a comb type of molecular architecture.

15 A bxanohed or multiply branched, pseudo-bioc}\ copolymer accordmg toanyoneof

embod;{ments 12 14 comprising in polymerized form ethylene and a copolymerizable comonomer
having from 3 to 20 carbons.
16. A branched or muliiply branched pseudo-block copolymer according to

embodiment 15 comprising in polymerized form ethylene and a copolymerizable comonormer,

76



10

20

propylene and at least one copolymerizable comonomer having from 4 to 20 carbons, or 4-metiyyi-1-
pentene and at jeast one different copolymerizable comonomer having from 4 to 20 carbons.

17, A. polymer mixture comprising: (1) an organic or inorganic polymer, preferably a
homopolymer of ethylene, a copolymer of ethylene and a copolvmerizable comonomer having from
3 to 20 carbons, or a homopolymer of propylene; and (2) a branched or multiply branched pseudo-
block copolymer according to embodiment 15 or prepared according to the process of any one of
embodiments 1-9.

The skilled artisan will appreciate that the invention disclosed herein may be practiced in

the absence of any component which has not been specifically disclosed,

Examples

The following examples are provided as furt’ne;_ illustration of the invention and are not to
be construed as Itmiting. The ferm “overnight”, if used, refers o a time of approximately 16-18
hours, the term “room temperature™, refers to a tempera%ﬁra of 20-25 °C! and the term “mixed
alkanes” refers to a comxﬁercialiy obtained mixture of Cg aliphatic hydrocarbons available under
the trade designation fsopar B, from Exxon Mobil Chemicals Inc. In the event the name of 2
compound hérein does not conform to the structural representation thereof, the structural
representation shali control. The synthesis of all metal complexes and the preparation of all
screening experiments were carried out in a dry nitrogen atmosphere using dry box techniques. All
solvents used were HPLC grade and were dried before their use.

MMAGO refers to modified methylalumoxane, a triisobutylaluminum modified
methylalumoxane avatlable commercially from Akzo-Noble Carporation.

Catalyst (A1) is [N-(2,6-di(1-methylethylyphenyDamido)(2-isopropyiphenyl) ci-
naphthalen-2-diyl(6-pyridin-2-diy[jmethane)thafium dimethyi prepared according to the teachings
of WO 03/40195, 2003US0204017, USSN 10/429,024, ﬁled May 2, 2003, and WO 04/24746.

CH{CHg)o

(H;C),HC Vs l/\
\%
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Catalyst (A2) is [N—(2,6~di(1~methylethyl)phenyl)amido)(2—methy1pheny1)(1,2-pheny§eue-
(6-pyridin-2-diyl)methane)thafnium dimethyl, prepared according to the teachings of WO
03/40195, 2003080204017, USSN 10/429,024, filed May 2, 2003, and WO 04/24740.

CHy

(HC)HC /CH_(}\_\/>

(H;CHHC CH, CH;

Catalyst (A3) is bis[NN""" —{2,4,6—iri(methylphenyl)amido)ethylsnediamine]hafnimn
dibenzyl.

H;CW CH,
; H
Y
\ / CH;
HN—HIX, K= CH,CeHs

CH,
N

e/
3 MCH;,
Catalyst (Ad) is bis((2-oxoyi-3 ~(dibenzo~1H—.p}}rrole—1 “yi)-5-{methyl)phenyl}-2-
phenoxymethyleyclohexane-1,2-divi zirconium (IV) dibenzyl, prepared substantially according to
10 the teachings of US-A-2004/0010103.
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Catalyst (AS) 1s (bis~(1 -metllyiethyl)(2»~0xoy1-3,5~di(t-butyl)phenyl)immino)zirconium
dibenzyl.
C(CHa)s
/CH(CH?,)B

= N O C{CH;3);

(HsCs o }\}"““““““
CHICHS), X=CH,CgHs
(CHz)
The preparation of catalyst {A3) is conducted as follows.

5 a) Preparation of (1-methviethyD(2-lwvdroxv-3,5-di(i-butyDinhenyDimine

3.5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopropylamine. The solution
rapidly turns bright yeliow. After stirring at ambient temperature for 3 hours, volatiles are removed
under vacuum to yield a bright vellow, crystalline solid (97 percent vield).

b} Preparation of {bis-(1-methvlethvI}2-oxovl-3.5-di(t-butyl)phenvllimmino) zirconium dibenzyi

10 A solution of (1-methyletbyl}(2-hydroxy-3,5-di(t-butylyphenylyimine (605 mg, 2.2 mmol} in
5 mL toluene is slowly added to a solution of Zr{CH,Ph), (500 mg, 1.1 mmol) in 50 mi toluene.
The resulting dark yellow solution is stirred for 30 min. Solvent is removed under reduced pressure
to yield the desired preduct as a reddishi-brown solid.
Catalyst (A6) is b1s-(1-(2-methyloyclohexylethyD(2-oxoyl-3, 5-di(t-butylyphenyl)immino)

15 zirconium dibenzyl

CICHz)s
HgC | ' \——-—
=N O C(CHy),
¥
A
oo N =
\  CH;

\_":_":X: X=CHaCeH;
{CHs); O

The preparation of catalyst (A6} Is conducted as follows.

a) }?renarati'on of (1 2~1ﬁet§wicv_c;iohexvi)et_h_vi)( 2—0_}:0%—3 S-dift-butvDphenviimine

2-Methyleyciohexylamine (8.44 mL, 64.0 mmol) is dissclved in methanol (90 mL}, and dri-r
26 t-butylsalicaldehyde (10.00-g, 42.67 numol) is added. The reaction mixture is stirred for three hours

and then cooled to -25 °C for 12 hrs. The resulting yellow solid precipitate is collected by filtration

75



 and washed with cold methanol (2 x 15 mL), and then dried under reduced pressure. The vield is
11.17 g of a yeliow solid. I‘H NMR is consistent with the desired product as a mixture of isomers,

b) Preparation of bis-{1-{ 2-methvlcvclohe}_cvl)ethvl)( Z-oxovl-3. 5-dift-butvlphenv])

immine)zirconium dibenzyl

Li

A solution of (i-(Z-methylcyclohexyDethy1)(2-oxoyl-3 -S-di(t-butyl)phenyl)imine (7.63 g,
23.2 mmol} in 200 mL toluene is slowly added to a solution of Zr{CHyPh)s (528 g, 11.6 mmol) in
600 mL toluene. The resulting dark vellow solution is stirred for 1 hour at 25 °C. The solution is
diluted further with 680 L. toluene to give a solution having a concentration of 000783 M.
Catalyst (A7) is (t-butylamido)dimethyl(3 -N-pyrrolyl-1,2,3,3a,72-1-inden-1-
10 ylsilanetitapium dimethy! prepared substantially according to the technigues of USP 6,268 444

. TiCHs),

!
C{CHy)s

Catalyst (A8) is (t—butylamidD)di(4—methy1pheny1)(Z—meﬂzyl—1 ,2.3,38,7a-n-inden-1-
vhsilanetitanium dimethyl prepared substantiaily according to the teachings of US-A-2003/004286:

_ 3 ; CH;
' N, . L(CHa)p
S
H,C C(CHa)s
15 Catalyst (A9} is (t-butyiamido)di(@-methykphenyi)&-methy% 1,2,3.3a,8a-n-s-indacen- 1 -

yDsilanetitanium dimethy! prepared substantially according to the teachings of US-A-2003/004286:
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Catalyst (A1D) is bis{dimethyldisiloxane)(indene-1-yl)zirconium dichioride avajiable from
Sigra-Aldrich:

e

Cocatalyst 1 A mixture of methvidi{Craqq allyDammoniom salts of
tetrakis(pentafluorophenyliborate (here-in-after armeenium borate), prepared by reaction of a long
chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.}, HCI and Li[B(CFs)a],
substantially as disclosed in USP 5,919,9883, Ex. 2. ,

Cocatalyst 2 Mixed Cyy5 alkyvidimethylammonium salt of bis(tris(pentafiuorophenyl)-
alurnane)-2-undecylimidazolide, prepared according to USP 6,395,671, Ex. 16.

Polymerizabie Shuttling Agents The polymerizable shutthing agents emploved include
(vinyljethylzinc (PSAT), (p-vinylbenzyliethylzine {PSA2), (vinyl)i-dodecylzine (PSA3}, {2-propen-
L-yD)(trimethylsilylmethyl)zinc (PSA4), (1.4-butylene) di{(Z-propen-1-yDzinc) (PSAS), 5-
hexenylzincbromide (PSAG), (2-propen-l-yhdimethylaluminum (PSA7), di(2~propen-1-
yhaluminumbromide (PSAS8), di(5-hexenyizine (PSAS), S-hexenylethylzine (PSA1 0), and (5~
hexenyl)t-butylzine (PSA11).

General High Throughput Parallel Polvmerization Conditions

Polymerizations are conducted using a high tﬁrbughput, parallel polymerizaiion reactor
(PPR) avajlable frozﬁ Symyx technologies, Inc. and operated substantially according to USP’s
6,248,540, 6,030,917, 6,362,309, 6,306,658, and 6,3 16,’5’563. Ethylene copolymerizations are
conducted at 130 °C and 80 psi (550 kPa) with ethviene Gn demand using 1.2 equivalents of
coocatalyst 2 based on total catalyst used. The PPR is comprised of 48 individual reactor celis in 4 &

x 8§ array cach fitted with a pre-weighed glass tube, The working volume in each reactor cell is

© 6000 uL. Bach cell is temperature and pressure controlied with stirring provided by individual -

stirring paddles. The monomer gas and quench gas {air) are plumbed directly into the PPR unit and
contrelled by automatic valves. Liquid reagents are robotically added to each reactor cell by

syringes and the reservoir solvent is mixed alikanes. The order of addition is mixed alkanes solvent
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(4 ml), ethylene, i-octene comonomer (143 mg), 0.419 umol cocaialyst, pﬁlymerizable shuttling
agent in the indicated amounts, and finally, 0.3495 mol catalyst A3, After quenching, the reactors
are cooled and the glass tubes are unicaded. The tubes are transferred to a centrifuge/vacuum
drying unit, and dried for 12 hours at 60 °C. The tubes containing dried polymer are weighed and
the difference between this weight and the tare weight gives the net vield of polymer. The resulting
polymer compositions are measured for melecular weight (Mw and Mn) using GPC, Polydispersity
Index (PDE=Mw/Mn) is calculated for each polyrner. The presence of some quantity both high and
low molecular weight polymer (bimodal PDI) is evidence of formation of some Quantity of a

branched copolymer according 1o the invention.
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CLAIMS:

1. A process for preparing a branched block polymer comprising:

polymerizing one or more addition polymerizable monomers and one or more
polymerizable moieties of a polymerizable shuttling agent in the presence of at least one
addition polymerization catalyst comprising a metal compound or complex and a cocatalyst
under polymerization conditions;

substituting a metal center functionality of the polymerizable shuttling agent with a
second catalyst to form a branching center in a growing polymer chain; and

continuing polymerization to form a branched block polymer.

2. A process according to claim 1 wherein at least some of the branches are long
chain branches formed from the polymerization of two or more monomer, units.

3. The process according to claim 1 comprising exposing the growing polymer
chain to different polymerization conditions; and forming differentiated segments arranged
intramolecularly within the polymer chain,

4. The process of claini I wherein the substituting comprises shuttling a polymer
segment between the second catalyst and the metal center functionality.

3. The process of ¢laim 1 wherein the two or more polymerization catalysts are
employed in separate polymerization reactors connected in series.

0. The process of claim 1 wherein the polymerization is conducted in a single
reactor.

7. A process according to claim 1 wherein the at least one addition polymerization
catalyst comprises a metal complex corresponding to the formula;

TE
N/ “~pi2

. \M'g.l v
wherein:
R is selected from alkyl, cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl, and inertly
substituted derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a
divalent derivative thereof;

T! is a divalent bridging group of from 1 to 41 atoms other than hydrogen; and

R'?is a Cy.p heteroaryl group containing Lewis base functionality, or a divalent
derivative thereof;

M' is a Group 4 metal;

X' is an anionic, neutral or dianionic ligand group;

x' is a number from 0 to 5 indicating the number of such X' groups; and
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bonds, optional bonds and electron donative interactions are represented by lines, dotted lines

and arrows respectively, or a metal complex corresponding to the formula:

N
C MTK2
T2 ’
wherein:

M- is a metal of Groups 4-10 of the Periodic Table of the elements;

T° is a nitrogen, oxygen or phosphorus containing group;

X? is halo, hydrocarbyl, or hydrocarbyloxy;

{15 one or twao;

x" is a number selected to provide charge balance; and

T% and N are linked by a bridging ligand.

8. A process for preparing a multiply branched pseudo-block copolymer
comprising:

polymerizing one or more olefin monomers, and one or more polymerizable moieties of
a polymerizable shuttling agent in the presence of an olefin polymerization catalyst in a
polymerization reactor thereby causing the formation of at least some quantity of an initial
polymer chain containing shuttling agent functionality polymerized therein;

discharging the reaction product from the first reactor or zone 10 a second
polymerization reactor or zone operating under polymerization conditions that are
distinguishable from those of the first polymerization reactor or zone;

substituting a metal center functionality of the polymerizable shuitling agent with an
active catalyst site in the second polymerization reactor or zone to form a branching center in
the initial polymer chain; and

conducting polymerization in the second polymerization reactor or zone so as to form a
second polymer segment bonded to some or all of the initial polymer chain and having
distinguishable polymer properties from the initiai polymer chain.

9. A process for preparing a multiply branched pseudo-block copolymer
comprising:

polymerizing one or more olefin monomers, and one or more polymerizable moieties of
a polymerizable shuttling agent (PSA) in the presence of an olefin polymerization catalyst,
thereby causing the formation of at least some quantity of an initial polymer chain terminated by
a shuttling agent and containing addition polymerizable functional groups therein;

substituting a metal center functionality of the polymerizable shuttling agent with a

second catalyst to form a branching center in the initial polymer chain; and
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contintuing polymerization in the same or a different polymerization reactor, optionally
in the presence of one or more additional polymerization catalysts, cocatalysts, monomers, or
chain shuttling agents, so as to form a second polymer segment bonded to some or all of the
initial polymer chain by way of the polymerizable moiety of the PSA.

10. The process of claim 7 wherein T! is a divalent bridging group of from ! to 20
atoms other than hydrogen.

i1, The process of claim 7 wherein T' is a mono- or di-C).z hydrocarbyl

substituted methylene or silane group.
12, The process of claim 7 wherein R'? is a substituted or unsubstituted pyridin-2-yl

group or a divalent derivative thereof.

13, The process of claim 1 wherein the polymerizable shuttling agent is selected

| from the group consisting of vinylmethylzine, (2-propene- -yhmethylzine, (2-buten-2-yl)

methylzine, (2-buten-3-yhmethylzine, (3-buten-1-yHmethylzine, (1 -butene-2-y)methylzine,
(1,3-butadiene-1-ylymethylzinc, 1,4-diphenyl=-(1,2,3,4~.n4-1,3-butadiene)benzyizinc, di(3-buten-
1-y1) zine, (p-vinylbenzyl)methyl zinc, (7octenyl)methylzine, di(7-octenyl)zine, diallylzinc,
(viny})ethylzine, (pvinylbenzybethylzinc, (vinyl)1-dodecylzinc, (2-propen-1-
yl)(trimethylsﬂylmethy!)zinc, (1,4-butylene)di((2-propen-1-yl)zinc), 5-hexenylzincbromide, (2-
propen-1yl)dimethylaluminum, di(2-propen-1-yDaluminumbromide, di(5-hexenyl)zinc, 3~
hexenylethylzine, and (5-hexenyl)t-butylzinc.

14, The process of claim 7 wherein the polymerizable shuttling agent is selected
from the group consisting of vinylmethylzinc, (2-propene-1-yDmethylzine, (2-buten-2-yl}
methylzinc, (2-buten-3-yi)methylzine, (3-buten-1-ylymethylzinc, (1-butene-2-yl)methylzinc,
(1,3-butadiene-1-ymethylzine, i,4~diphenyl~(l,2,3,4-1’;4—1,3-butadiene)benzylzinc, di (3-buten-
1-y1) zinc, (p-vinylbenzyDmethyl zinc, (Toctenylymethylzine, di(7-octenyl)zine, diallylzinc,
(vinyDethylzine, (pvinylbenzylethylzinc, (vinyl)1-dodecylzine, (2-propen-1-
yl)(trimethylsilylmethyl)zine, (1,4-butylene)di((2-propen-1 -yl)zine), 5-hexenylzincbromide, (2-
propen-1yl) dimethylaluminum, di(2-propen-1-yl)aluminumbromide, di(5-hexenyl)zine, 5-
hexenylethylzine, and (5-hexenyl)t-butylzinc.

15. The process of claim § wherein the polymerizable shuttling agent is selected
from the group consisting of vinylmethylzinc, (2-propene-1-ylymethylzine, (2-buten-2-yl)
methylzine, (2-buten-3-ylymethylzine, (3-buten-1-ylymethylzinc, ( 1-butene-2-yl)methyizinc,
(1,3-butadiene-1-yl)methylzine, 1 ,4—dipheny1—(l,2,3,4-1]4—1 ,3vutadiene)benzylzine, di(3-buten-
1-y1) zinc, (p-vinylbenzyhmethyl zinc, (7octenyl)ymethylzine, di(7-octenyl)zine, diallylzinc,
(vinyl)ethylzinc, (pvinylbenzyl) ethylzine, (vinyl)1-dodecylzinc, (2-propen-1 -yi)
(trimethylsilylmethyl)zinc, (1,4—butylene)di((2~pr0pen—1—yl)zinc), 5-hexenylzincbromide, (2-
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propen-1yl) dimethylaluminum, di(2-propen-1-yhaluminumbromide, di{5-hexenyl)zinc, 5-
hexenylethylzine, and (5-hexenyljt-butylzinc.

16. The process of claim 9 wherein the polymerizable shuttling agent is selected
from the group consisting of vinylmethylzinc, (2-propene-1-yl)ymethylzinc, (2-buten-2-
vl Ymethylzing, (2-buten-3-yl)methylzine, (3-buten-1-yl)methylzinc, (1-butene-2-ylymethylzinc,
(1,3-butadiene-1-yl)methylzine, 1,4-diphenyl-(1 2.3.4-n"-1,3-butadiene)benzylzinc, di(3-buten-
1-y1 )zine, (p-vinylbenzyl)methyl zinc, (7octenyl)methylzine, dif7-octenyl)zine, diallylzinc,
(vinyl)ethylzine, (pvinylbenzyljethyizine, (vinyl}1-dodecylzinc, (2-propen-1-
yl)(trimethylsilylmethyljzinc, (1,4-butylene)di({2-propen-1-yl)zinc), 5-hexenylzincbromide, (2-
propen-1yl) dimethylaluminum, di(2-propen-1 -yhaluminumbromide, di(5-hexenyl)zing, 5-

hexenylethylzinc, and (5-hexenyl)t-butylzinc.

17. A process according to claim 8 wherein the catalyst comprises a metal complex
corresponding to the formula:
!
S
/ \ /
11 !
R MK

wherein:
R is selected from alkyl, cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl, and inertly

substituted derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a
divalent derivative thereof}

T' is a divalent bridging group of from 1 to 41 atoms other than hydrogen; and

R is a Cs.5 heteroaryl group containing Lewis base functionality or a divalent
derivative thereof;

M' is a Group 4 metal;

X' is an anionic, neutral or dianionic ligand group;

x'is a number from 0 to 5 indicating the number of such X' groups; and

bonds, optional bonds and electron donative interactions are represented by lines, dotted

lines and arrows respectively, or a metal complex corresponding to the formula:
N
C M2
T2
4
wherein:

M? is a metal of Groups 4-10 of the Periodic Table of the elements;

T2 is 2 nitrogen, oxygen or phosphorus containing group;
X? is halo, hydrocarbyl, or hydrocarbyloxy;
t is one or two;

x" is a number selected to provide charge balance; and

86



10

15

20

25

30

MCSLLP
T? and N are linked by a bridging ligand.
18. A process according to claim 9 wherein the olefin polymerization catalyst

comprises a metal complex corresponding to the formula:

Tl

/N/ Sy
RJL"\'*M"/;{’ .

whetein:

R is selected from alkyl, cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl, and inertly
substituted derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a
divalent derivative thereof;

T'is a divalent bridging group of from 1 to 41 atoms other than hydrogen; and

R'?is a Cs.p heteroaryl group containing Lewis base functionality or a divalent
derivative thereof;

M' is a Group 4 metal;

X' is an anionic, neutral or dianionic ligand group;

x' is a number from 0 to 5 indicating the number of such X' groups; and

bonds, optional bonds and electron donative interactions are represented by lines, dotted

lines and arrows respectively, or a metal complex corresponding to the formuia:
N
C MEXZ
'}*E
7
wherein:

M? is a metal of Groups 4-10 of the Periodic Table of the elements;
T° is a nitrogen, oxygen or phosphorus containing group;

X is haio, hydrocarbyl, or hydrocarbyloxy;

t is one or two;

x" is a number selected to provide charge balance; and

T? and N are linked by a bridging ligand.

19. A branched pseudo-block copolymer comprising:

two or more distinguishable blocks or segments comprising polymerized ethylene and
one or more c-olefins, the blocks characterized by a most probable distribution of block
sizes and joined by a remnant of a polymerizable shuttling agent.

20. The branched pseudo-block copolymer of claim 19 comprising a branch point

comprising the remnant of the polymerizable shuttling agent.
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21. The branched pseudo-block copolymer of ¢laim 19 comprising a most probable

distribution of block lengths.
22. The branched pseudo-block copolymer of claim 19 comprising a comb type of

molecular architecture.
23. The branched pseudo-block copolymer of claim 19 having a polydispersity

index greater than 1.8.

24, The branched pseudo-block copolymer of claim 19 wherein the blocks are
different in a property selected from the group consisting of monomer identity, comonomer
identity, comonomer composition distribution, crystallinity, density, tacticity, regio-error, and
combinations thereof.

25. The branched pseudo-block copolymer of claim 19 comprising a backbone
composed of a first polymer and branches composed of a second polymer different than the first

polymer.
26. The branched pseudo-block copolymer of claim 19 comprising at least three

metals.

27. The branched pseudo-block copolymer of claim 19 comprising zinc.

28, The branched pseudo-biock copolymer of claim 19 comprising a functional
group.

29, A multiply branched pseudo-block copolymer comprising:

an ethylene/a-olefin block copolymer characterized by a most probable distribution
of block sizes and comprising a plurality of branch points, each branch point composed of a
remnant of a polymerizable shuttling agent; and

at least one polymer segment extending from each branch point and forming a branch-
on-branch molecular architecture.

30. The multiply branched pseudo-block copolymer of claim 29 comprising a
backbone composed of a first polymer and the polymer segments composed of a second
polymer different than the first polymer.

31. The multiply branched block copolymer of claim 29 comprising in polymerized
form ethylene and a copolymerizable comonomer, propylene and at least one copolymerizable

comonomer selected from the group consisting of a C4-Cae hydrocarbyl group, 4-methyl-1-

pentene, and combinations thereof,
32. The multiply branched pseudo-block copolymer of claim 29 wherein the

remnant of polymerizable shuttling agent comprises zinc.

33, The multiply branched pseudo-block copolymer of claim 12 comprising less

than 2 percent gel content.
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34, The multiply branched pseudo-block copolymer of claim 12 comprising a

functional group.
35. A polymeric blend comprising:
(1) a first polymer; and
5 (2) a branched pseudo-block copolymer comprising two or more distingnishable blocks
or segments comprising pelymerized ethylene and one or more o.-olefins, the blocks

characterized by a most probable distribution of block sizes and joined by a

remnant of a polymerizable shuttling agent.

36. The polymeric blend of claim 35 wherein the first polymer is selected from the

10 group consisting of an ethylene-based polymer and a propylene-based polymer.
37. The polymeric blend of claim 35 wherein the first polvmer is an ethylene-based

polymer sclected from the group consisting of ethylene homopolymer and ethylene/a-olefin

copolymer.
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