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CATALYST COMPOSITION COMPRISING SHUTTLING AGENT FOR
ETHYLENE MULTI-BLOCK COPOLYMER FORMATION

Cross Reference Statement

This application claims the benefit of U.S. Provisional Application No. 60/553,906, filed
March 17, 2004, For purposes of United States patent practice, the contents of this provisional

application are herein incorporated by reference.

Backeround of the Invention

The present invention relates to compositions for polymerizing one or more monorners or
mixtures of monomers such as ethylene and one or more comonomers, to form an interpolymer
product having unique physical properties, to a process for preparing such interpolymers, and to the
resutting polymer products. In another aspect, the invention relates to methods of using these
polymers in applications requiring unigue combinations of physical properties. In still another
aspect, the invention relates to the articles prepared from these polymers. The inventive polymers
comprise two or more differing regions or segments (blocks) causing the polymer to possess unique
physical properties. These multi-biock copolymers and polymeric blends comprising the same are
usefully employed in the preparation of solid articles such as moldings, films, sheets, and foamed
objects by molding, extruding, or other processes, and are useful as components or ingredients in
adhesives, laminates, polymeric blends, and other end uses. The resulting products are used in the
manufacture of componenﬁs for amtomobiles, such as profiles, bumpers and trim paﬁs; packaging
materials; electric cable insulation, and other applications.

It has iong been known that polymers containing a block-type structure often have superior
properties compared to random copolymers and blends. For example, triblock copolymers of
styrene and butadiene (SBS) and hydrogenated versicns of the same (SEBS) have an exceilent
combination of heat resistance and elasticity. Other block copolymers are also known in the art.
Generally, block copolymers known as thermoplastic elastomers (TPE) have desirable properties
due to the presence of “soft” or elastomeric block segments connecting “hard” either crystallizable
or glassy blocks in the same polymer. At temperatures up to the melt temperature or glass transition
temperature of the hard segments, the polymers demonstrate elastomeric character, At higher
temperatures, the polymers become flowable, exhibiting thermoplastic behavior. Known methods
of preparing block copolymers include anionic polymerization and controlled free radical
polymerization. Unfortunately, these methods of preparing block copolymers require sequential
monomer addition and batch processing and the types of monomers that can be usefully employed

in suck methods are relatively limited. For example, in the anionic pelymerization of styrene and
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butadiene to form a SBS type block copolymer, each polymer chain requires a stoichiomstric
amount of initiztor and the resuiting polymers have extremely narrow molecular weight distribution,
Mw/Mn, preferably from 1.0 fo 1.3. Additionally, anionic and free-radical processes are relatively
slow, resuiting in poor Process eCOnMIICS.

1t would be desirable to produce block copolymers catelytically, that 1s, in a proceés
wherein more than one polymer molecule is produced for each catalyst or initiator moleculs, In
addition, it would be highly desirable to produce block copolymers from olefin monomers such as
ethylene, propylene, and higher alpha-olefins that are generally unsuited for use in anionic or free-
radical polymerizations. In certain of these polymers, it is highly desirable that some or all of the
polymer blocks comprise amorphous polymers such as 2 copolymer of ethylene and a comonomer,
especially amorphous random copolymers comprising ethylene and an a-olefin having 3, and
especially 4, or more carbon atoms. Finally, if wouid be highly desirable to be able to use a
confinuous pracess for production of block copolymers.

Previous researchers have stated that certain homogeneous coordination polymerization
catalysts can be used to prepare polymers having a substantially “block-like™ structure by
suppressing chain-transfer during the polymerization, for example, by conducting the
polymerization process in the absence of 2 chain transfer agent and at a sufficiently low temperature
such that chain transfer by B-hyvdride elimination or other chain transfer processes is essentially
eliminated. Under such conditions, the sequential addition of different monomers was said to result
in formation of poiymers having seguences or segments of different monomer content. Several
examples of such catalyst compositions and processes are reviewed by Coates, Hustad, and Reinartz

in Angew. Chem.. Int. Ed., 41, 2236-2257 (2002) as well as US-A-2003/0114623,

Disadvantageously, such processes require sequentiai monomer addition and result in the
production of only one polymer chain per active catalyst center, which limits catalyst productivity.
In addition, the requirement of relatively low process femperatures increases the process operating
costs, making such processes unsuited for commercial implementation. Moreover, the catalyst
cannot be optimized for formation of each respective pelymer type, and therefore the entire procass
results in production of polymer blocks or segments of less than maximal efficiency and/or quality.
For example, formation of a certain quantity of prematursly terminated polymer is generally
unavoidable, resulting in the forming of blends having inferior polymer properties. Accordingly,
under normal operating conditions, for sequentially prepared block copelymers having Mw/Mn of
1.5 or greater, the resulting distribution of block lengths is relatively inhomogeneous, not a most
probable distribution. Finally, sequentially prepared block copolymers must be prepared in 2 batch
process, limiting rates and increasing costs with respect to polymerization reactions carried outin 2

continuous process.
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For these reasons, it would be highly desirable to provide a process for producing olefin
copolymers in well defined blocks or segments In a process using coordination polymerization
catalysts capable of operation at bigh catalytic efficiencies. In addition, it would be desirable to
provide a process and resulting block or segmented copolymers wherein insertion of terminal blocks
or sequencing of blocks within the polymer can be influenced by appropriate selection of process
conditions, Finally, it wouid be desirable to provide a continuous process for producing multi-block
copolymers.

The use of certain metal alicyl compounds and other compounds, such as hydrogen, as chain
transfer agents to interrupt chain growth in olefin polymerizations is well known in the art. In
addition, it is known to employ such compoeunds, especially aluminum alkyl compounds, as

scavengers or as cocatalysts in olefin polymerizations. In Macromoleculss, 33, 9192-9199 (2000)

the use of cerfain aluminum trialkyl compounds as chain transfer agents in combination with certain
paired zirconocene catalyst compositions resulted in polypropylene mixtures containing small
quantities of polymer fractions containing both isotactic and atactic chain segments. In Liu and

Rytter, Macromolecular Rapid Comm,, 22, 952-956 (2001) and Bruaseth and Rytter,

Macromolecules, 36, 3026-3034 (2003) mixtures of ethylene and 1-hexene were polymerized bya

similar catalyst composition containing trimethylaluminum chain transfer agent. In the latter
reference, the anthors summarized the prior art studies in the following manner (some citations
omitted}:

“Mixing of two metaliocenes with known polymerization behavior can be used
to control polymer microsiructure. Several studies bave been performed of ethene
polymerization by mixing two metallocenes. Common observations were that, by
combining catalysts which separately give polysthene with different Afw, polyethene
with broader and in some cases bimodal MWD can be obtained. [Sloares and Kim (J.

Polym, Sci. . Part A; Polvm. Chem., 38, 1408-1432 (2000)) developed a criterion in

order to test the MWD bimodality of polymers made by dual single-site catalysts, as
exemplified by ethene/l-hexsne copolymerization of  the mixtures

Et(ind),ZrCL/Cp,HfCl; and Ft(IndyZrCl/ CGC (constrained geometry catalyst)
supported on silica. Heiland and Kaminsky (Makromol. Chem., 193, 601-610 (1992))

studied a mixture of Et-(Ind},ZrCly and the hafnium analogue in copolvmerization of
ethene and 1-butene,

These studies do not coptain any indication of infsraction between the two
different sites, for examptle, by readsorption of a terminated chain at the alternative site.
Such reports have been issued, however, for polymerization of propene. Chien et al. (J.

Polym. Sgi. . Part A: Polvm. Chem., 37, 2439-2445 (1999), Makromol., 30, 3447-3458
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(1997)) studied propene polymerization by homogeneous binary zirconocene catalysts.
A blend of isotactic polypropylens (i-PP), atactic polypropylene (a-PP), and a
stereoblock fraction (I-PP-5-a-PP} was obtained with a binary system comprising an
isospecific and an aspecific precursor with a borate and TIBA as cocatalyst. By using a
binary mixture of isospecific and syndiospecific zirconocenes, a blend of isotactic
polypropylene (i-PP), syndiotactic polypropylene (s-PP), and a stereoblock fraction (i-
PP-b-5-PP) was obtained. The mechanism for formation of the sterecblock fraction was
proposed to involve the exchange of propagating chains between the two different
catalytic sites. Przybyla and Fink (Actz Polvm., 50, 77-83 (1999)) used two different
types of metallocenes (isospecific and syndiospecific) supported on the same silica for
propene polymerization, They reported that, with a certain type of silica support, chain
transfer between the active species in the catalyst system occurred, and stereoblock PP
was obtained. Lieber and Brintzinger (Macromol, 3, 9192-9199 (2000)) have proposed a
more detailed explanation of how the transfer of a growing polymer chain from one tyﬁe
of metallocene to another occurs. They studied propene polymerizaltion by catalyst
mixtures of two different ansg-zirconocenes. The different catalysts were first studied
individually with regard to their tendency toward alkyi-polymery! exchange with the
alkylaluminum activator and then pairwise with respect to their capability to produce
polymers with a sterecblock structure. They reported that formation of stereoblock
polymers by a mixture of zirconocene catalysts with different stereoselecicivities is
contingent upon an efficient polymeryl exchange between the Zr catalyst centers and the

Al centers of the cocatalyst.”

Brusath and Rytter then disclosed their own observaticns using paired zirconocene catalysts
to polymerize mixtures of ethylene/l-hexene and reported the effocts of the influence of the dual
site catalyst on polymerization activity, incorporation of comonomer, and polymer microstructure
using methylaiumoxane cocatalyst. ‘

Analysis of the foregoing results indicate that Rytter and coworkers likely failed to utiize
combinations of catalyst, cocatalyst, and third components that were capable of readsorption of the
polymer chain from the chain transfer agent onto both of the active catalytic sites, i.e., two-way
readsorption. While indicating that chain termination due to the presence of trimethylaluminum
likely occurred with respect to polymer formed from the catalyst incorporating minimal
comonamer, and thereafter that polymery! exchange with the more 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., Polvmer, 45, 7853~
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7861 {2004), it was reported that no chain transfer between the catalyst sites actually took place in
the earlier experiments. Similar polymerizations were reported in W(098/34970.

In USP’s 6,380,341 and 6,169,151, use of z “fluxional” metallocene catalyst, that is a
metaliocene capable of relatively facile conversion between two sterecisomeric forms having
differing potvmerization characteristics such as differing reactivity ratios was said 1o result in
production of olefin copolymers having a “blocky™ structure. Disadvantageously, the respective
sterepisomers of such metallocenes generally fail to possess significant difference in polymer
formation properties and are incapabie of forming both highly erystaliine and amorphous block
copolymer segments, for example, from a given monomer mixture under fixed reaction conditions.
Moreover, because the relative ratio of the two “fluxional™ forms of the catalyst cannot be varied,
there is no ability, using “fluxional” catalysts, to vary polymer block composition ar the ratio of the
respective blocks. Finally, prior art methods for olefin block copolymerization have been incapable
of readily controiling the sequencing of the various polymer blocks, and in particular controlling the
nature of the terminating block or segment of a muiti-block copolymer. For certain applications, it
is desirable to produce polymers having terminal blocks that are highly crystalline, that are
functionalized or more readily functionalized, or that possess other distinguishing properties. For
example, it is believed that polymers wherein the terminal segments or blocks are crystalline or
glassy possess improved abrasion resistance and thermal properties such as {ensile strength, elastic
recovery and compression set. In addition, polymers wherein the blocks having amorphous
propetties are internal or primarily connected between crystalline or glassy blocks, have improved
elastomeric properties, such as improved retractive force and recovery, particularly at elevated
temperaturss.

In JACS, 2004, 126, 16701-10712, Gibson, er al discuss the effects of “catalyzed living
polymerization” on molecular weight distribution. The authors define catalyzed living
pelymerization in this manner:

. .if chain transfer to aluminum constitutes the sole transfer mechanism and the exchangs
of the growing polymer chain between the transition metal and the aluminum centers is very fast
and reversible, the potymer chains will appear to be growi11g on the aluminum centers. This can
fhen reasonably be described as a catalyzed chain grbwth reaction on aluminum,.. An attractive
manifestation of this type of chain growth reaction is a Poisson distribution of product molecular
weights, as opposed to the Schulz-Flory distribution that arises when B-H transfer accompanies
propagation.”

The authors reported the results for the catalyzed living homopolymerization of ethylene
using an iron containing catalyst in combination with ZnEt;, ZnMe,, or Zn(i-Pr);. Homoleptic

alkyls of aluminum, beron, tin, lithium, magnesium and lead did not induce catalyzed chain growth.
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Using GaMe; as cocatalyst resulted in production of a polymer having 2 narrow molecular weight
distributicn. However, after analysis of time-dependent product distribution, the authors concluded
this reaction was, “not a simple catalyzed chain growth reaction.” The reference fails to disclose
the use of two or more catalysts in combination with a chain shuttling agent to make multi-block
copolymers. Similar processes employing single catalysts have been described in USP’s 5,210,338,
5,276,220, and 6,444,867.

Eariier workers have claimed o have formed block copelymers using a single Ziegler-Natta
type catalyst in multiple reactors arranged in series, see for example USP’s 3,970,719 and
4,039,632, Additional Ziegler-Natta based processes and polymers ars disclosed in USP’s
4,971,936, 5,089,573, 5,118,767, 5,118,768; 5,134,209, 5,225,477, 5,270,276; 5,270,410;
5,204,581 5,543,458; 5,550,194, and 5,693,713, as well as in EP-A-470,171 and EP-A-500,530.

Despite the advances by the foregoing researchers, there remains a need in the art for a
polymerization process that is capable of preparing block like copolymers, especially multi-biock
copolymers, and most especially linear muiti-block copolymers, in high yield and selectivity,
Moreover, it would be desirable if there were provided an improved process for preparing multi-
block copolymers, especially linear multi-block copolymers, of two or more olefin monomers such
as ethylene and one or more comonomers, by the use of a shuttling agent. In addition it woulid be
desirable to provide such an improved process that is capable of preparing multi-block copolymers,
especially linear multi-block copolymers, having a relatively narrow molecular weight distribution.
it would further be desirable to provide an tinproved process for preparing copolymers having more
than two segments or blocks. Furthermore, it would be desirable to provide a process for
identifying combinations of catalysts and chain shuttling agents capable of making such multi-block
copolymers. Even further, it would be desirable to provide a process for independent control of the
order of the various polymer blocks, especially a process for preparing olefin block copolymers
containing terminal blocks having high crystallinity and/or functiorality, Finally, it would be
desirable to provide an improved process for preparing any of the foregoing desirable polymer
products in a continuous process, without required sequential addition of monomers. Highly
desirably, such process allows for independent control of the quantity and/or identity of the

shuttling agent(s} and/or catalysts used,

Summary of the Invention

According to the present invention there are now provided a composition for use in the
polymerization of an addition polymerizable monomer, preferably two or more addition
polymerizable monomers, especially ethylene and at least one copolymerizable comonomer, to form

a segmented copolymer (multi-block copolymer), said copolymer containing therein two or more,
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preferably three or more segments or blocks differing in one or more chemical or physical
properties as further disclosed here in, the composition comprising the admixture or reaction
product resulting from combining:

(A) a first olefin polymerization catalyst,

(B) a second olefin polymerization catalyst capable of preparing polymers differing in
chemical or physical properties from the polymer prepared by catalyst (A) under equivalent
polymerization conditions, and

{C) a chain shuttiing agent; and

preferably the admixture or reaction product resulting from combining:

{A) a first olefin polymerization catalyst having a high comonomer incorporation index,

(B) z second olefin polymerization catalyst having a comonomer incorporation index less
than 95 percent, preferably less than 90 percent, more preferably less than 25 percent, and most
preferably less than 10 percent of the comonoemer incorporaticn index of catalyst (A), and

{C) a chain shu{tling agent,

In another embodiment of the invention, there is provided a method for selecting an
admixture of catalysts (A) and (B) and chain shuttling agent (C) capable of producing multi-block
copolymers according to the invention, especially such copolymers comprising ethylene in
polymerized form.

In a further embodiment of the present invention there is provided a process for preparing a
segmented, copolymer, especially such copelymer comprising ethylene and optionally one or more
addition polymerizable monomers other than ethylene, said process comprising contacting ethylene
and optionally one or more addition polymerizable monomers other than ethylene under addition
polymerization conditions with a composition comprising:

the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalyst having a high comoenomer incorporation index,

(B) a second olefin polymerization catalyst having a comenomer incorporation index less
than 90 percent, preferably less than 50 percent, most preferably less than 5 percent of the
comonomer incorporation index of catalyst (A), and

(Cy a chain shuitling agent.

Preferably, the foregoing process takes the form of a continuous solutien process for
forming block copolymers, especially mulii-block copolymers, preferably linear multi-block
copolymers of two or more monomers, more especially ethylene and a Cig olefin or cycloolefin,
and most especially ethylene and a Ceqo o-olefin, using multiple catalysts that are incapable of
interconversion. That is the catalysts are chemically distinct. Under continuous solution

potymerization conditions, the process is ideally suited for polymerization of mixtures of monomers
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at high monomer conversions. Under these polymerization conditions, shuttling from the chain
shuttling agent to the catalyst becomes advantaged compared to chain growth, and multi-block
copolymers, especially linear multi-block copolymers according to the invention are formed in high
efficiency.

In another embodiment of the invention there is provided a segmented copolymer (multi-
block copolymer), especially such a copolymer comprising ethylene in polymerized form, said
copolymer containing therein two or more, preferably three or more segments differing in
comonomer content or density or other chemical or physical property. Highly preferably the
copolymer possesses a molecular weight distribution, Mw/Mn, of less than 3.0, preferably less than
2.8. Most preferably, the polymers of the invention are ethylene multi-block copolymers.

In yet another embodiment of the invention, there are provided functionalized derivatives of
the foregoing segmented or multi-block copolymers.

In a still further embodiment of the present invention, there is provided a polymer mixture
comprising: (1) an organic or inorganic polymer, preferably a homopolymer of ethylene or of
propylene and/or a copolymer of ethylene or propylene and a copolymerizable comonomer, and (2)
a multi-block copolymer according to the present invention or prepared according to the process of
the present invention. In a desirable embodiment component (1) is 2 matrix polymer comprising
high density polyethylene or isotactic polypropylene and component (2) is an elastomeric multi-
block copolymer. In a preferred embodiment, component (2) comprises occlusions of the matrix

polymer formed during compounding of components (1) and (2).

Brief Description of the Drawings

Figure 1 is a schematic representation of the process of polymer chain shuttling involving
two catalyst sites.

Figure 2 shows plots of delta DSC-CRYSTAF as a function of DSC Melt Enthalpy for
Examples 1-19, Comparative polymers A-F, and conventional ethylene/octene copglymers.

Figures 3-27 are DSC heating curves and corresponding CRYSTAF reports for the
polymers of Examples 1-19 and Comparative polymers A-F, including peak temperature
assignments and weight fraction integrations for the areas corresponding to the respective peak
temperatures.

Figure 28 is a low resolution micrograph showing crystal structure of various comparative
polymers as well as polymers prepared by use of varying amounts of chain shuttling agent

according to the invention.
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Figure 29 is a high resolution micrograph showing the morphology of a comparative
ethylene/1-octene copclymer as well as three multi-block copolymers prepared according to the
invention.

Figure 30 depicts 300 percent strain cycle bebavior for samples prepared from the polymer
of Example 17.

Figure 31 depicts Stress Relaxation of Crosslinked Fibers from the polymer of Example 11
and Comparative G at 21°C and 40°C,

Figures 32 and 33 are plots of the polymer number average molecular weight (Mn) as a
function of vield for the polymerizations conducted in Examples 27 and 28 respectively.

Figure 34 is a graph of peak melting temperature versus density for mulii-block ethylene/1-
octene copolymers of the invention (line) as well as for typical conventional ethylene/1-octene
copolymefs {curve).

Figure 35 is a graph of storage modulus as a function of temperature for comparative
ethylene/1-octens- and propylene/ ethylene- copolymers and for two ethylene/!-octene multi-block
copolymers of the invention made with differing quantities of chain shuttling agent.

Figures 36-49 are DSC heating curves and corresponding CRYSTAF reports for the
polymers of Examples 24-33 and Comparatives M-P, respectively, inciuding peak temperature
assignments and weight fraction integrations for the areas corresponding to the respective peak
temperatures.

Figuare 50 shows plots of delta DSC-CRYSTAF as a function of DSC Melt Enthalpy for
polymers of Examples 24, 23, 29-33, Comparative polymers M-P, and conventional ethylene/octene
copolymers.

Figures 51-53 are atomic force microscopic images of microtomed samples of injection
molded plaques of impact modified isctactic polypropylene corresponding to samples 2, b and d of
Table 13, respectively.

Figure 54 is a plot of octene content of TREF fractionated ethylene/ 1-octene copolymer
fractions versus TREF elution temperature of the fraction for the pelymer of Example 5 and
comparative polymers E and F.

Figure 55 is a plot of octene content of TREF fractionated ethylens/ 1-ootene copolymer
fractions versus TREF elution temperature of the fraction for the polymer of Example 5 and for

comparative F.

Detailed Description of the Invention

All references to the Periodic Table of the Elements herain shall refer to the Periodic Table

of the Elements, published and copyrighted by CRC Press, Inc., 2003. Also, any references to a
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Group or Groups shall be to the Group or Groups reflected in this Periodic Table of the Elements
using the TUPAC system for numbering groups. Unless stated to the conirary, implicit from the
context, or customary in the art, all parts and percents are based on weight. For purposes of United
States patent practice, the contents of any patent, patent application, or publication referenced
herein are hereby incorporated by reference in their entirety (or the equivalent US version thersof is
s0 incorporated by reference) especially with respect fo the disclosure of synthetic techniques,
definitions {to the extent not inconsistent with any definitions provided herein) and general
knowledge in the art.

The term “comprising” and derivatives thereof is not intended to exciude the presence of
any additional component, step or procedure, whether or not the same is disclosed herein, In order
to avoid any doubt, 2]l 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 component, step or procedure, excepting those that are not
essential to operability. The term “consisting of”” excludes any component, step or procedure not
specifically delineated or listed. The term “or”, unless stated otherwise, refers to the listed
members individually as well as in any combination.

The term “polymer”, includes both conventional homopelymers, that is, homogeneous
polymers prepared from 2 single monomer, and copolymers (interchangeably referred to herein as
interpolymers), meaning polymérs prepared by reaction of at least two monomers or otherwise
containing chemically differentiated segments or blocks therein even if formed from a single
monomer. More specifically, the term “pelyethylene” includes homopolvmers of ethylene and
copolymers of ethylene and one cr more Cyp a~olefins in which ethylene comprises at least 50 mole
percent. The term “crystaliine” if employed, refers to a polymer that possesses a first order
transition or crystaliine melting point (Tm) as determined by differential scanning calorimetry
(DSC) or equivalent technique. The term may be used interchangeably with the term
“semicrystalline”. The term “amorphous™ refers to a polymer lacking a crystalline meliing point as
determined by differential scanning calorimetry (DSC) or equivalent technique.

The term “multi-block copolymer” or “segmented copolvmer” refers to a polymer
comprising two or more chemically distinct regions ar segments (referred to as “biocks™) preferably
joined in a linear manner, that is, a polymer comprising chemically differentiated units which are
joined end-to-end with respect to polymerized ethylenic functionality, rather than in pendent or
grafted fashion. In a preferred embodiment, the blocics differ in the amount or type of comonomer
incorporated therein, the density, the amount of crystallinity, the crystallife size attributable to a

polymer of such composition, the type or degree of tacticity (isotactic or syndiotactic), regio-
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regularity or regio-irregularity, the amount of branching, including long chain branching or hyper-
branching, the homogeneity, or any other chemical or physical property. Compared to block -
copolymers of the prior art, including copolymers produced by sequential monomer addition,
fluxional catalysts, or anionic polymerization techniques, the copolymers of the invention are
characterized by unique distributions of both polymer polydispersity (PDI or Mw/Mn), block length
distribution, and/or block number distribution, due, in a preferred embodiment, to the effect of the
shuttling agent(s) in combination with multiple catalysts. More specifically, when produced in a
continuous process, the polymers desirably possess PDI from 1.7 to 2.9, preferably from 1.8 to 2.5,
more preferably from 1.8 to 2.2, and most preferably from 1.8 to 2.1. When produced in a batch or
semi-batch process, the polymers desirably possess PDI from 1.0 to 2.9, preferably from 1.3 to 2.5,
more preferably from 1.4 to 2.0, and most preferably from 1.4 to 1.8.

The term “ethylene multi-block copolymer” means a mulii-block copolymer comprising
ethylene and one or more copolymerizable comonomers, wherein ethylene comprises a plurality of
the polymerized monomer units of at least one block or segment in the polymer, preferably at least
90 mole percent, more preferably at least 95 mole percent, and most preferably at least 98 mole
percent of said block. Based on total polymer weight, the ethylene mulii-block copolymers of the
present invention preferably have an ethylene content from 25 to 97 percent, more preferably from
40 to 96 percent, sven more preferably from 55 to 95 percent, and most preferably from 65 to 85
percent.

Because the respective distinguishable segments or blocks formed from two of mors
monomers are joined into single pelymer chains, the polymer cannot be completely fractionated
using standard selective exiraction techniques. For example, polymers containing regions that are
relatively crystalline {high density segments) and regions that are relatively amorphous (lower
density segments) cannot be selectively extracted or fractionated using differing solvents. Ina
preferred embodiment the quantity of extractable polymer using either a dialkyl ether- or an alkane-
solvent is less than .1 0 percent, preferably less than 7 percent, more preferably less than 5 percent
and most preferably less than 2 percent of the total polymer weight.

In addition, the multi-block copolymers of the invention desirably possess & PDI fitting a
Schutz-Flory distribution rather than a Poisson distribution. The use of the present pelymerization
process results in a product having both a pelydisperse block distribution as well as a polvdisperse
distribution of block sizes. This uliimates in the formation of polymer products having improved
and distinguishable physical properties. The theoretical benefits of a pelvdisperse block
distribution have been previously modeled and discussed in Poterkin, Physical Review E (1958)

57(6), p. 6902-6912, and Dobrynin, I, Chem. Phvs. (1997) 107(21), p 9234-9238.
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In a further embodiment, the polymers of the invention, especially those made in a
continuous, solution polymerization reactor, possess a most probable distribution of block lengths.
Most preferred polymers according to the invention are multi-block copolymers containing 4 or
more blocks or segments including terminal blocks.

The following mathematical treatment of the resulting polymers is based on theoretically
derived parameters that are believed to apply to the present invented polymers and demonstrate that,
especially in 2 steady-state, confinuous, well-mixed reactor, the block lengths of the resulting
polviner preparsd using 2 or more catalysts will each conform to 2 most probable distribution,
derived in the following manner, wherein p; 15 the probability of propagation with respect to block
sequences from catalyst i The thecretical freatment Is based on standard assumptions and methods
known in the art and used in predicting the effects of polvmerization kinetics on molecular
architecture, including the use of mass action reaction rate expressions that are not affected by chain

or block lengths. Such methods have been previously disclosed in W. H. Ray, J. Macromol. Sci..

Rev. Macromol. Chem., C8, 1 (1972) and A. E. Hamielec and J. F. MacGregor, “Polymer Reaction
Engineering”, K.H. Reichert and W, Géis%er, Eds., Hanser, Munich, 1983, In addition it is assumed
that adjacent sequences formed by the same catalyst form a single block. For catalyst i, the fraction
of sequences of length n is given by Xi{n], where n is an integer from 1 io infinity representing the
number of moncmer units in the block.

Xin] = (L-p) p™" most probable distribution of block lengths

N, = —1—%}—3— number average block length

Each catalyst bas a probability of propagation (p;) and forms a polymer segment having a
unigue average block length and distribution. In a most preferred embodiment, the probability of
propagation is defined as:

_ Rpii] .
p; = TP T BT + Rl 107 for each catatysti= {1,2...}, where,

Rpii] = Rate of menomer consumption by catalyst i, (moles/L.),

Ri[i] = Tetal rate of chain transfer and termination for catalyst {, (moles/L),

Rs[i] = Rate of chain shuttling with dormant polymer to other catalysts, (moles/L), and
[Ci] = Concentration of catalyst { (moles/L).

Dormant polymer chains refers to polymer chains that are attached to a CSA.

The overall monomer consumption or polymer propagation rate, Rp[il, is defined using an

apparent rate constant, i:; , muitiplied by z total monomer concentration, [M], as follows:

Rp{i] = 8 ky [M][C]
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The total chain transfer rate is given below including values for chain transfer to hydrogen
(H:), beta hydride elimination, and chain transfer to chain shuttling agent (CSA). The reactor
residence time Is given by 9 and each subscripted k value is a rate constant.

Rifi} = @ km[HL]I[C] + 0ka[C)] + 0 ku[CSAJICT

For a dual catalyst system, the rate of chain shuttling of polymer between catatysts 1 and 2
is given as follows:

Rs[1] = Rs[2] = 0 ka[CSA} 8 kp[CJIC]

f more than 2 catalysts are employed then added terms and complexity in the theoretical
relation for Rs[i] result, but the yltimate conclusion that the resuliing block length distributions are
most probable is unaffected.

As used hersin with respect to a chemical compound, vnless specifically indicated
otherwise, the singular includes all isomeric forms and vice versa (for example, “hexane”, includes
all isomers of hexane individually or collectively). The terms “compound” and “complex” are used
interchangeably herein to refer to organic-, inorganic- and organometal compounds. The term,
“atom” refers to the smallest constituent of an element 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 atem other than carbon or hydrogen. Preferred heteroatoms include: F, Cl, Br, N, O, P,

B, S, Si, Sb, Al, Sn, As, Seand Ge.

The term, “hydrocarbyl” refers to univalent substituents containing only hydrogen and
carbon atoms, including branched or unbranched, saturated or unsaturated, cyclic, polyeyelic or
noncyclic species. Examples include allkyl-, cycloalkyl-, alkenyl, alkadienyl-, cycloalkenyl-,
cycloalkadienyl-, aryl-, and alicynyl- groups. “Substituted hydrocarbyl” refers to a hydrocarbyl
group that is substituted with one or more nonhydrocarbyl substituent groups. The terms,
“heteroatom containing hydrocarbyl” or “heterchydrocarbyl™ refer to univaient 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 ztoms and one or more heteroatoms and no hydrogen atoms. The bond between the carbon
atom and any heteroatom as well as the bonds between any two heteroatoms, may be 2 single or
multiple covalent bond or a coordinating or other donative bond. Thus, an alkyl group substituted
with a heterocycloallkyl-, aryl- substituted heterocycloalkyl-, heteroaryl-, allkyl- substituted
heteroaryl-, alkoxy-, aryloxy-, dihydrocarbylboryl-, ditiydrocarbyiphosphine-, dihydrocarbylamine-,
trihydrocarbylsilyl-, hydrocarbylthio-, or hydrocarbylseleno- group is within the scope of the term
heteroalkyl. Examples of suitable hetercalkyl groups include cyanomethvl-, benzoyimethyl-, (2-

pyridylimethyl-, and trifluoromethyl- groups.
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As used herein the term “aromatic” refers to a polyatomic, cyelic, conjugated ring system
containing (48+2) n-electrons, wherein 6 is an integer greater than or equal to 1, The term “fused”
as used herein with respect to a ring system containing two or more polyatomic, oyvelic 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 aromatic substituent which may be 2 single aromatic
ring or multiple aromatic rings which are fused together, linked covalently, or linked to 2 common
group such as a methylens or ethylene moiety. Examples of aromatic ring(s) inclade phenyl,
naphthyl, anthracenyl, and biphenyl, among others.

“Substituted aryl” refers to an aryl group in which one or more Livdrogen atoms bound to
any carbon is replaced by one or more functional groups such as alkyl, substituted alkyl, cycloalkyl,
substituted cycloalleyl, heterocyclealkyl, substituted heterocycloalicyl, halogen, alkylhalos (e.g.,
CF;), hydroxy, aminag, phosphido, aikoxy, amino, thio, nitro, and both saturated and unsaturated
cyclic hydrocarbons which are fused to the aromatic ring(s), linked covalently or linked to a
common group such as a methylene or ethylene moiety. The common linking group may also be a
carbony! as in benzophenone or oxygen as in diphenyiether or nitrogen in diphenylamine. -

The term, “comonomer incorporation index”, refers to the percent comonomer incorporated
into a copotymer prepared under representative ethylene/ comonomer polymerization conditions by
the catalyst under consideration in the absence of other polymerization catalysts, ideally under
steady-state, continuous solution polymerization conditions in a hydrocarbon diluent at 100 °C, 4.5
MPa ethylene pressure (reactor pressure), greater than 92 (more preferably greater than 95) percent
ethylene conversion, and greater than 0.01 percent comonomer conversion. The selection of metal
complexes or catalyst compositions having the greatest difference in comonomer incorperation
indices results in copolymers from fwo or more monomers having the largest difference in block or
segment properties, such as density.

in certain circumstances the comenemer incorporation index may be determined directly,
for example by the use of NMR spectroscopic techniques. Ofien, however, any difference in
comonomer incorporation must be indirectly determined. For pelymers formed from multiple
monomers this may be accomplished by various technigues based on menomer reactivities.

For capolymers produced by a given catalyst, the relative amounts of comonomer and
monomer in the copolymer and hence the copolymer composlition is determined by relative rates of
reaction of comonomer and monomer. Mathematically the molar ratio of comonomer to monomer
is given by

(
L o
L

[comomomer]] R,
[manomer‘] polymer Rpl

—_
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Here R, and K, are the rates of pelymerization of comonomer and monomer respectively

and F, and F are the mole fractions of each in the copolymer. Because F, + F, =1 we can
rearrange this equation to
R

Fy=—te (2)
R, +R,

The individual rates of polymerization of comonomer and monomer are typically complex

functions of temperature, catalyst, and monomer/comonomer concentrations. In the limit as
comenomer concentration in the reaction media drops to zero, sz drops to zero, £, becomes zero
and the polymer consists of pure monomer. In the limiting case of no monomer in the reactor

R, becomes zero and F, is one (provided the comonomer can polymerize alone}.

For most homogeneous catalysts the ratic of comonomer tc monomer in the reactor largely
determines polymer composition as determined according to either the Terminal Copolymerization
Mode! or the Penultimate Copolymerization Model. |

For random copolymers in which the identity of the last monomer inserted dictates the rate
at which subsequent monomers insert, the terminal copolymerization model is employed. In this

mode} insertion reactions of the fype
- MC +MJ-—E"”-—>“-M,MJC‘ (3)
where C” represents the catalyst, M, represents monomer/, and kﬂ is the rate constant
having the rate equation
Rp;; = kz_‘f[’"MfC‘J [M_;] {4)

The comonomer mole fraction (7=2) in the reaction media is defined by the equation:

YA
fWTT]ﬂ?] ®

A simplified equation for comonomer composition can be derived as disclosed in George

Odian, Principles of Polymerization, Second Edition, John Wiley and Sons, 197¢, as follows:

_ A= AP+-s)A
(- AF 420 iy s

From this equation the mole fraction of comonomer in the polymer is solely dependent on

(6.

the mote fraction of comonomer in the reaction medis and twe temperature dependent reactivity

ratios defined in terms of the insertion rate constants as:

ky
ro=— Fp == (7,
kZI
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Alternatively, in the penultimate copolymerization model, the identities of the last two
monomers inserted in the growing polymer chain dictate the rate of subsequent monomer nsertion.

The polymerization reactions are of the form
o MM CT M, — s MM MLCT(8)
and the individual rate equations are:

Ry = Fi leMJ =[] ©.

The comonomer content can be calculated {again as disclogsed in George Odian, Supra.) as:
LI XGX A
('sz); Q"]X+1) ('10)
F, 1_:_1"1(r2+.X)
X(r,+X)

where X is defined as:

X::g;fl) (11)
S

and the reactivity ratios are defined as:

T—{:h

ol =
fl—

By
o

kfu (12)
o= Ky - Ry
2 2

Lo ks,

For this model as wel! the polymer composition is a function only of temperature dependent
reactivity ratios and comonomer mole fraction in the reactor. The same is also true when reverse
comonomer or monomer insertion may oceur or in the case of the interpolymerization of more than
twoe monomers.

Reactivity ratios for use in the foregeing models may be predicted using well known
theoretical technigues or empiricaily derived from actual polymerization data. Suitable theoretical
techniques are disclosed, for example, in B. G. Kyle, Chemical and Process Thermodynamics,
Third Addition, Prentice-Hall, 1999 and in Redlich-Kwong-Soave (RKS) Equation of State,
Chemical Engineering Science, 1972, pp 1197-1203, Commercially available software programs
may be used to assist in deriving reactivity ratios from experimentally derived data. One example
of such software is Aspen Plus from Aspen Technology, Inc,, Ten Canal Park, Cambridge, MA
02141-2201 UUSA.

Based on the foregoing theoretical considerations, the present invention may alternatively
be described as a composition for use in the polymerization of two or more addition polymerizable
monomers, especially ethylene and at least one copolymerizable comonomer, to form a high

molecular weight, segmented copolymer (multi-biock copolymer), said copolymer containing
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therein two or more, preferably three or more segrnents or blocks differing in one or more chemical
or physical properties as further discicsed hers in, the composition comprising the admixture or
reaction product resulting from combining:

{A) a first olefin polymerization catalyst,

(B) e second oiefin polymerization catalyst capable of preparing polymers differing in
chemical or physical properties from the polymer prepared by catalyst (A) under equivalent
polymerization conditions, and

(C) a chain shuttling agent; and

whersin the:

ry of the a first olefin polymerization catalyst (1), and

r; of the 2 second olefin polymerization catalyst (r1g),

are selected such that the ratio.(r(4/ riz) under the polymerization conditions is 0.5 or less,
preferably 8.25 or iesé, more prefesably 0.125 or less, still more preferably 0.08 or less, most
preferably 0.04 or less.

Additionally, there is now provided a process, preferably a solution process and most
preferably a continuous solution process for use in the polymerization of two or more addition
polymerizable monomers, especially ethylene and at least one copolvmerizable comonomer, to form
a high molecular weight, segmented copolymer (multi-block copolymer), said copolymer containing
therein two or more, preferably three or more segments or blocks differing in one or more chemical
or physical properties as further disclosed here in, the process comprising the steps of combining
two or more addition polymerizable monomers, especially ethylens and at least cne
copolymerizable comenomer under polymerization conditions with the compesition comprising the
admixture or reaction product resulting from combining:

(A) & first olefin polymerization oata}ystl,

(B) a secend olefin polymerization catalyst capable of preparing poiymers differing in
chemical or physical properties from the polymer prepared by catalyst (A) under equivalent
polymerization conditions, and

(C) a chain shuttling agent; and

recovering the polymer product, wherein:

r; of the a first olefin polymerization catalyst {r ), and

ry of the a second olefin pelymerization catalyst (rp),
are selected such that the ratio (714/ 71p) under the polymerization conditions is 4.5 or less,
preferably 0.25 or less, more preferably 0.125 or less, still more preferabiy 0.08 or less, most

preferably 0.04 or less.
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Further there is now provided 2 compesition for use in the polymerization two or more
addition polymerizable monomers (referred to as monomer and comonotner(s) respectively),
especially ethylene and at least one copolymerizable comonomer, to form & high molecular weight,
segmented copolymer (multi-block copolymer), said copolymer containing thersin two or more,
preferably three or mors segments or blocks differing in one or more chemical or physical
properties as further disclosed here in, the composition comprising the admixture or reaction
product resulting from combining:

{A) 2 first olefin polymerization catalyst,

(B} a second olefin polymerization catalyst capable of preparing polymers differing in
chemical or physical properties from the polymer prepared by catalyst (A) under equivalent
polymerization conditions, and

(C) a chain shuttling agent; wherein;

the comonomer content in mole percent of the copolymer resulting from the first olefin
polymerization catalyst (F}, and

the comonomer content in mole percent of the copolymer resulting from the second olefin
polvmerization catalyst (Fo),

are selected such that the ratio (F;/ Fz) under the polymerization conditions is 2 or more,
preferably 4 or more, more preferably 10 or more, stili more preferably 15 or more, and most
preferably 20 or more.

Additionally, there is now provided a process, preferably a solution process, more
preferably a continuous solution process for use in the polymerization of two or more addition
polymerizable monomers (referred to as monomer and comonomer(s} respectively), especialty
ethylene and at least one copolymerizable comonomer, to form a high molecular weight, segmented
copolymer (multi-block copolymer), said copolymer containing therein two or more, prefarably
three or more segments or biocks differing in one or more chemical or physical properties as further
disclosed here in, the process comprising the steps of combining under polvmerization conditions:

{A) a first olefin polymerization catalyst, '

(B) a second olefin polymerization catalyst capable of preparing pelymers differing in
chemical or physical properties from the polymer prepared by catalyst (A) under equivalent
polymerization conditiens, and

(C) a chain shuitling agent; wherein:

the comonomer content in mole percent of the copolymer resulting from the first olefin
poivmerization catalyst (F:), and

the comonomer content in mole percent of the copolymer resuliing from the second olefin

polymerizaiion catalyst (Fo},
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are selected such that the ratio (¥, / Fy) under the polymerization conditicns is 2 or more,
preferably 4 or more, more preferably 10 or more, still more preferably 15 or more, and most
preferably 20 or more, under polymerization conditions, and

recovering the polymer product.

Monomers

Suijtable monomers for use in preparing the polymers of the present invention includs
ethylene and one or more addition polymerizable monomers other than ethylene. Examples of
suitable comonomers include straight-chain or branched a-olefins of 3 to 36, preferably 3 to 20
carbon atoms, such as propylene, 1-butene, 1-pentene, 3-methyl-1-butens, 1-hexene, 4-methyi-1-
pentene, 3-methyl-1-pentene, 1-octene, I-decene, 1-dodecens, i-tetradecene, 1-hexadecens, 1-
octadecene and i-eicosens; cycloolefins of 3 to 30, preferably 3 to 20 carbon atoms, such as
cvclopentene, cyclcheptens, norbomense, S-methyl-2-norbornene, tetracyclododecene, and 2-methyi-
1,4,5,8~dimethanc-1,2,3,4,48,5,8 8z-octahydronaphthalene; di- and poly-olefins, such as butadiene,
isoprene, 4-methyl-1,3-pentadiene, 1,3-pentadiene, 1.4-pentadiene, 1,5-hexadiene, 1,4-hexadiene,
1,3-hexadiene, 1,3~octadiene, 1,4-octadiene, 1,5-octadiene, 1,6-octadiene, 1,7-octadiene, ethylidene
norbornene, viny! norbornene, dicyclopentadiene, 7-methyl-1,6-octadiene, 4-ethvlidene-8-methyl-
1,7-nonadiene, and 5,9-dimethyl-1,4,8-decatriene; aromatic vinyl compounds such as mono or poly
allyistyrenes (including styrene, o-methylstyrene, m-methylstyrene, p-methylsiyrene, o,p-
dimethylstyrene, o-ethylstyrene, m-ethylstyrene and p-ethylstvrene), and functional group- ‘
containing dertvatives, such as methoxystyrene, sthoxystyrene, vinyibenzoic acid, methyl
vinylbenzoate, vinylbenzyl acetate, bydroxystyrene, o-chlorostyrene, p-chlorostyrene,
divinylbenzene, 3-phenylpropene, 4-phenylpropene, c-methylstyrere, vinyichloride, 1,2-

difluoroethylene, 1,2-dichloroethylene, tetrafiuorcethylene, and 3,3.3-triflnoro~1-propene.

Chaln shuttline agents

The term, “shutthing agent” refers to 2 compound or mixture of compounds employed in the
composiiion of the present invention that is capeble of causing polymeryl exchange between at least
twe active catalyst sites of the catalysts included in the composition under the conditions of the
polymerization. That is, tfransfer of a polymer fragment occurs both to and from cne or more of the
active catalyst sites. In contrast to a shutfling agent, a “chain transfer agent” causes termination of
polymer chain growth and amounts to a one-time transfer of growing polymer from the catalyst to
the transfer agent. Preferably, the shuttling agent has an activity ratio R, p/Rp.s of from €.01 and
108, more preferably from 0.1 to 10, most preferably from 0.5 to 2.0, and most highly preferably

from 0.8 to 1.2, wherein Ry.p is the rate of polymeryl transfer from catalyst A active site to catalyst
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B active site via the shuttling agent, and Ry.4 is the rate of reverse polvmeryl! transfer, i.e., the rate
of exchange starting from the catalyst B active site to catalyst A active site via the shuttling agent.
Desirably, the intermediate formed between the shuttling agent and the polymeryl chain is
sufficiently stable that chain termination is relatively rare. Desirably, less than 90 percent,
preferably less than 75 percent, more preferably less than 50 percent and most desirably less than 10
percent of shuttle-polymeryl products are terminated prior to attaining 3 distinguishable polvmer
segments or blocks. Ideally, the rate of chain shuitling {defined by the time reguired to transfer a
polymer chain from a catalyst site to the chain shuttling agent and then back to a catalyst site) 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. This permits polymer block formation on the same time scale
as polymer propagation.

By selecting different combinations of catalysts having differing comonomer incorporation
rates as well as differing reactivities, and by pairing various shuttling agents or mixtures of agents
with these catalyst combinations, polymer products having segments of different densities or
comonomer concentrations, different block lengths, and different numbers of such segments or
blocks in each copolymer can be prepared. For exampis, if the activity of the shuttling agent is low
relative to the catalyst polymer chamn propagation rate of one or more of the catalysts, longer block
length multi-block copolymers and polymer biends may be obtained. Contrariwise, if shuttiing is
very fast relative to polymer chain propegation, a copolymer having a more random chain structure
and shorter block lengths is obtained. An extremely fast shuttling agent may produce a multi-block
copolymer having substantially random copolymer properties. By proper selection of both catalyst
mixture and shuttling agent, relatively pure block copelymers, copolymers containing relatively
large polymer segments or blocks, and/cr blends of the foregoing with various ethylene
homopolymers and/or copolymers can be obtained.

A suitable composition comprising Catalyst A, Catalyst B, and a chain shuttling agent can
be selected for this invention by the following mulii-step procedure specially adapted for block
differentiation based on comonomer Incorperation:

I. One or more addition polymerizable, preferably olefin monemers are polymerized using
a mixture comprising a potential catalyst and a potential chain shuftling agent. This polymerization
test s desirably performed using 2 batch or semi-batch reactor (that is, without resupply of catalyst
or shuttling agent), preferably with relatively constant monomer conceatration, operating under
solution polymerization conditions, typicaily using a molar ratic of catalyst to chain shuttling agent
from 1:5 to 1:500. After forming a suitable quantity of polymer, the reaction is terminated by

addition of a catalyst poison and the polymer’s properties (Mw, Mn, and Mw/Mn or PDI} measured.
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IL The foregoing polymerization and polymer testing are repeated for several different
reaction times, providing 2 series of polymers having a range of yields and PDI values. ‘

1. Catalyst/ shuttling agent pairs demonstrating significant polymer transfer both to and
from the shuttling agent are characterized by 2 polymer series wherein the mintmum PDI is less
than 2.0, more preferably less than 1.5, and most preferably less than 1.3. Furthermore, if chain
shuttling is ccourring, the Mn of the polymer will increase, preferably nearly linearly, as conversion
is increased. Most preferred catalyst/ shuttling agent pairs are those giving polymer Mn as a
fanction of conversion (or polymer yield) fitting 2 line with a statistical precision (R?) of greater
than .95, preferably greater than 0.99.

Steps I-TII are then carried cut for one or more additional pairings of potential catalysts
and/or putative shuttling agents.

A suitable composition comprising Catalyst A, Catalyst B, and one or more chain shuitling
agents according to the invention is then selected such that the two catalysts each undergo chain
shuttiing with one or more of the chain shattling agents, and Catalyst A has a higher comonomer
incorparation index (or is otherwise capable of selectively forming polymer) compared to Catalyst
B under the reaction conditions chosen. Most preferably, at least one of the chain shuttling agents
undergoes polymer transfer in both the forward and reverse directions {as identified in the foregoing
test) with both Catalyst A and Catalyst B. In addition, it is preferable that the chain shutiling agent
does not reduce the catalyst activity (measured in weight of polvmer produced per weight of
catalyst per unit time) of either catalyst (compared to activity in the absence of a shuttling agent) by
more than 60 percent, more preferably such catalyst activity is not reduced by more than 20 percent,
and most preferably catalyst activity of at least one of the catalysts is increased compared to the
catalyst activity in the abseace of a shuttling agent.

Alternatively, It is also possible to detect desirable catalyst/shuttling agent pairs by
performing a series of polymerizations under standard batch reaction conditions and measuring the
resulting number average molecular weights, PDI and polymer vield or production rate. Suitable
shuttling agents are characterized by lowering of the resultant Mn without significant broadening of
PDI or loss of activity (reduction in yield or rate),

The foregoing tests are readily adapted to rapid throughput screening techiniques using
automated reactors and analytic probes and to formation of polymer blocks having different
distinguishing properties. For example, a number of potential shuttling agent candidates can be pre-
identified or synthesized in situ by combination of various organometal compounds with various
proton securces and the compound or reaction product added to a polymerization reaction employing
an olefin polymerization catalyst composition. Several polymerizations are conducted at varying

molar ratios of shuttling agent to catalyst. As a minimum reguirement, suiteble shuttling agents are

21



i

10

20

2
tn

30

35

those that produce 2 minimum PDI of less than 2.0 in variable yield experiments as described
above, while not significantly adversely affecting catalyst activity, and preferably improving
catalyst activity, as above described.

Regardless of the method for identifying, a priord, a shuttling agent, the term is meant to
refer to a compound that is capable of preparing the presently identified multi-block copolymers or
ussfully employed under the polymerization conditions herein disclosed. Highly desirably, multi-
block copolvmers having an average number of blocks or segments per average chain (as defined as
the average number of blocks of different composition divided by the Mn of the polymer) greater
than 3.0 more preferably greater than 3.5, even more preferably greater than 4.0, and Jess than 25,
preferably less than 15, more preferably less than 10.0, most preferably less than 8.0 are formed
according to the invention. .

Suitable shuttling agents for use herein include Group 1, 2, 12 or 13 metal compounds or
complexes containing at least one Ciag hydrocarbyl group, preferably hydrocarby! substituted
aluminum, gallinm or zinc compounds containing from 1 to 12 carbons in each hydrocarby! group,
and reaction products thersof with a proton source. Preferred hydrocarbyl groups are alleyl groups,
preferably linear or branched, Cs. alkyl groups. Most preferred shuttling agents for use in the
present invention are triaikyl almminum and dialicyl zinc compounds, especially triethylaluminum,
wi{i-propyl) aluminum, tri(i-butyhaluminum, tri{n-hexyl)aluminum, tri{a-cotylalominum,
triethyigallium, or diethylzinc, Additional suitéble shuttling agents include the reaction product or
mixture formed by combining the foregoing organometal compound, preferably a tri(Cyz) alkyl
aluminum or di{C,.g) alkyl zinc compound, especially trethylaluminum, tri(i-propyl) aluminum,
trifi-butyDalominum, tri{n-hexylaluminum, tri(n-octylaluminum, or diethylzinc, with less than a
stoichiometric quantity {relative to the number of hydrocarby! groups} of a secondary amine or a
hydroxyl compound, especially bis(trimethylsilylamine, t-butyli(dimethyl)siloxane, 2-
bydroxymethyipyridine, di(n-pentyljamine, 2,6-di(t-butylyphenol, ethyl(1-naphthylamine,
bis(2,3,6,7-dibenzo-1-azacycloheptansamine), or 2,6-diphenyiphenol. 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 égents ars p-octyialumioum difbis(irimethylsitylamide), i-propyialuminum
bis{dimethyl{t-butyl)siloxide), and v-cctylaluminum di(pyridinyl-2-methoxide), i-butylaluminum
bis{dimethy¥{t-butyl)siloxane), i-butylalumioum bis(di{trimethylsilyDamide), n-octylatuminum
di(pyridine-2-methoxide), i-butyialuminum bis(di(n-pentyljamide), n-cctyialuminum bis(2,6-di-t-
butylphenoxide), n-octylaluminum di(ethyl(l-naphthyl)amide), ethylaluminum bis(t-
butyldimethyisiloxide), ethylaluminum di(bis(trimethylsilylamide), ethylaluminum bis(2,3,6,7-

dibenzo-1-azacycloheptaneamide), n-octylaluminum bis(2 3,6,7-dibenzo-1-azacycloheptaneamide),
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n-octylaluminum bis{dimethyl(t-butyl)sitoxide, ethylzine (2,6-diphenylphenoxide), and ethylzinc (t-
buioxide).

It will be appreciated by the skilled artisan that a suitable shuttling agent for one catalyst or
catalyst combination may not necessarily be as good or even satisfactory for use with a different
catalyst or catalyst combination. Some potential shuttling agents may adversely affect the
performance of one or more catalysts and may be undesirable for use for that reason as well,
Accordingly, the activity of the chain shuttling agent desirably is balanced with the catalvtic activity
of the catalysts to achieve the desired polymer properties. In some embodiments of the invention,
best results may be obtained by use of shuttling agents having a chain shutiling activity {as
measured by a rate of chain fransfer) that is less than the maximum possible rate.

Generally however, preferred shutting agents possess the highest 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 achieve the desired degree of shuttling. In
addition, such shuttling agents result in production of the shortest possible polymer biock lengths.
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 is lowered, thereby reducing

viscosity of the reaction mixture and consequently reducing operating costs.

Catalysts

Suitable catalysts for use herein include any compound or combination of compounds that
is adapted for preparing polymers of the desired composition or type. Both heterogeneous and
homogeneous catalysts may be employed. Examples of heterogeneous catalysts include the well
known Ziegler-Natta compositions, especially Group 4 metal halides supp‘;arted on Group 2 metal
halides or mixed halides and alkoxides and the well known chromium or vanadijum based catalysts.
Preferably however, for ease of use and for production of narrow molecular weight polymer
segments in solution, the catalysts for use herein are homogeneous catalysts comprising a relatively
pure organometailic compound or metal complex, especially compounds or complexes based on
metals selscted from Groups 3-10 or the Lanthanide series of the Pericdic Table of the Elements, It
is preferred that any catalyst employed herein, not significantly detrimentally affect the
performance of the other catalyst under the conditions of the present polymerization. Desirably, no
catalyst is reduced in activity by greater than 25 percent, more preferably greater than 10 percent
under the conditions of the present polymerization,

Metal complexes for use herein having high comonomer incorporation index (Catalyst A)
include complexes of transition metals selected from Groups 3 to 15 of the Periodic Tabls of the

Elements containing one or more deiocalized, m-bonded ligands or polyvalent Lewis base ligands.
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Examples include metallocene, half-metaliocene, constrained geometry, and polyvalent
pyridyvlamine, or other polychelating base complexes. The complexes are generically depicted by
the formula: MK, X, Z,, or a dimer thereof, wherein

M is a metal selected from Groups 3-15, preferably 3-1C, more preferably 4-8, and most
preferably Group 4 of the Periodic Table of the Flements;

K independently each ocourrence is a group containing delocalized m-elecirons or one or
more electron pairs through which K s bound to M, said K group containing up to 50 atoms not
counting hydrogen atoms, optionally twe or more K groups may be jeined together forming a
bridged structure, and further optienally ene or more K groups may be bound to Z, to X or fo both Z
and X,

X independently each occurrence is a monovalent, anionic moiety having up te 40 non-
hydrogen atoms, optionally one or more X groups may be bonded together thereby forming a
divalent or polyvalent anionic group, and, further optionally, 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 thereto; |

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

k is an integer from 0§ fo 3;

X 18 an mteger from 1 to 4;

2z is a number from 0 to 3; and

the sum, k+¥, is equal to the formal oxidation staie of M.

Suitable metal complexes include those containing from 1 to 3 n-bonded anionic or neutral
ligand groups, whick may be cyclic or non-cyclic delocalized n-bonded anionic ligand groups.
Exemplary of such m-bonded groups are conjugated or nonconjugated, cyclic or nop-cyclic diene
and dienyl groups, aliyl groups, boratabenzene groups, phosphole, and arene groups. By the term "
m-bonded" is meant that the ligand group is bonded to the transition metal by a sharing of slectrons
from a partially delocalized n-bond.

Fach atom in the delocalized n-bonded group may independently be substituted with a
radical selected from the group consisting of hydrogen, halogen, hyvdrocarbyl, halohydrocarbyl,
hydrocarbyl-substituted heteroatoms wherein the heteroatom is selected from Group 14-16 of the
Periodic Table of the Elements, and such hydrocarbyl- substitutad heteroatom radicals further
substituted with & Group 15 or 16 hetero atom containing moiety. In addition two or more such
radicals may together form a fused ring system, including partially or fully hydrogenated fused ring

systems, or they may form a metallocycle with the metal. Included within the ferm “hydrocarbyl”
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are (0 50 straight, branched and cyclic alkyl radicals, Ceop aromatic radicals, Cry allcyl-substitited
aromatic radicals, and C;. aryl-substituted allcyl radicals, Suitable hydrocarbyl-substituted
heteroatom radicals include mono-, di- and tri-substituted radicals of boror, silicon, germanium,
nitrogen, phosphorus or oxygen wherein each of the hydrocarbyl groups contains from 1 to 20
carbon atoms. Fxamples include N.N-dimethylamino, pyrrolidinyl, trimethylsilyi, rimethyisilyl,
butyldimethylsilyl, methyldi(t-butylssilyl, triphenylgermyl, and trimethylgermy! groups. Examples
of Group 15 or 16 hetero atomn containing meieties include amino, phosphinoe, alkoxy, or allcylthio
moisties or divalent derivatives thereof, for example, amide, phosphide, alkyleneoxy or alkylensthio
groups bonded to the transition metal or Lanthanide metal, and bonded to the hydrocarbyl group, =-
bonded group, or hydrocarbyl- substituted heteroatom. :

Examples of suitable anionic, delocalized m-bonded groups include cyclopentadienyl,
indenyl, fluorenyl, tetrahydroindenyl, tetrabydrofluoreny!, cctahydrofiuorenyl, pentadienyl,
cyciohexadienyl, dihydroanthracenyl, hexahydroanthracenyl, decahydroanthracenyl groups,
phosphole, and boratabenzyl groups, as well as inertly substituted derivatives thereof, especially
C1.1p Irydrocarbyi- substituted or tris{Cyj hydrocarbyl)silyl- substituted derivatives thereof,
Preferred anionic delocalized m-bonded groups are cyclopentadienyl, peatamethyleyclopentadienyl,
tetramethyleyclopentadienyl, tetramethylsilyloyclopentadienyl, indenyl, 2,3-dimethytindeny!,
fluorenyl, 2-methylindenyl, 2-methyl-4-phenylindenyl, tetrahiydrofiuorenyl, octabydrofluorenyl, 1-
indacenyl, 3-pyrrolidjnoinden-1-yl, 3,4-{cyclopenta(l)phenanthren-1-y], and tetrahydroindenyl.

The boratabénzenyl ligands are anionic ligands which are boron containing analogues to
benzene. They are previously known in the art having been described by G. Herberich, et al,, in
Organometallics, 14,1, 471-480 (1995). Preferred boratabenzeny! ligands correspond to the

formula:

wherein R is an inert substituent, preferably selected from the group consisting of
hydrogen, hydrocarbyl, silyl, halo or germyl, said R' having up to 20 atoms not counting hydrogen,
and optionally two adjacent R' groups may be joined together. 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.

1=
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Phospholes are znionic ligands that are phosphorus contzining analogues to a
cyclopentadienyl group. They are previously known in the art having been deseribed by WO

58/50302, and elsewhere. Preferred phosphoie Higands correspond to the formula:

R1
R'!
rF
R‘E
R‘E

wherein R' is as previously defined.

Preferred transition metal complexes for use herein correspond to the formula: M, 7., 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 K
group containing up to 50 atems not counting hydrogen atoms, optionally two K groups may be
joined together forming a bridged structurs, and further optionally one K may be bound to X or Z;

X each occurrence is & monovalent, anionic moiety having up to 40 non-hydrogan atoms,
optionally one or more X and one or more K groups are bonded together to form a metallocycle,
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 each occurrence is a neutral, Lewis base donor ligand of up to 50 non-
hydrogen atoms containing atf jeast one unshared eiectron pair through which 7 is coordinated to M;

k is an integer from 0 to 3;

x is an integer from 1 to 4;

z is a number from 0 fo 3; and

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

Preferred complexes include those containing either ene or two K groups. The latter
complexes inciude those containing a bridging group linking the two K groups. Preferred bridging
groups are those corresponding to the formula (ER’;). wherein E is silicon, germanium, tin, or
carbon, R’ independently each occurrence is hydrogen or a group selected from silyl, hydrocarbyl,
hvdrocarbyloxy and combinations thereof, said R’ having up to 30 carbon or silicon atoms, and e is
1 1o 8. Preferably, R’ independently each occurrence is methyl, ethyl, propyl, benzyl, tert-butyl,
phenyl, methoxy, ethoxy or phenoxy.

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

formula;
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or

wherein:

M is titanium, zirconium or hafnium, preferably zirconinm or hafnium, in the +2 or +4
formal oxidation state,

R* in each ocourrence independently is selected from the group consisting of hydrogen,
hydrocarbyl, sityl, germyl, cyano, halo and combinations thereof; said R® having up to 20 nop-
hydrogen atoms, or adjacent R® groups together form a divalent derivative {that is, a hydrocarbadivl,
siladiy! or germadiyl group) thereby forming a fused ring system, and

X” independently each occurrence is an anionic ligand group of up 1o 40 non-hydrogen
atoms, or two X" groups together form a divalent anionic ligand group of up to 40 non-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 a-bonded groups are:
dimethylbis(cyclopentadienyl)silane, dimethylbis{tetramethylcyclopentadienyl)silane,
dimethylbis(2-ethylcyclopentadien-1-yl)silane, dimethylbis(2-t-butylcyclopentadien-1-yl)silane,
2,2-bis(tetramethylcyclopentadienyl)propane, dimethylbis(inden-1-y)silane,
dimethylbis(tetrahydroinden-1-vhsilane, dimethylbis(fluoren-1-yl)silane,
dimethylbis(istrahydrofluoren-1-yl)silane, dimethylbis(2-methyl-4-phenylinden-1-yi}-silane,
dimethylbis(2-methylinden-1-y))silane, dimethyl(cyclopentadienyl)(fluoren-1-ylisilane,
dimethyi{cyclopentadienyl){octahydrofiuoren-1-yijsilane,
dimethyl(cyclopentadienyl}(tetrabydrofluoren-1-yl)silane, (1, 1, 2, 2-tetramethy)-1, 2-
bis(cvelopentadienyi)disilane, (1, 2-bis(cyclopentadienyl)ethane, and dimethyl{cyclopentadienyl)-1-
{fluorer-1-ylimethane.

Preferred X7 groups are selected from hydride, hydrocarbyl, silyl, germyl, halohydrocarbyl,
halosily!, silylhydrocarbyl and aminohydrocarbyl groups, or two X groups together form a divaient
derivative of a conjugated diene or else together they form 2 neutral, n-bonded, conjugated diene.

Most preferrecf X groups are Cae Iydrocarbyl groups.
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Examples of metal complexes of the foregoing formulz suitable for use in the present
invention include:

bis(cvelopentadienylyzirconiumdimethyl,
bis{cyclopentadienyljzirconium dibenzyl,
bis{cyclopentadienyl)zirconium methyl benzyl,
bis(eyclopentadienyl)zirconinm methy! phenyl,
bis(cyclopentadienyl)zirconiumdiphenyl,
bis(cyclopentadienyl)titanium-aliyl,
bis{cyclopentadienylzirconiummethylmethoxide,
bis{cyclopentadienyl)zircontummethylchloride,
bis(pentamethyicyclopentadienyDzirconiumdimethyl,
bis(pentamethyleyciopentadienyDtitaniumdimethy!,
bis(indenyl)zirconiumdimethyl,
indenylfluorenylzirconiumdimethyl,
bis(indenyl)zirconiummethvl{2-(dimethylamino)Ybenzyl),
bis(indenyl)zirconiummethyltrimnethylisilyl,
bis(tetrahydroindenyl)zirconiummethyltrimethylsilyl,
bis(pentamethyleyclopentadienyl)zirconiummethyltbenzyl,
bis(pentamethylcyclopentadienyl)zirconiumdibenzyl,
bis(pentamethyicyvclepentadienyl}zirconiummethylmethoxide,
bis(pentamethyleyclopentadienylyzirconiummethyichioride,
bis(methyvlethylcvelopentadienyzirconiumdimethyl,
bis(butyleyclopentadienylyzirconinmdibenzyl,
bis(t-butyicvelopentadienyDzirconivmdimethyl,
bis(ethyltetramethyleyclopentadienylzircontumdimsthy],
bis(methylpropyleyclopentadienyl)zirconiumdibenzyl,
bis(trimethyisilyvievelopentadienyl)zirconiumdibenzyl,
dimethylsilylbis{oyclopentadienyl)zirconinmdichloride,
dimethylsilyibis(cyciopentadﬁenyl)zirconiumdimethyl,
dimethylsilylbis(tetramethyleyciopentadienyDtitanium (I allyi
dimethylsilylbis(t-butyicyclopentadienyl)zirconiumdichloride,
dimethylsilylbis(n-butyleyclopentadienyl)zirconiumdichloride,
{(dimethylsilyibis(tetramethylcyclopentadienyDtitanfum{IIT) 2-(dimethylaminoybenzyl,
{dimethylsilyibis{n-butylcyciopentadienylyfitanium{IIT) 2-(dimethylamino)benzyl,

dimethyisiivlbis(indenyl)zirconiumdichlcride,
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dimethylsilylbis(indenyDzirconivmdimetiyl,
dimethylsilylbis(2-methylindenyl)zirconiumdimetiyl,
dimethylsilylbis(2-methyl-d-phenylindenyDzirconinmdimethyvi,
dimethylsilyibis(2-methylindenylzirconium-1,4-diphenyl-1,3-butadiens,
dirr;ethylsiiylbis(Z-methyl-f.-phenyiindenyl)zirconium () 1,4-diphenyl-1,3-butadiene,
dimethylsilyibis(4,3,6,7-tetrabyvdroinden-1-vl)zirconiumdichlioride,
dimethylsilylbis(4,S,6,’7-tetra‘nydroiﬁden-i-yl)zirconiumdimethyl,
dimethylsilylbis(tetrahydroindenyijzircontum(l} 1,4-diphenyli-1,3-butadiene,
dimethylsilylbis(tetramethyleyclopentadienylzirconium dimethyl
dimethylsitylbis{flnorenylizirconiumdimethyl,
dimethylsilylbis{tetrahydrofiuorenyl)zirconium bis{trimethylsilyl),
ethylenebis(indenyl)zirconiumdichloride,
ethylenebis(indenyl)zirconiumdimethyl,
ethylenebis(4,3,6,7-tetrahydroindenyl)zirconiumdichloride,
ethylenebis(4,5,6,7-tetrahydroindenylyzirconiumd tmethyl,
(isopropylidene)cyelopentadienyl){fluorenylizirconiumdibenzyl, and
dimethylsilyl{teframethyloyclopentadienyl)(fluorenyl)zirconium dimethyl.

A further class of metal complexes utilized in the present invention corresponds to the
preceding formula: MKZ, X, or a dimer thereof, wherein M, K, X, x and z are as previously
defined, and Z is a substituent of up to 50 non-hydrogen atoms that together with K forms a
metallocycle with M.

Preferred Z substituents include groups containing up to 30 non-hydrogen atoms comprising
at least one atom that is oxygen, sulfur, boron or a member of Group 14 of the Pericdic Table of the
Elements directly attached to K, and a different atom, selected from the group consisting of
nitrogen, phosphorus, oxygen or sulfur that is covalently bonded to M.

More specifically this class of Group 4 metal compisxes used according to the present

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

XY
Yy

K'— M X,

wherein:

-

M is titanivm or zirconium, preferably titanium in the +2, +3, or T4 formal oxidation state;

K is a delocalized, n-bonded ligand group optionally substituted with from 1 to 5 R?

groups,
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R? in each oceurrence independently is selected from the group consisting of hydrogen,
kydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R? having up to 20 non-
hvdrogen atoms, or adjacent R? groups together form a divalent derivative (that is, a hvdrocarbadivi,
siladiyl or germadiy! group) thereby forming a fused ring system,

each X is a halo, hydrocarbyl, hydrocarbyloxy or sily! group, said group having up to 20
non-hydrogen atoms, or two X groups together form a neutral C;_3g conjugated diene or 2 divalent
derivative thereof;

xis lor2;

Y is -0~ -S-, -NR~, -PR’+; and

X is S8iR’y, CR’;, SiR%8IR’;, CRCR,, CR'=CR’, CR’,5iR’;, or GeR’,, wherein

R’ independently each occurrence is hydrogen or a group selected from silyi, hydrocarbyl,
hydrocarbyloxy and combinations thereof, said R” having up to 30 carbon or silicon atoms.

Specific examples of the foregoing constrained geometry metal complexes include

compounds corresponding to the formula:

wherein,

Ar is an aryl group of from 6 to 30 atoms not counting hydrogen;

R’ independently each ocourrence is hydrogen, Ar, or a group other than Ar selected from ’
hydrocarbyl, trihydrocarbylsilyl, trihydrocarbylgermyl, halide, nydrocarbyloxy,
trihydrocarbylsiloxy, bis(trihydrocarbylsilyDaminoe, di(hydrocarbyDamino, hydrocarbadiyiamine,
hydrocarbylimine, dithydrocarbyl)phosphino, hydrocarbadiylphesphine, hyvdrocarbylsulfido, halo-
substituied hydrocarbyl, hydrocarbyioxy- substituted hydrocarbyl, trihvdrocarbylsilyl- substituied
hydrocarbyl, trihyvdrocarbylsiloxy- substituted hydrocarbyl, bis(fribydrocarbylsityljamino-
substituted hydrocarbyl, dithydrocarbyl)amino- substituted hydrocarbyl, kydrosarbyleneamino-
substituted hydrocarbyl, di(hydrocarbyl)phosphinoe- substituted hydrocarbyl,
hydrocarbylenephesphino- substituted hydrocarbyl, or hydrocarbylsulfido- substituted hydrocarbyl,
said R group having up fo 40 atoms not counting hydrogen atoms, and optionally two adjacent R’
groups may be joined togsther forming 2 poiycyclic fused ring group;

M is titanizm,

X is $iR%, CR%, SIR%SIRY, CR%GCRS, CR'=CR®, CR%SiR, BRY, BR'L”, or GeR%;

Y is -O-, -8, -NR’+, -PR’-; NR;, or -PR;;
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R’, independently each occurrence, is hydrocarbyl, triydrocarbylsityl, or
trihydrocarbylsilylhydrocarbyl, said R® having up to 20 atoms other than hydrogen, and optionally
two R® groups or R together with Y or Z form a ring system;

R®, independently each occurrence, is hycdrogen, or a member selected from hydrocarbyl,
hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, -NR®,, and combinations thereof, said R
having up to 20 non-hydrogen atoms, and optionally, two R® groups or R® together with Z forms a
ring system,

Z is a neutral diene or a monodentate or polydentate Lewis base optionally bonded to R,
RY, or X;

X is hydrogen, a monovalent anionic ligand group having up to 60 atoms not counting
hyvdrogen, or two X g‘roup\s are jomned together thereby forming a divaient ligand group;

xis1or2; and

zis{, 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 include:

(3-phenyleyclopentadien-1-yldimethyl(t-butylamido)silanetitanium dichloride,

(3-phenyleyclopentadien-1-yhdimethyl(t-butylamido)silanetitanium dimethyl,
(3-phenyicyclopentadien- 1 -yl)dimethyl{t-butylamido)silanetitanivm (I) 1,3-diphenyl-1,3-
butadiene;
(3-(pyrrol-1-ylicyclopentadien-1-yl}dimethyl(i-butylamido)silanetitanium dichloride,
(3-(pyrroi-1-ylxyclopentadien-1-yDdimethyl(t-butylamido)silanetitanium dimethyl,
(3~{pyrroi-1-yheoyciopentadien-1-y1))dimethyl{(i-butylamido)silanetitanium (IF) 1,4~
diphenyl-1,3-butadiene;
(3-(1-methylpyrroi-3-ylicyclopentadien- 1 -yDdimethyl(t-butylamido)silanetitanium dichloride,
(3-{1-methylpyrrol-3-ylicyclopentadien- 1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
{(3-(1-methylpyrrol-3-yl)cyclopentadien-1-ylydimethyl(t-butylamido)silanetitanium (1) 1,4~
diphenyl-1,3-butadiene;
(3,4-diphenyleyelopentadien-1-yDdimethyl(t-butylamido)sitanetitanium dichloride,
(3,4-diphenyicyciopentadien-1-yl)dimethyl{t-butylamido)silanetitaniom dimethyl,
(3,4-diphenvlcyclopentadien-1-yhdimethyl{t-butylamido)silanetitanium (II) 1,3~
pentadiene;
(3-(3-N,N-dimethylamino)pbenyl)cyclopentadien- I -yl)dimethyl(t-butylamido)silanetitanium
dichloride,

(3-(3-N,N-dimethylamino)phenyicyciopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
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dimethyl,

(3-(3-N N-dimethylamino)phenyleyclopentadien- 1-yl)dimethyl(t-butylamido)silanetitaninm
(1) 1,4-diphenyl-1,3-butadiene;

(3-(4-methoxyphenyl)-4-methylcyclopentadien-1 ~yl)dimethyi(t-butylamido)silanetitanium

dichleride,

(3-(4-methoxyphenyl)-4-phenylcyclopentadien- 1 -yl)dimethyl(t-butvlamido)silanetitanium dimethyl,

{3-4-methoxyphenyl)-4-phenylcyciopentadien-1-ydimethyi(t-butyiamido)silanetitanium (1)
1,4-diphenyl-1,3-butadiene;
(3-phenyl-4-methoxyeyclopentadien-1-yDdimethyA(t-butyiamido)silanetitanium dichloride,
(3-phenyi-4-methexyeyeiopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
(3-phenyl-4-methoxycyclopentadien-I-yl)dimethyl(t-butylamido)}silanetitanium () 1,4-
diphenyl-1,3-butadiene;
{3-phenyl-4-(N,N-dimethylamino)cyclopentadien-1-yl)dimethyl(t-butylamideo)silanetitanium
dichioride,
(3-phenyl-4-(N,N-dimethylamino)cyclopentadien-1-yl)dimethyl(i-butylamido)silanetitaninm
dimethyl,
(3~-phenyl-4-(N,N-dimethylamino)cyciopentadien- 1 -yDdimethyl(t-butylamido)silanetitanivm
(1) 1,4-diphenyl-1,3-butadiene;
2-methyl-(3,4-di{4-methyiphenyloyclopentadien-1-yydimethyl(t-butyiamido)silanetitanium
dichleride,
2-methyl-(3,4-di{4-methyiphenylcyclopentadien-1-yldimethyl(t-butylamido)silanetitanium
dimethyi,
Z-methyl-(3,4-di{4-methylphenyhoyclopentadien- 1 -yDdimethyl(t-butylamido)silanetitanium
(I 1,4-diphenyl-1,3-butadiene;
{{2,3-diphenyh)-4-(N,N-dimethylamino)cyclopentadien- 1 -y)dimethyl{t-butylamido)silane
titanium dichioride,
((2,3-diphenyl}-4-(N,N-dimethylamino)cyclopentadien-1-yl)dimethyl(t-butylamido)silane
titanium dimethyl,
({2,3-diphenyl)-4-(N,N-dimethylamino)cyciopentadien-1-ydimethyl(t-
butylamido)silanetitanium (I} 1,4-diphenyl-1,3-butadiens;
(2,3,4-triphenyi-S-methyleyclopentadien-1-ylidimethyl{t-butylamido)silapetitanivm dichloride,
(2,3,4-triphenyi-5-methyleyclopentadien-1-yhdimethyl(t-butyiamido)silanetitanium dimethyl,
(2,3 4-triphenyl-5-methylcyclopentadien-i-yl}dimethyl{t-butylamido)silanetitanium (I} 1,4-
diphenyl-1,3-butadiene;

(3-phenyl-4-methoxycyctopentadien-1-yldimethyl{t-butylamido)siianetitanium dichloride,
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(3-phenyl-4-methoxycyclopentadien-1-y)dimethyl(t-butyiarmido)silanetitanivm dimethy!,
{3-phenyi-4-methoxycyclopentadien- 1-yhdimethy1{t-butylamido)silanetitanium (1) 1,4~
diphenyi-1,3-butadiene;
(2,3-diphenyl-4-(n-butyl}cyclopentadien-1-yl}dimethyl{t-butylamido)silanetitanium dichloride,
(2,3-diphenyl-4-(a-butylcyclopentadien-1-yl)dimethyl{t-butylamido)silanetitanium dimethyi,
(2 3-diphenyl-4-(n-butylcyciopentadien- L-yDdimethyl(t-butylamido)silanetitanivm (1) 1,4-
diphenyi-1 ,3-butadi§ne;
(2.3,4,5-tetraphenylcyclopentadien-1 -yl)dimethyl(t-butylamido)silanetitanium dichlor.ide,
(2,3,4,5-tstraphenvicvelopentadien- 1 -yl)dimethy](t-butylamido)silanetitanium dirnethyl, and
(2.3,4,5-tetraphenylcyclopentadien-1~yldimethyl(t-butylamido)silanetitanium (1) 1,4-
diphenyl-1,3-butadiene.
Additional examples of suitable metal compiexes for use as catalyst (A) herein are

polyeyelic complexes corresponding to the formula:

where M 13 titanium in the +2, +3 or +4 formal oxidation state;

R’ independently sach occurrence is hydride, hydrocarbyl, silyl, germyl, haiide,
hydrocarbyloxy, hydrocarbylsitoxy, hydrocarbylsitylamino, dithydrocarbylamine,
hydrocarbyleneamine, dilhydrocarbyljphosphine, hydrocarbyiene-phosphino, hydrocarbylsulfido,
halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarhyl, silyi-substituted
hydrocarbyl, hydrocarbylsiloxy-substituted hydrocarbyl, hydrocarbylsilylamino-substituted
hvdrocarbyl, difhydrocarbyl)amino-substituted hydrocarbyl, hydrocarbyleneaminc-substituted
hydrocarbyl, di{hydrocarbyl)phosphino-substituted hydrocarbyl, hydrocarbyiene-phosphino-
substitited hydrocarbyl, 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 derivative;

R® is a divalent hydrocarbylene- or substituted hydrocarbylene group forming 2 fused
system with the remainder of the metal complex, said R® containing from 1 to 30 atoms not

counting hydrogen;



X is a divalent tmoiety, or a molety comprising one o-bond and a neutra! two glectron 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 comprising nitrogern, phosphorus, sulfur or oxygen;
X is & monovalent anionic ligand group having up to 60 atoms exclusive of the class of
5 ligands that are cyelic, delocalized, n-bound ligand groups and optonally two X groups together
form a divalent ligand group;
Z independently each cccurrence is a neutral ligating compound having up to 20 atoms;
xis0, l or2; and
z is zero or L.
10 Preferred examples of such complexes are 3-phﬂn$f1-substituted s-indecenyl complexes

corresponding to the formula:

2,3-dimethyl-substituted s-indecenyl complexes corresponding to the formulas:

CH, CHs
cH
R T"“
CB a3 TI-CHE)E CHz \S.i, l/\CE—:
3 = ) ]
CH3> ~ cis Sy

or 2-metlhyyl-substituted s-indecenyl complexes corresponding to the formula:

3o
L= 3

Ti{CHsl, . ; cH

CHpe_ 81 | ‘ CHa__ 54 it
Cﬂj:> ~_ CE TN KC(CHA
3 NC {Cﬂg) 3 > 343
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Additional examples of metal complexes that are usefully employed as catalyst (A)

according to the present invention include those of the formula:

;mr-schg CF .@ S{(CHa)E
~_Nc(cH \
o {CHais © \T /NC(CHa)s
CH; : CH/ \CH3 }

CH=—=C ——SHCH
— {(C J2  CHg l) SQCHSJ
NC(CHa); © NC{C?—I;;)?,

\
O ol s
Chy CH-—GH
AR f
CgHgHC CHCgHs CeHsHC CHCgHs
HyC \ECHs)z SI(CH3
NC(CHa}s
O ) e
\
; CHa/ Chs CH3/ \CHg

Specific metal compiexes include:
(8-methylene-1,8-dihydrodibenzofe, hlazulen-1-y1}-N-(1,1-dimethylethylidimethyisilanamide
titanium {11} 1,4-diphenyl-1,3-butadiene,
(§-methylene-1,8-dihydrodibenzole Alazulen-1-y1}-N-(1, I-dimethylethyl)dimethyisiianamide
10 titanium (II) 1,3-pentadiene,
(8-methylene-1,8-dihvdrodibenzole, flazulen-1-y1}-N-(1,1-dimethylethyDdimethylsilanamide
titanium {111} 2-(N,N-dimethylamino}benzyl,
{8-methvlene-1,8-dihvdrodibenzole Mazulen-1-y1)-N-{1, 1 -dimethylethyDdimethyisilanamide
titanium (TV} dichloride,
15 (8-methylene-1,8-dihydrodibenzole, Alazulen-1-y1)-N-(1,1-dimethylethyl)dimethyisilanamide
titanium (TV) dimetiiyl,
(8-methylene-1,8-dihydrodibenzole Alazulen-1-y13-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dibenzyl,
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(8-diflucromethylene-1,8-dihydrodibenzole, Alazuien-1 “yl)-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (II) 1,4-diphenyi-1,3-butadiene,
(8-difluoromethylene-1,8-dihydrodibenzofe Ajazulen-1-y1)-N~(1,1-
dimethylethyl)dimethylsilanamide titantum (IT) 1,3-pentadiene,
(8-difluoromethylene-1,8-dihydrodibenzole Alazulen-1-y1)-N-(1,1-
dimethylethyl)dimethylsiianamide titanium (II) 2-(N,N-dimethylamino)benzyl,
(8-difluoromethylene-1,8-dihydrodibenzofe, Alazuien-1-y1)-N-(1,1-
dimethylethyl)dimethyisilanamide titanium (IV) dichloride,
(8-difiuoromethylene-1,8-dihydrodibenzofe, Alazulen-1-y13-N-(1,1-
dimethylethydimethylsilanamide titaniom (I'V) dimethyl,
(8-difluoromethylene-1,8-dihydrodibenzo{e, hjazulen-1-v1)}-N~(1,1-
dimethylethyl)dimethylsilanamide titaninm (TV) dibenzyl,

(8-methyiene-1,8-dinydrodibenzofe, Alaznlen-2-y13-N~(1,1-dimethyiethyDdimethylsilanamide
titanium (1) 1,4-diphenyl-1,3-butadiene,

(8-methylene-1,8-dihydrodibenzo[e, hlazuien-2-y1)-N-{1, 1 -dimethylethyl)dimethylsilanamide
titanium (II) 1,3-pentadiene,

(8-methylene-1,8-dihydrodibenzole, Alazulen-2-y1}-N-(1, 1 -dimethyiethyl)dimethylsilanamide
titanium (1) 2-(N,N-dimethylamino)benzyl,

(8-methylene-1,8-dihydrodibenzole, riazulen-2-y1)-N-(1,1~dimethylethy)dimethyisilanamide
titanivm (IV) dichioride,

(8-methylene-1,8-dihydrodibenzo[e, hlazulen-2-y1)}-N-{1,1-dimethylethyl)dimethyisilanamide
titanium (TV) dimethyl,

(8-methylene-1,8-dibydrodibenzole, Mjazmien-2-y1)-N-(1, 1-dimethylethy)dimethylsilanamide
titanium (TV) dibenzyi,

{8-difluoromethylene-1,8-dihydrodibenzole, Alazulen-2-y{)-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (IT) 1,4-diphenyl-1,3-butadiene,
(8-difluoromethylene-1,8-dihydrodibenzole, hlazulen-2-y1)-N-{1,1-
dimethylethylidimethylsilanamide titaninm (@) 1,3-pentadiene,
(8-difivoromethylene-1,8-dihydrodibenzole, flaznlen-2-yD)-IN-(1,1-
dimethylethyl)dimethyisilanamide titanium (II) 2-(N N-dimethylaminc)benzyl,
(8-difluoromethylene-1,8-dihydrodibenzole, Alazulen-2-y1)-N-(1,1~

dimethyletiryl}dimethyisilanamids titaniom (IV) dichloride,
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(8-difluoromethylene-1,8-dihydrodibenzole, Alazulen-2-yI3-N-(1,1-
dimethylethy!)dimethylsilanamide titanium (TV) dimethyl,
(8-diflucromethylene-1,8-dihydrodibenzole, hlazulen-2-y1)-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (V) diBenzyl, and mixtures thereof, especially
mixtures of positional isomers.
Further illustrative examples of metal complexes for use according to the present

invention correspond to the formula:

R‘!G

R‘IG

where M is titanium in the 42, +3 or-+4 formal oxidation state;

T is =NR’- or -O-;

R’ is hydrocarbyl, silyl, gemmyl, dibydrocarbylboryl, or halohydrocarbyl or up to 10 atoms
not counting hydrogen;

R independently each occurrence is hydrogen, hydrocarbyl, trihydrocarbylsilyl,
trihydrocarbylsilylhydrecarbyl, germyl, halide, kyydrocarbyloxy, hyvdrocarbylsiloxy,
hydrocarbylsilylamine, dithydrocarbyl)amino, hydrocarbyleneamine, di(hydrocarbyl)phosphino,
hydrocarbylene-phosphino, hydrocarbylsulfido, halo- substituted hydrocarbyl, hyvdrocarbyloxy-
substituted hydrocarbyl, silyl- substitted hydrocarbyl, hydrocarbylsifoxy- substituted hydrocarbyl,
hvdrocarbylsilylamine- substituted hydrocarbyl, di(hydrocarbyl)amino- substituted hydrocarbyl,
hydrocarbyleneamino-substituted nydrocarbyl, dihydrocarbyl)phosphine- substituted hydrocarbyl,
hydrocarbylenephosphino- substituted hydrocarbyl, or bydrocarbylsulfido- substituted hydrocarbyt,
said R'® group having up to 40 atoms not counting hydrogen atoms, and optionally two or more of
the foregoing adjacent R' groups may together form a divalent derivative thereby forming 2
saturated or unsaturated fused ring;

X" is a divalent moiety lacking in delocalized n-electrons, or such a moiety comprising one
o-bond and a neutral two electron pair able to form a coordinate-covalent bond to M, said X°
comprising boron, or & member of Group 14 of the Periodic Table of the Elements, and also

comprising nitrogen, phosphorus, sulfur or oxyzen;

[
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¥ is a monovalent anionic ligand group having up to 60 atoms exclusive of the class of
ligands that are cyclic ligand groups bound to M through delocalized m-electrons or two X groups
together are a divalent anionic ligand group;

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

x1is G, 1,2, or 3; and
zis0or L.
Highly preferably T is =N(CHa), X is halo or hvdrocarbyl, x is 2, X is dimethyisilane, z is
0, and R" each accurrence is hydrogen, a hydrocarbyl, hydrocarbyloxy, dihvdrocarbylamino,
hydrocarbyleneamine, dihydrocarbylamino- substituted hydrocarbyl group, or
hvdrocarbylensamino~ substituted hydrocarbyl group of up to 20 atoms not counting hydrogesn, and
optionally two R' groups may be joined together.
Hlustrative metal complexes of the foregoing formula that may be emploved in the practice
of the present invention further include the following compounds:
(t-butvlamido)dimethyl-{6,7]benzo-[4,5:2°,37](1 -methylisoindol-(3H)-indene-2-yl}silanetitanivm
(Il) 1,4.diphenyl-1,3-butadiene,

(t-butylamido)dimethyl-[6,7]benzo-{4,5:27,3 ¥ 1 -methylisoindol)-(3H)-indene-2-yD)silanetitanium
{I} 1,3-pentadiene,

(t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3" }(1-methylisoindol}-(3H)-indene-2-yi)silanetitanium
(II) 2-{N,N-dimethylamino)benzyl,

(t-butylamido)dimethyi-[6,7 benzo-{4,5:2°,3°](1 -methyliscindol}-(3H)-indene-2-yl)silanetitanium
(IV) dichloride,

{(t-butylamido)dimethyl-{6,7]benzo-[4,5:2",37]{ 1 -methylisoindo!}-(3H)-indene-2-yl)silanetitanium
(IV) dimethyl, .

(t-butvlamido)dimethyl-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H}-indene-2-yl}silanetitanium
(IV) dibenzyl,

(t-butylamido)dimethyl-[6,7]benze-[4,5:2°,3°1( 1 -methylisoindoD)-(3H)-indene-2-y)silanetitanium
(IV) bis{trimethyisilyl},

(cyclohexylamido)dimethyl-[6,7]benzo-[4,5:2°,3" [(1-methylisoindol)-(3H}-indene-2-
yD)silanetitanium (II} 1,4-diphenyl-1,3-butadiene,

(cyclohexylamido)dimethyl-[6,71benzo-[4,5:2°,53”}(1-methylisoindo-(3H}-indene-2-
yDsilanetitanium (IY) 1,3-pentadiene,

(cyeiohexylamide)dimethy!-[6,7 benzo-[4,5:27,3°}(1-methylisoindol)-(3H}-indene-2-
yhsilanetitanium (IIT) 2-(N,N-dimethylamino)benzyl,
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(cyelohexyviamide)dimethyl-{6,7]benzo-[4,5:2° 3" 1(1-methylisoindoD-{3H)-indene-2-
v}sitanetitanivem (IV) dichloride,

{cyclohexylamido)dimethyl-[6,7 benzo-[4,5:2° .3 ](1-methylisoindol)}-(3 H)-indene-2-
vi}silanetitanium (I'V) dimethyl,

Lh

{cyclobexylamido)dimethyl-[6,7]benzo-[4,5:2°,3°)(1-methylisoindol-(3H)-indene-2-
viisilanetitanium (IV) dibenzyl,

{cyclohexylamido)dimethyl-[6,7]benzo-[4,5:27,3 "{( 1-methyiisoindo)-(3H -indene-2-
yhsilanetitanium (TV) bis{trimethylsilyl),

10 (t-butylamido)di{p-methylphenyl)-[6,7]benze-[4,5:2°,3](I-methylisoindol)-(3H)-indene-2-
vlisilanetitanium (1) 1,4-diphenyl-1,3-butadiene,
(t-butylamido)di(p-methyiphenyl)-[6,7]benzo-[4,5:2° 3" J(1-methyliscindol)-(3H)}-indene-2-
vDsilanetitanium (II) 1,3-pentadiene,
(t-butylamido)di(p-methylphenyl)-[6,7]benze-[4,5:2°,3 K 1-methyiisoindo - (3H)-indene-2-
15 yhsilanetitanium (JIT) 2-(N,N-dimethylamino)benzyl,
{t-butylamido)di(p-methylphenyl}-[6,7ibenze-[4,5:2° 3" | I -methylisoindo])-(3H -indene-2-
v)silanetitaniuvm (IV) dichloride, J
(t-butylamido)di(p-methylphenyl)-{8,7lbenzo-[4,5:2°,3 "} I -methylisoindol)-(3H}-indens-2-
yl)silanstitanivm TV) dimethyl,
20 (t-butylamido)di{p-methyiphenyl)-[6,7Tbenze-[4,5:2°,3"](1~methylisoindol)-(3H)-indene-2-
yhsilanetitanium (IV) dibenzyl,
(+-butylamido)di{p-methylphenyl}-[6,7]benzo-[4,5:2°,3"]{1-methylisoindol)-(3H)-indene-2-
viysilanetitaninm (I'V) bis(trimethylsilyl),

25  {cvciobexylamido)di(p-methyiphenyl}-[6,7 benzo-[4,5:2°,3 1 1-msthylisoindoD-(3H}-indene-2-
vDsilanetitaninm (I1) 1,4-diphenyl-1,3-butadiene,

(cyciohexylamido)di(p-methylphenyl}-[6,7|benzo-[4,5:2°,3 7)1 -methylisoindol)-(3H}-indene-2-
viysilapetitanium {II) 1,3-pentadiene,

{cyclohexylamido)di(p-methylphenyl}-[6,7]benzo-[4,5:2° 3" K 1-methyliscindol)-(3H}-indene-2-

30 yhsilanetitanium () 2-(N, N-dimethylamine)benzyl,

(cyclohexylamide)di(p-methyivhenyl)-{6,7]benzo-[4,5:2° 3" )(1-methylisoindo)-(3H)-indene-2-
v])silanetitanium (IV) dichloride,

(cvclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,37](1-methylisoindol}-(3H)~indens-2-
yDsilanetitanium (IV) dimsthyl,
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(cyclohexylamido)di{p-methylphenyl)-[6,7]benzo-[4,5:2°,3 (1 -methylisoindc])-(3H)-indene-2-

yi)silanetitanium (IV) dibenzyl; and

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

yhsilanetitanium IV} bis{trimethylsilyl}.

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

invention further include:

{tert-butylamido)(i,1-dimethy1-2,3,4,9,10-n-1,4,5,6,7,8~
hexahydronaphthalenyl}dimethylsilanetitaniumdimethyl,

(tert-butylamido)(1,1,2,3-tetramethyl-2,3,4,9,10-n-1,4,5.6,7,8-
hexahydronaphthalenyl)dimethylsilanetitaniumdimethy!, _

(tert~butyiamido)(tetrameﬂayl«n5 -cyclopentadienyl) dimethylsilanetitanium dibenzyl,

(tert-butylamido)(tetramethyl-n’-cyclopentadieny!)dimethylsilanetitanium dimethyi,

(tert-butylamido){tstramethyl-n’-cyclopentadienyl)-1,2-ethanediyltitanium dimethyl,

(teﬁ-buty}amido)(tetramethyi-n5 -indenyl}dimethylsiianetitanium dimethyl,

(tert-butylamido)(tetramethyl-n°-cyclopentadienyl)dimethyisilane titanium (IIT)
2-{dimetirylaminoybenzyi;

(tert—butylanddp)(tetramethyl-n *.cyclopentadienyl)dimethylsilanetitanium (III) allyl,

(tert—butylarrﬁdo)(te‘tramethyi-n5-oyclopentadienyi)dimethylsiianetitanium {IiD
2, 4-dimethvipentadienyl,

(tert-butylamido)(tetramethyl-n *-cyclopentadienyl)dimethylsilanetitanium (1)
1,4-diphenyl-1,3-butadiene, ’

(tert-butylamido){tetramethyl-n *.cyclopentadienyl)dimethylsitanetitanium (1)
1,3-pentadiens,

(tert-butylamido ¥ 2-methylindeny!)dimethylsilanetitanivm (If) 1,4-diphenyl-1,3-
butadiene,

(tert-butyiamido)(2-methylindenyl)dimethylsilanetitanium (I} 2,4-hexadiene,

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) 2,3-dimethyi-1,3-
butadiene,

(tert-butylamido)(Z-methylindenyl)dimethylsilanetitanium (IV) isoprene,

(tert-butylamido)(2-methylindenyl)dimethyisilanetitanivm (IV) 1,3-butadiene,

(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitaniom (IV)
2,3-dimethyl-1,3-butadiene,

(tert-butylamido)}(2,3-dimethylindenylydimethylsilanetitanium (IV)

isoprens
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(tert-butylamido)(2,3-dimethylindenyldimethylsilanstitantum (IV) dimethyl
(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (IV) dibenzy!
{tert-butylamido)(2, 3-dimethylindenyl)dimethylsilanetitanium (IV) 1,3-butadiene,
(tert-butylamido)(2,3-dimethylindenylydimethylsilanetitanium (I) 1,3-pentadiene,
(teri-butytamido)(2,3-dimethylindenyl)dimethylsilanetitanium (If) 1,4-diphenyl-
1,3-butadiene,
(tert-butylamido}(Z-methylindenyl)dimethylsilanetitanium (I) 1,3-pentadiene,
(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) dimethyl,
(tert-butylamido)(2-methylindenyl)dimethyisilanetitanium (IV) dibenzyl,
(tert-butylamido)(2-methyl-4-phenylindenylydimethylsilanetitanium ()
1,4-diphenyi-~1,3-butadiene,
(tert-butylamido){2-methyl-4-phenylindenyl)dimethylsilanetitanium (II) 1,3-pentadiene,
(tert-butylamido)(2~methy1-4-phcnylindenyl)dirnethylsilan-etitanium () 2,4-hexadiene,
(tert-butylamido)(zetramethyl-n 5-cyclop entadienylydimethyl-  silanetitanium V)
1,3-butadiene,
(tert-butylamido)(tetramethyl-n’*-cyclopentadienyl)dimethylsitanetitanium (IV)
2.3-dimethyi-1,3-butadiene,
(tert-butylamido)(tetramethyl-n’-cyclopentadienyldimethylsifapetitanium (IV)
isoprene,
(tert-nbuty}amido)(tetramathyi-n5-cyclopentadienyl)dimeﬂlyi— silanetitanium (11}
1.4-dibenzyl-1,3-butadiene,
(tert—butylamide)(tetramethy}—n5-cyclopentadienyl)dimethyls ilanetitanium (1)
2,4-hexadiene,
(tert-»butylamido)(tetramethyl-n5—cyc lopentadienyldimethyl-  silanetitanium (I}
3-methyl-1,3-pentadiens,
(tert-butylamido)(2,4-dimethylpentadien-3-yhdimethyisilanetitaniumdimethyl,
(tert-butylamido)(6,6-dimethylcyclohexadienyl )dimethyisilanetitaniumdimethyl,
{tert-butylamido)(1,1-dimethy}-2,3,4.9,10-n-1,4,5,6,7,8-hexahydronaphthalen-4-
yhdimethysilanetitaniumdimethyl,
(tert-butylamido)(1,1,2,3-tetramethyl-2,3,4,9,10-1-1,4,5,6,7,8-hexalrydronaphthalen-4-
yhdimethylsilanetitantumdimethyl
(tert—butylamido)(tetramethy}—nS—Gyciopentadienyi methylphenylsilanetitanium (IV)
dimethyl,

(tert-butylamido){ tetramathyl-n -cyelopentadienyl methyiphenylsilanetitanium (I0)
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1,4-diphenyl-1,3-butadiene,
1-(tert-butyiamido)-2-(tetramethyl-n *-cyclopentadieny!)ethanediyltitanium IV

dimethyl, and
1-(tert-butylamido)-2-(tetramethyl-n*-cyclopentadienyl)ethanediyl-titanivm (T} 1,4-diphenyl~1.3-
butadiene.

Other delocalized, ni-bonded complexes, especially those containing other Group 4 metals,
will, of course, be apparent to those skilled in the art, and are disclosed among other places in:
WO 03/78480, WO 03/78483, WO 02/92610, WO 02/062577, 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
5,470,993,

Additional examples of metal complexes that are usefully empioyed as catalyst (A) are

complexes of polyvalent Lewis bases, such as compounds corresponding to the formula:

Tb — \al
e . & T,
R _“XL ﬁYb—cRb e R, —%° Y- ®%)y
i Mb ‘1111'1—‘ brrrr‘
| j 1\:/I j
Lbh ,or Lbh be !
; preferably
T ™
‘ s \ . /70 R
Ry —X° /Yb—~(Rb}b B —X° \Y‘L R,
! |
Ly g Loy 2%
//Tb\ /’Tb\
R —X* Y- (R”)J (R%);— X" Vi <R",'>J
b/ , N b/ 5
M M _}
h -2 b " ) 2
Ly , o1 LwiZys

wherein T° is a bridging group, preferably containing 2 or more atoms other than hydrogen,

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

R® and R” independently each occurrence are hydrogen or C,.s hydrocarbyl groups
optionally containing one or more heteroatoms or inertly substituted derivative thersof. Non-
limiting examples of suitable R® and R groups include alicyl, alkenyl, aryl, aralicyl, (poly)alicvlary!
and cycloalky] groups, as well as nitrogen, phosphorus, oxygen and halogen substituted derivatives
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thereof. Specific examples of suitable Rb and Rb” groups include methyl, ethyl, isopropyl, octyl,
phenyl, 2,6-dimethyiphenyl, 2,6-di(isopropyl)phenyl, 2.4,6-trimethyipheny!, pentafluorophenyl, 3,5-
triﬂlcloromethy}phenyl, and benzyl;

gislorl;

M’ is a metallic element selected from Groups 3 to 15, or the Lanthanide series of the
Periodic Tabie of the Elements. Preferably, M® is a Group 3-13 metal, maore preferably M® is a
Group 4-10 metal;

L® is 2 monovalent, divalent, or trivalent anionic ligand containing from 1 to 59 atoms, not
counting hvdrogen. Examples of suitabie L* groups include halide; hydride; hydrocarbyt,
hydrocarbyloxy; dithydrocarbylyamide, hydrocarbyleneamide, di(hydrocarbyl)phosphido;
hydrocarbylsulfido; hydrocarbyloxy, trilhydrocarbylsilyhalicyl; and carboxylates. More preferred
Lt groups are Cyg alkyl, Cygp aralkyl, and chioride;

k is an integer from | to 6, preferably from ! to 4, more preferably from 140 3, and jis 1 or
2, with the vaiue h x } selected to provide charge balance;

Z" is a 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 ethers,
alkenes, alkadienes, and inertly substituted derivatives thereof. Suitable inert substituents include
halogen, alkoxy, aryloxy, alkoxycarbonyl, aryloxycarbonyl, di(hydrocarbyDamine,
tri(hvdrocarbyl)silyl, and nitrile groups. Preferred Z° groups include triphenylphosphine,
tetrabiydrofuran, pyridineg, and 1,4-diphenylbutadiene;

{15 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 I to 6, preferably from 1 to 4, more preferably from 1 1o 3;

www indicates any form of electronic interaction, especially coordinate or covalent bonds,
inciuding multiple bonds, arrows signify coordinate bonds, and dotted lines indicate optional double
bonds,

In one embodiment, it is preferred that R® have relatively low steric hindrance with respect
to X°. In this embodiment, most preferred R groups are siraight chain alky! groups, straight chain
alkenyl groups, branched chain alkyl groups wherein the closest branching point is at least 3 atoms
removed from X°, and halo, dihydrocarbytamine, alkoxy or trihydrocarbylsily! substituted
derivatives thereof. Highly preferrad R® groups in this embodiment are Cy.4 strai ght chain alkyl
groups.

At the same time, in this embodiment R® preferably has relatively high steric hindrance

with respect to Y. Nen-limiting examples of suitable R® groups for this embodiment include alicy!
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ar alkeny! groups containing one or more secondary or tertiary carbon centers, cycloalicyl, aryl,
alkaryl, aliphatic or aromatic heterocyclic groups, organic or inorganic cligomeric, polymeric or
cyclic groups, and halo, dihydrosarbylamine, alkoxy or trihydrocarbylsily! substituted derivatives
thereof. Preferred R™ groups in this embodiment contain from 3 to 40, more preferably from 3 to
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 @ R ®R R ®Y @B

C—C - —Ge N
4 N o, 7 N, & N, / A
Rd (Rc) (Rd):z (Re} Rd \ . Rd R 1
\C—*Sn/ z \Pm 2 \C ——P/(Rh \Cm /

Vi N, 2N, o \,OI/C\

, wherein

Each R® is Cy.10 hydrocarby! group, preferably methyl, ethyl, n-prepyl, i-propyl, t-butyl,
phenyl, 2,6-dimethylpheny], benzyl, or tolyl. Each R®is Cy.4¢ hydrocarbyl, preferably methyl, ethyl,
n-propyl, i-propyl, t-butyl, phenyl, 2,6-dimethylphenyl, benzyl, or tolyl. In addition, two or more R
or R* groups, or mixtures of Rd and Re groups may together form 2 polyvalent derivative of a
hydrocarby! group, such as, 1,4-butylene, 1,5-pentylene, or a multicyelic, fused ring, polyvalent
hydrocarbyl- or heterchydrocarbyl- group, such as naphthalene-1,8-diyl.

Preferred examples of the foregeing polyvalent Lewis base complexes inclade:

pd F,le B Il(d’
/ :
=N =N ' N
MOLY,
0
L s
‘ ! -
Ry RY
R l}d'
/
/N\ =
MPLY,
e of
[
N ,
Rd‘ds s R 4
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R I}d’ R I{{d’
- r‘ R A —l / - i
N N N
= N
| . Y o N \‘Emb - Lo
MLY, P d‘/L\ P
== - 2 = —2

or

. & P 4 L L.
wherein R® each oecurrence is independently sslected from the group consisting of

hydrogen and Ci.5 hydrocarby! groups optionaily containing one or more heteroatoms, or inertly

substituted derivative thereof, or further opticnally, two adjacent RY groups may together form a

divalent bridging group;

or Pd,

d’ s 4;

M" is a Group 4 metal, preferably titaniom or hafnium, or a Group 10 metal, preferably Ni

LY is a monovalent ligand of up to 50 atoms not counting hydrogen, preferably halide or

hydrocérbyl, ortwo LY groups together are a divalent or neutral ligand group, preferably a Ca.s

hydrocarbylene, hydrocarbadiyl or diene group.

The polyvalent Lewis base complexes for use in the present invention especially inciude

Group 4 metal derivatives, especially hafnium derivatives of hydrocarbylamine substituied

heteroaryl compounds corresponding to the formula:

1
T/ ~ 12

RIL A

%
Tl
MUK ¥

wherein:

RY is selected from alkyl, cycloalkyl, hetercalkyl, cyclohsteroalkyl, 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, preferably 1 to

20 atoms atoms other than hydrogen, and most preferably a mono- or di- Cj.5 hydrocarbyl
substitted methylene or silane group; and
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R* is a Cs.p heteroaryt group containing Lewis base functionality, especially a pyridin-2-
v1- or substituted pyridin-2-y! group or a divalent derivative thereof:

M' is a Group 4 metal, preferably hafnium;

%! is an anioaic, neutral or dianionic Hgand group;

5 %’ 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.

Preferred complexes are those wherein ligand fonmation results from hydrogen elimination
from the amine group and optionally from the loss of one or more additional groups, especially

10 from R n addition, electron donation from the Lewis base functionality, preferably an electron

pair, provides additional stability to the metal center. Preferred metal complexes correspond to the

formula:

13 14

, wherein
M, 3, %', R and T' are as previously defined,
15 R® R™, RY and R are hjfdrogen, halo, or an alkyl, cycloalkyl, heteroaikyl,
heterooyeloalkyl, arvl, or sityl group of up to 20 atoms not counting hydrogen, or adjacent R, R,
RY or R'® groups may be joined together thereby forming fused ring derivatives, and
bonds, optional bonds and electron pair donative interactions are represented by lines,

dotted lines and arrows respectively.

20 More preferred examples of the foregoing metal complexes correspond to the formula:
14
s Rl?s
17 }1
R \C y
R
/
N
\ s
a 16
(), M R

, Wherem

MY, X! and ¥’ are as previously defined,
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R2, RY, RY and R'® are as previously defined, preferably R”, RY, and R are hydrogen, or
€4 alkyl, and R is Coao aryl, most preferably naphthalenyl;

R? independently each occurrence is C,4 alkyl, and a is 1-3, most preferably R® in two
ortho- positions to the pitrogen is sopropy! or t-butyl;

R and R"® mdependently each occurrence are hydroger, halogen, or a Cy.a alkyl or aryl
group, most preferably one of R and R*® is hydrogen and the other is a Cgqo aryl group, especially
2-isopropyl, phenyl 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 as catalyst (A) cotrespond to the formula:

)f
(HiCpHC
@6 zf

(H;CpHC 1

wherein X' each occurrence is hatide, N,N-dimsthylamido, or C,.; alkyl, and preferably -
each occurrence X' is methyl;

R independently each occurrence is hydrogen, halogen, Cip alkyl, or Cego aryl, or two
adjacent R groups are joined together thereby forming a ring, and £ is 1-5; and

R® independently each occurrence is hydrogen, halogen, Cyay alkyl, or Cogp arvi, or two
adjacent R® groups are joined together thereby forming a ring, and ¢ is 1-5

Most highly preferred examples of metal complexes for nse as catalyst (A) according to the

present invention are complexes of the following formulas:

e cu—
(H;C)HC _/6}1 N/ (HsCpHC / @

(H;CRHC x4, and (H3C)LHC K1
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wherein R* is Cy4 alkyl or cycloalkyl, preferably methyl, isopropyl, t-butyl or cyclohexyl;
and’

X' each occurrence is halide, N,N-dimethylamide, or C . alkyl, preferably methyl.

Examples of metal complexes usefully ernployed as catalyst (A) according to the present
invention include:

N=(2,6-di{ 1 -methylethyl)phenylamido) o-tolyl){a-naphthalen-2-divi(6-pyridin-2-
diylimethane)lhafniom dimethyl;

IN-(2,6-di( 1 -methylethyhphenyDamido) o-tolyl}(a~-naphthalen-2-diyl(6-pyridin-2-
divDmethane)]bafnitm di(NN-dimethylamida);

[N-(2,6-di{ 1 ~methylethyDphenyhamido)( o-tolyl)(c~-naphthalen-2-diyi{(6-pyridin-2-
divlymethane)Thafoium dichloride;

N-(2,6-di( 1 -methyiethyliphenylyamido}(2-isopropyipheryl){o-naphthaien-2-diyl(6-pyridin-
2-diylymethane}thafnium dimethyl;

[N-(2,6-di(1-methvlethviiphenyDamido)(2 -isopropylphenyl Y a-naphthalen-2-diy}{(6-pyridin-
2-diyDmethane)thafnium diN,N-dimethylamido);

IN-(2,6-di(1-methylethyliphenyllamido)(2-isopropylphenyl){c-naphthaien-2-diyl(6-pyridin-
2-diyDymethane)lhafnium diohlori;ie;

IN-{2,6-di( 1-metirylethylphenyDamido ) phenanthren- 5~y1}(ot-naphthaien—2~diyi(6—pyridin-
2-diyhymethane)ihafnivm dimethyl,

[N-(2,6-di( 1-methylethyl)phenyDamido)(phenanthren-5 —yi)(awnaphﬂxalen-}diyl(é-pyridm—
2-diyDimethane)hafnium diiN,N-dimethylamido); and

N-(2,6-di( 1-methylethyl)phenyl)amido)(phenanthren-5-yl)(c-naphthalen-2-diyl{6-pyridin-
2-diylymethane)jhafnivm dichloride.

Under the reaction conditions used to prepare the metal complexes used in the present
invention, the hydrogen of the 2-position of the oi-naphthaiene group substituted at the 6-position of
the pyridin-2-y1 group is subject to elimination, thereby uniquely forming metal compiexes wherein
the metal is covalently bonded to both the resulting amide group and to the 2-position of the o-
naphthalenyl group, as well as stabilized by coordination to the pyridinyl nitrogen atom through the
electron pair of the nitrogen atom.

Additional suitable meta! complexes of polyvalent Lewis bases for use herein include

compounds corresponding to the formuta:
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. Where!
R* is an aromatic or inertly substituted aromatic group containing from 5 to 20 atoms not
counting hydrogen, or a polyvalent derivative thereof;

T° is 2 hydrocarbylene or silane group having from 1 to 20 atoms not counting hydrogen, or
5 an inertly substituted derivative thereof;

M*is a Group 4 metal, preferably zirconium or hafninm;

G is an anionic, nautral or dianionic ligand group; preferably a halide, hydrocarbyl or
dibydrocarbylamide group having up to 20 atoms not counting hydrogen;

¢ is a number from 1 to 5 indicating the number of such G 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 2

substituted or unsubstituted, Ci.s alkylene group; and

t

Ar* independently each occurrence is an arylene or an alky!- or aryl-substituted arylene
group of from 6 to 20 atoms not counting hydrogen;

M is a Group 4 metal, preferably hafnium or zirconium;
G independently each occurrence is an anicnic, neutral or dianionic ligand group;
g is a number from 1 to 5 indicating the number of such X groups; and

20 electron donative interactions are represented by arrows,
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Preferred examples of metal complexes of foregoing formula include the following compounds :

R2 I r?

where M” is Hf or Zr;
Ar® is Ce aryl or inertly substituted derivatives thereof, especially 3,5-
5 difisopropyliphenyl, 3,5-di(isobutyljphenyl, dibenzo-1H-pyrrole-1-yl, or anthracen-5-y], and
T* independently each occurrence comprises a Cy.¢ alkylene group, a Cas cycloalkyiene
group, or an mertly substituted derivative thereof;
R independently each occurrence is hydrogen, halo, hydrocarbyl, trihydrocarbylsilyl, or
trinydrocarbylsilylhydrocarbyl of up to 50 atoms not counting hydrogen; and
10 G, independently each occurrence is halo or & hydrocarby! or trihydrocarbylsilyl group of
up to 20 atoms not counting hydrogen, or 2 G groups togsther are a divalent derivative of the
foregoing hydrocarbyl or trihydrocarbylsilyl groups.

Bspecially preferred are compounds of the formula:

R21
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wherein Ar® is 3,5-di{isopropyi)pheny], 3 LS-di{isobutyhphenyl, dibenzo-1H-pyrrole-1-yl, or
anthracen-5-y1,

R* is hydrogen, halo, or Cy alkyl, especially methyl

T* is propan-1,3-diyi or butan-1,4-diyl, and

G is chloro, methy! or benzyl.

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

The foregoing polyvalent Lewis base complexes are conveniently prepared by standard
metallation and ligand exchange procedures involving a source of the Group 4 metal and the neutral
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 metal
tetraamide and a hydrocarbylating agent, such as trimethyvialuminum. Other techniques may be
vsed as well, These complexes are known from the disclosures of, among others, US patents
6,320,005, 6,103,657, WO 02/38628, WO 03/40195, and US 04/0220050.

Catalysts having high comonomer incorporation properties are also known to reincorporate
in sifu prepared long chain olefins resulting incidentally during the polymerization through f-
hydride elimination and chain termination of growing polymer, or other process. The concentration
of such long chain olefins is particularly enhanced by use of continuous solution polymerization
conditions at high conversions, especially ethylene conversions of 95 percent or greater, more
preferably at ethylene conversions of 97 percent or greater. Under such conditions a small but
detectable guantity of olefin terminated polymer may be reincorporated into & growing polymer
chain, resulting i the formation of long chain branchss, that is, branches of a carbon length greater

+han would result from other deliberately added comonomer. Moreover, such chains reflect the

51



Lh

16

15

20

25

30

presence of other comonomers present in the reaction mixture. That is, the chains may include
short chain or long chain branching as well, depending on the comonomer composition of the
reaction mixture. Long chain branching of olefin polymers is further described in USP’s 5,272,236,
5,278,272, and 5,665,800, In one aspect of the invention, the level of long chain branching in the
product is significantly suppressed or eliminated altogether by the use of chain shuttling agents that
cause essentiually all of the polymer chains to be terminated with the chain shuttling agent, and not
by the formation of vinyl groups which can be reincorporated to form a long chain branch, In this
embodiment, the resulting polymer block is highly linear, leading to advantaged properties.
Alternatively, and more preferably, branching, including hyper-branching. may be induced
in a particular segment of the present multi-block copo'lymers by the use of specific catalysts known
to result in“chain-walking” in the resulting polymer. For example, certain homogeneous bridged
bis indenyi- or partially hydrogenated bis indenyl- zirconium catalysts, disclosed by Kaminski, et
al, I. Mol. Catal. A: Chemical, 102 (1995) 59-65; Zambelli, ef al., Macromolecules, 1988, 21, 617-
622; or Dias, er al., 1. Mol. Catal, A: Chemical, 185 (2002) 57-64 may be used to prepare branched

copolymers from single monomers, including ethylene. Higher transition metal catalysts, especially
nickel and palladium catalysts are also known to lead to hyper-branched polymers (the branches of
which are also branched) as disclosed in Brookhart, er a/., J. Am, Chem. Soc., 1995, 117, 64145-
6415.

In one embodiment of the invention, the presence of such branching (long chain branching,
1,3-addition, or hyper-branching)} in the polymers of the invention can be confined to only the
blocks or segments resulting from activity of catalyst A. Accordingly, in one embodiment of the
invention a multi-block copolymer containing biocks or segmenis differing in the presence of such
branching in combination with other segroents or blocks substantially lacking such branching
{especially high density or highly crystalline polymer blocks), can be produced from a single
monomer containing reaction mixture, that is, without the addition of a deliberately added
comonomer. Highly preferably, in a specific embodiment of the invention, 2 multi-block copolymer
comprising alternating unbranched, ethylene homopolymer segments and branched polyethylene
segments, especially ethylene/propylene copolymer segments, may be prepared from an initial
reaction mixture consisting essentially of ethylene as the addition polymerizable monomer. The
presence of such branching in the multi-block copolymers of the invention can be detected by
certain physical properties of the resulting copolymers, such as reduced surface imperfections
during melt extrusion (reduced melt fracture), reduced melting point, Tg, for the amorphous
segments compared to & non-branched polvmer segment, and/or the presence of 1,3-addition

sequences or hyper-branching as detected by NMR techniques. The guantity of the foregoing types

n
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of branching present in the polymers of the invention (as a portion of the blocks or segments
containing the same), 1s normaily in the rangs from .01 to 10 branches per 1,000 carbons.

Suitable metal compounds for use as catalyst (B} include the foregoing metal compounds
mentioned with respect to catalyst (A) as well as other metal compounds, with the proviso, in one
embodiment of the invention, that they incorporate comonomer relatively poorly compared to
cataivst (A). Accordingly, in addition to the previcusly identified metal complexes, the following
additional metal complexes may be utilized.

Group 4-10 derivatives corresponding to the formula:

N
( 2 XZK”
2
7

M is & metal of Groups 4-10 of the Periodic Table of the elements, preferably

wherein

Group 4 metals, Ni(II) or Pd(II), most preferabiy zirconium;

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

X? is halo, hydrocarbyl, or hydrocarbyloxy;

t is one or twq;

%x” 15 a number selected to provide charge balance;

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

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

I Am. Chem. Soc., 117, 6414 -6415 {1995), and Oreanometallics, 16, 1514-1516, {19%7), among

other disclosures.
Preferred examples of the foregoing metal complexes for use as catatyst (3) are aromatic
diimine or aromatic dioxyimine complexes of Group 4 metals, especially zirconium, corresponding

to the formula:

RS RS
d R —
rd ) MN/ . R
M1\4{4}{22 \_7/
R T?/ \N_‘— R’
R R RC/

wherein;

M?, X2 and T are as previously defined;
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RY independently each occurrence is hydrogen, halogen, or R'; and

R® independently each occurrence is Cy.pp hydrocarbyl or 2 heteroatom-, especially a F, N, S
or P. substituted derivative thereof, more preferably C,_;p hydrocarbyl or a F or N substituted
derivative thereof, most preferably alkyl, dialkylaminoaliyl, pyrrolyl, piperidenyl, perfluorophenyl,
~ cyeloalkyl, (poly)alitylaryl, or aralkyl.
Most preferred examples of the foregoing metal complexes for use as catalyst (B} are

aromatic dicxyimine complexes of zirconium, corresponding to the formula:

(CHs)s
R
/
' —N 0
X /
7,
I
(H3C>3 O 1/“3—““ (CH3)3
R®
(CHs)z

, o1

C(CHjz)s

i
\i?/ O C(CH
— N/ (CHs)s
7%,
AN
(H;Ch O I/\J'
R¢
(CHs)s

wherein;

X% is as previously defined, preferably Cy.p hydrocarbyl, most preferably methyl or benzyl:
and

R* is methyl, isopropyl, t-butyl, cvclopentyl, cyeiohexyl, 2-methylcyelohexyl, 2.4-
dimethyleyclohexyl, 2-pyrrotyl, N-methyl-2-pyrrolyl, 2-piperidenyl, N-methyl-2-piperidenyl,
benzyl, o-tolyl, 2,6-dimethylphenyl, perfluorophenyl, 2,6-di(isopropy)phenyl, or 2.,4,6-
trimethyiphenyl.

The foregoing compiexes for use as catalyst (B) also include certain phospbinimine
complexes are disclosed in EP-A-89058]. These complexes correspond to the formula:

[RY-P=NIMERs.., wherein:
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R is a monovalent ligand or two R® groups together are a divalent ligand, preferably R is
hydrogen or Cis alkyl

M is 2 Group 4 metal,

K? is a group containing delocalized n-electrons through which K2 is bound to M, said K
group containing up to 50 atoms not counting hydrogen atoms, and

fig 1 or2.

The skilled artisar wili appreciate that in other embodiments of the invention, the criterion
for selecting a combination of catalyst (A) and (B) may be any other distinguishing property of the

ssuliting polymer blocks, such as combinations based on tacticity (isotactic/syndiotactic,

isotactic/atactic or syndiotactic/atactic), regio-error content, or combinations thereof.

Cogatalvsts

Each of the metal complex catalysts (A) and (B) {(also inferchangeably 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. In
a preferred embodiment, the shuftling agent is employed both for purposes of chain shuttling and as
the cocatalyst componens of the catalyst composition. ‘

The metal complexes desirably are rendered catalvtically active by combination with a
cation forming cocatalyst, such as those previously known in the art for use with Group 4 metal
olefin polymerization complexes. Suitable cation forming cocatalysts for use herein include neutral
Lewis acids, such as Ci_5; hydrocarbyl substituted Group 13 compounds, especially
tri(hydrocarbyDaluminum- or trithydrocarbyl}boron compounds and halogenated (including
perhalogenated) derivatives thereof, having from 1 to 10 carbons in each hydrocarbyl or
halogenated hydrocarbyl group, more especially perfluorinated fri(aryl}boron compounds, and most
especially tris(pentafivoro~phenyl)borane; nonpolymeric, compatible, noncoordinating, ton forming
compounds (including the use of such compounds under oxidizing conditions), especially the use of
ammonium-, phosphenium-, oxonium-, carbonium-, silylium- or sulfonium- salts 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 acfivating technigues have been previousty tanght with respect
to different metal complexes for olefin polymerizations in the following references: EP-A-277,003,
US-A-5,153,157, US-A-5,064,802, US-A-5,321,106, US-A-5,721,185, US-A-5,350,723,
US-A-5,425 872, US-A-3,625,087, US-A-5,883,204, US-A-5,919,983, US-A-5,783,512,

WO 99/15534, and W099/42467.

!
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Combinations of neutral Lewts acids, especially the combination of z trialkyl aluminum
compound having from 1 fo 4 carbons in each alkyl group and a halogenated irithydrocarbyl)boron
compound having from 1 to 20 carbons in each hydrocarby] group, especially
ris(pentafluorophenyl)borane, further combinations of such neutral Lewis acid mixtures with a
polymeric or cligomeric alimoxane, and combinations of a single neutral Lewls acid, especially
tris(pentafiuorophenyl)borane with a polymeric or oligomeric alumoxane may be used as activating
cocatalysts. Preferred molar ratios of metal complex:iris(pentafiuorophenyl-borane:alumoxans are
from 1:1:1 to 1:5:20, more preferably from 1:1:1.5 to 1:5:10. '

Suitabie ion forming compounds useful as cocatalysts in one embodiment of the present
invention comprise & cation which is a Bronsted acid capable of donating a proton, and a
compatible, noncoordinating anion, A”. As used herein, the ferm “noncoordinating® means an anion
or substance which either does not coordinate to the Group 4 metal containing precursor complex
and the catalytic derivative derived there from, or which is only wealkly coordinated to such
complexes thereby remaining sufficiently labile to be displaced by a neutral Lewis base, A
noncoordinating 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 complexes. “Compatible anions™ are anions which are nat
degraded to neutrality when the initialty formed complex decomposes and are noninterfering with
desired subsequent polymerization or other uses of the complex.

Preferred anions are those containing a single coordination compiex comprising a charge-
bearing metal or metalioid core which anion 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 nitriles. Suitable metals
include, but are not limited to, aluminum, gold and platinum. Suitable metalloids include, but are
not limited to, boron, phosphorus, and silicon. Compounds containing anions which comprise
ccordination complexes containing a single metal or metalioid atom are, of course, well known and
many, particularly such compounds containing a single boron atom in the anion portion, are
available commercially.

Preferably such cocatalysts may be represented by the foliewing general formula:

(L-Hyg" (A
wherein:

L* is a neutral Lewis base;

(L*.H)T is 2 conjugate Bronsted acid of L*;

A¥ iz a nonecordinating, compatible anion having a charge of g-, and
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g is an integer from 1 to 3.

More preferably A¥ corresponds to the formula: IM'Q.]’;
wherein:

M’ is boron or aluminum in the +3 formal oxidation state; and

Q independently each ocourrence is selected from hydride, diaikyiamido, halide,
hydrocarbyl, hydrocarbyloxide, halosubstituted-hydrocarbyl, halosubstituted hydrocarbyioxy, and
halo- substituted silythydrocarbyl radicals (including perhalogenated hydrocarbyl- perhatogenated
hydrocarbyloxy- and perhalogenated silylhydrocarbyl radicals), said Q having up to 20 carbons with
the proviso that in not more than one oceurrence is Q halide. Exampies of suitable
hydrocarbyloxide Q groups are disclosed in US-A-5,296,433,

In a more preferred embodiment, d is one, that is, the counter ion has a single negafive
charge and 1s A”. Activating cocatalysts comprising boron which are particularly usefil in the
preparation of catalysts of this invention may be represented by the following general formula:

(LH(BQY):
wherein:

L* is as previously defined;

B is boron in a forma!l oxidation state of 3; and

Q is a hydrocarbyi-, hvdrocarbyloxy-, fluorinated hydrocarbyl-, flucrinated
hydrocarbyloxy-, or fluorinated silylhydrocarbyl- group of up io 20 nonhydrogen atoms, with the
proviso that in not more than one occasion is Q hydrocarbyl.

Preferred Lewis base salts are ammoniwm salfs, more preferably irialkvlammonium salts
containing one or more Craugp alkyl groups. Most preferably, Q 15 each oceurrence a fluorinated aryt
group, especially, a pentafivorophenyl group.

Hiustrative, but not limiting, examples of boron compounds which may be used as an
activating cocatalyst in the preparation of the im;tiroved catalysts of this Invention are
tri-substituted ammonium salis such as:

trimethylammonium tetrakis(pentafivorophenyl) borate,
triethylammonium tetrakis(pentaftuorophenyl) borate,
tripropylammoniumn tetrakis(pentafiucrophenyl) borate,
tri{n-butylDammonium tetrakis(pentafluorophenyl) borate,
frif sec-butyDammonium tetrakis(pentaflucrophenyl) borate,

N, N-dimpethylanilinium tetrakis{pentafivorophenyi) borate,

N, N-dimethylanilinium n-butyltris(pentafivorophenyl) borate,

N N-dimethylanilinium benzyltris(pentafiuorophenyl) borate,

NN-dimethylanilinium tetrakis(4-(t-butyldimethyisilyl})-2, 3, 5, 6-tetraflnorophenyl) borate,
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N N-dimethylanilinium tetrakis{4-(triisopropylsilyi}-2, 3, 5, 6é-tetrafluorophenyl) borate,
N,N-dimethylanilininm pentafiuorophenoxytris(pentafivorophenyl) borate,
N,N-diethylanilinium tetrakis(pentafivorophenyl) borate,
N,N-dimethy}-2,4,6-trimethylanilinium tetrakis{pentafiucrophenyl) borate,
dimethyloctadecylammonium tetrakis(pentafluorophenyl} borate,
methyidioctadecylammeonium tetrakis{pemtafluorophenyvl) borate,

dialkyl ammonium salts such as:

di-(i-propyl)ammonium tetrakis{pentafluorophenyl) borate,
methyloctadecylammonium tetrakis{pentafiuvorophenyl) borate,
methyloctadodecylammonium tetrakis(pentafluorophenyl) barate, and
dioctadecylammonium tetrakis(pentafluorophenyl) borate;
tri-substituted phosphonium salts such as;

triphenylphesphonium tetrakis(pentafiuorophenyl) borate,
methyidioctadecylphosphonium tetrakis{pentafluorophenyl) borate, and
tri(2,6-dimethyiphenyl)phosphonium tetrakis{pentafluoropheny!) borate;
di-substituted oxonium salts sucl: as:

diphenyloxonium tetralig(pentafluorophenyl) horate,
di{o-tolylyoxenium tetrakis(pentafluorophenyl) borate, and
di{octadecylyoxonium tetrakis(pentafinorophenyt) borate;
di-substituted sulfoninm salts such as:

di(o-tolyDsulfonium tetrakis(pentafluorophenyl) borate, and
methylcotadecylsulfonium tetrakis{pentaflucrophenyl) borate.

Preferred (L*-H)" cations ars methyldioctadecylammonium cations,
dimethyloctadecylammonium cations, and ammonium cations derived from mixtures of trialicyl
amines containing one or 2 Cys allkyl groups.

Another suitable jon forming, activating cocatalyst comprises a salt of a cationic oxidizing
agent and a noncoordinating, compatible anion represented by the formula:

| (OX™)g(AB,
wherein;

Ox™ 1s & cationic oxidizing agent having a charge of b+,

ki is an integer from ! to 3; and

A¥ and g are as previcusly defined.

Examples of cationic oxidizing agents include; ferrocenium, hydrocarbyl-substituted

ferrocenium, Ag™ or P, Preferred embodiments of A® are those anions previously defined with
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respect to the Bronsted acid containing activating cocatalysts, especially
tetrakis{pentafluorophenyijborate.

Another suitable ion forming, activating cocatalyst comprises a compound which is a salt of
a carbenium ion and a noncoordinating, compatible anion represented by the formula:.

[CT A
wherein:

[C7" is a C;.p carbenium ion; and

A 1is a noncoordinating, compatible anion having a charge of -1, A preferred carbenium ion
is the trityl cation, that is triphenylmethylinm.

A further suiiable ion forming, activating cocatalyst comprises a compound which is a salt
of a silylium ion and a noncoordinating, compatible anion represented by the formula:

(QLSif A"
wherein:

Q‘ is Cy.qp hydrocarbyl, and A’ is as previously defined.

Preferred silyliuvm salt activating cocatalysts are trimethylsilylium
tetrakispentafluorophenytvorate, triethylsilylium tetrakispentafluorophenylborate and ether
substituted adducts thereof. Sitylium salts have been previously generically disclosed in 1. Chem
Soc. Chem. Comm., 1993, 383-384, as well as Lambert, J. B, et al., Organometallics, 1594, 13,
2430-2443, The use of the above silylium salts as activating cocatalysts for addition polymerization
catalysts is disclosed in US-A-5,625,087.

Certain complexes of alcohols, mercaptans, silanois, and oximes with
tris(pentafluorophenyDborane are also effective catalyst activators and may be used according to
the present invention. Such cocatalysts are disclosed in US-A-5,296,433.

Suitable activating cocatalysts for use herein also include polymeric or oligomeric
alumoxanes, especially methylalumoxane (MAQ), trilsobutyl aluminum modified methylalumoxane
(MMAQO), or isobutylalumoxane; Lewis acid modified alumoxanes, especially perhalogenated
tri(hydrocarbyljaluminum- or perhalogenated trilhydrocarbylboron modified alumoxanes, having
from 1 to 10 carbons in each hydrocarby! or halogenated hydrocarbyl group, and most especially
tris(pentafiuorophenylyborane modified alumoxanes, Such cocatalysts are previously disclosed in
TS Patents 6,214,760, 6,160,146, 6,140,521, and 6,696,379,

A class of cocatalysts comprising non-coordinating anions generically referred to as
expanded anions, further disclosed in US Patent 6,395,671, may be suitably employed to activate
the metal complexes of the present invention for olefin pelymerization., Generally, these cocatalysts
(illustrated by those having imidazolide, substituted imidazolide, imidazolinide, substituted

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

A™ is a cation, especially a proton containing cation, and preferably is a trihydrocarbyl

ammonium catiop contaming one or twe Cioe alkyl groups, especially a methyidi

(Ciao alkyDammonium cation,

Q7 independently each occurrence, is hydrogen or a halo, hydrecarbyl, halocarby!,

halohydrocarbyl, silylydrocarbyl, or sily}, {including mono-, di- and tri(ydrocarby!)silyl) group of

up to 30 atoms not counting hvdrogen, preferably Cy.a alkyl, and

Q7 is tris(pentafluorophenyhborane or tris (pentafluorophenyl)ahumane).

Examples of these catalyst activators include trihydrocarbylammonium- salts, especially,

methyldi(Cyspp allyl}ammonium- salts of!
bis(tris(pentaflucrophenylyborane)imidazolide,
bis{tris(pentafiuorophenylborane)-2-undecylimidazolide,
bis(ris{pentafluorophenyl)borane}-2-heptadecylimidazolide,
bis(fris(pentafluorophenyhborane)-4,5-bis(umdecylimidazolids,
bis(tris(pentaflucrophenyl)borane)-4,5-bistheptadecyl)imidazolide,
bis{tris{pentafiuorophenyl)borane)imidazolinide,
bis(tris{pentafiucrophenyl)borane)-2-undecylimidazolinide,
his(iris{pentafluorophenyl)borans)-2-heptadecyiimidazolinide,
bis(iris(pentaflucrophenyl)borane}-4,5-bis{undecylimidazolinide,
bis(tris(pentaflucrophenyl)borane}-4,5-bis(heptadecyl)imidazolinide,
bis(iris(pentafinorophenylborane}-3,6-dimethvibenzimidazolide,
bis(tris(pentafluoropheny!yborane)-5,6-bis(undecyl)benzimidazolide,
bis{tris(pentafiuorophenylyalumans)imidazolide,
bis(iris(pentafluorophenyDaiumane)-2-vndecylimidazolide,
bis(tris(pentaﬂuo‘mphanyl}aiuma.ne:)-?.-heptadecyl imidazolide,
bis(iris(pentafluorophenylalumane)-4,5-bis(undecylimidazolide,
bis(tris(pentafivorophenyljalumane)-4, 5-bistheptadecyllimidazolide,

bis(tris(pentafluorophenyl)alumaneyimidazolinide,
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bis(tris(pentafluorophenylalumane)-2-undecylimidazolinide,
bis(tris(pentafluorophénylalumane)-2-heptadecylimidazolinide,
bis{frig(pentafluorophenyl)alumane}-4 5-bistundecyi)imidazolinide,
bis(tris(pentafluorophenylalumane)-4,5-bistheptadecylyimidazolinide,
bis(tris(pentafiuorophenyl)atumane)-5,6-dimethyibenzimidazelide, and
bis(tris{pentafiuorophenylalumane)-5,6-bis(undecyl)benzimidazolide.

Other activators include those described in PCT publication WO 98/07515 such as tris (2,
2', 2"-nonafluorobiphenyl)fluoroaluminate. Combinations of activators are also contemplated by
the invention, for example, alumoxanes and jonizing activators in combinations, see for example,
EP-A-0 573120, PCT publications WO ¢4/07928 and WO 95/14044 and US Patents 5,153,157 and
5:453,410. WO 98/09996 describes activating catalyst compounds with perchlorates, periodates
and iodates, incinding their hydrates. WO 99/18135 describes the use of organoboroaluminum
activators, WO 03/10171 discloses cétalyst activators that are adducts of Bronsted acids with
Lewis acids. Other activators or methods for activating a catalyst compound are described in for
example, US Patents 5,849,852, 5,859, 653, 5,869,723, EP-A-615981, and PCT publication
WQ 98/32775. All of the foregoing catalyst astivators as well as any other know activator for
transition metal complex caialysts may be employed alone or in combination according {0 the
present invention, however, for best results alumoxane containing cocatalysts are avoided.

The moiar ratio of catalyst/cocatalyst emploved preferably ranges from 1:10,000 to 100:1,
more preferably from 1:5000 to 10:1, most preferably from 1:1000 to 1:1, Alumoxane, when used
by itself as an activating cocatalyst, is employed in large quantity, generally at least 100 times the
quantity of metal complex on 2 molar basis, Tris{pentafluorophenyl)borane, where used as an
aciivating cocatalyst is emploved in a molar ratio to the metal complex of from 0.5:1 to 10:1, more
preferably from 1:1 to 6:1 most preferably from 1:1 to 5:1. The remaining activating cocatalysts are
generally employed in approximately equimolar quantity with the metal complex.

The process of the invention employing catalyst A, catalyst B, one or more cocatalysts, and
chain shuttling agent C may be further elucidated by reference to Figure 1, where there are
illustrated activated catalyst site A, 10, which under polymerization conditions forms a polymer
chain, 13, atiached to the active catalyst site, 12, Similarly, active catalyst site B, 20, produces a
differentiated polymer chain, 23, attached to the active catalyst site, 22, A chain shuttling agent Cl,
attached to 2 polymer chain produced by active catalyst B, 14, exchanges its polymer chain, 23, for
the polymer chain, 13, attached to catalyst site A. Additional chain growth under polymerizaticn
conditions causes formation of a mulii-block copolymer, 18, attached to active catalyst site A.
Similarly, chain shuttling agent C2, attached to a polymer chain produced by active catalyst site A,

24 exchanges its polymer chain, 13, for the polymer chain, 23, attached to catalyst site B.
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Additional chain growth under polymerization conditions causes formation of a multi-block
copolymer, 28, attached to active catalyst site B. The growing multi-block copolymers are
repeatedly exchanged between active catalyst A and active catalyst B by means of shuttling agent C
resulting in formation of a block or segment of differing properties whenever exchange to the
opposite active catalyst site ccours. The growing polymer chaing may be recovered while attached
to a chain shuttling agent and functionalized if desired. Alternatively, the resulting polymer may be
recovered by scissicn from the active catalyst site or the shuttling agent, through uss of a proton
source or other killing agent.

1t is believed (without wishing to be bound by such belief), that the composition of the
respective segments or blocks, and especially of the end segments of the polymer chains, may be
influenced through selection of process conditions or other process variablies. In the polymers of
the invention, the nature of the end segments is determined by the relative rates of chain transfer or
termination for the respective catalysts as well as by the relative rates of chain shuttling. Possible
chain termipation mechanisms include, but are not limited to, 3-hydrogen elimination, fi-hydrogen
transfer to monomer, B-methyl elimination, and chain transfer to hydrogen or other chain-
terminating reagent such as an organosilane or chain functionalizing agent. Accordingly, when 2
Jow concentration of chain shuttling agent is used, the majority of polymer chain ends wili be
generated in the polymerization reactor by one of the foregoing chain termination mechanisms and
the relative rates of chain termination for catalyst (A} and (B) will determine the predominant chain
terminating moiety. That is, the catalyst having the fastest rate of chain termination will produce
relatively more chain end segments in the finished polymer.

In contrast, when a high concentration of chain shutiling agent is employed, the majority of
the polvmer chains within the reacter and upon exiting the polymerization zone are attached or
bound to the chain shuttling agent. Under these reaction conditions, the relative rates of chain
transfer of the polymerization catalysts and the relative rate of chain shuttling of the twe catalysts
primarily determines the identity of the chain terminating moiety. If catalyst (A) has a faster chain
transfer and/or chain shuttling rate than catalyst (B), then the majority of the chain end segments
will be those produced by catalyst (A). .

At intermediate concentrations of chain shutiling agent, all three of the aforementioned
factors are instrumenta! in determining the identity of the final polymer block. The foregoing
methodology may be expanded to the analysis of multi-block potymers having more than two block
types and for controlling the average block lengths and block sequences for these polymers. For
example, using a mixture of catalysts 1, 2, and 3 with a chain shuttling agent, for which each
catalyst type makes a different type of polymer block, produces a linear block copolymer with three

different block types. Furthermore, if the ratio of the shuttling rate to the propagation rate for the
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three catatysts follows the order 1>23, then the average block length for the three block types will
follow the order 3>2>1, and there will be fewer instances of 2-type blocks adjacent to 3-type blocks
than 1-type blocks adjacent to 2-type blocks.

Tt follows that a method exists for controlling the block length distribution of the various
biock types. For example, by selecting catalysts 1, 2, and 3 (wherein 2 and 3 produce substantially
the same polymer block type), and a chain shuttling agent, and the shuttling rate follows the order 1
> 2> 3, the resulting polymer will have a bimodal distribution of block lengths made from the 2 and
3 catalvsts.

During the polymerization, the reaction mixture comprising one or more monomers is
contacted with the activated catalyst composition according to any suitable polymerization
conditions. The process is characterized by use of elevated temperatures and pressures. Hydrogen
may be employed as 2 chain transfer agent for molecular weight control according to known
techniques if desived. As In other similar polymerizations, it is highly desirable that the monomers
and solvents employed be of sufficiently high purity that catalyst deactivation does not occur, Anv
suitable technique for monomer purification such as devoliatilization at reduced pressure, contacting
with molecular steves or high surface area alumina, or a combination of the foregoing processes
may be employed. The skilled artisan will appreciate that the ratio of chain shuttling agent to one
or more catalysts and or monomers in the process of the present invention may be varied in order to
produce polymers differing in one or more chemical or physical properties.

Supports may be employed in the present invention, especially in slurry or gas-phase
polymerizations, Suitable supports include solid, particuiated, high surface area, metal oxides,
metalioid oxides, or mixtures thersof (interchangesbly referred fo herein as an inorganic oxide).
Examples include: talc, silica, alumina, magnesia, titania, zirconia, Sry O, aluminosilicates,
borosilicates, clays, and mixtures thereof. Suitable supports preferably have a surface area as
determined by nitrogen porosimetry using the B.E.T. method from 10 to 1000 m¥g, and preferably
from 100 to 500 m?'f'g. The average particle size typically is from 6.1 to 500 um, preferably from 1
to 200 wm, more preferably 10 to 100 pm.

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 & composition that
is readily transported and handied. Suitable methods for spray drying a liquid containing shurry are
well known in the art and usefully employed herein, Preferred techniques for spray drving 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, shuttling agent(s), monormers,

and optionally solvent, adjuvanis, scavengers, and polymerization aids are continuously supplied to
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the reaction zone and potymer product continuously removed the.rf: from. Within the scope of the
terms “continucus” and “continuousty” as used in this context are those processes in which there
are mtermittent additions of reactants and removal of products at small regular or rregular intervals,
50 that, over time, the overall process is substantially comtinuous.

The catalyst compositions can be advantageously empioyed in a high pressure, selution,
slurry, or gas phase polymerization process. For a solution polymerization process it is desirable to
employ homogeneous dispersions of the catalyst components in a lquid diluent in which the
polymer is soluble under the polymerization conditions employed. Cne such process utilizing an
extremely fine silica or similar dispersing agent to produce such a homogeneous catalyst dispersion
where either the metal complex or the cocatalyst is only poorly soiuble is disclosed in US-A-
5,783,512, A solution process to prepare the novel polymers of the present invention, sspecially a
continuous solution process is preferably carried out at a temperature between 80°C and 230°C,
more preferably between 100°C and 210°C, and most preferably betwesn 110°C and 210°C. A high
pressure process is usually carried out at femperatures from 100°C to 400°C and at pressures above
500 bar (50 MPa}. A slurry process typically uses an inert hydrocarbon diluent and ternperatures of
from 0°C up to a temperature just below the temperature at which the resulting polymer becomes
substantially soluble in the inert polymerization medium. Preferred temperatures in 2 slurry
polvmerization are from 30°C, preferably from 60°C up to 115°C, preferably up to 100°C.
Pressures typically range from atmospheric (100 kPa) to 500 psi (3.4 MPa).

In all of the forsgoing processes, continuous or substantialty continuous polymerization
conditions are preferably employed. The use of such polymerization conditions, especially
continnous, solution polymerization processes employing two or more active polvmerization
catalyst species, allows the use of elevated reactor temperatures which results in the economical
preduction of multi-block or segmented copolymers in high yields and efficiencies. Both
homogeneous and plug-flow fype reaction conditions may be employed. The latter conditions are
preferred where tapering of the block composition is desired.

Both catalyst compositions (A) and (B) may be prepared as 2 homogeneous composition by
addition of the requisite metal complexes to a selvent in which the polymerization will be
conducted or in a diluent compatible with the uliimate reaction mixture. The desired cocatalyst or
activator and the shuttling agent may be combined with the catalyst composition either prior to,
simultanecusly with, or after combination with the monomers to be polymerized and any additional
reaction diiuent.

At all times, the individual ingredients as well as any active catalyst composition must be

protected from oxygen and moistare. Therefore, the catalyst components, shuttling agent and
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activated catalysts must be prepared and stored in an oxygen and moisture free atmosphere,
preferably a dry, inert gas such as nitrogen.

Without limiting m any way the scope of the invention, one means for carrving out such a
polymerization process is as follows. In a stirred-tank reactor, the monomers to be polymerized are
introduced continuously together with any solvent or diluent. The reactor contains a liquid phase
composed substantially of monomers together with any solvent or diluent and dissolved polymer.
Preferred solvents include Cy.qp hydrocarbons or mixtures thereof, especialiy alkanes such as hexane
or mixtures of alkanes, as well as one or more of the monomers employed in the polymerization.

Catalysts (A) and (B) along with cocatalyst and chain shutiling agent are continuously or
intermittently introduced in the reactor liquid phase or any recycled portion thereof. The reactor
temperature and pressure may be controlled by adjusting the solvent/monomer ratio, the catalyst
addition rate, as well as by cooling or heating coils, jackets or both. The polymerization rate is
controlled by the rate of catalyst addifion. The ethylene content of the polymer product is
determined by the ratio of ethylene to comonomer in the reactor, which is controlied by
manipulating the respective feed rates of these components to the reactor. The polymer product
molecular weight is controlled, optionally, by controliing other polymerization variables such as the
temperature, menomer concentration, or by the previously mentioned chain transfer agent, as is well
known in the art. Upon exiting the reactor, the effluent is contacted with a catalyst kill agent such
as water, steain or an alcohol. The polymer solution is optionally heated, and the polymer product
is recovered by flashing off gaseous monomers as well as residual solvent or diluent at reduced
pressure, and, if necessary, conducting further devolatilization in equipment such as a devolatilizing
extruder. In a continuous process the mean residence time of the catalyst and polymer in the reactor
generally is from 5 minutes to 8 hours, and preferably from 10 minutes to 6 hours.

Alternatively, the foregoing polymerization may be carried out in a continuous ioop reactor
with or without a monomer, catalyst or shutfiing agent gradient established between differing
regions thereof, optionally accompanied by separated addition of catalysts and/or chain transfer
agent, and operating under adiabatic or nor-adiabatic solution polymerization conditiens or
combinations of the foregoing reactor conditions. Examples of suitable loop reactors and a variety
of suitable operating conditions for use therewith are found in USP’s 5,977,251, 6,315,989 and
6,683,149,

Although not as desired, the catalyst composition may also be prepared and employed as a
heterogeneous catalyst by adsorbing the requisite components on an inert inorganic ar organic
particulated solid, as previously disclosed. In an preferred embodiment, a heterogeneous catalyst is
prepared by co-precipitating the metal complex and the reaction product of an inert morganic

compound and an active hydrogen containing activator, especially the reaction product of 2 i {TCh
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alkyl) ajuminum compound and an ammonium salt of a hydroxyaryltris(pentafiuorophenylYborate,
such as an ammonium salt of (4-hydroxy-3,5-ditertiarybutylphenyDuris(pentafluoropheny!)borate.
When prepared in heterogeneous or supported form, the catalyst composition may be employed in &
slurry or a gas phase polymerization. As a practical limitation, slurry polymerization takes place in
liguid diluents in which the polymer product is substantially insoluble. Preferabiy, the diluent for
slurry polymerization is one or more hydrocarbons with less than 5 carbon atoms. If desired,
saturated hydrocarbons such as ethane, propane or butane may be used in whole or part as the
diluent, As with a solution polymetization, the ct-olefin comonomer or 2 mixture of different ci-
olefin monomers may be used in whole or part as the diluent. Most preferably at least a major part
of the diluent comprises the w-olefin monomer or monomers to be polymerized.

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

Suitable gas phase polymerization process for use herein are substantially similar to known
processes used commercially on a large scale for the manufacture of polypropylene, ethylene/ a-
olefin copolymers, and other olefin polymers. The gas phase process employed can be, for
example, of the type which employs a mechanically stirred bed or a gas fluidized bed as the
polymetization 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
particles supported or suspended above a perforated plate or fluidization grid, by a flow of
fluidization gas,

The gas employed to fluidize the bed comprises the monomer or monomers to be
pelymerized, 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 zone, having 2 wider diameter than the fividized bed and wherein
fine particles entrained in the gas stream have an oppertunity to gravitate back into the bed. It can
also be advantageous to use a cyclone to remove ultra-fine particles from the hot gas stream. The
gas is then normally recycled to the bed by means of a blower or compressor and one or more heat
exchangers to strip 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, is to feed a volatile liquid to the bed to provide an evaporative cooling effect, often
referred to as operation in the condensing mode. The volatile liquid employed in this case can be,
for example, a volatiie inert liquid, for example, a saturated hydrocarbon having 3 to §, preferably 4
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to 6, carbon atoms. In the case that the monomer or comonomer itself is a volatile liquid, or can be
condensed to provide such a liguid, this can suitably be fed to the bed to provide an evaporative
cooiing effect. The volatile liguid evaporates in the hot fluidized bed to form gas which mixes with
the fluidizing gas. If the volatile liquid is a monomer or comonomer, it will undergo some
polymerization in the bed. The evaporated liquid then emerges from the reactor as part of the hot
recycle gas, and enters the compression/heat exchange part of the recycle loop. The recycle gas is
cooled in the heat exchanger and, if the temperature to which the gas is cooled 1s below the dew
point, liquid will precipitate from the gas. This liquid is desirably recycled continuously to the
fluidized bed. 1t is possible to recycle the precipitated liquid to the bed as liquid droplets carried in

e recyele gas stream. This type of process is described, for example in EP-89691; 1U.S. 4,543,399,
WO-84/25495 and U.S. 5,352,749, A particularly preferred method of recyeling the liquid to the
bed is to separate the liguid from the recycle gas stream and 1o reinject this Hquid directly into the
bed, preferably using a method which gensrates fine droplets of the liquid within the bed. This type
of process is described in WO-94/28032.

The polymerization reaction occurring in the gas fluidized bed is catalyzed by the
continuous or semi-continuous addition of catalyst composition according to the invention. 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 particles embedded in olefin polymer particles as well.

The polymer is produced directly in the fluidized bed by polymerization of the monomer or
mixture of monomers on the fluidized particles of catalyst compc;sition, supported catalyst
composition or prepolymerized catalyst composition within the bed. Start-up of the polymerization
reaction is achieved using 2 bed of preformed polymer particles, which are preferably sitnilar to the
desired polymer, and conditioning the bed by drying with inert gas or nitrogen. prior to introducing
the catalyst composition, the monomers and any other gases which it is desired to have in the

ecyele 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 continuousiy
or semi-continuously from the fluidized bed as desired.

The gas phase processes most suitable for the practice of this invention are continuous
processes which provide for the continuous supply of reactants to the reaction zone of the reactor
and the removal of products from the reaction zone of the reactor, thereby providing a steady-state
snvironment on the macro scale in the reaction zone of the reactor. Products are readily recovered
by exposure to reduced pressure and optionally elevated temperatures (devolatilization) according

to known techniques. Typically, the fluidized bed of the gas phase process is operated at
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temperatures greater than 30°C, preferably from 60°C to 110°C, more preferably from 70°C to
110°C.

Examptes of gas phase processes which are adaptable for use in the process of this
invention are disclosed In US Patents: 4,588,790; 4,543 399; 5,352,749, 5,436,304; 5,403,922;
5,462,899 5,461,123, 5,453,471, 5,032,562, 5,028,670, 5,473 028, 5,106,804, 5,556,238;
5,541,270; 5,608,019; and 5,616,661.

As previously mentioned, functionalized derivatives of multi-block copolymers are also
inciuded within the present invention. Examples include meta.llatcd polymers wherein the metal is
the remnant of the catatyst or chain shuitling agent emploved, as well as further derivatives thereof,
for example, the reaction product of a metallated polymer with an oxygen source and then with
water to form a hydroxyl terminated polymer. In another embodiment, sufficient air or other
quench agent is added to cleave some or all of the shuttling agent-polymer bonds thereby converting
at least a portior of the potymer to a hydroxyl terminated polymer. Additional examples include
olefin terminated polymers formed by [-hydride elimination and ethylenic unsaturation in the
resulfing polymer,

In one embodiment of the invention the multi-block copolymer may be functionalized by

maleation (reaction with maleic anbydride or its equivalent}, metallation {such as with an alicyl

. lithium reagent, optionally i the presence of a Lewis base, especially an amine, such as

tetramethylethylenediamine), or by incorporation of a diene or masked olefin in a copolymerization
process. After polymerization involving a masked olefin, the masking group, for example a
trihydrocarbylsilane, may be removed thereby exposing a more readily functionalized remnant.
Techniques for functionalization of polymers are well known, and disclosed for example in USP
5,543,458, and elsewhere.

Because a substantial fraction of the polyvmeric product exiting the reactor is terminated
with the chain shuttiing agent, further functionalization is relatively easy. The metallated polymer
species cat be utilized in well known chemical reactions such as those suitable for other alkyl-
atuminum, alkyl-gallinm, alkyl-zinc, or alkyl-Group ! cempounds to form amine-, hydroxy-, epoxy-,
ketone, ester, nitrile, and other functionalized terminated polymer products. Examples of suitable
reaction technigues that are adaptable for use here in are described in Negishi, "Orgaonmetallics in
Organic Synthesis”, Vol. 1 and 2, (1980), and other standard texts in organometallic and organic

synthesis.

Polvmer Products

Utilizing the present process, novel polymers, especially olefin interpolymers, including
muiti-block copolymers of one or more olefin monomers, are readily prepared. Highly desirably,
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the polvmers are interpolymers comprising in polymerized form ethylene and at least one Cagp o~
olefin comonomer, and optionally one or more additional copolymerizable comonomers. Preferred
a-olefins are Cyp n-olefins. Suitable comonomers are selected from diolefins, cvelic olefing, and
cvelic diolefins, halogenated vinyl compounds, and vinylidene aromatic compounds. More
particularly the present invented polymers include the following specific embodiments,

in a first embodiment, the invention is an interpolymer having at least one melting point,
T, 10 degrees Celoius and density, d¥, in grams/cubic centimeter, wherein the numerical values of
the variables correspond to the relationship:

T, > -2002.9 + 4538.5(d%) — 2422 2(d*¥, and wherein the interpofymer has a My/M, from
1.7t03.5,

In a second embodiment, the inveption is an interpolymer having at least one melting point,
Ta In dég:*ees Celeius and density, d*, in Igramsf cubic centimeter, wherein the numerical values of
the variables correspond to the relationship:

Tw> -6288.1 + 13141(d%) - 6720.3(d*)".

In a third embodiment, the invention is an interpolymer having at least one melting point,
Tm, in degrees Celcius and density, d*, in grams/cubic centimeter, wherein the numerical values of
the variables correspond to the relationship:

Tw> 858.01 — 1825.3(d*) + 1112.8(d* ).

In a fourth embodiment, the inveution comprises an interpolymer comprising in
potymerized form ethylene and a Csg e-olefin, said interpolymer having a delta quantity (tallest
DSC peak minus tallest CRYSTAF peak) greater than the quantity, y*, defined by the equation:

v¥ > -0.1299(AH) + 62.81, preferably the equation:

v* > -0.1299(AH) + 64 .38, and more preferably the eqguation:

y* > 0.1299(AH) + 65.95,

at a heat of fusion up to 130 J/g, wherein the CRYSTAF peak is determined using at least 5
percent of the cumulative polymer (that is, the peak must represent at least 5 percent of the
cumulative polymer), and if less than 5 percent of the polymer has an identifiable CRYSTAF peal,
then the CRYSTAF temperature is 30°C, and AH is the numerical value of the heat of fusion in J/g.
More preferably still, the highest CRYSTAF peak comprises at isast 10 percent of the cumulative
polymer. Figures 3-27 and 36-49 show the DSC and CRYSTAF curves for many examples of the
imvention as well as many comparative polymers Peaksused for caloulating the delta quantity, y*,
are identified in each figure along with integrated area under the curve (indicating percentage of
cumulative polymer). Figures 2 and 50 shows plotted data for examples of the invention as well as
comparative examples. Integraied peak areas and peak temperatures are calcutated by the

computerized drawing program supplied by the instrument maker. The diagona] line shown for the
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random ethylene octene comparative polymers corresponds to the equation y* = -0.1299 (AH) +
62.81.

In a fifth embodiment, the invention is an interpolymer having a tensile strength above 10
MPs, preferably a tensile sirength > 11 MPa, more preferably a fensile strength > 13MPa and an
elongation at break of at least 600 percent, more preferably at Jeast 700 percent, highly preferably at
least 800 percent, and most highly preferably at least 900 percent at a crosshead separation rate of
11 em/mivute.

In a sixth embodiment, the invention is an Interpolymer having a delta quantity (tallest DSC
peak temperature {measured from the baselire) minus tallest CRYSTAF peak temperature (i.e.,
highest numerical value of dW/dT)) greater than 48°C and a heat of fusion greater than or equal to
130 J/gm, wherein the CRYSTAF peak is deterrnined using at least 5 percent of the cumulative
polymer {that is, the pealt must represent at least 5 percent of the cumulative polymer), and if less
than 5 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF temperature
1s 30°C. More preferably still, the highest CRY STAF peak comprises at least 10 percent of the
cumulative potymer. Figures 3-27 and 36-49 show the DSC and CRYSTAF curves for many

examples of the invention as well as many comparative polymers Peaks used for calculating the

delta quantity, v*, are identified in each figure along with integrated area under the curve
(indicating percentage of cumulative polymer). In Figures 2 and 50 the vertical line illustrates AH =
130 J/g and the horizontal line illustrates y* = 48°C.

In a seventh embodiment, the invention is an interpolymer having a storage modulus ratio,
G(25°C)/G’(100°C), of from 1 to 5, preferably from ! to 20, more preferably from 1 to 10, and a
70°C compression set of less than 80 percah‘z, preferably less than 70 percent, especially less than
60 percent, down to a compression set of § percent.

In an eighth embodiment, the invention is an interpolymer having & heat of fusion of less
than 85 J/g and a pellet blocking strength of equal to or less than 100 pounds/foot” (4800 Pa),
preferably equal to or less than 50 Ibs/ft* (2400 Pa), especially equal to or less than 5 ths/ff (240
Fa), and as jow as 0 [bs/ft’ (0 Pa).

In z ninth embodiment, the invention is a uncrosslinked, elastomeric, interpolymer
comprising in polymerized form at least 50 mole percent sthylene, having a 70°C compression set of
less than 80 percent, preferably less than 70 percent, most preferably less than 60 percent.

I a tenth embodiment, the invention is an olefin interpolymer, preferably comprising
ethylene and cne or mors copolymerizable comonomers in polymerized form, characterized by
multiple blocks or segments of two or more polymerized monomer units differing in chemical or
physical properties (blocked interpolymer), most preferably a multi-block copolymer, said block

interpolymer having a molecuiar fraction which elutes between 40°C and 130°C when fractionated

70



1o

15

20

25

30

using TREF, characterized in that said fraction has a molar comonomer content higher, preferably at
least 5 percent higher, more preferably at least 10 percent higher, than that of a comparable random
ethylene interpolymer fraction eluting between the same temperatures, wherein said comparable
random ethylens interpolymer comprises the saine comonomer{s), and has a melt index, density,
and molar comonomer content (based on the whole polymer) within 10 percent of that of the
biocked interpelymer. Preferably, the Mw/Mn of the comparable interpolymer is also within 10
percent of that of the blocked interpolymer and/or the comparable interpolymer has a total
comonomer content within 10 weight percent of that of the blocked interpolymer.

Comonomer content may be measured using any suitable technique, with techniques based
on nuclear magnetic resonance (NMR) spectroscopy preferred. Moreover, for polvmers or blends
of polymers having relatively broad TRET curves, the polyrer desirably is first fractionated using
TREF inte fractions each having an eluied temperature range of 10°C or less, That is, each eluted
fraction has a collection temperature window of 10°C or less. Using this technique, said blocked
interpolymers have at {east one such fraction having a higher molar comonomer content than a
corresponding fraction of the comparable interpolymer.

Preferably, for interpolymers of ethylene and 1-octene, the blocked interpolymer has a
comonomer content of the TREF fraction eluting between 40 and 130°C greater than or equal {o the
quantity {- 0.2013) T+ 20.07, more preferably greater than or equal to the quantity (-0.2013) T+
21.07, where T is the numerical value of the peak elution temperature of the TREF fraction being
compared, measured in °C.

Figure 54 graphically depicts the foregoing embodiment of the invention for blocked
interpolymers of ethylene and 1-octene where 2 plot of the comonomer content versus TREF elution
temperature for several comparable ethylene/1-octene interpolymers (random copolymers) are fit to
a line representing (~ 0.2013) T + 20.07 (solid line). The line for the equation (- 0.2013) T + 21.07
is depicted by a dotted line. Also depicted are the comonomer contents for fractions of several
blocked ethylene/1-octene interpolymers of the invention {multi-block copolymers). All of the
blocked interpolymer fractions have significantly higher 1-octene content than either line at
equiifalant elution temperatures, This result s characteristic of the mulii~block copolymers of the
invention and is believed to be due to the presence of differentiated blocks within the polymer
chains, having both crystalline and amorphous nature.

Figure 55 graphically displays the TREF curve and comonomer contents of polymer
fractions for Example 5 and comparative ¥, The peak eluting from 40 to 130°C, preferably from
60°C to 95°C for both polymers is fractionated into three parts, each part eluting over a temiperature
range of less than 10°C. Actual data for Example 5 is represented by triangles. The skilled artisan

wilt appreciate that an appropriate calibration curve may be constructed for interpolymers

71



10

20

{30
Lo

comprising different comonomers and a line used as a comparison fitted to the TREF values
obtained from comparative interpolymers of the sarme monomers, preferably random copolymers
made using 2 metallocene or other homogeneons catalyst composition. Blocked interpolymers
corresponding to the present invention are characterized by a molar comonomer content greater than
the value determined from the calibration curve at the same TREF elution temperaturs, preferably at
least 5 percent greater, more preferably at least 10 percent greater.

For copolymers of .ethylene and an g-olefin, the inventive polymers preferably possess a
PDI of at least 1.7, more preferably at least 2.0, and most preferably at least 2.6, up to a maximum

value of 5.0, more preferabiy up to 2 maximum of 3.5, and especially up to 2 maximmum of 2.7, a

heat of fusion of 80 J/¢ or less, an ethylene content of at least 50 weight percent, & glass transition

temperature, T,, of less than -25°C, more preferably less than -30°C, and/cr one and only one Ty,
The polymers may be further characterized by a thermomechanical analysis penetration
depth of 1 mm at & temperature of at least 90°C as well as a flexural modulus of from 3 kpsi (20
MPa) to 13 kpsi (90 MPa). Alternatively, the present polymers can have a thermomechanical
analysis penetration depth of 1 mum af & temperature of at least 104°C as well as a flexural moduius
of at least 3 kpsi (20 MPa). The inventive interpolymers may be further characterized as having a
70°C compression set of less than 80 percent, preferably less than 70 percent, most preferably less
than 60 percent. The inventive polymers further inay be characterized as having an abrasion
resistance (or volume loss) of less than 90 mm’. ‘ Further, the inventive polvmers can have, alone or
in combination with any other propertiss herein disclpsad, a storage modulus, (¥, such that log (G')
is greater than or equal to 400 kPa, preferably greater than or equalto 1.0 MPa, at a temperature of
100°C. Moreover, the olefin polymers of the invention possess a relatively flat storage modulus as
a function of temperature in the range from 0 to 100°C {illustrated in Figure 35) that is characteristic
of block copolymers, and here-to-before unknown for an all olefin copolymer, especially
copolymer of ethylene and one or more Cys aliphatic a-olefins. (By the term “relatively flat” in this
context is meant that log G' (in Pascals) decreases by less than one order of magnitude between 50
and 100°C, preferably between 0 and 100°C). Additionally, the polymers of the invention can have
a-melt index, L, from 0.01 to 2000 g/10 minutes, preferably from .01 to 1600 g/10 mimutes, more
preferably from 0.01 to 500 g/10 minutes, and especially from 0.01 to 100 g/10 minutes. The
invented polymers can have molecular weights, M, from 1,000 g/mole to 5,000,000 g/mole,
preferably from 1000 g/mole to 1,000,000, more preferably from 10,000 g/mole to 500,000 g/mole,
and especially from 10,000 g/mole to 300,000 g/mole. The density of the invented polymers can be
from 0.80 to 0.99 g/em’® and preferably for ethylene containing polymers from 0.85 g/ om® to 0.97
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The polymers of the invention may be differentiated from conventional, random
copolymers, physical biends of polymers, and block copolymers prepared via sequential monomer
addition, fluxional catalysts, anionic or catienic living polymerization techniques. In particular,
compared to a random copolymer of the same monomers and monomer content at equivalzant
crystallinity or modutus, the polymers of the invention have better {higher) heat resistance as
measured by melting point, kigher TMA penetration temperature, higher high-temperature tensile
strength, and/or higher high-temperature torsion storage modulus as determined by dynamic
mechanical analysis. Compared to a random copolymer comprising the same monomers and
monomer content, the inventive polymers have lower compression set, particularly at elevated
ternperatures, lower stress relaxation, higher creep resistance, higher tear strength, higher blocking
resistance, faster setup due to higher crystallization (solidification) temperature, higher recaovery
(particularly at elevated temperatures), betier abrasion resistance, higher retractive force, and better
oil and filler acceptance,

The present polymers also exhibif 2 unique crystallization and branching distribution
relationship. That 1s, the present polymers have a relatively large difference between the tallest
peak teroperature measured using CRYSTAF and DSC as a function of heat of fusion, especially as
compared to random copolymers comprising the same monomers and monormner isve! or physical
blends of polymers, such as a blend of a high density polymer and a lower density copelymer, at
equivalent overall density. It is believed that this unique feature of the invented polymers is due to
the unique distribution of the cormonomer in blocks within the polymer backbone. In particular, the
polymer desirably comprises alternating blocks of differing comonomer content (including
homopolvmers blocks). The polymers desirably comprise a distribution it number and/or black
size of polymer blocks of differing density or comonomer content, which is a Schultz-Flory type of
distribution. In addition, the inventive polymers also have a peak melting point and crystallization
temperature profile that, uniquely, is independent of polymer density/modutus morphology. Ina
preferred embodiment, the microcrystalline order of the polymers demonstrates characteristic
spherulites and lamellae that are distinguishable from random or block copolymers, even at PDI
values that are less than 1.7, or even less fhar 1.5, down to less than 1.3. The unique crystalline
morphology of the invented polymers is believed to result in good barrier properties due to
increased tortuosity of the crystalline morphology, which makes the polymers suitable for use in
sasketing and sealing applications, such as bottle cap liners and films for produce, meat, and food
packaging. Figure 28 contains low resolution optical micrographs of pressed films showing the
microerystaliine structure of three muifi-block copolymers of the present invention (all having about
0.88 density) but made with differing levels of chain shuttling agent showing varied spherulitic

structure a5 wall as three comparative polymers, a substantially linear ethylene/ 1-octene copolymer
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(Affinity™ copolvmer of 0.875 glem’ density, available from The Dow Chemical Company), a
linear polyethylene having density of 0.94 g/em®, and a polyethylene blend made with dual catalysts
in 2 single reactor (in-reacter blend). Figure 29 contains four high resolution scanning electron
micrographs (100 nm scale), three taken of the above samples of the invented polymers made with
high, medium and low levels of chain shuttling agent in the reactor, as well as a comparative
photomicrograph of the substantially linear ethylene/ [-octene copolymer (Affinity™ copolymer of
0.875 g/em’ density). Comparison of the three photographs of polymers of the invention generally
show a reduction in lameliae thickness and length with increasing leveis of chain shuttling agent.
Moreover, the present poiymers may be prepared using technlgues to influence the degree
or level of blockiness. That is the amount of comonomer and length of each polvmer block or
segment can be altered by controlling the rafio and type of catalysts and shuttling agent as well as
the temperature of the polymerization, and other polymerization vartables. A surprising benefit of
this phenomenon is the discovery that as the degree of blockiness is increased, the optical
properties, tear strength, and high temperature recovery properties of the resulting polymer are
improved. In particular, haze decreases while clarity, tear strength, and high temperature recovery
properties increase as the average number of blocks in the polymer increases. By selecting shuttling
agents and catalyst combinations having the desired chain transferring ability (high rates of
shuttling with low levels of chain termination) other forms of polymer termination are effectively
suppressed. Accordingly, little if any f-hydride elimination is observed in the pofymerization of
ethylene/ ¢-olefin comonomer mixtures according to the invention, and the resulting crystalline
blocks are highly, or substantially compietely, linear, possessing little or no long chain branching.
Another surprising benefit of the invention is that polymers wherein chain ends are highly
crystalline can be selectively prepared. In elastomer applications, reducing the relative quantity of
polymer that terminates with an amorphous biock reduces the intermoiecular difutive effect on
crystaliine regions. This result can be obtained by choosing chain shuttling agents and catalysts
having an appropriate response to hydrogen or other chain terminating agents. Specifically, if the
catalyst which produces highty crystalline polymer is more susceptible to chain termination (such as
by use of hydrogen) than the catalyst respoasible for producing the less crystalline polymer segment
(such as through higher comonomer incorporation, regio-error, or atactic polymer formation), then
the highly crystalline polymer segments will prefersntially populate the terminal portions of the
polymer. Not only are the resulting terminated groups crystalline, but upon termination, the highly
crystaliine polymer forming catalyst site is once again available for reinitiation of polvmer
formation. The initially formed polymer is therefore another highly crystalline polymer segment.

Accordingly, both ends of the resuliing multi-block copolymer are preferentially highly crystalline.
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The abitity of the present muiti-block copolymers made from ethylene and a comonomer
such as ]-octene to retain high melting temperature properties is illustrated by reference to Figure
34, which is a graph of crystalline melting point as a function of density (coronomer content). At
lower densities, crystalline melt temperatures are not significantly reduced compared to those of
higher density multi-block copolymers according to the invention (line}, whereas conventional
random copolymers typically follow a well known curve reflecting loss of peak crystalline melt
femperature as density is reduced.

Other highly desirable compositions according to the present invention are elastomeric
interpolymers of ethylene, a Cs.p0 t-olefin, especially propylene, and optionally one or more diene
menomers. Preferred o-olefins for use in this embodiment of the present invention are designated
by the formula CH;=CHR*, where R¥ is a linear or branched alkyl group of from 1 to 12 carbon
atoms, Examples of suitzbie a-olefins include, but are not limited to, propylene, isobutylene, 1-
butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, and 1-octene. A particularly preferred w-olefin is
propyiene. The propylene based polymers are generally referred to in the art as EP or EPDM
polymers. Suitable dienes for use in preparing such polymers, especially multi-block EPDM type
polymers include conjugated or non-conjugated, straight or branched chain-, eyelic- or pelyeyclic-
dienes containing from 4 to 20 carbons. Preferred dienes include 1,4-pentadiene, 1,4-hexadiene, 5-
ethylidene-2-norbornene, dicyclopentadiene, cyclobexadiene, and S-butylidene-2-norbornene. A
particularly preferred diene is 5-ethylidene-2-norbornene.

Because the diene containing pelymers contain alternating segments or biecks containing
greater or lesser quantities of the diene (including none) and g-olefin {including none), the total
guantity of diene and c-olefin may be reduced without loss of subsequent polymer properties. That
is, because the diene and o-olefin monomers are preferentially incorporated into one type of block
of the polymer rather than uniformty or randomiy throughout the polymer, they are more efficiently
utilized and subsequently the crosslink density of the polymer can be better controlled. Such
crosslinkable elastomers and the cured products have advantaged properties, including higher
‘ensile strength and better elastic recovery,

Desirably, the polymers of the Invention made with two catalysts incorperating differing
quantities of comenomer have a weight ratio of blocks formed thereby from 95:5 10 5:95. The
elastomeric polymers desirably have an ethylene content of from 20 to 90 percent, 2 diene content
of from 0.1 to 10 percent, and an o-olefin content of from 10 to 87 percent, based on the total
weight of the polymer. Further preferably, the multi-block elastomeric polymers of this
embodiment of the invention have an ethylene content of from 60 to 80 percent, a diene content of
from 0.1 to 10 percent, and an a-olefin content of from 10 to 40 percent, based on the total weight

of the polymer. Preferred polymers are high molecular weight polymers, having 2 weight average
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molecutar weight (Mw) from 10,000 to abowt 2,500,000, preferably from 26,000 to 500,000, more
preferably from 20,000 to 350,000, and a polydispersity less than 3.5, more preferably less than 3.0,
and 2 Mooney viscosity (ML (1+4) 125°C.) from 1 to 250,

More preferably, such polymers have an ethylenelcontent from 65 1o 75 percent, a diene
content from 0 to 6 percent, and an e-olefin content from 20 to 35 percent.

The polymer may be oil extended with from 5 to about 75 percent, preferably from 10 to 60
percent, more preferably from 20 to 50 percent, based on total composition weiglt, of 2 processing
oil. Suitable oils include any oil that is conventionally used in mamifacturing extended EPDM
rubber formulations. Examples include both naphthenic- and paraffinic- oils, with paraffinic oils
being preferred.

Highly desirably a curable EPDM rubber formulation is prepared by incorparation of one or
more curing agents along with conventional accelerators or other adjuvants. Suitable curing agents
are suifur based. Examples of suitable sulfur based curing agenis inchude, but are not limited to,
sulfur, tetramethylthivram disulfide (TMTD), dipentamethylenethiuram tetrasulfide (DPTT), 2-
mercaptobenzothiazole (MBT), 2-mercaptobenzothiazolate disulfide (MBTS), zinc-2-
mercaptobenozothiazolaie (ZMBT), zinc diethyldithiocarbamatezine (ZDEC), zinc
dibutyidithiocerbamate (ZDBC), dipentamethylenethivram tetrasulfide (DPTT), N-t-
hutytbenzothiazole-2- sulfanamide (TBBS), and mixtures thereof. A preferred cure system includes
a combination of sulfur, MBT and TMTD. Desirably-, the foregoing components are employed in
amounts from 0.1 to 5 percent, based on total composition weight.

A preferred elastomer composition according to this emboediment of the invention may also
include carbon black. Preferably, the carbon black is present in the amount of from 106 to §0
percent, more preferably from 26 to 60 percent, based on total composition weight.

Additional components of the present formulations useftlly employed according to the
present mvention include various other ingredients in amounts that do not detract from the
properties of the resultant composition. These ingredients include, but are not limited to, activators
such as calcinm or magnesium oxide; fatty acids such as stearic acid and salts thereof; fillers and
reinforcers such as calcium or magnesium carbonate, silica, and aluminum silicates; plasticizers

such as dialkyl esters of dicarboxylic acids, antidegradants; softeners; waxes; and pigments.

Apnlications and End Uses

The polymers of the invention can be useful employed in a variety of conventional
thermoplastic fabrication processes to produce useful articles, including objects comprising at least
one film layer, such as a monolayer film, or at least one layer in a multilayer filim prepared by cast,

blown, calendered, or extrusion coating processes; molded articles, such as blow molded, injection
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melded, or rotormolded art:ic:‘lles; extrusions; fibers; and woven or non-woven fabrics. Thermopiastic
compositions comprising the present polymers, include blends with other natural or synthetic
polymers, additives, reinforcing agents, ignition resistant additives, antioxidants, stabilizers,
colorants, extenders, crosslinkers, biowing agents, and plasticizers. Of particular utility are multi-
component fibers such as core/sheath fibers, having an outer surface layer, comprising at least in
part, one or more polymers of the invention.

Fibers that may be prepared from the present polymers or blends include staple fibers, tow,
multicomponent, sheath/core, twisted, and monofilament., Suitable fiber forming processes include
spinbonded, melt blown techniques, as disclosed in USP’s 4,430,563, 4, 663,220, 4,668,566, and
4,322,027:, ge!l spun fibers as disclosed in USP 4,413,110, woven and nonwoven fabrics, as
disclosed in USP 3,485 ,706, or structures made from such fibers, including blends with other fibers,
such as polyester, nylon or cotton, thermoformed articles, extruded shapss, including profile
extrusions and co-extrusions, calendared articles, and drawn, twisted, or crimped yarns or fibers.
The new polymers described herein are aiso useful for wire and cable coating operations, as well as
in shest extrusion for vacuum forming operations, and forming molded articles, inciuding the use of
injection molding, blow molding process, or rotomolding processes. Compositions comprising the
olefin polymers can also be formed into fabricated articles such as those previcusly mentioned
using conventional polvolefin processing techniques whicl: are well known to those skilled in the
art of polyolefin processing.

Dispersions (both aqueous and non-aqueous) can also be formed using the present pelymers
or formulations comprising the same. Frothed foams comprising the invented polymers can also be
formed, as disclosed in PCT application No. 2004/027553, filed August 25, 2604, The polymers
may also be crosslinked by any known means, such as the use of peroxide, electron beam, silane,

azide, or other cross-linking technique. The polymers can also be chemically modified, such as by

. grafiing (for example by use of maieic anhydride (MAH), silanes, or other grafting agent),

halogenation, amination, sulfonation, or other chemical modification.

Additives and adjuvants may be inciuded in any formulation comprising the present
polymers. Suitable additives inciude fillers, such as organic or inorganic particles, including clays,
tale, titanium dioxide, zeolites, powdered metals, organic or inerganic fibers, including carbon
fibers, silicon nitride fibers, steel wire or mesh, and nyion or pelyester cording, nano-sized particles,
clays, and so forth; tackifiers, oil extenders, including paraffinic or napthelenic oils; and other
natural and synthetic polymers, including other polymers according to the mveniion.

Suitable polymers for blending with the polymers of the invention include thermoplastic
and non-thermoplastic polymers including natural and synthetic polymers. Exemplary polymers for

biending include polypropylene, (both impact modifying pelypropylene, isotactic polypropylene,
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atactic polypropylene, and random sthylene/propylene copolymers), various types of polysthylene,
including high pressure, free-radica]l LDPE, Ziegler Natta LLDPE, metallocene PE, including
multiple reactor PE (“in reacter” blends of Ziegler-Natta PE and metallocene PE, such as products
disclosed in 1JSP’s 6,545,088, 6,538,070, 6,566,446, 5,844,045, 5,865,573, and 6,448,341, ethylene-
vinyl acetate (EVA), ethylene/ viny] alcohol copolymers, polystyrene, impact medified polystyrene,
ARS, styrene/butadiene block copolymers and hydrogenated derivatives thereof (SBS and SEBS),
and thermoplastic polyurethanes. Hemogeneous polymers such as olefin plastomers and
elastomers, ethylene and propylene-based copolymers (for example polymers available under the
trade designation VERSIFY™ available from The Dow Chemical Company and VISTAMAI™
available from ExxonMobil can also be useful as components in blends comprising the present
polymers.

Suitable end uses for the foregoing products include elastic films and fibers; soft touch
goods, such as tooth brush handles and appliance handles; gaskets and profiles; adhesives
(including hot melt adhesives and pressure sensitive adhesives); footwear (including shoe soles and
shoe liners); anto interior parts and profiles; foam goods (both open and closed cell); impact
modifiers for other thermoplastic polymers such as high density poivethylene, isotactic
polypropylene, or other oiefin polymers; coated fabrics; hoses; tubing; weather stripping; cap liners;
flooring; and viscosity index modifiers, also known as pour point modifiers, for lubricants.

In & highly desired embodiment of the invention thermoplastic compesitions comprising a
thermoplastic matrix polyvmer, especially isotactic polypropylene, and an elastomeric multi-block
copolymer of ethylene and a copolymerizable comonomer according to the invention, are uniguely
capable of forming core-shell type particles having hard crystalline or semi-crystalline blocks in the
form of a core surrounded by soft or elastomeric blocks formiing a “shell” around the occluded
domains of hard polymer. These particles are formed and dispersed within the matrix polymer by
the forces incurred during melt compounding or blending. This highly desirable morphology is
believed to result dus to the unique physical properties of the multi-block copolymers which enable
compatible polymer regions such as t‘ﬁe matrix and higher comonomer content slastomeric regions
of the multi-block copolymer to self-assemble in the melt due to thermodynamic forces. Shearing
forces during compounding are believed to produce separated regions of matrix polymer encircled
by elastomer. Upon solidifving, these regions become occluded elastomer particles encased in the
polymer matrix.

Particularly desirable blends are thermoplastic polyolefin blends (TPO), thermopiastic
elastomer blends (TPE), thermoplastic vulcanisites (TPV) and styrenic polymer blends. TPE and
TPV blends may be prepared by combining the invented muiti-block polymers, inciuding

functionalized or unsaturated derivatives thereof with an optional rubber, including conventional
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block copoiymers, especially an SBS block copolymer, and oiptiimal’iy a crosslinking or vaicanizing
agent. TPO blends are generally prepared by blending the invented multi-block copolymers with a
polyolefin, and optionally a crosslinking or vuicanizing agent. The foregoing blends may be used in
forming a molded object, and optionally crossiinking the resulting moided article, A similar
procedure using different components has been previously disclosed in USP 6,757,779,

Suitable conventional block copolymers for this application desirably possess a2 Mooney
viscosity (ML 1+4 @ 100°C.) in the rapge from 10 o 135, more preferably from 25 to 100, and
most preferably from 30 to 80. Suitable polyolefins especially include linear or low density
polyethyiene, polypropylene (including atactic, isotactic, syndiotactic and impact modified versions
thereof) and poly(4-methyl-1-pentene}. Suitable styrenic polymers include polystyrene, rubber
modified polystyrene (FIPS), styrene/acrylonitrile copolymers (SAN), rubber modified SAN (ABS
or AES) and styrene maleic anhydride copotymers.

The biends may be prepared by mixing or kneading the respective components at a
temperature around or ebove the melt point temperature of one or both of the components. For
most multiblock copolymers, this temperature may be above 130° C., most generally above 145° C.,
and most preferably above 150° C. Typical polymer mixing or kneading equipment that is capable
of reaching the desired temperatures and meit plastifying the mixture may be employed. These
inclnde mills, kneaders, extruders (both singie screw and twin-screw), Banbury mixers, calenders,
and the like. The sequence of mixing and method may depend on the final composition. A
combination of Banbury batch mixers and continuous mixers may also be emploved, such as a
Banbury mixer followed by a mill mixer followed by an extruder. Typically, a TPE or TPV
composition will have a higher loading of cross-linkable polymer (typically the conventional block
copolymer containing unsaturation) compared to TPO compositions, Generzliy, for TPE and TPV
compositions, the weight ratio of block copolymer to multi-block copolymer maybe from about
90:10 to 10:50, more preferably from 80:20 to 20:80, and most preferably from 735:25 to 25:75. For
TPO applications, the weight ratio of muiti-biock copolymer to polyolefin may be from about 46:31
to about 5:95, more preferably from 35:65 to about 10:90. For modified styrenic pelymer
applications, the weight ratio of multi-block copolymer to polyolefin may also be from about 49:51
to about 5:93, more preferably from 33:65 to about 10:90. The ratios may be changed by changing
the viscosity ratios of the various components. There is considerable literature iliustrating
techniques for changing the phase continuity by changing the viscosity ratios of the constituents of
a blend and a person skilied in this art may consult if necessary.

The blend compositions may contain processing oils, plasticizers, and processing aids.
Rubber processing oils have a certain ASTM designation and paraffinic, napthenic or aromatic

pracess oils are all suitable for nse. Generally from {0 to 150 parts, more preferably 0 to 100 parts,
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and most preferably from 0 to 50 parts of oil per 100 parts of total polymer are employed. Higher
amounts of oil may tend {o 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, (poly)aleohols including giycols, (poly)aleohol ethers, including
glvcol ethers, (poly)esters, including (poly)giycol esters, and metal salt-, especially Group ] or 2
metal or zine-, salt derivatives thereof,

It is known that non-hydrogenated rubbers such as those comprising polymerized forms of
butadiene or isoprene, including block copolymers (here-in-after diene rubbers), have lower
resistance to UV, ozone, and oxidation, compared to mostly or highly saturated rubbers. In’
applications such as tires made from compositions containing kigher concentrations of diene bassd
rubbers, it is known to incorporate carbon black to improve rubber stability, along with anti-ozone
additives and anti-oxidants. Multi-block copolymers according to the present invention possessing
extremnely low levels of unsaturation, find particular application as a protective surface layer
{(coated, coextruded or faminated) or weather resistant film adhered to articles formed from
conventional diene elastomer modified polymeric compositions.

For conventional TPO, TPV, and TPE applications, carbon black is the additive of choice
for UV absorption and stabilizing properties. Representative examples of carbon blacks include
ASTM N110, N121, N226, N231, N234, N242, N293, N299, 8315, N326, N330, M332, N339,
N343, N347, N351, N358, N375, N539, N55C, N582, N630, N642, N650, N683, N754, N762,
N765, N774, N787, N90O7, N9O8, N990 and N99 1. These carbon biacks have iodine absorptions
ranging from 9 to 145 g/kg and average pore volumes ranging from 10 to 150 cm’/100 g. .Generally,
smaller particle sized carbon blacks are employed, to the extent cost considerations permit. For
many such applications the present multi-block copolymers and biends thereof require little or no
carbon black, thereby aliowing considerable design freedom to include alternative pigments or no
pigments at all. Multi-hued tires or tires matehing the color of the vehicle are one possibifity.

Compositions, inciuding thermoplastic biends according to the invention may also contain
anti-ozonants or anti-oxidants that are known to 2 rubber chemist of ordinary skill. The anti-
ezonants may be physical protectants such as waxy materials that come to the surface and protect
the part from oxygen or ozone or they may be chemical protectors that react with oxygen or ozoze.
Suitable chemical protectors include styrenated phenols, butylated octylated phenol, butylated
di( dimethyibenzyl} phenal, p-phenylenediamines, butylated reaction products of p-cresol and
dicyclopentadiene (DCPD), polyphenolic anitioxidants, hydroquinone derivatives, quinoline,
diphenylene antioxidants, thioester antioxidants, and blends thereof. Some representative trade
names of such products are Wingstay™ S antioxidant, Polystay™ 100 antioxidant, Polystay™ 100
AZ antioxidant, Polystay™ 200 antioxidant, Wingstay™ L antioxidant, Wingstay™ LHLS
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antioxidant, Wingstay™ K antioxidant, Wingstay™ 29 antioxidant, Wingstay™ SN-1 antioxidant,
and Irganox™ antioxidants. In some applications, the anti-oxidants and anti-ozonants used will
preferably be non-staining and non-migratory.

For providing additional stability against 1V radiation, hindered amine light stabilizers
(HALS) and UV absorbers may be also used. Suifable examples include Tinuvin™ 123, Tinuvin™
144, Tinuvin™ 622, Tinuvin™ 765, Tinuvin™ 770, and Tinuvin™ 780, available from Ciba
Specialty Chemicals, and Chemisorb™ T944, available from Cytex Plastics, Houston TX, USA. A
Lewis actd may be additionally included with a HALS compound in order to achieve superior
surface quality, as disclosed in USP 6,051,681,

For some compositions, additional mixing process may be employed to pre-disperse the
anti-oxidants, anti-ozonants, carbon black, UV absorbers, and/or light stabilizers to form a
masterbatch, and subsequently to form polymer blends there from.

Suitable crosslinking agents (also referred to as curing or vulcanizing agents) for use herein
include sulfur based, peroxide based, or phenolic based compounds. 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, 4,311,628 and 5,248,729,

When sulfur based curing agents are employed, accelerators and eure activators may be
used as well. Accelerators are used to control the time and/or temperature required for ﬁynamjc
vilcanization and to improve the properties of the resulting cross-linked article. In one
embodiment, & single accelerator or primary accelerator is used. The primary accelerator(s) may be
used in total amounts ranging from about 0.5 to about 4, preferably about 0.8 to about 1.5, phr,
based on total composition weight. In another embodiment, combinations of a primary and a
secondary accelerator might be used with the secondary accelerator being used in smaller amounts,
such as from about 0.03 to about 3 phr, in order to activate and to improve the proﬁerties of the

cured article. Combinations of accelerators generally produce articles having properties that are

;somewhat better than those produced by use of a single acceierator. In addition, delayed action

accelerators may be used which are not affected by normal processing temperatures vet produce a
satisfactory cure at ordinary vilcanization 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 a sulfenamide. If a second accelerator is used, the secondary
accelerator is preferably a guanidine, dithiocarbarnate or thiuram compound. Certain processing
aids and cure activators such as stearic acid and ZrO may aiso be used. When peroxide based
curing agents are used, co-activators or coagents may be used in combination therewith. Suitable

coagents include trimethylolpropane triacrylate (TMPTA), trimethylolpropane trimethacrylate
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{TMPTMA), triallyi cyanurate (TAC), triallyl isocyanurate (TAIC), among others. Use of peroxide
crosslinkers and optional coagents used for partial or complete dynamic vulcanization are known in
the art and disclosec for example in the publication, "Peroxide Vulcanization of Elastomer”, Vol.
74, No 3, July-August 2001,

When the multi-block copolymer containing composition is at least partially crosslinked,
the degree of crosslinking may be measured by dissolving the composition in a solvent for specified
duration, and calculating the percent gel or tnextractable component. The percent gel normally
increases with increasing crosslinking levels. For cured articles according to the mvention, the
percent gel content is desirably in the range from 5 to 100 percent.

The multi-block copolymers of the invention as well as blends thereof possess improved
processability compared to prior art compositions, due, It is believed, to lower melt viscosity. Thus,
the composition or blend demonstrates an mproved surface appearance, especialiy when formed
into a molded or extruded article. At the same time, the present compositions and blends thereof
uniquely possess improved melt strength properties, thereby allowing the present multi-block
copolvmers and blends thereof, especially TPO blends, fo be usefully employeﬁ in foam and
thermoforming applications where melt strength is currently inadeguate.

Thermoplastic compositions according to the invention may alsc contain organic or
moreanic fillers or other additives such as starch, talc, calcium carbonate, glass fibers, palymeric
fibers (including nylon, rayon, cotton, polyester, and polyaramide), metal fibers, flakes or particies,
expandable fayered silicates, phospbates or carbonates, such as clays, mica, silica, alumina,
aluminosilicates or atuminophosphates, carbon whiskers, carbon fibers, nanoparticles including
nanotubes, woilastonite, graphite, zeolites, and ceramics, such as silicon carbide, silicon niitride or
titanias. Silane based or other coupling agents may also be employed for better filler bonding.

The thermoplastic compositions of this invention, inqiuding the foregoing blends, may be
processed by conventional molding techniques such as injection molding, extrusion molding,
thermoforming, slush molding, over melding, insert molding, blow molding, and other techniques.
Films, including multi-layer films, may be produced by cast or tentering processes, including blown

film processss.

Testing Methods

In the foregoing characterizing disclosure and the examples that follow, the following
analytical techniques are employed:
GPC Method for Samples 1-4 and A-C

An automated liguid-handling robot equipped with 2 heated needle set to 160°C is nsed o

add enough 1.2,4-trichlorobenzene stabilized with 300 ppm Iono! to each dried pelymer sample to
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give a final concentraiion of 30 mg/mi.. A smali glass stir rod is placed into each tube and the
samples are heated to 160°C for 2 hours on a heated, orbital-shaker rotating at 250 rpm. The
concentrated polymer solution is then diluted to 1 mg/ml using the automated liquid-handling robot
and the heated needle set to 160°C.

A Symyx Rapid GPC system is used to determine the molecular weight data for each
sample. A Gilson 350 pump set at 2.0 m¥/min flow rate is used to pump helivm-purged 1,2-
dichlorobenzene stabilized with 300 ppm Ienol as the mobile phase through three Plgsl 10
micrometer (um) Mixed B 300mm x 7.3mm columns placed in series and heated to 160°C. A
Polvmer Labs ELS 1000 Detector is used with the Evaporator set to 250°C, the Nebulizer set to
165°C, and the nitrogen fiow rate set to 1.8 SLM at z pressure of 60-80 psi (400-600 kPa) N,. The
polymer samples are beated to 160°C and each sample injected into a 250 wl loop using the liquid-
handling robot énd a heated needle. Serial analysis of the polymer samples using two switched
loops and overlapping injections are used. The sample data is collected and analyzed using Symyx
Epoch™ software, Peaks are manually integrated and the moiecular weight information reported
uncorrected against a polystyrene standard calibration curve,

The DSC melting psak is measured as the maximum in heat flow rate (W/g) with respect to
the linear bassline drawn between -30°C and end of melting. The heat of fusion is measured as the
area under the melting curve between -30°C and the end of melting using a linear basslins.
Standard CRYSTAF Method '

Branching distributions are determined by crystallization analysis fractionation
(CRYSTAF) using a CRYSTAF 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 br and
stabilized at 95°C for 45 minutes, The sampling temperatures range from 95 to 30°C at a cooling
rate of 0.2°C/min. An infrared detector is used to measure the polymer solution concentraticns.
The cumulative sclubie concentration is measured as the polymer crystailizes while the temperature
is decreased. The analytical derivative of the cumulative profile reflects the short chain branching
distribution of the polymer.

The CRYSTAF peak temperature and area are identified by the peak analysis module
incliuded in the CRYSTAF Software (Version 2001 b, PolymerChar, Valencia, Spain). The
CRYSTAF 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. To calculate the CRYSTAF curve, the preferred processing parameters are with a
temmperature iimit of 70°C and with smoothing parameters above the temperature limit of 0.1, and

below the temperature limit of 0.3.
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DSC Standard Method (Excluding Samples 1-4 and A-C)

Differential Scanning Calorimetry results are determined using a TAI 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 in the press at about 175°C and
then air-cooled to room temperature (25°C), 3—1Q mg Of material is then cut into 2 6 mm diameter
disk, accurately weighed, placed in a light aluminum pan (ca 50 mg), and then crimped shut. The
thermal behavior of the sample is investigated with the following temperature profile. The sample
is rapidty heated to 180°C and held isothermal for 3 minutes in order to remove any previous
therma! history. The sample 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 maximum in heat flow rate (W/g) with respect to
the linear baseline drawn between -30°C and end of melting. The heat of fusion is measured as the
area under the melting curve between -30°C and the end of melting using a linear baseline.
Abrasion Resistance

Abrasion resistance is measured on compression molded plaques according to ISQ 4649,
The average value of 3 measurements is reported. Plagues for the test are 6.4 mm thick and
compression molded using a hot press (Carver Model #4095-4PR1001R). The pellets are placed
between polytetrafluorcethylens sheets, heated at 190 °C at 53 psi (380 kPa) for 3 minutes,
foliowed by 1.3 MPa for 3 minutes, and then 2.6 MPa for 3 minutes. Next the plagues are cooled in
the press with rurning cold water at [.3 MPa for | minute and removed for testing.

GPC Method (Excluding Samples 1-4 and A-C)

The gel perm@ation chromatographic system consists of either a Polymer Laboratories -
Mode! PL-210 or a Polymer Laboratories Model PL-220 instrument. The column and carousel
compartments are operated at 140 °C. Three Polymer Laboratories 10-micron Mixed-B columns are
used. The solvent is 1,2,4 irichlorobenzene. The samples are prepared at a concentration of 0.1
grams of polymer ir 50 milliliters of solvent containing 200 ppm of butylated hydroxytoluene
(RHT). Samples are prepared by agitating lightly for 2 hours at 160°C. The injection volume used
iz 100 microliters and the flow rate is 1.0 ml/minute.

Calibration of the GPC column set is performed with 21 narrow molecular weight
distribution polystyrene standards with molecular weights ranging from 580 to 8,400,000, arranged
in § “cocktail” mixtures with at least a decade of separation between individual molecular weights.
The standards are purchased from Polymer Laboratories (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 in 50 milliliters of solvent for molecular weights 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 molecular weight
component to minimize degradation. The polystyrene standard peak molecular weights are
converted to polyethylene molecular weights using the following equation (as described in Williams

and Ward, L. Polym. Sci.. Polvm. Let.. 6, 621 (1968)): Mpsiyetmyione = 0.431 (Mpaigsomene)-

Polyetheylene equivalent molecuiar weight calculations are performed using Viscotek
TriSEC software Version 3.0,
Compression Set

Compression set 1s measured according to ASTM D 395, The sample is prepared by
stacking 25.4 mm diameter round discs of 3.2 mum, 2.0 mm, and 6.25 mm thickness until a total
thickness of 12.7 mm is reached. The discs are cut from 12.7 cm x 12.7 cm compression molded
plagues molded with a hot press under the following conditions: zero pressure for 3 min at 190°C,
followed by 86 MPa for 2 min at 190°C, followed by cocling inside the press with cold running
water at 86 MPa.
Density

Samples for density measurement are prepared according to ASTM D 1928, Meaasurements
are made within one hour of sample pressing using ASTM D792, Method B.
Flexural/Secant Modulus/ Storage Modulus

Samples are compression molded using ASTM D 1928, Fiexural and 2 percent secant
moduli are measured according to ASTM D-790. Storage modulus is measured according to ASTM
D 5026-01 or equivalent technique,
Optical properties

Films of 0.4 mm thickness are compression moided using 2 hot press (Carver Model #4095~
4PR1001R). The pellets are placed between polytetrafluorcethylene 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. 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 opiical measurements, tensile 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 Gardner Glossmeter Microgloss 437 ag specified in
ASTM D-2457

Internal haze is measured using BYK Gardner Haze-gard based on ASTM D 1003

Procedure A. Mineral oil is applied to the film surface to remove surface scratches.
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. Mechanical Properties - Tensile, Hysteresis, and Tear

Stress-strain behavior in uniaxial tension is measured using ASTM D 1708 microtensile
specimens. Samples are stretched with an Instron at 500 % min™ at 21°C. Tensile strength and
elongation at break are reported from an average of 5 spscimens.

100% and 300% Hysteresis is determined from eyclic loading to 100% and 300% shrains
using ASTM D 1708 microtensite specimens 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 using an environmental chamber. In the 80 °C experiment, the samptle is allowed to
equilibrate for 45 miputes at the test temperature befors testing. In the 21 °C, 300% strain cyclic
experiment, 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 returned to the base line. The percent recovery is defined as;

%Recovery = £ 100
£y

where s; is the sirain taken for cyclic loading and g, is the strain where the load retumns fo
the baseline during the 1% unloading cycle.

Stress relaxation is measured at 50 percent strain and 37 °C for 12 hours using an Instron™
instriment 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 environmental chamber, the sample was
stretched to 50% strain at 333% min™. Stress was recorded as a function of time for 12 hours. The
percent stress relaxation after 12 hours was calculated using the formula:

%% Stress Relaxation = -LL:ML—l?mx 100
0
where Ly 15 the load at 30% strain at O time and L, is the Joad at 30 percent strain after 12 hours.

Tensile notched tear experiments are carried out on samples having a density of 0.88 g/cc or
less using an Instron™ instrument. The geommetry consists of a gauge section of 76 mum x 13 mm x
0.4 mm with a 2 mm notch cut into the sample at half the specimen length, The sample is stretched
at 508 mm min™ at 21 °C unti! it breaks. The tear energy is calculated as the area under the stress-
glongation curve up 1o strain at maximum load. An average of at least 3 specimens are reported.
TMA

Thermal Mechanical Analysis (Penetration Temperature) is conducted on 30mun diarneter x
3.3 mm thick, compression molded discs, formed at 180°C and 10 MPa molding pressure for 5
minutes and then air quenched. The instrument used is a TMA 7, brand available from Perkin-

Elmer. Inthe test, a probe with 1.5 mum radius tip (P/NN519-0416) is applied to the surface of the
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sample disc with 1N force. The temperature is raised at 5°C/min from 25°C. The probe penstration
distance is measured as a function of temperature. The experirent ends when the probe has
penetrated 1 mm into the sampie.

DMA

Dvnamic Mechanical Aualysis {DMA) is measured on compression molded disks formed in
a hot 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 controlled strain rheometer (TA instruments) equipped
with dual cantilever fixtures for torsion testing.

A 1.5mm plague is pressed and cut in a bar of dimensions 32x12mm. The sample is
clamped at both ends between fixtares separated by 10mm (grip separation AL} and subjected to
successive temperature steps from -100°C to 200°C (5°C per step). At each temperature the torsion
modulus G’ is measured at an angular frequency of 10 rad/s, the strain amplitude being maintained
between 0.1 percent and 4 percent to ensure that the torque is sufficient and that the measurement
remains in the linear regime.

An initial static foree of 10 g is maintained (auto-tension mode) {0 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 maxirpum temperature or when the gap between the fixtures reaches 65 mm.

Peliet Blocking Strength

Pellets {150 g) are loaded into & 27 (5 cm) diameter hollow cjfiinder that is made of two
halves heild together by a hose clamp. A 2.75 1b (1.25 kg) load is applied to the pellets in the
cylinder at 45 °C for 3 days. After 3 days, the pellets Joosely consolidate into a cylindrical shapad
plug. The plug is removed from the form and the pellet blocking force measured by loading the
cylinder of blocked pellets in compression nsing an Instron™ instrument to measure the
compressive force needed to break the cylinder into pellets.

Melt Index

Melt index, or [, is measured in accordance with ASTM D 1238, Condition 190°C/2.16 kg,
Melt index, or Ii; is also measured in accordance with ASTM D 1238, Condition 190°C/16 ke.
ATREF

Analytical temperature rising elution fractionation (ATREF) analysis is conducted
according to 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
steel shot) by slowly 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
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the crystallized polymer sample from the column by siowly increasing the temperature of the
eluting solvent (trichlorobenzerne) from 20 to 120°C at a rate of 1.5°C/min.

Polymer Fractionation by TREF

Large-scale TREF fractionation is carried by dissolving 15-20 g of polymer in 2 liters of
1,2 4-trichlorobenzene (TCB)by stirring for 4 hours at 160°C. The polymer solution is forced by 13
psig (100 kPa) nitrogen onte a 3 inch by 4 foot (7.6 cm x 12 cm) steel column packed with a 60:40
(v:v) mix of 36-40 mesh (600-425 pm) spherical, technical quality glass beads {available from
Potters Industries, HC 30 Box 20, Browawood, T, 76801} and stainless steel, 0.028” (G.7mm)
dameter cut wire shot (available form Pellets, Inc. 63 Industrial Drive, North Tonawanda, NY,
14120}, The column is immersed in a thermally controlled oil jacket, set initially to 160 °C. The
column is first cooled ballistically to 125 °C, then slow cooled to 20 °C at 0.04 °C per minute and
held for one hour. Fresh TCB is introduced at about 65 ml/min while the temperature is increased

at (.167 °C per minute,

Approximately 2000 mi portions of eluant from the preparative TREF colurnn are collected
in a 16 station, heated fraction collector. The polymer is concentrated in each fraction using a
rotary evaporator until about 50 to 100 mi of the poiyrﬁer solution remains, The concentrated
solutions afe allowed to stand overnight before adding excess methanol, filtering, and zl*insing
(approx. 300-500 ml of methano! including the final rinse). The filtration step is performed on a3
position vacuum assisted filtering station using 5.0 um polytetrafluoroethylene coated filter paper
(available from Osmonics Inc., Cat# Z30WP04750). The filirated fractions are dried overnight ip a

vacuum ovea at 60 °C and weighed on ar analytical balance before further testing.
BC NMR Analysis

The samples are prepared by adding approximately 3g of a 50/50 mixture of
tetrachioroethane-d*/orthodichlorobenzene to 0.4 g sample in a 10 mm NMR tube. The samples are
dissolved and homogenized by heating the tube and its contents to 150°C. The data is collected
using a JEOL Eclipse™ 400MHz spectrometer or a Varian Unity Plus™ 400MHz spectrometer,
correspoﬁd'mg 1o a P*C resonance frequency of 100.5 MHz. The data is acquired using 4000
transients per data fite with a 6 second pulse repetition delay. To achieve minimum signal-to-noise
for quantitative analysis, multiple data files are added together. The speciral width is 25,000 Hz
with & mintmum file size of 32K data points. The samples are analyzed at 130 °C in a 10 mm broad
band probe. The comonomer incorporation is determined using Randall's triad method (Randall,

1,C. IviS-Rev. Macromol. Chem. Phys., C29, 201-317 (1989).
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Atomic Force Microscopy (AFM)

Sections are collected from the sample material using a Leica UCT™ microtome with a FC
cryo-chamber operated at -80 °C. A diamond knife is used to section ali sample material to 2
thickness of 120 nm. Sections are placed on freshly cleaved mica surfaces, and mounted on

standard AFM specimen metal support disks with a double carbon tape. The sections are examined

* with a DI NanoScope TV™ Multi-Mode AFM, in tapping mode with phase detection. Nano-sensor

tips are used in all experiments.

Specific Embodiments

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

1. A composition comprising the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalyst,

(B) a second olafin polymerization catalyst capable of preparing polymers differing in
chemical or physical properties from the polymer prepared by catalyst (A) under equivalent
polymerization conditions, and '

(C} 2 chain shuttiing agent.

la. A composition comprising the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalyst having & high comonomer incorporation index,

(B) a second olefin polymerization catalyst having a comonomer incorporation index less
than 95 percent, preferably less than 90 percent, more preferably less than 25 percent, and most
preferably less than 10 percent of the comonomer incarporation index of catalyst (A), and

(C) a chain shuttling agent.

2. A method for selecting an admixture of catalvsts (A) and (B) and chain shuitling agent
(C) according to embodiment 1} or 1a) that is capable of producing a multi-block copolymer by
contacting an olefin monomer or mixture of monomers with said admixture under olefin
polymerization conditions.

3. A process for preparing a multi-block copolymer comprising contacting one or more
addition polymerizable monomers under addition polymerization conditions with a composition
comprising

the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalyst,
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(B) a second olefin polymerization catalyst capable of preparing polymers differing in
chemicai or physical properties from the polymer 'prepared by catalyst (A) under equivalent
polymerization conditions, and

(C) a chain shuttling agent.

3a. A process for preparing 2 multi-biock copolymer comprising contacting ore or more
addition polymerizable monomers under additionx polymerization conditions with a comnposition
comprising:

the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catatyst having a high comonomer incorporation index,

(B) a second olefin polymerization catalyst having a comonomer incorporation indey less
than 90 percent, preferably less than 50 percent, most preferably less than 5 percent of the
comonomer incorporation index of catalyst (A), and

(C) a chain shutiling agent.

4. A multi-block copolymer comprising in polymerized form one or more addition
polymerizable monomers, said copolymer containing therein two or more, preferably three or more
segments or blocks differing in comonomer content, crystallinity, tacticity, homogeneity, density,
melting point or glass transition temperature, preferably said copolymer posgessing a molecular
weight distribution, Mw/Mu, of less than 3.0, more preferably less than 2.8.

4a. A multi-block copolymer comprising in polymerized form ethvlene and one or more
copolymérizab%e comonomers, said copolymer containing therein two or more, preferably three or
more segments or blocks differing in comonomer content, crystallinity, tacticity, homogeneity,
density, meiting point or glass transition temperature, preferably said copolymer possessing a
molecular weight distribution, Mw/Mn, of less than 3.0, more preferably less than 2.8,

5. A functionalized derivative of the multi-block copolymer of embodiment 4

6. A functionalized derivative of the multi-block copolymer of embodiment 4a.

7. An olefin interpolymer having at least one melting point, T, in degrees Celcius and
density, d*, in grams/cubic centimeter, wherein the numerical values of the variables correspond to
the relationship:

T > -2002.9 + 4538.5(d%) — 2422.2({1*)2, and wherein the interpolymer has 2 M,/M, Trom

1.7te 3.5,

8 An interpolymer comprising in polymerized form ethylene and a Cs.s c-olefin having at
least one melting point, Ty, in degress Celotus and density, d*, in grams/cubic centimeter, wherein
the numerical values of the variables correspond to the relationship:

T, > -2002.9 + 4538.5(d%) — 2422.2(d%)%.
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9. A multi-block copolymer comprising in polymerized form ethylene and one or more
copolymerizable comonomers having at least one melting point, Ty, in degrees Celcius and density,
d*, in grams/cubic centimeter wherein the numerical values of the variables correspond to the
relationship:

Tw>-2002.9 + 4538.5(d%) — 2422 2(d* Y.

16, An olefin interpolymer having & Mw/Mn from 1.7 to0 3.5,

a delta quantity (tailest DSC peak minus tallest CRYSTAF peak) greater than the quantity,
v*, defined by the equation: ‘

v¥* > -0.1209(AH) + 62 .81, preferably the equatton:

y* > -0.1299(AH) + 64.38, and more preferably the equation:

v > -0.1299{AH) + 65.95,

and z heat of fusion up to 130 J/g,
wherein the CRYSTAF peal: is determined using at least 5 percent of the cunmulative polymer, and
if less than 5 percent of the polymer has an identifiable CRYSTATF peak, then the CRYSTAF
temperature is 30°C, and AH is the numerical value of the heat of fusion in J/g.

102. An interpolymer comprising in polymerized form ethylene and a Cy ¢ a-olefin, said
interpolymer having a delta quantity (tallest DSC peak minus tallest CRYSTAT peak) greater than
the quantity, v¥, defmed by the equation:

y* > 0 1299AH) + 62.81, preferably the equation:

y* > -0.1299{AH) + 6438, and more preferably the equation:

v* > -0.1209(AH) + 65 95,

and a heat of fusion up to 130 J/g,
wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative polymer, and
if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF
temperature is 30°C, and AH is the numerical vaiue of the heat of fusion in J/g.

10b. A multi-block copolymer having a delta quantity (tallest DSC peak minus taiiest
CRYSTAF peak) greater than the quantity, y*, defined by the equation:

y* > -0.1299(AH) -+ 62.81, preferably the equation:

v* > -0,1299(AH) + 64.38, and more preferably the equation:

¥ > -0.1299(AH) + 63.95,

and a heat of fusion up to 130 I/g,
wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative polymer, and
if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF

temperature s 30°C, and AH is the numerical value of the heat of fusion in J/g,
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o 11. An olefin interpolymer having a tensile strength above 10 MPa, preferably a tensile
strength > 11 MPa, more preferably a tensile strength > 13MPa and an efongation at break of at
least 600 percent, more preferably at least 700 percent, highly preferably at least 800 percent, and
most highly preferably at least 900 percent at 2 crosshead separation rate of 11 cm/minute.

Tia. A multi-block copolymer comprising in polymerized form ethylene and one or more
copolymerizable comonomers having & tensile strength above 10 MPa, preferably a tensile strength
2 11 MPa, more preferably a tensiie strength > 13MPa and an elongation at break of at least 600
percent, more preferably at least 700 percent, highly preferably at least 800 percent, and most
highly preferably at least 900 percent at a crosshead separation rate of 11 cm/minute.

12. An olefin interpolymer having a delta quantity (tallest DSC peak (measured from the
baseline) minus tallest CRYSTAF peak) greater than 48°C and a heat of fusion greater than or equal
to 130 J/g, wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then the
CRYSTAF temperature is 30°C.

12a. A multi-block copolymer comprising in polymerized form ethviene and one or more
copolymerizable comonomers having a delta quantity (.taliest DSC peak (measured from the
baselins) minus tallest CRYSTAF peak) greater than 48°C and a heat of fusion greater than or equal
to 130 J/g, wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peals, then the
CRYSTAF temperature is 30°C.

13. An olefin interpolymer having a storage modulus ratio, G*(25°C)Y/G(180°C), of from 1
to 50, preferably from 1 to 20, more preferably from 1 to 10, and a 70°C compression set of less
than 80 percent, preferably less than 70 percent, especially less than 60 percent, down 1o a
compression set of (f perceat.

13a. A multi-biock copolymer comprising in polymerized form ethylene and one or more
copolymerizable comonomers having a storage modulus ratio, G'(25°C)/G’(100°C), of from 1 fo 56,
preferably from 1 to 20, more preferably from 1 to 10, and & 70°C compression set of less than 80
percent, preferably less than 70 percent, especially less than 60 percent, down to a compression set
of 0 percent,

14. An olefin interpolymer having a heat of fusion of less than 85 J/g, preferably iess than
$0 J/g, and a pellet blocking strength of equal to or less than 100 tbs/ft’ (4800 Pa), preferably equal
to or less than 50 1bs/ft? (2400 Pa), especially equal to or iess than 5 Tos/ft* {240 Pa), and as low as 0
Ibs/ft? (0 Pa).

14a. A multi-bleck copolymer comprising in polymerized form ethylene and one or more

copolymerizable comonomers having a heat of fusion of less than 85 J/g, preferably less than 80
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J/g, and a pellet biccking strength of equal to or less than 100 1bs/ft* (4800 Pa), preferably equal to
or less than 50 1bs/ft (2400 Pa), especially equal to or less than 3 ibs/f® (240 Pa), and as low as 0
Ibs/fE (0 Pa).

15. An uncrosslinked, elastomeric, olefin interpolymer comprising in polymerized form at
least 50 mole percent ethylene, having a 70°C compression set of less than 80 percent, preferably
less than 70 percent, most preferably less than 60 percent,

15a. An uncrosslinked, elastomeric, multi-block copotymer comprising in polymerized
form at Jeast 50 mole percent ethyiene, having a 70°C compression set of less than 80 percent,
preferably less than 70 percent, most preferably less than 60 percent.

16. A polymner according to any one of embodiments 4-15, 4a, 5a, 10a-15a, 10b, or
preparable by the method of embodiment 3 or 3a containing a single crystaliine melting point (Tm)
as measured by DSC.

17. A polymer according to any one of embodiments 4-15, 4a, 5a, 10a-15a, 10b, or
preparable by the method of embodiment 3 or 3a having 2 thermomechanical analysis penetration
depth of | mm at a temperature of at least 90°C, preferably a temperature of at ieast 100°C, and a
flexural modulus of from 3 kpsi (20 MPa) to 13 kpsi (90 MPa}.

18. A polymer accerding to embodiment 16 having a thermomechanical analysis
penetration depth of 1 mm at a temperature of at least 90°C, preferably a temperature of at least
100°C, and a flexural modulus of from 3 kpsi (20 MPa) to 13 kpsi (90 MPa).

19. A polymer according to any one of embodiments 4-15, 4a, Sa, 10a-15a, 10b, or
preparable by the method of embodiment 3 or 3a having an abrasion resistance volume loss
according to ISO 4649 of less than 90 mm’.

20. A polymer according to embodiment 16 having an abrasion resistance volume loss
according to ISO 4649 of less than 90 mm’,

21. A polymer according to embodiment 17 having an abrasion resistance volume loss
according to ISO 4649 of less than 90 mm’,

22. A polymer according to embodiment 18 having an abrasion resistance volume loss
according to ISO 4649 of less than 90 mm’,

23. A polymer according to any one of embodiments 4-15, 4a, 5a, 10a-15a, 100, or
preparable by the method of emboediment 3 or 3a having an abrasion resistance volume foss
according to ISO 4649 of ess than 90 mm’ .and having a storage modulus, &, such that log (G} s
greater than or equal to 0.4 MPa , preferably greater than or equal to 1.0 MPa, at a temperature of
100°C.

24. A polymer according to embodiment 16 having an abrasion resistance volume loss

according to ISO 4649 of less than 90 mm’ and having a storage modulus, G, such that log (G} is
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greater than or equal to 0.4 MPa , preferably greater than or equal to 1.0 MPa, at a temperature of
100°C.

235. A polymer according to embodiment 17 having an abrasion resistance volume loss
according to ISO 4649 of Iess than 90 mm’.and having a storage modulus, G°, such that log (G™) is
greater than or equal to 0.4 MPa , preferably greater than or edual to 1.0 MPa, at a temperature of
100°C.

26. A polymer according to embodiment 18 having an abrasion resistance volume loss
scecording o ISC 4649 of less than 90 mm’.and having a storage modulus, G°, such that log (G} is
greater than or equal to (.4 MPa , preferably greater than or equal to 1.0 MPa, at a temperature of
100°C.

27. A polymer according to embodiment 19 having an abrasion resistance voiume loss
according to ISO 4649 of less than 90 mm’.and having a storage medulus, G°, such that log (G") is
greater than or equal to 0.4 MPa , preferably greater than or equal to 1.0 MPa, at a temperature of
100°C.

28. A polymer sccording to embodiment 20 haviﬁg an abrasion resistance volume loss
according to ISO 4649 of less than 90 mm.and having a storage modulus, G, such that log (G") is
greater than or equal to 0.4 MPa , preferably greater than or équal to 1.0 MPa, at a temperature of
100°C.

20. A polymer according to embodiment 21 having an abrasion resistance volume 10s3
according to ISO 4649 of less than 90 mm’.and having a storage médulus, (3, such that leg (G") is
greater than or equal to 0.4 MPa , preferably greater than or equal to 1.0 MPa, at a temperature of
100°C.,

30, A polymer according to embodiment 22 having an abrasior resistance volume loss
according to IS0 4649 of Jess than 90 mm’.and having a storage modulus, &, such that iog (G7) is
greater than or equai to 0.4 MPa, preferably greater than or equal to 1.0 MPa, at a temperature of
100°C.,

31. A crosslinked derivative of a polymer according to any one of embodiments 4-15, 4a,
3a, 10a-15a, 10b, or preparable by the method of embodiment 3 or 3a.

32. A crosslinked derivative of 2 polymer according to embodiment 16,

33, A crosslinked derivative of a polymer according to embodiment i 7.

34, A crosslinked derivative of a polymer éccording to embodiment 18.

35. A crossiinked derivative of a polymer according to embodiment 19.

36. A crossiinked derivative of a polymer according to embodiment 20,

37. A crosslinked derivative of a polytner according fo embodiment 21.

38. A crosslinked derivative of 2 polymer according to embodiment 22.
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39. A crosslinked derivative of a polymer according to embodiment 23,

40. A crosslinked derivative of a2 polymer according to embodiment 24,

41. A crosslinked derivative of a polymer according to embodiment 23,

42. A crosslinied derivative of a polymer according to embodiment 26.

43, A crosslinked derivative of a polvmer according to embodiment 27.

44, A crosslinked derivafive of a polymer according to embodiment 28,

43, A crossiinked derivative of a polymer according to embodiment 29.

46. A crossiinked derivative of a polymer according to embodiment 3G,

47. A polymer according to any one of embodiments 4-15, 4a, 5a, 10a-15a, 10b, or
preparable by the method of embodiment 3 or 32, or a composition comprising the same in the form
of a film, at least one layer of a multilayer film, at least one layer of a [aminated article, a foamed
article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a roto-molded
article, or an adhesive.

48. A polymer according to embodiment 16 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, z blow molded article, a
roto-molded articte, or an adhesive.

49, A polymer according to embodiment [ 7 or a composition comprising the same in the
form of a film, at leasi one layer of a multilayer film, at least one laver of a laminated article, a
foamed articie, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive. '

50. A polymer according to embodiment 18 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, 2 fiber, a nonwoven fabric, an injection molded articie, a blow molded article, a
roto-molded article, or an adhesive.

51. A polymer according to embodiment 19 or a composition comprising the same in the
form of a film, at least one lzyer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive,

52. A polymer according to embodiment 20 or a composition comprising the same in the
form of & film, at least one layer of a multilayer film, at least one laver of a laminated ariicle, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive.

53. A polymer according to embodiment 21 or a composition comprising the same in the

form of a fiim, at laast one layer of a multilayer film, at least one layer of a laminated article, 2
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foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded articie, a
roto-molded article, or an adhesive,

54. A polymer according to embodiment 22 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, 2 fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-rnolded article, or an adhesive.

53. A polymer according to embodiment 23 or 2 composition comprising the same in the
form of a film, at least one layer of a multilayer filem, at least one laver of a laminated article, a
foamed article, a fiber, 2 nonwoven fabric, an injection molded article, a blow molded article, 2
rote-molded article, or an adhesive,

56. A polymer according to embodiment 24 or a composition comprising the same in the
form of a film, st least one layer of a multiiayer film, at least one layer of a jaminated article, &
foamed article, a fiber, 2 nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive,

57, A polymer according to embodiment 25 or 2 composition comprising the same in the
form of 2 film, at least one layer of a multilayer film, at least one laver of a laminated article, a
foamed article, a fibet, a nonwoven fabric, an injection molded article, a blow molded article, 2
roto-molded article, or an adhesive.

58. A polymer according to embodiment 26 or 2 composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded articie, a blow molded arficle, a
roto-molded article, or an adhesive,

59. A polymer according to embodiment 27 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one laver of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-meolded article, or an adhesive.

60, A polyn\ler according to embodiment 28 or 2 composition comprisiang the same in the
form: of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a biow molded article, a
roto-molded article, or an adhesive,

61. A polymer according to embodiment 29 or 2 composition comprising the same in the
form of a filin, at teast one layer of a multilayer film, at least one laver of a laminated article, a
foamed article, 2 fiber, a nonwoven fabric, an injection molded article, a blow molded article, a

roto-rnolded article, or an adhesive.
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62. A potymer according to embodiment 30 or 2 cornposition comprising the same in the
form of & film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, 2 fiber, 2 nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive.

63, A polymer according to embodiment 31 or a composition comprising the same in the
form of a film, at least one layer of 2 multilayer film, at least one layer of 2 laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive.

64, A polymer according fo embodiment 32 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, & nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive.

65. A polymer according to embodiment 33 or a composition comprising the same in the
form of a film, at least one layer of a multitayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive.

66. A polymer according to embodiment 34 or & composition comprising the same in the
form of & film, at least one layer of a multitayer film, af least one layer of a lamninated article, a
foamed article, a fiber, 2 nonwoven fabric, an injection molded article, 2 blow molded article, a
roto-molded article, or an adhesive.

67. A polymer according to embodiment 35 or a composition comprising the same in the
form of a film, at least ene layer of 2 multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, 2 nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhbesive.

68. A polymer according to embodiment 36 or a composition comprising the same in the
form of a film, at least one layer of 2 muttilayer film, at least one layer of a laminated article, a
foamed article, a fiber, 2 nonwoven fabric, an injection molded article, a blow molded article, a
roto~-molded article, or an adhesive,

69. A polymer according to embodiment 37 or a2 composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection moelded article, z blow molded article, a
roto-molded article, or an adhesive.

70. A polymer according to embodiment 38 or a composition comprising the same in the

form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
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foamed article, a fiber, a nonwoven fabric, an injection molded article, a biow molded article, a
roto-molded article, or an adhesive.

71. A polymer according t¢ embodiment 39 or a composition comprising the same in the
form of a film, at least one layer of & multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, 2 nonwoven fabric, an Injection molded anticle, a blow molded article, a
roto-molded article, or an adhesive.

72. A polymer according to embodiment 40 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a' laminated article, a
foamed article, a fiber, 2 nonwoven fabric, an injection melded article, a blow molded article, a
roto-molded article, or an adhesive.

73. A polymer according to embodiment 41 or a composition comprising the same in the
form of a film, at least one layer of 2 multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow roolded article, a
roto-molded article, or an adhesive.

74. A polymer according to embodiment 42 or a composition cemprising the same in the
form of a film, at least cne layer of a multilayver film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoves fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive. '

75. A polymer according to embodiment 43 or 2 composition comprising the same in the
form of a film, at least one layer of a multilayer. film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, z blow molded article, a
rote-molded article, or an adhesive,

76. A polymer according to embodiment 44 or a composition comprising the same in the
form of & film, at least one layer of a muitilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, 2 blow molded article, 2
roto-molided article, or an adhesive.

77. A polymer according to embodiment 45 or a composition comprising the same in the
form of & film, at least one laver of a muliilayer filin, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injecticn molded article, 2 blow molded article, 2
rote-molded article, or an adhestve.

78. A polymer according to embodiment 46 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a

roto-molded article, or an adhesive.
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79. A composition according to embodiment 1 or 1a wherein the shuttling agent is a
trihydrocarbyl aluminum- or dihydrocarby! zine- compound containing from 1 to 12 carbors in each
hydrocarbyl group.

80. A composition according to embodiment 79 wherein the shuttling agent is

5 triethylaluminum or diethylzinc.

81. A composition according to embodiment | or la wherein catalyst {A) comprises a
complex comprising a transition metal selected from Groups 4-8 of the Periodic Table of the
Elements and one or more delocalized, n-bonded ligands or pelyvalent Lewis base ligands.

82. A composition according to embodiment 81 wherein catalyst (A) corresponds to the

16 formula:

wherein:
RY is selectad from alkyl, cycloalkyl, heteroalkyl, cyclohetercalkyl, aryl, and inertly
substitoted derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a divalent
15 derivative thereof;
T! is a divalent bridging group of from 1 to 41 atoms other than hydrogen, preferably I to
20 atoms other than hydrogen, and most preferably a mono- or di- Cy.p hydrocarbyl substituted
methylene or silane group; and .
R is a Csy heteroary! group containing Lewis base functionality, especially a pyridin-2-
20 yl- or substituted pyridin-2-y! group or a divalent derivative thereof;
- M’ is a Group 4 metal, preferably hafnium;
%! is an anionic, neutral or dianionic ligand group;
%° s a number from 0 fo 3 indicating the number of such X' groups; and
bonds, optional bonds and electron donative interactions are represented by lines, dotted
25  bines and arrows respectively.

83. A composition according to embodiment 82 wherein catalyst (B) corresponds to the

N
K jMz sz”
2
T 7,

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

formuia:

wherein

T° is a nitrogen, oxygen or phosphorus containing group;
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X is halo, hydrocarbyl, or hydrocarbyloxy:
t is one or twgo;
x” is a number selected to provide charge balance;

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

5 84, A process according to embodiment 3 or 3a which is a continunous process.
83, A process according to embodiment 84 which is a solution process.
86. A process according to embodiment 85 wherein ethylene and one or more

copolymerizable comonomers are polymerized.
§7. A process according to embodiment 86 wherein the ethylene conversion in the
16 reactor is at least 95 percent.
B8, A process according fo embodiment 84 wherein catalyst (A) corresponds to the
formula:

i
~ 12

-
R’ 1}\ o
=My
wherein: ‘

15 R is selected from alkyl, cycloalkyl, heteroa]lcyl, cycioheteroalkyl, aryl, and inertly
substituted derivatives thereof containing from I 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- C;.40 hydrocarbyl substituted
26  methylene or silane group; and
R is a Cs.4 heteroaryl group containing Lewis base functionality, especially a pyridin-2-
vl- or substituted pyridin-2-yl group or a divalent derivative thereof;
M’ is a Group 4 metal, preferably hafnium;

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

23 X’ is a number from 0 to 5 indicating the number of such X' groups; and
bonds, optional bonds and slectron donative interactions are represented by lines, dotied
lines and arrows respectivaly,
89. A process according to smbodiment 88 wherein catalyst (B) corresponds to the formula:
(3
T 74
30 wherein

M? is a metal of Groups 4-16 of the Periodic Table of the elements;
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T° is 2 nitrogen, oxygen or phosphorus containing group;
X2 is halo, 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.

90. A multi-block copolymer comprising in polymerized form ethylene and a
copolymerizable comonomer.

91. An olefin. polymer having a relatively flat storage modulus characterized in that log
(" {in Pascals) decreases by less than one order of magnitude between 50 and 100°C,

92, A process according to embodiment 3 cr 3a in which the ratio of chain shuitiing
agent {0 one or more catalysts and or monomers is varied in order to produce polymers differing in
one or more chemical or physical properties. |

93, A polymer mixture comprising: (1) an organic or inorganic polymer, preferably a
homopolymer of ethylene or propylene and/or a copolymer of ethylene and z copolymerizable
comonomer, and (2} a polymer according to any one of embodiments 4-15, 4a, 5a, 10a-15a, 10b, or
preparable by the method of embodiment 3 or 3a.

94, A polymer mixture according to embodiment 93 wherein component (1) is an
organic thermoplastic polymer.

0s. A polynmter mixture according to embodiment 94 wherein component (1) is a
propylens hormopolymer.

96, A potymer mixture according to embodiment 95 wherein component (1) is highiy
isotactic polypropylene. '

97. A polymer mixture according to embodiment 93 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers.

98. A polymer mixture according to embodiment 94 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers.

96, A polymer mixture according to embocﬁmant 95 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers.

100. A polymer mixture according to embodiment 96 wherein component (2) is an
elastomeric copolymer of ethyiene and one or more copolymerizable comonomers.

101. A polymer mixturs according to embediment 93 wherein component (2} is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of

particles containing occlusions of component (1) therein.
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102. A polymer mixture according to embodiment 94 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing occlusions of component (1) therein,

103. A polymer mixture according to embodiment 95 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizabie comonomers in the form of
particles containing occlusions of component {1) therein.

104. A polymer mixture according to embodiment 96 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing occlusions of component (1) therein.

105. A polymer mixture according to embodiment 93 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing ccclusions of component (1) thersin, said occlusions being formed upon melt
blending of components (1) and (2).

106. A polymer mixture according to embodiment 94 whersin component (2} is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing occlusions of component (1) therein, said occlusions being formed upon melt
blending of components (1) and (2).

107. A polymer mixture according to embodiment 95 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing occiusions of component (1) therein, said occlusions being formed upon melt
blending of components (1) and (2.

108. A polymer mixture according to embodiment 96 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing ocelusions of component (1) therein, said occlusions being formed upon melt
blending of components (1} and {2).

109. A process for preparing a polymer mixture comprising: (1) an organic or inorganic
thermoplastic polymer, preferably a homopolymer of ethylene or propylene and/or a copolymer of
ethvlene and a copolymerizable comonomer, and (2} an elastomeric polymer in the form of particles
containing ocelusions of component (1) therein, said process comprising melt blending components
(1) and (2) under shearing conditions so as to form ccclusions of component (1} in dispersed
particles of component (2},

110.  The process of claim 109 wherein component (1) is isotactic pelypropylene.

111.  The process of claim 110 wherein component (2) is a copolymer of ethylene and a

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

the absence of any component, step or ingredient which has not been specifically disclosed.

Examples
The fotlowing examples are provided as further illustration of the invention and are not to

be construed as limiting. The term “overnight”, if used, refers to a time of approximately 16-18
hours, the term “room temperature”, refers to a temperature of 20-25 °C, and the term “mixed
atkanes” refers to a commercially obtained mixture of Csg aliphatic hiydrocarbons available under
the trade desicnation Isopar E¥, from Exxon Mobil Chemicals Inc. In the event the name of a
compound hetein does not conform to the structural representation thereof, the structural
representation shall control. The synthesis of all metal complexes and the preparation of all
soreening expsrimen‘gs were carried out in a dry nitrogen atmosphere using dry box technigues. All
solvents used were HPLC grade and were dried before their use.

MMAO refers to modified methylalumoxane, a triisobutylaluminum modified
methylalumoxane available commercially from Akzo-Noble Corporation.

Catalyst (A1) is [N-(2,6-di(1-methylethyl)phenyl)amido)}2-isopropyiphenyl)(ai-
naphthalen-2-diyl(6-pyridin-2-diy[jmethane)lhafnium dimethyl, prepared accerding to the teachings

S of WO 03/40195, 2003180204017, USSN 10/425,024, filed May 2, 2003, and WO 04/24740,

CH(CH;,)Z

(H:CyHC ‘3

H}C)‘;HC CH3 CH3

Catalyst (A2} is [N-(2,6-di( 1-methylethyl)phenyllamido){2-methylphenyl)(1,2-phenylene-
(6-pyridin-2-diylymethane)]hafnium dimethyl, prepared according to the teachings of WO
037401935, 2003050204017, USSN 10/429,024, filed May 2,2003, and WO 04/24740,

%@&N 4%

(H;CyHC CI—I Ch3
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Catalyst (A3) is bis[N,N"""-(2,4,6-tri{methyiphenyl)amido)ethyienediaminehafnium

dibenzyl.
HsC } S CH
CH.
HN —» X, * He= CH,CeHs
SN
HyC
CHs

Catalyst (A4) is bis((2-oxoyl}-3-(dibenzo-1 H-pyrrele-1-vii-5-(methylphenyl)-2-
5  phenoxymethyl)cyclohexane-1,2-diyl zirconium (EV) dibenzyl, prepared substantially according to
the teachings of US-A-2004/0010103.

Catalyst (B1) 1,2-bis-(3,5-di-t-butylphenylene){1 -(N-(1-methylethyl)immino)methyl)(2-

16 oxovl) zirconium dibenzyl .

C(CHj)s
CH{CH3)3
C(CHy)s
ZX'XZ
{(HsChs O N ==
CH(CH3)7 X=CHyCels
(CHzh

The preparation of catalyst (B1) is conducted as follows.

aration of (1-meathylethyl¥2-hvdroxv-3.5-dift-butvDiphenvlimathvlimine
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3,5-Di-t-butyisalicylaidehyde (3.00 g) is added to 10 mL of isopropylamine. The solution
rapidly turns bright yellow. After stirring at ambient temperature for 3 hours, volatiles are removed

under vacuum to yield a bright vellow, erystalline solid (97 percent yield).

b Prapar&tio_n of 1.2-bis-{3.5-di-t-butviphenviene) ] -(N-{1-methvlethvhimminoymethv{2-oxovl)

zirconium dibenzyl

A solution of (1-methylethy){2-hydroxy-3,5-di(t-butyDphenyDimine (605 mg, 2.2 mmol) in
5 ml toluene is slowly added to a solution of Zr{CH,Ph)s (500 mg, 1.1 mmol) in 50 mL toluene.
The resulting dark yellow solution is stirred for 30 min. Solvent is removed under reduced pressure

to vield the desired product as a reddish-brown solid.

Catalyst (B2) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(2-methyleyclohexyl)-

immino)methyl}(2-oxoyl) zirconium dibenzyl

C(CHs)}
H:C
—N O C{CH
%/ (CHz)s
S
N
{HzCls 0 N= n
P X=CHpCgH;
(CH3)a

The preparation of catalyst (B2) is conducted as follows.
a) Preparation of (1-(2-methvicyclohexyhethyh( 2-GXOV1—3.Sudi(i-butvi)phen;d)imine

2-Methyleyclohexylamine (8.44 mL, 64.0 mmol) is dissolved in methanol (90 ml), and di-
t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The reaction mixture is stirred for three hours
and then cooled to -25°C for 12 hrs. The resulting vellow solid precipitate is coliected by filtration
and washed with cold methano! (2 x 15 mL), and then dried under reduced pressure. The yield is

11.17 g of a yellow solid. 'H NMR is consistent with the desired product as a mixture of isomers.

b) Preparation of bis-{1-{2-methvicycichexvhethviW2-oxoyl-3.5-dilt-butvliphensli

imminozirconium dibenzy]

A solution of (1-(2-methvicyclohexylethyl){2-oxoyl-3,5-di{t-butyl}phenyDimine (7.63 g,
23.2 mmol) in 200 mL toluene is slowly added to a solution of Zr(CH;Ph)s (5.28 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 mL toluene to give a solution having a concentration of 0.00783 M.
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Catalyst (C1) is (i-butvlamido)dimethyl(3 -N-pyrrolyl-1,2,3,32,7a-1-inden-1-
vl)silanetitanium dimethyl prepared substantially according to the techniques of USP 6,268 ,444:

HCRSE Tx(CHm

C(CHy);

5 Catalyst (C2) is (t-butylamido)di(4-methviphenyl)(2-methyl-1,2,3,32, 7a-n-inden-1-
ylisilanetitanium dimethyl prepared substantially according to the teachings of US-A-2003/004286:

H;C
T S
5. THCH),
3
e C(CHz )

Catalyst (C3) is (t-butylamido)di{4-methylphenyl){(2-methyl-1,2.3,3a,8a-n-s-indacen-1-
10 yhsilanetitanium dimethy! prepared substantially according to the teachings of US-A-2003/004286:

1,C

Catalyst (D1) is bis(dimethyldisiloxane){indene-1-yl)zirconium dichloride available from

Sigma-Aldrich:
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(H:‘,C)'_)Si ZrClz
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Cocatalyst 1 A mixiure of methyldi(Ci4.5 alkyDammonium salts of
tetrakis{pentafluorophenylborate (here-in-after armeenium borate), prepared by reaction of 2 long
chain trialicylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.), HCI and LilB(CsFs)],
substantially as disclosed in USP 5,919,9883, Bx. 2.

Cocatalyst 2 Mixed Cjs.s allyldimethylammonium salt of bis(tris(pentafiuorophenyl}-
alumane)-2-undecylimidazolide, prepared according to USP 6,395,671, Ex. 16.

Shuttling Agents The shuithng agents employed include diethylzine (DEZ, SA1), di(i-
butyl)zine (SA:Z), di(n-hexylzine (SA3), triethylaluminum (TEA, SA4), trioctylaluminum (SAS),
triethylgallium (SA6), -burylaluminum bis{dimethyl(t-butyl)siloxane) (SA7), i-butylaluminum
bis(di(trimetirylsilyamide) (SAS). p-octylaluminum di(pyridine-2-methoxide) (SA9), bis(n-
actadecyl)i-butylaluminum (SA10), i-butylaluminum bis(di(n-pentylamide) (SAT1), n-
octylaluminum bis(2,6-di--butylphenoxide) (SA12), n-octylaluminum di{ethyl(-naphthyDamide)
(SA13), ethylaluminum bis(t-butyldimethylsiloxide) (SA14), ethylaluminum
difbis(trimethylsilyl)amide) (SA15), sthylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide)
{SA16)}, n-octylaluminum bis(Z,3,6,7-dibenzo-1-azacycloheptaneamide) (SA17), p-octylaluminum
bis(dimethyi{t-butyl)siloxide(SA18), ethylzinc (2,6-diphenylphenoxide) (SA19), and ethylzine (i-
butoxide} (SAZ0).

Exemples 1-4, Comparative A-C

General High Throughput Paralle]l Polymerization Conditions

Polymerizations are conducted using a high throughput, parallel polymerization reactor
(PPR)} available from Symyx technologies, Inc. and operated substantially according to USP’s
6,248,540, 6,030,917, 6,362,309, 6,306,658, and 6,316,663, Ethylene copolymerizations are

conducted at 136°C and 200 psi (1.4 MPa) with ethvlene on demand using 1.2 equivalents of
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cocatalyst 1 based on total catalyst nsed (1.1 equivalents when MMAO is present). A series of
polymerizations are conducted in a parallel pressure reactor (PPR} comprised of 48 individual
reactor cells in a 6 x 8 array that are fitted with a pre-weighed glass tube. The working volume in
each reactor cell is 6000 pL. Bach cell is temperature and pressure controlled with stirring provided
by individual stirring paddles. The monomer gas and quench gas are plumbed directly into the PFR
ugit and controlled by automatic vaives. Liguid reagents are robotically added to each reactor celi
by syringes and the reservoir solvent is mixed allianes. The order of addition is mixed alkanes
solvent {4 ml), ethylene, 1-octene comonomer (1 ml), cocatalyst 1 or cocatalyst I/MMAQ mixture,
shuttling agent, and catalyst or catalyst mixture. When 2 mixture of cocatalyst 1 and MMAO or a
mixture of two catalysts is used, the reagents are premixed in a small vial immediately prior to
addition to the reactor. When a reagent is omitied in an experiment, the above order of addition is
otherwise mainiained. Polymerizations are conducted for approximately 1-2 minutes, until
predetermined ethylene consumptions are reached. After quenching with CO, the reactors are
cooled and the glass tubes are unloaded. 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 yield of polymer. Results are
contained m Table 1. In Table l.and elsewhere in the application, comparative compounds are
indicated by an asterisk (*).

Examples 1-4 demonstrate the synthesis of linear block copolymers by the present invention
as evidenced by the formation of a very narrow MWD, essentially monomodal copolymer when
DEZ is present and a bimodal, broad molecular weight distribution product (a mixture of separately
produced polymers) in the absence of DEZ. Due to the fact that Catajyst (A1) is knowr to
incorperate more octene than Catalyst (B1), the different blocks or segments of the resuiting
cdpolymers of the invention are distinguishable based on branching or density,

Table I

Cat. (A1) Cat(B1) Cocat MMAO  shutiling
Ex. (umol) {(umol) (umol) {umol) agent{umol) Yield(s) Mn Mw/Mn hexvls'

A 0.06 - 0.066 03 - G.1363 300502 332 -
B* - 0.1 0.110 0.5 - 0.1581 36957 1.22 2.5
C* 0.06 0.1 0.176 .8 - 0.2038 45526  5.30° 5.3
1 0.06 0.1 0.192 - DEZ (8.0) 0.1974 28715 1.19 4.8
2 0.06 0.1 0.192 - DEZ (80.0) (.1468 2161 1.12 14.4
3 0.06 0.1 0.192 - TEA{8.0) 0208 22675 1.71 4.6
4 G.06 0.1 0.192 - TEA {(80.0) 0.187% 3338 1.54 9.4

' ¢ or higher chain content per 1000 carbons
 Bimodal molecular weight distribution
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It may be seen the polymers produced according to the invention have a relatively narrow '
polydispersity (Mw/Mn) and larger biock-copolymer content (trimer, tetramer, or larger) than
polymers prepared in the absence of the shuitling agent.

Further characterizing data for the polymers of Table 1 are determined by reference o the
figures. More specifically DSC and ATREFF results show the following:

The DSC curve in Figure 3 for the polymer of exampie 1 shows & 115.7°C melting point
(Tm) with a heat of fusion of 158.1 J/g. The corresponding CRYSTAF curve shows the tallest peak
at 34.5°C with a peak area of 52.9 percent. The difference between the DSC Tm and the Terysiaf is
81.2°C.

The DSC curve in Figure 4 for the polymer of example Z shows a peak with a 109.7°C
melting point (Tm) with a heat of fusion of 214.0 J/g. The corresponding CRY STAF curve shows
the tallest peak at 46.2°C with a peak area of 57.0 percent. The difference between the DSC Tm
and the Terystafis 63.5°C,

The DSC curve in Figure 5 for the polymer of exampie 3 shows a peak with a 120.7°C
melting point (Tm) with a heat of fusion of 160.1 J/g. The comresponding CRYSTAF curve shows
the tallest peak at 66.1°C with a peak area of 71.8 percent. The difference between the DSC Tm
and the Teorystafis 54.6°C.

The DSC curve mn Figure 6 for the polymer of example 4 'shows a peak with a 104.5°C
melting poiat (Tm) with a heat of fusion of 170.7 J/g. The corresponding CRYSTAF curve shows
the tallest peak at 30 °C with a peak area of 18.2 percent. The difference between the DSC Tm and
the Terystaf is 74.5°C.

The DSC curve in Figure 22 (comparative A) shows a 90.0°C melting point (Tm) with a
heat of fusion of 86.7 J/g. The corresponding CRYSTAF curve shows the tallest peak at 48.5°C
with a peak area 0f 29.4 percent. Both of these values are consistent with a resin that is low in
density. The difference between the DSC Tm and the Terystaf is 41.8°C.

The DSC curve in Figure 23 (Comparative B} shows a 129.8°C melting point (Tm) with a
heat of fusion of 237.0 J/g. The corresponding CRYSTAY curve shows the tallest pealk at 82.4°C
with a peak area of 83.7 percent. Both of these values are consistent with a resin that is high in
density. The difference between the DSC Tm and the Torystaf is 47.4°C,

The DSC curve in Figure 24 (Con;parative C) shows a 125.3°C melting point (Tm) with a
heat of fusion of 143.0 J/g. The corresponlding CRYSTAF curve shows the taltest peak at 1.8 °C
with a peak area of 34.7 percent as well as a lower crystalline peak at 52.4 °C. The separation
between the two peaks is consistent with the presence of a high crystalline and a low crystalline

polymer. The difference between the DSC Tm and the Terystaf is 43.5°C.
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Txamples 5-19. Comparatives D-F, Continuous Solution Polvmerization, Catalvst A1/BZ + DEZ

Continuous solution polymerizations are carried out in a computer controlled aufoclave
reactor equipped with an internal stirrer. Purified mixed alkanes solvent (Isopar™ E available from
ExxxonMobil, Ine.), ethylene at 2.70 Ibs/hour {1.22 kg/hour), 1-octene, and hydrogen (where used)
are suppiied to a 3.8 L reactor equipped with a jacket for temperature control and an internal
thermocouple. The solvent feed to the reactor is measured by a mass-flow controller. A variable
speed diaphragm pump controis the solvent flow rate and pressure to the reactor. At the discharge
of the pump, a side stream is taken to provide flush flows for the catalyst and cocatalyst 1 injection
iines and the reactor agitator. These flows are measured by Micro-Motion mass flow meters and
controlled by control valves or by the manuai adjustment of needle valves. The remaining solvent
is combined with 1-octene, ethylene, and hydrogen (where used) and fed to the reactor, A mass
flow comtroller is used to deliver hydrogen to fhe reactor as needed. The temperature of the
solvent/monomer solution is controlled by use of a heat exchanger before entering the reactor. This
stream enters the bottom of the reactor. The catalysi component solutions are metered using pumps
and mass flow meters and are combined with the catalyst flush soivent and introduced into the
bottom of the reactor. The reactor is run liquid-full at 500 psig (3.45 MPa) with vigorous stirring.
Product is removed through exit lines at the top of the reactor. All exit lines from the reactor are
steamn traced and insulated. Polyme:izaﬁdn is stopped by the addition of a small amount of water
into the exit line along with any stabilizers or other additives and passing the mixture through a
static mixer, The product stream is then heated by passing through a heat exchanger before
devolatilization. The polymer product is recovered by extrusion using a devolatilizing extruder and
water cooled pelletizer, Process details and results are contained in Table 2. Selected polymer

properties are provided in Table 3.
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The resulting polymers are tested by DSC and ATREFF as with previous exampies.
Results are as foliows:

The DSC curve in Figure 7 (polymer of example 5) shows a peak with a 119.6 °C melting
point (Tm) with a heat of fusion of 60.0 J/g. The corresponding CRYSTAF curve shows the tallest
peals at 47.6°C with a peak area of 59.5 percent. The delta between the DSC Tm and the Terystaf is
72.0°C.

The DSC curve in Figure § (polymer of example 6) shows a peak with a 115.2 °C melting
point (Tm) with a heat of fusion of 60.4 I/g. The corresponding CRYSTAT curve shows the tallest
peak at 44.2°C with a peak area of 62.7 percent. The delta between the DSC Tm and the Terystaf is
71.0°C.

The DSC curve in Figure 9 (polymer of example 7) shows & peak with 2 121.3 °C melting
point with 2 heat of fusion of 69.1 J/g. The corresponding CRYSTAF curve shows the tallest peak
at 45.2°C with a peak area of 29.4 percent. The delta between the DSC T and the Terystaf is
72.1°C. -

The DSC curve in Figure 10 (polymer of example 8) shows a peak with a 123.5 °C melting
point {Tm) with a heat of fusion of 67.9 I/g. The corresponding CRYSTAF curve shows the tallest
peak at 80.1°C with a peak area of 12.7 percent. The delta between the DSC Tm and the Torystaf is
43.4°C. '

The DSC curve in Figure 11 (polymer of exampie 9) shows a peak with 2 124.6 °C melting
point {(Tm) with a heat of fusion of 73.5 J/g. The corresponding CRYSTAF curve shows the tallest

peak at 80.8°C with a peak area of 16.0 percent. The delta between the DSC Tm and the Terystaf is

43.8°C.

The DSC curve in Figure 12 (polymer of exampte 10) shows a peak with 2 115.6 °C meliing
poiat (Tm) with a heat of fusion of 60.7 J/g. The correspending CRYSTAF curve shows the tallest
peak at 40.9°C with a psak area of 52.4 percent. The delta between the DSC Tm and the Torystaf is
74.7°C.

The DSC curve in Figure 13 (polymer of exampie 11) shows a peak with 2 113.6 °C melting
point (Tm) with a heat of fusion of 70.4 F/g. The corresponding CRYSTAF curve shows the tallest
peak at 39.6°C with a peak arsa of 25.2 percent. The delta between the DSC Tm and the Terystaf is
74.1°C.

The DSC curve in Figare 14 (polymer of exampie 12) shows a peak with 2 113.2 °C melting
point (Tm) with a heat of fusion 0£48.9 J/g. The corresponding CRY STAF curve shows ne peak
squal 1o or above 30 °C. (Terystaf for purposes of further caleulation is therefore set at 30°C). The
deltz between the DSC Tm and the Terystaf is 83.2°C.
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The DSC curve in Figure 15 (polymer of example 13) shows a peak with a 114.4 °C melting
point (Tm) with a heat of fusion of 49.4 J/g. The corresponding CRYSTAF curve shows the tallest
peak at 33.8 °C with a peak area of 7.7 percent. The delta between the DSC Tm and the Terystaf is
84.4°C.

The DSC curve in Figure 16 (polymer of example 14) shows a peak with a 120.8 °C melting
point (Tm) with a heat of fusion of 127.9 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 72.9 °C with a peak area of $2.2 percent. The delta between the DSC Tm and the
Terystaf is 47.9°C.

The DSC curve in Figure 17 (polymer of example 15) shows a peak with 2 114.3 °C melting
point (Tm) with 2 heat of fusion of 36.2 J/g. The corresponding CRYSTAF curve shows the tallest
peak at 32.3 °C with a peak area of 9.8 percent. The deita between the DSC Tm and the Terystafis
82.0°C.

The DSC curve in Figure 18 (polymer of example 16) shows a peak with a 116.6 °C melting
point (Tm) with a heat of fusion of 44.9 J/g. The corresponding CRY STAF curve shows the tallest
peak at 48.0 °C with a peak area of 65.0 percent. The delta between the DSC Tm am:i the Terystaf is
68.6°C.

The DSC curve in Figure 19 (polymer of example 17) shows a peak with a 116.0 °C melting
point (Tm) with a heat of fusion 0of 47.0 J/g, The corresponding CRYSTAF curve shows the tallest
peak at 43.1 °C with a peak area of 56.8 i)ercent. The delia between the DSC Tm and the Terystaf
is 72.9°C.

The DSC curve in Figure 20 (polymer of example 18) shows a peak with a 120.5 °C melting
point (Tm) with a heat of fusion of 141.8 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 70.0 °C with a peak area of 94.0 percent. The delta between the DSC Tm and the
Terystafis 50.5 °C.

The DSC curve in Figure 21 (polymer of example 19) shows a peak with 2 124.8 °C melting
point (Tm) with a heat of fusion of 174.8 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 79.9 °C with a peak area of 87.9 percent. The delta between the DSC Tm and the
Terystaf is 45.0 °C.

The DSC curve in Figure 25 (comparative D) shows a peak with 2 37.3°C melting point
(Tm) with a heat of fusion 0of 31.6 J/g. The corresponding CRYSTAF curve shows no peak equal to
and above 30°C. Both of these values are consistent with a resin that is low in density. The delta
between the DSC Tm and the Terystafis 7.3°C.

The DSC curve in Figure 26 (comparative E) shows a peak with a 124.0 °C melting point

(Tm) with a heat of fusion of 179.3 J/g. The corresponding CRYSTAF curve shows the tallest peak
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at 79.3°C with a peak area of 94.6 percent. Both of thess valuss are consistent with a resin that is
high in density. The delta between the DSC Tm and the Terystaf is 44.6°C.

The DSC curve in Figure 27 (comparative F) shows a peak with a 124.8 °C melting point
(Tm) with a heat of fusion of 90.4 J/g. The corresponding CRYSTAF curve shows the taliest peak
at 77.6°C with a peak area of 19.5 percent. The separation between the two peaks is consistent with
the presence of both a high crystalline and a low crystalline polymer. The delta between the DSC
Tm and the Terystaf is 47.2°C,

Physical Property Testing

Polymer samples are evaluated for physical properties such as high temperafure resistance
properties, as evidenced by TMA temperature testing, pellet blocking strength, high temperature
recovery, high temperature compression set and storage modulus ratio, G'(25°CYG’(100°C),
Several commercially available polymers are included in the tests: Comparative G* is a
substantially linear ethylene/1-octens copolymer (AFFINITY™ KCB8852G, available from The Dow
Chemical Company), Comparative H¥ is an elastomeric, substantially linear ethylene/ 1-octene
copolymer (AFFINITY ™ EG8100, available from The Dow Chemical Company), Comparative [ is
a substantially linear ethylene/l-octene copolymer (Affinity PL1844, available from The Dow
Chemical Company), Comparative J is a hydrogenated styrene/butadiene/styrene triblock
copolymer (Kraton™ G1652, available from KRATON Polymers), Comparative K is a
thermoplastic vulanizate (TPV, a polyolefin blend containing dispersed therein a crosslinked

elastomer). Results are presented in Table 4.
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Table 4 High Temperature Mechanical Properties

[ TMA-imm | Pellet Blocking | 300%Strain | Compression
penetraticn | Strength G°(25°C) | Recovery (80°C) Set (70°C)
Ex. C) W/ (kPa) G’(100°C) (percent) (percent)
D 51 - 9 Failed -
E* 130 - 18 ! - -
F* 70 141 (6.8) 9 Failed 100
5 104 00 6 81 49
6 110 - 5 - 52
|7 113 . 4 84 43
| 8 111 . e 4 Failed 4]
5 97 - 4 - 66
10 108 - 3 { 81 55
11 100 - 8 i - 68
12 88 - 8 | - 79
13 95 ’ - 6 84 71
14 125 - 7 | - -
15 96 - 5 - 58
16 113 . 4 - 42
17 108 0(0) 4 82 47
18 125 - 10 - -
19 133 - 9 - -
G* 75 463 (22.2) 89 Failed 100
H* 70 213(10.2} 29 Failed 100
I* 111 - 11 - ; -
T* 107 - 3 Failed 100
K* 152 | - 3 - 40

In Table 4, Comparative F {(which is a physical blend of the two polymers resulting from
simultaneous polymerizations using catalyst A1 and B1) has 2 I mm penetration temperature of
about 70°C, while Examples 5-9 have a 1 mm penetration temperature of 100°C or greater. Further,
examples 10-19 all have 2 | mm penetration temperature of greater than 85°C, with most having !
mm TMA temperaturs of greater than 90°C or even greater than 100°C. This shows that the novel
polymers have better dimensional stability at higher temperatures compared to a physical biend.
Comparative J (a commercial SEBS) has 2 good 1 mm TMA temperature of about 107°C, but it has
very poor (high temperature 70°C) compression set of about 100 percent and it also failed to recover
(sample broke) during a high temperature (80°C) 300 percent strain recovery. Thus the exemplified
polymers have a unique combination of properties unavailable even in some commercially
available, high performance thermoplastic elastomers.

Similarty, Table 4 shows a low (good) storage modulus ratio, G'(25°C)/G*(100°C}, for the
invented polymers of 6 or less, whereas a physical blend (Comparative F) has a storage moduius

ratio of ¢ and a random ethylene/octene copolymer (Comparative G) of similar density has a storage
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modulus ratio an order of magnituds greater (89). It is desirable that the storage modulus ratic of a
polymer be as close to 1 as possible. Such polymers will be relatively unaffected by temperature,
and fabricated articles made from such polymers can be usefully employed over a broad
temaperature range. 1his feature of low storage modulus ratio and temperature independence 1is
particuiarly useful in elastomer applications such as In pressure sensitive adhesive formulations.

The data in Table 4 also demonlstrate that the polymers of the invention possess improved
pellet blocking strength. In particular, Example 5 has 2 pellet blocking strength of 0 MPa, meaning
it 1s free flowing under the conditions fested, compared to Comparatives F and G which show
considerable blocking. Blocking strength is important since bulk shipment of polymers having
large blocking strengths cau result in product clumping or sticking together upon storage or
shipping, reseliing in poor handling properties.

High temperature (70°C) compression set for the invented polymers is generally good,
mezning generally less than about 80 percent, preferably less than about 70 percent and especially
less than about 60 percent. In contrast, Comparatives ¥, G, H and I all have a 70°C compression set
of 100 percent (the maximum possible value, indicating no recovery). Good high temperature
compression set (low numerical values) is especially needed for applications such as gaskets,

window profiles, o-rings, and the like.
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Table 5 shows results for mechanical properties for the new polymers as well ag for various
comparison polymers at ambient teméeratures. It may be seen that the present polymers have very
good abrasion resistance when tested according to ISO 4649, generally showing a volume loss of
less than about 90 mn?’, preferably less than about 80 mm?, and especially less than about 50 pun’.
In this test, higher numbers indicate higher volume loss and consequently lower abrasion resistance.

Tear strength as measured by tensile notched tear strength of the invented polymers is
generally 1000 mJ or higher, as shown in Table 5. Tear strength for the invented polymers can be
as high as 3000 mJ, or even as high as 5000 mJ, Comparative polymers generally have tear
strengths no higher than 750 mJ.

Table 5 also shows that the polymers of the invention have better retractive stress at 150
percent strain (demonstrated by higher retractive stress values) than some of the comparative
samples, Comparative Examples F, G and H have retractive stress value at 150 percent strain of
400 ¥Pa or less, while the invented polymers have retractive stress values at 150 percent strain of
500 kPa (Ex. 11) to as high as about 1100 kPa (Ex. 17). Polymers having higher than 150 percent
retractive stress values would be quite useful for elastic applications, such as elastic fibers and
fabrics, especially nonwoven fabrics. Other applications include diaper, hygiene, and medical
garment waistband applications, such as tabs and elastic bands.

Table 5 also shows that stress relaxation (at 50 percent strain) is also improved (less) for the
invented polymers as compared to, for example, Comparative G. Lower stress relaxation means
that the polymer retains its force better in applications such as diapers and other garments where

retention of elastic properties over long time periods at body temperatures is desired.
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Optical Testing
Table 6 Polymer Optical Properties

Ex. | Internal Haze (percent) ! Clarity {percent) 45° Gloss (percent)
r* 84 - 22 49
G* 5 73 56
5 13 72 60
6 33 6o 53
7 28 37 59
8 20 65 62
9 o1 38 40
10 15 73 | 67
11 i3 ‘ 69 67
|12 8 _ 75 72
13 7 74 6o
14 59 15 62
15 11 74 66
16 30 70 65
17 29 73 65
g | 61 22 60
19 ! 74 11 52
G* S 73 56
H* 12 76 59
I* 20 | 73 59

The optica! properties reported in Tabie 6 are based on compression molded films
substantfially lacking in orientation. Optical properties of the polymers may be varied over wide
. ’ . . . . 13 L] “u 3
ranges, due to variation in crystallite size, resulting from variation in the guantity of chain shuftling

agent employed in the polymerization.

Exdractions of Multi-Block Copolvmners

Extraction studies of the polymers of examples 5, 7 and Comparative E ars conducted. In
the experiments, the polymer sample is weighed inte 2 glass fritted extraction thimble and fitted into
a Kumagawa type extractor. The extractor with sampis is purged with nitrogen, and a 500mL round
bottom flask is charged with 350 ml of diethy! ether. The flask is then fitted to the extractor. The
eﬂaer is heated while being stirred. Time is noted when the ether begins to condense into the
thimble, and the extraction is allowed to proceed under nitrogen for 24 hours. At this time, heating
is stopped and the solution is atlowed to cool. Any ether remaining in the extractor is returned to
the flask. The ether in the flask is evaporated under vacuum at ambient temperature, and the
resulting solids are purged dry with nitrogen. Any residue is transferred to a weighed bottle using

successive washes of hexane. The combined hexane washes are then evaporated with another
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nitrogen purge, and the residue dried under vacuum overnight at 40°C. Any remaining ether in the
extractor is purged dry with nitrogen.

A second clean round bottom flask charged with 350 mL of hexane 15 then connected to the
extractor. The hexane is heated to reflux with stirring and maintained at reflux for 24 hours after
hexane is first noficed condeﬁsing into the thimbie. Heating is then stopped and the flask is allowed
to cool, Anyhexane remaining in the extractor is transferred back to the flask. The hexane is
removed by evaporation under vactum at ambient temperature, and any residue remaining in the
flagk is transferred to a weighed bottle using successive hexane washes. The hexane in the flask 1s
evaporated by a nitrogen purge, and the residue is vacuum dried overnight at 40°C.

The polymer sample remaining in the thimble after the extractions is transferred from the

thimble to 2 weighed bottle and vacuum dried overnight at 40°C. Results are contained in Table 7.

Table 7

ether | ether { hexane | hexane [ Csg residue

wt. | soluble | soluble moie soluble | soluble mole g male

Sample {(g) {g) | (percent) f percent’ (2) (percent) | percent’ | percent’
Comp. F*¥ | 1.097 | 0.063 560 1 122 10245 | 2235 | 136 65 |
BEx.5 | 1.006 | 0.04] 508 | - 0.040 398 | 142 11.6 |
Ex.7 | 1.092) 0.017 | 139 | 133 | 0012 | 110 | 117 9.9 |

' Determined by “C NMR

Article Fabrication and Testing

Fibers
Polymer samples from Example 11, Example 17 and Comparative G are spun into a

multifilament bundie of 24 fibers with round cross-sections in a fiber spinning line (Fourne)

equipped with twenty four 25x] mm spinnerets a spin head temperature of 260 °C, a melt

temperature of 302°C and a winder speed of 70 m/min. Other spinning conditions are listed in

Table 8. The denier of the resulting bundle is approximately 95 to 100 denier (¢/9000 m},
Table 8

| Pump Size (cm /rev) | L.I2

| Pump Speed (rpm) | 10

| Screen Size, mesh (um) | 325 (45)
|2

[ Extruder Discharge Pressure (MPa)

The fibers are crosslinked by passing six times through an electron beaming crosstinldang
machine cperating at an electron beam dosage of 32 KGy/ pass, giving a total dosage level of 192
K(y. Between each pass, the fibers are cooled to -10 °C.

The tensile behavior of the resulting uncrossiinked and crosslinked fibers ts measured

according to BISFA Test Methods for Bare Elastic Yarns, Chapter 6: Tensile Properties using
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Option C clamps and Option A test speed. Tenacity and elongation &t break are reported from an
average of 5 replications. The recovery behavior of the crosshinked fibers is alse measured using
BISFA Test Methods for Bare Elastic Yarns, Chapter 7: Viscoelastic Properties Procedure A where
the fiber is cyclically ioaded to 300 percent strain. The percent permanent deformation is calculated
at the beginning of the 6% cycle as specified in the test method. Results of 300 percent strain cycle
behavior for fibers prepared from the polymer of Example 17 are shown in Figure 30.

Stress relaxation of crosslinked fibers is measured from 10 percent strain at atternating
temperatures of 21 °C and 40 °C. In the experiment, 13 loops of the bundle fibers with a
circumference of 324 mm are mounted to an Instron test machine by 2 hooks resulting in a gauge
length of 162 mm. The sample is stretched to 10 percent strain at a rate of 100 percent
elongation/minute at 21 °C and then held for 10 minutes. The subsequent thermal treatment is; 10
minntes at 40 °C in a water bath, 10 minutes at 21 °C in air, 10 minutes at 40 °C in a water bath,
and 10 minutes at 21 °C in air. The time to transfer the sample between the water bath and the air
cooling chamber is 6 seconds. During the entire process, the load is monitored, The percent load
change from the load at 35 minutes and the load at 45 minutes is calculated using the fofmula: ’

L{t = 35min)— L(z = 45 min)
L{t = 35 min)

% load change =

where L{t=35 min) and L{t=45 mir) are loads at 35 minutes and 45 minutes, corresponding
te the middle periods of the last 40 °C water bath and 21 °C air exposures, respectively. Results are
shown in Figure 31. Fiber properties are also tabulated in Tabie 9.

Tabis 9 Fiber Properties

Uncrossiinked Crosslinked J
Elongation Eiongation | Permanent i Percent

Tenacity at Break | Tenacity af Break | Deformation \ Toad
|

|

| Ex. | (gf/denier) | (percent) | (gf/denier) {percent) | {percent) Change
LI | 3.7 } 720 5.0 669 | 133 4
G| 64 1 423 7.7 L 382 | 137 25

In fibers prepared from both Example 11 and comparative G, crosslinking resuits in an
increase in tenacity with some loss of elongation. Both examples show similar permanent
deformation of approximately 135 percent. In Figure 31, Example 11 displays lower stress
relaxation than comparative G as well as being less temperature sensitive. The percent load change
between 40°C (35min) and 21°C (35min) are listed in Table 9, The fiber preparad from Example
11 polymer shows only 4 percent change in load whereas the fiber of Comparative G displays 25
percent change. L.ow temperature sensitivity in stress relaxation is important in maintaining long
shelf iife of fiber bobbins. High temperature sensitivity in stress relaxation can lead to bobbin
defects during storage in a non-climate controlled storage facility as the fiber alternately relaxes and
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constricts due to temperature fluctuations. This can lead to problems such as poor fiber unwinding

behavior and fiber breaks in subsequent downstream processing of the fiber.

Foams

Sampies of polymers (EX. 5 and a commercially available ethylens/ vinylacetate copolymer,
Elvax™ 460, containing 18 percent acetate and having 2 melt index, available from DuPont Inc.,
Comparative L) are melt compounded with an azide blowing agent {AZ130, an azodicarbonamide
blowing agent available from Uniroyal, Inc.), zinc oxide, stearic acid, and a peroxide cross-linking
agent {di-tert butyl peroxy isopropyl benzene peroxide, 40 percent active on silica carrier,
Perkadox™ 1440 peroxide, available from Azo Nobel, Inc.) compressicn molded inte plagues and
allowed to expand.

Compounding Condition: Roll mili @ 130°C 10 min,

Molding and Foaming Cendition: Sheets from the roll mill are prebeated to 90°C in an oven
for 15 minutes, then fed to & mold preheated to 180°C, pressed (mechanical lock) and cured at this
temperature for 10 minutes. Upon removal, samples are allowed to expand. Formulation details

(parts by weight) are contained in Table 10.

Table 10
component Comparative Ex. 5
L* 160 0 :
Example 5 0 100
peroxide 1.6 2
stearic acid 0.2 0.2
Zn( 2 2
azide 13 1.3

Property testing on the resulting foam strands is conducted in the following manner:

Foam density is measured according to ASTM 792, abrasion resistance is measured according to

ISO 4646, shrinkage is measured at room temperature after subjecting the sample o 70°C for 40

minutes according to SATRA PM70, compression set is measured at room temperature after 1.5 and

24 hours of subjecting a sample to 2 temperature of 50°C for 6 hours according {0 ISO 815, Shore A

hardness is measured according to ISO 868, splif tear is measured according to SATRA TM65

standards, and tensile sirength and elongation are measured according DIN 53504, Results are

reported in Table 11,

Table 11: Properties of crosslinked foams

4 | | Split | Tensile |
Density | Abrasion| Percent | Percent Set | Hardness| tear |strepgth|Elongation
kg/m’ % mm° | Shrinkage | 1.5 hr (24 hr) | shore A | N/mm | MPa percent |
L* | 371 | 300 325 66 (66) 425 | 3.74 285 |
Ex.5 | 353 | 32 111 32.5 27) L 481 | 321 400
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The results of table 11 show that the thermal and mechanical properties of the crosslinked
foam prepared from exampie 7 are better than those of the similarly prepared foam made from
Comparative L. In particular, the foam prepared from Exampie 7 has lower shrinkage, lower
compression set, and higher split tear and clongation than the comparative foam. These properties
make the polymers of the invention well suited for use in many high performance foam

applications, such as shoe soles, flooring, and construction materials.

Crosslinked Films using Electron Beam

Compression molded films of 0.4 mm thickness are crosslinked under nitrogen atmosphere
using an electron beam radiation crossiinking unit (Sterigenics, San Diego). A total electron beam
dosage of 22.4 Mrad is applied using a series of 7 passes through an electronic beam at 3.2 Mrad
per pass. All examples showed a gel level between 75 and 90 percent as measured according to
ASTM D-2765. The mechanical p;operties of the irradiated films are substantially unaffectad by
crogslinking, Although the inventive and comparative examples exhibit similar ultimate properties,
the inventive examples sxhibit igher percent recovery, retractive stress and stress relaxation than

the comparative sampies. Results are provided in Table 12.

Table 12: Properties of electron beam crosshinked films

I Retractive Stress
P (el Stress at | Elongation | 300% Strain Stress at Relaxation
Content | Break at Break Recovery ;| 1509% Strain at 50%
Example | (perceat) | (MPa) (percent) (%) (21 °C) {kPa) Strain {%)
5 75 16 864 75 15 28
12 83 12 720 80 $19 .
13 87 14 734 77 852 -
16 87 b 471 84 1063 -
17 82 15 822 83 1010 -
G* 78 15 738 55 186 30
H* 83 16 738 59 316 -

Polvnronvlene Impact Modification

A series of impact modified isotactic polypropylene blends containing 20 percent by weight
ethylene/octene slastomer are prepared on a Haake compounder supplied with a Leistritz 18 mm
twin screw extruder (L/D = 30), a K-TRON K2VT20 twin screw auger feeder, two refrigerated
water circuiation bath quench tanks, and & Berlyn PEL-2 4 blade strand chopper. The
polypropylene used in al} blends is PP-314-02Z hPP, available from The Dow Chemical Co. having
a MFR of 2 dg/min measured according 1o ASTM D1238 (230°C, 2,16 kg).

A water circulator is attached to the jacket of the feed throat of the extruder and set at 20°C,
to keep the polymer from melting and bridging the feed throat. The extruder temperature zones are

set at 120, 165, 190, 230, and 230°C, respectively. The extruder die is set at 230°C. Prior to
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extrusion a lid supplied with a nitrogen line is placed on top of the feed hopper. The transition area
from the feeder discharge to the extruder feed throat cone is sealed with heavy aluminum foil. The
extruder is preheated, calibrated, and run empty for several minutes with nitrogen flowing
throughout the systern to purge it of oxygen. Three kilogram samples to be melt blended are
prepared by hand tumbling the combined components in a plastic bag prior to extrusion.

Injection molded test bars are prepared from polymer samples and tested for 23°C notched
Izod impact according to ASTM D-256 and flexural modulus according to ASTM D-790. Injection
Molding Conditions are as follows. The samples are injection molded at 2 melt femperature of
243°C, pack time of 6.7 sec at 3400 psi (23 MPa) pressure, hold time of 12 sec at 3400 psi (23 MPa)
pressure, and total cycle time of 28 seconds. Component details and results are contained in Table

13,

Table 13
Sample % Elastomer 23°C Notched Izod . Flexural Modulus |
; Component ft.-1bs./inch (M) kpsi (MPa)
1 2 Bx. 5 | 7.0 (3.7) | 124 (855)
| b Ex. 8 ; 9.6(5.1) 145 (1000)
c H 6.4 (3.4) 132(910)
q* L 6.5 (3.5) 139 (958)

" Comparative, not an example of the invention
L AFFINITY™ EG8100: 0.87 g/om’, 1 /10 min (2), available from The Dow Chemical Co.
- ENGAGE™ VPg877¢: 0.885 g/em’, 1 ¢/10 min (I12), availabie from The Dow Chemical Co.

The results of Table 13 indicate that the multiblock copolymers of the invention are highly
effective as impact modifiers when blended with isotactic polypropylene. Surprisingly, sample a
made with the polymer of Example 5 made with a higher ratio of chain shuttling agent/ total catalyst
resulting in a greater number of blocks per polymer molecule (2 more “blocky™ polymer) shows
even lower modulus and impact strength than sample b, which is compounded with the polymer of
Example 8, which is a less “blocky” polymer. This observation indicates that the leve! of
blockiness, as controiled by the amount of chain shuttling agent, in the multi-block copolymers of
the invention can strongly affect the stiffness/toughness balance of polymer blends.

Additional evidence of the difference in polymer blend properties is apparent from a
comparison of Figures 51-53, which are atomic force microscopic images of esmium tetroxide
stained microtomed samples of injection molded plaques b, a and d, respectively. In the
micrographs, the dark areas are the ethylene/octene copolymer elastomer while the lighter areas are
the propylene lﬁomopolymers matrix. It can be seen from the micrographs that the multi-block
copolymers made with low CSA 1o catalyst molar ratios (low “blockiness” copolymers) surprisingly

produce core-shell morphology in the blends (Figure 51). High CSA ratio multi-block copoltymers

125



(Figure 52) exhibit domains of apparently solid elastomer similar in appearance to the results
obtained using conventicnal sthylene/octene impact modifiers (Figure 53).
The advantages of having the unique morphelogy shown in Figure 51 {occluded rubber
morphology) include: excelient stiffness/toughness balance, high impact efficiency (lower amount
5 of rubber to achieve a given toughness) and higher brush resistance (lower tendency for stress
whitening). Moreover, the refractive index of the elastomer is readily varied by controlling the
amount of occlusions present. This allows greater ability to match the refractive index of the
elastomer with the matrix polymer, resulting in blends exhibiting a better balance of optical clarity,
stiffness, toughness and brush resistance. Addifionally, such blends (that is, blencis comprising
10 lower blockiness multi-block copolymers) exhibit higher heat distortion temperature, improved
morphelogical stability (retention of poiymer properties after multiple processing steps).
Previously, such properties were only obtainable in blend comprising additional components, such

as three component blends of elastomer, high density polyethylene and isotactic polypropylene.

15 Preparation of Blown Film Samples

. Sampies of a multi-block copolymer (Example 14) and a convention ethylene/octene
copolymer (Comparative I) are formed into single layer films using a laberatory blown film line.
Polymer samples are melted in an extruder, passed through a ring die, expanded with air, cooled,

and slit into bi-directional oriented films. Film forming conditions are provided in Table 14:

20 Table 14 Blown Film Conditions:

Sample I* Ex. 14

Zonel,°C 176 176

Zone 2.°C 206 204

Zone 3,°C 216 204

Zone 4,°C 216 210

Screen Changer®C 221 210

. Adapter®C 232 210

Die 1,°C 232 210

Die 2,°C 232 210

Screw Speed rpm 483 48.2

Melt Temp,°C 234 234

Extruder Power Consumption Amps 12 9

Pressure (MPa) 5600 7600

Nip Speed M/sec 4.4 52

Air Blower M'/minute 0.8 0.7

Film Thickness mm 0.05-0.06 0.04 — 0.065

Samples of the resulting films are tested for normalized film tear resistance in cross
direction (CD) and machine direction (MD) accarding to ASTM D1922; blocking properties
according to ASTM D3354-96; and coefficient of friction (COF), according to ASTM D1894-01.

25 Results are contained in Table 15,
126



10

15

Table 15 Blown Fiim Properties
Normalized | Normalized [ l )l

!
| CD Tear | MD Tear \ | |
Density | MI | g0.001in | /0.001in | CD/ | Blockage | Kinetic | Static |
polymer | g/em | de/min (kg/m) (kg/m) MD g | CQOF CQF I
Ex. 14 | 0912 | 256 | 668(1700) | 468 (1200) | 1.43 60 | 19 3.7 |

a

C‘I’Ep' | 0.909 ] 1.0 | 480(1200) | 291(700) | 165 | 90 2.5 5.2 ]
i [ ! ]

b Affinity ™ PL 1 840, available from The Dow Chemical Company

The film prepared from the polymer of example 15 shows both higher CD and MD tear than
the fiim made from Comparative [ polymer. Additionaily, it exhibits a more balanced tear (smaller
CD/MD ratio) than the comparative film. Both the blocking force and COF for the film made from
example 14 are lower than those for Comparative 1. This combination of film properties indicates
that films made from multi-black copolymers according to the invention have greater tear resistance

and higher blocking resistance than films made from conventional ethylene/octene copolyrmers.

Prenaration of Oil Extended Polvmer Blends

Compounded blends are prepared at 190°C in a preheated Haake Rheomix™ 600 mixer of
69 ml volume, The rotors are turned at a drive speed of 50 rpm while the polymer is added and
worked info 2 melt. By monitoring the torque of the mixer, melting ig verified. Once melting of the
polymer is accomplished, a paraffinic oil (RENOIL™ 623, available from Renkert Oil, Inc.) is
added by syringe to the molten polymer. Once oil addition had been completed the ram seal is
lowered on to the melt and mixing continued for 15 minutes. Total mass of oil and polymer is 55
grams. The rotors are then stopped, the bowl opened and the resulting blend removed, flattened and
cooled in a press.

Blended and unblended polymers are compression molded into 5" x 5" x 0.125" (125 % 125
x 3 mm) plaques on a laminating press under the following conditions:

1) 3 minutes no pressure at 190°C,

2) 2 minutes at ram foree 30,000 pounds (133 IN) at 190°C, and then

3) 3 minutes at 25°C at ram force 30,000 pounds (13 kN).

The resulting plaques are measured for Shore A hardness with a hand held durometer and
for heat resistance (TMA). Reported hardness results are the average of 5 measurements at 1 and 5

second durations made at random points on the plagque surface. Results are reported in Table 16.
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Table 16. Properiies of ol exiended polymers

sample Shore A TMA
Ex. 17 74 108
Comp. H*' 76 68
70 percent Example 17 / 30 percent Oil 55 86
60 percent Comp H* / 40 percent Oil 52 48

I An elastomeric, substantially linear ethylene/ 1-octene copolyimer,
AFFINITY™ EG8100, available from The Dow Chemical Company

The results of Table 16 indicate that the inventive polymer has similar Shore A hardness as
the comparative polymer but shows about 40°C higher TMA temperature. Surprisingly, the 30
weight percent oil extended polymer has a similar Shore A hardness to the 40 percent oil filled
comparative polymer but has more than 30°C higher TMA temperature. This result demonstrates
that the polymer of Example 17 exhibits higher oil acceptance and better retention of thermal and
mechanical properties such as heat resistance as measured by TMA temperature, and tensile
strength compared to the comparative H polymer. This combination of low hardness and high TMA
temperature is useful in many soft elastomer applications such as soft touch molded articles and

pressure sensitive adhesive applications.

Example 20 Method for Selecting Catalyst A/ Shuttling Agent Pair
A series of ethylene/ 1-octene copolymerizations are conducted using differing catalyst/

shuttling agent molar ratios and monomer conversions. The cocatalyst employed in all

polymerizations is Cocatalyst 2. The resulting polymers are measured for molecular weight (Mw
and Mn) using GPC. Polydispersity Index (PDI=Mw/Mn) is calculated for each polymer, Resulis
are tabulated in Table 17 and plotted in Figure 32. In Figure 32, the line is statistical fit to the data
with a R? value of 0.961.

i), A 6-ml reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.70 mL) and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (160 uL), and then a
mixture of cocatalyst (4.2 mM in toluene, 0.100 mL, 420 nmo}) and diethylzine (10 umol) is added
via syringe. Catalyst (A) (3.5 mM in toluene, 0.100 mi, 350 nmol) was added via syringe. After
15 seconds, the reaction is guenched by addition of CO. The glass insert is removed and volatile
components removed under vacuum. Polymer yield = 00938 g. Mw = 14,560; Mn = §,267, PDI =
1.76.

i} A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.70 mL) and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene {100 ul.), and then a
mixture of cocatalyst (4.2 mM in toluene, 0.100 mL, 420 nmot) and diethylzinc (10 umol) is added
via syringe. Catalyst (A) (3.5 mM in toluene, 0.100 mL, 350 nmol) was added via syringe. After
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30 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatiie
components removed under vacuum. Polymer yield = 0.1173 g. Mw = 16,677, Mn = 9,774; PDI =
1.71.

i) A 6-mL reaction vessel contairing a glass vial insert is charged with mixed alkanes
{2.70 mL} and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (100 ul), and then
mixture of cocatalyst (4.2 mM in toluene, 0.100 mL, 420 nmol) and diethylzine (10 umol) is added
via syringe. Catalyst (A) (3.5 mM in toiuene, 0,300 mL, 350 nmol) was added via syrings. After
51 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile
components removed under vacuum. Polymer vield = 0.1360 g Mw = 20,557; Mn = 12,773; PDI
= 1.61.

) A 6-mlL reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.70 mL) and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (160 uL), and then a
mixture of cocatalyst (4.2 mM in toluene, 0.100 m1, 420 nmo!) and diethylzine {10 umol) is added
via syringe. Catalyst (A) (3.5 mM in toluene, 0.100 mL, 350 nmol) was added via syringe. After
98 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile
components removed under vacuum. Polymer yield = 0.1748 g. Mw = 26,379; Mn = 13,161; PDI
= 2.00.

v) A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.70 mL) and then prassurized to 110 psi {0.77 MPa) with ethylene. Octene (100 ul.), and then a
mixture of cocatalyst (4.2 mM in toluene, 0.100 mL, 420 nmol) and disthylzine (10 umol) is added
via syringe. Catalyst (A) (3.5 mM in toluene, 0.100 mL, 350 nmol) was added via syringe. After
291 seconds, the reaction is quenched by addition of CO. The glass inset? is removed and volatile
components removed under vacuum. Polymer yield = 0.2191 g. Mw =33,777; Mn = 18,201; PDI
= 1.86.

vi) A 6-ml. reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.7¢ mL) and then pressurized to 110 psi (0.77 MPa) with ethylens. Octene (100 uL), and then a
mixtare of cocatalyst (4.2 mM in toluene, 0.100 mL, 420 nmo!) and diethylzine (10 urnol) is added
via syringe. Catalyst (A) (3.5 mM in tolvene, 0.100 mL, 350 nmol) was added via syringe. After
1201 seconds, the reaction is guenched by addition of CO. The glass insert is removed and volatile

componpernts removed under vacuum, Polymer yield = 02681 g. Mw = 46,539; Mn = 24,426; PDI

w2191,
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Table 17

Polymerization Yield
Run Time (sec) () Mn Mw DI
i 15 0.0538 8267 14360 1.76
i 30 0.1173 8774 16677 1.71
yeil 51 (.1360 12773 20357 1.61
iv 03 0.1748 13161 26379 2.00
v 291 02191 . 18201 33777 1.86
Vi 1201 0.2681 24426 46539 1.91

These results demonsirate that chain shuttling behavior (both forward and reverse
poiymery! exchange) between Catalyst (A) and diethylzine chain shutiling agent occurs during
polymerization due to the fact that Min of the resulting polymer increases linearly with polymer

yield, while the PDI remains less than or equal to two for all polymerizations.

Example 21 Method for Selecting Catalyst B2/ Shuttling Agent Pair

A series of ethylene/ 1-octene polymerizations are conducted using differing catalyst/
shuttling agent molar ratios and monomer conversions with cocatalyst 2. The resulting polymers
are measured for molecular weight (Mw and Mn) using GPC. Polydispersity Index (PDE=Mw/Mn)
is calculated for each polymer. Resuits are tabulated in Table 18 and plotted in Figure 33. In
Figure 33, the line is statistical fit to the data with a R? value of 0.995.

i). A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.334 mL) and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (260 ul.), and thena
mixture of cocatalyst (1.8 mM in toluene, 0.233 mI, 419 nmol) and diethylzinc (10 umol) is added
via syringe. Catalyst (B2} (1.5 mM in toluene, 0.233 ml., 350 nmol} was added via syringe. After
18 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile
components rernoved under vacuum. Polymer vield = 0.0542 g. Mw = 7,626; Ma = 5,281; PDI =
1.44.

iiy A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.334 mL), and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (200 uL), and then a
mixture of cocatalyst (1.8 mM in foluene, 0.233 mL, 419 nmol) and diethylzinc (10 umol) is added
via syringe. Catalyst (B2) (1.5 mM in toluene, 0.233 mL, 350 nmol) was added via syringe. After
39 seconds, the reaction is quenched by addition of CO. The glass ingert is removed and volatile
components removed under vacuum. Polymer vield = 0.0769 g. Mw =10.501; Mn = 7,523; PDI =

1.40.

iiiy A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes

(2.334 mL), and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (200 ul.), and then a

mixture of cocatalyst (1.8 mM in toluene, 0.233 ml., 419 nmol) and diethylzinc (10 umol) is added
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via syringe. Catalyst (B2) (1.5 mM in toluene, 0.233 ml, 350 nmol) was added via syringe. After
59 seconds, the reaction is quenched by addifion of CO. The glass insert is removed and volatile
components removed under vacunm. Polymer yield =0.1071 g Mw = 15,840; Mo = 10,971; PDI
=1.44

iv) A 6-mL reaction vessel containing a glass vial insert is charged with mixed allanes
(2.334 mL), and then pressurized to 110 psi (6.77 MPa) with ethylene. Octene (200 ul), and then a
mixture of cocatalyst (1.8 mM in toluens, 0.233 mY,, 419 nmol) and diethylzine (10 umol) is added
via syringe. Catalyst (B2} (1.5 mM in toluene, 0.233 ml, 350 nmol) was added via syringe. After
103 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile
components removed under vacuum. Polymer yield = 0.1365 g. Mw = 21,664; Mn = 12,577, PDI
= 1.72.

v) A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes
(2334 mL), and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (200 uL}, and then a
mixture of cocatalyst (1.8 mM in toluene, 0.233 m1, 419 amol) and diethylzinc (10 urﬁol} is added
via syringe. Catalyst (B2) (1.5 mM in toluene, 0.233 mL, 350 nmol) was added via syringe. After
173 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile
components removed under vacuum. Polymer yield =0.1820 g, Mw =257221; Mn = 16,245; PDI
=1.55. 7

vi) A 6.mL reaction vessel conltaining a glass vial insert is charged with mixed alkanes
(2.334 mL), and then pressurized to 110 psi {0.77 MPa) with ethiylene. Octene (200 ul), and then a
mixture of cocatalyst (1.8 mM in toluene, 0.233 mT, 419 nmol) and disthylzine (10 umol) is added
via syringe. Catalyst (B2) (1.5 mM in toluene, 0.233 mL, 350 nmol) was added via syringe. After
282 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile
components removed under vacuum. Polymer yield = 0.2566 g. Mw = 35,012; Mn = 23,376; PDI
= 1.50.

Table 18
Polymerization Yield
Run Time (sec) {g} Mn Mw DI
i 18 0.0542 5281 7626 1.44
i 39 0.0769 7523 10501 1.40
i 59 0.1071 10971 13840 1.44
Iv 103 0.1365 12577 21664 1.72
v 173 (.1829 16245 25221 1.55
viod 282 0.2566 23376 35012 1.50

These results demonstrate that chain shuttling behavior (both forward and reverse

polymery! exchange) between Catalyst (B2) and diethylzine chain shuttling agent oceurs during
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polymerization dus to the fact that Mn of the resulting potymer increases linearly with polymer

vield, while the PD] remains less than two, and usually less than 1.5 for all polymerizations.

Example 22 Combinatorial Screening of Catalyst/ Shutilins Agent pairs

The reaction conditions of Examples 1-4 are substantially repeated using various catalysts, -
cocatalyst 1 and potential shuttling agents. Over 500 reactions are performed. The resulting
ethylene/1-octene copolymers are tested for Min and PDT and polymer production rate compared to
rates obtained from a control using MMAO in place of the shuttling agent. The best compositions
are then selected based on a combination of greatest molecular weight (Mn) reduction, greatest
reduction in PD], and least reduction {or actual increase) in polymerization rate. Selected

combinations showing the best results {ranked by Mn reduction) are presented in Table 19.

Table 19
! Run | Catalyst | Shuttling Agent Relative Mn Relative PDI Relative rate
i Al SA7 0.07 0.88 1.33
i « SAS 0.18 0.85 .57
ii « SAlS 0.19 0.93 6.20
v A2 SA19 0.27 0.73 0.18
v A3 SA2 0.29 0,80 974
vi « SAS 0.38 1.01 1.15
vii « SA7 0.60 1.06 1.38
viii « SA1l 0.65 1.04 1.43
ix “ SA3 0.65 0.86 4.61
x | - SAL17 0.66 0.95 6.36
xi |0« SA20 0.68 0.82 437
xii BI SA9 0.52 1.12 | 232
xig |0« SA7 .53 1.07 0.91
xiv : SAll 0.59 1.11 247
XV B SAl4 0.69 1.07 2.12
wi |« SA18 0.69 1.10 3.16
xvii | © SA12 0.70 1.07 0.97 i
xvii | ¢ SAS 0.93 , 0.95 0.81
xix Cl SAZ | 0.29 .92 0.71
XX . SA1L3 { 0.59 0.97 0.53
o SA3 I 0.63 0.95 0.93
] Z SAS 1 0.79 1.10 1.19
Kxiii 2 SAIL3 ; 0.83 0.52 0.67
axiv C3 SA6 | 0.63 0.96 (.66
XV “ SA7 ¢.74 1.13 0.96
xvi D1 SAl4 (.54 1.10 1.14
xvii « SA10 0.59 1.10 0.77
xviit SA3 0.74 1.01 0.72
| xix “ SA16 0.82 f 1.05 2.62

—
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By reference to Table 19, suitable combinations of catalyst and shuttling agent may be
selected. It is to be emphasized that preferred catalyst/shuttling agent combinations, in different
embodiments, may be selected based on a desired objective, such as maximum reduction in Mn or

improvement in production rate coupled with more modest M reduction. Additionally, the above

_ results are based on a single catalyst/shuttiing agent combination, whereas in practice, the effect, if

any, of the presence of one or more additional catalysts or use of continuous polymerization

conditions must alsc be considered in selecting a combination of catalysts and shuttling agent(s).

Example 23 Functionalized Multi-block Copolymer Formation

A 1L reactor is charged with 600 mL of dry, deoxygenated hexane and 40 mmol of diethy!
zinc and heated to 100°C under nitrogen. The reactor is then pressurized to 10 psi (70 kPa) with
ethylens. A mixture of 10 pm of catalyst (A1}, 10 nmole of catalyst (B1), and 50 micromoles of
MMAO is then injected into the reactor and ethyiene fed on demand to maintain 10 psi (70 kPa) for
40 minutes. The reactor is then vented and cooled to ambient temperature and purged with nitrogen
for 20 minutes, While vigorously purging with nitrogen, a stream of air is introduced into the
bottom of the reactor for 1 hour and the resulting slurry stirred an additional hour, The reaction
product slurry is then removed from the reactor, stirred with water and dried to give 25.5 g of
polymer. GPC analysis reveals Mw = 1271, Mn = 1018, Mw/Mn = 125, "H NMR analysis reveals

27 percent conversion of possible zinc-terminated chain ends to hydroxyl-terminated chain ends.

Examples 24-28 Ethvlene/] -Butene Copolvmerization

Continuous solution polymerizations are carried out following the procedure described
above for Examples 5-19 with the following exceptions, the comonomer used in all examples is 1-
butene and for Examples 23 a mixture of DEZ and MAQ (99:1 molar ratio} is used as the chain
shuttling agent {CSA). Process details and results are contained in Table 19, Kt may be seen that
the mixture of chain shuttling agents results in approximately 40 percent improvement in efficiency
while preparing substantially similar products (density = (.88, I2 = 2}. Selected polymer properties
are provided in Tables 21-24. Polymer thermal properties are as foliows:

The DSC curve in Figure 36 for the polymer of example 24 shows a peak with a 114.9 °C
melting peint with a heat of fusion of 4413 g. The corresponding CRYSTAF curve shows the
tallest peak at 42.6 °C with a peak area of 48.4 percent, The difference betweer. the DSC Tm and
the Terystaf 1s 72.3 °C.

The DSC curve in Figure 37 for the pelymer of example 25 shows & peak with a 114.5 °C

melting point with 2 heat of fusion of 41.5 /g. The corresponding CRYSTAF curve shows the
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tallest peak at 41.0 °C with a peak arez of 24.2 percent. The difference between the DSC Tm and
the Terystafis 73.5 °C.

The DSC curve in Figure 38 for the polymer of example 26 shows a peak with a 116.7 °C
melting point with a heat of fusion 0f 45.7 ¥/g. The corresponding CRYSTAF curve shows the
taliest peak at 40.2 °C with a peak area of 6.1 percent. The difference between the DSC Tm and the
Terystaf is 76.5 °C.

The DSC curve in Figure 39 for the polymer of example 27 shows a peak with a 118.4°C
melting point with a heat of fusion of 47.1 ¥/g. The corresponding CRYSTAF curve shows the
tallest peak at 40.2 °C with a peak area of 6.1 percent, The difference between the DSC Tm and the
Terystaf 15 79.8 °C. |

The DSC curve in Figure 40 for the polymer of example 28 shows a peak with 2 121.3 °C
melting point with a heat of fusion of 143.4 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 74.4 °C with a peak area 0f 96.6 percent. The difference between the DSC Tm and
the Torystaf is 46.9 °C.
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Table 22 Ethylene-Butene Copolymer High Temperature Mechanical Properties

G 257Cy 300 % Strain Compression Set {70°C)
Bx. | G’(100°C) | Recovery (80°C) {percent) {percent)
24 5.3 Failed 48
25 46 Failed 48
26 3.2 Failed 43
271 32 | Failed 44
28] 86 | - -

Table 23 Ethyiens-Butene Copolymer Ambient Temperature Mechanica! Properties

Tensile 300 %
Notehed Strain Stress
Fiex |Tensile|Tensile| Flong. Tear Recovery | Retractive | Compress. | Relaxation
Mod. | Mod.  Stren. | at Break | Strength 21°C Stessat 150 | Set21°C at 50 %
Ex.| (MPa) ] (MPa) | (MPa) {%a) {mJ) {percent) % Strain (kPa) (Percent) Strain
24| 28 19 11.1 1619 730 84 i0i4 19 32
251 28 20 11.9 1617 720 85 1013 10 -
26| 26 18 11.6 1658 970 85 965 20 -
27 29 21 13.0 1452 1060 85 973 5 -
28] 334 | 232 | 343 | 980 | 350 - - - -
Table 24 Ethylene-Butene Copolymer Optical Properties
Ex. | Inmternal Haze (percent) Clarity (percent)  45° Gloss {percent)
24 33 73 42
25 33 72 44
26 34 74 30
27 17 75 61
28 62 64 50

Examples 29-33, Comparatives M-P

The reaction conditions of Examples 1-4 are substantially repeated to prepare copolymers

of ethylene and & variety of aliphatic comonomers {1-hexene, I-octene, i-decane, 1,5-hexadiene,

and 4-methyl-1-pentene). The chain shuttling agent usad is trioctylaluminum (SAS). MAO is

substituted for the CSA for comparatives M-P. Process details are recited in Table 23. Polymer

properties are contained in Table 26.
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Table 25 Process Data

Ex. Comonomer Comon Cat. (A1) Cat(B1} Cocat? MMAO SAl  Yield
(pl)  (umol) (wmol) (umol) (umol) (umol) (&)
M* }-octene 314 0.06 0.10 0.192 0.8 - 0.1894
29 1-octene 314 0.06 0.10 0.192 - 10 0.2765
N* i-decene 375 0.06 0.10 6.192 0.8 - 0.2208
30 I-decene 379 0.06 0.10 0.192 - 10 0.2474
O* 1-hexene 250 0.06 0.190 0.192 0.8 - 0.1693
31 I-hexens 256 0.06 0.10 0.192 - 10 (.2497
32 1,5-hexadiene 237 0.06 0.1¢ 0162 - 10 0.2965
P*  4emethyl-l-pentene 253 0.06 0.16 0.192 0.8 - 0.1276
33 4-methyl-l-pentene 253 006 0.0 0192 - 10 02267

Thermal properties of the resulting polymers are as follows:

The DSC curve in Figure 41 for the polymer of example 29 shows a peak with 2 121.6 °C
melting point with & heat of fusion of 138.7 I/g. The corresponding CRYSTAF curve shows the
tallest peak at 61.0 °C with a peak area of 17.8 percent. The difference between the DSC Tm and
the Terystaf is 60.6 °C.

The DSC curve in Figure 42 for the polymer of example 30 shows a peak with a 123.3 °C
melting point with & heat of fusion of 146.3 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 50.6 °C with a peak area of 25.4 percent. The difference berween the DSC Tm and
the Terystafis 72.7 °C.

The DSC curve in Figure 43 for the polymer of example 31 shows a peak with a 120.7 °C
melting point with a heat of fusion of 160.3 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 52.3 °C with a peak area of 95.1 percent. The difference between the DSC Tm and
the Terystaf is 68.4 °C.

The DSC curve in Figure 44 for the polymer of example 32 shows a peak with 2 122,9 °C
melting point with a heat of fusion of 183.2 J/g, The corresponding CRYSTAF curve shows the
tallest peak at 64.1 °C with a peak area of 95.2 percent. The difference between the DSC Tm and
the Terystafis 58.7 °C.

The DSC curve in Figure 45 for the polymer of example 33 shows a peak with 2 126.8 °C
melting point with 2 heat of fusion of 177.9 J/g. The corresponding CRYSTAF curve shows the
taliest peak at 64.1 °C with a peak area of 95.7 percent. The difference between the DSC Tm and
the Terystafis 56.7 °C.

The DSC curve in Figure 46 for the polymer of comparative M* shows a peak with a 121.9
°( melting point with a heat of fusion 0f 112.3 ¥/g. The corresponding CRYSTAF curve shows the
tallest peak at 78.9 °C with 2 peak area of 36.1 percent. The difference between the DSC Tm and
the Torystaf is 43.0 °C,
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The DSC curve in Figure 47 for the polymer of comparative N* shows a peak with a 121.7
°C melting point with a heat of fusion of 85.5 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 30.0 °C with a peak area of 69.7 percent. The difference between the DSC Tm and
the Terystaf is 91.7 °C. However, it should be noted the M../M, for this comparative example s I3
and i$ much larger than the inventive examples.

The DSC curve i Figure 48 for the polymer of comparative O% shows a peak with 2 122.6
°C melting point with a heat of fusion of 134.9 J/g. The corresponding CRYSTAF curve shows the
iallest peak at 81.1 °C with a peak area of 40.4 percent. The difference between the DSC Tm and
the Terystaf is 41.5 °C.

The DSC curve in Figure 49 for the polymer of comparative P* shows 2 peak with a 121.9
°C melting point with a heat of fusion of 148.2 ¥g. The corresponding CRYSTAF curve shows the
tallest peak at 82,8 °C with a peak area of 33.3 percent. The difference between the DSC Tm and

s the Terystaf is 39.1 °C.

Figure 50 is a plot of the difference in peak DSC Tm — peak CRYSTAF Temperature a5 a
function of DSC Melt Enthalpy for Examples 24, 25, 29-33, Comparative polymers M-P, and

commercially obtained ethylene/ociene copolymers.
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Examples 34-36. Comparatives Q-5

The reaction conditions of Examples 1-4 are substantially repeated to prepare copolymers
of ethylene and a variety of aromatic and cycloaliphatic comonomers (styrene, cyclopentene, and
bicyclo[2.2.1Thept-2-ene (norbornene)). The chain shuttling agent used is diethylzine (SA1).
MMAO is substituted for the CSA for comparatives Q-S. Polymerization details are provided in
Table 27. Polymer properties are contained in Table 28.

Table 27 Process Data

Comonomer Comon Cat. (Al) Car(BI) Cocatl MMAO SAl Yield
Ex (ul)  (smoly  {(umol} (pmol) (umol} {umol ()
QF styrene 231 0.30 0.30 0,72 3.0 - 0.1892
34 styrene 231 “ “ “ - 10 0.1702
R* cyclopentene 177 “ “ “ 3.0 - 0.2099
35 cyclopentene 177 « « - 10 0.1652
S*  bicyclof2.2.1]hept-2-ene 333 “ “ « 3.0 - 0.1626
36 bicyclo[2.2.1Thept-2-ene 333 “ “ « - 10 0.1354
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Claims

1. An ethylene/o-olefin multi-block interpolymer comprising in polymerized form at
least 50 mole percent ethylene and one or more copolymerizable a-olefin comonomers,
said interpolymer containing therein two or more blocks differing in comonomer content, -
crystallinity, density, melting point or glass transition temperature;

the interpolymer comprising from 3.7 ppm to 11.0 ppm of a first Group IVB metal
and a second Group IVB metal.

2. The multi-block interpolymer of claim 1 wherein the first Group IVB metal is
hafnium and the second Group IVB metal is zirconium.

3. An ethylene/o-olefin multi-block interpolymer comprising in polymerized form at
least 50 mole percent ethylene and having a single melting point and the interpolymer
comprising;:

at least three metals.

4. The ethylene/o-olefin block interpolymer of claim 3 having a Mw/Mn from 1.7 to
3.5, at least one melting point, Ty, in degrees Celsius and density, d*, in grams/cubic
centimeter, wherein the numerical values of the variables correspond to the relationship:

Tn>-2002.9+4538.5(d*)-2422.2(d*).
5. The ethylene/a-olefin block interpolymer of claim 4 comprising ethylene in
polymerized form and one or more copolymerizable comonomers, said interpolymer
containing therein two or more blocks differing in comonomer content, crystallinity,

density, melting point or glass transition temperature.

6. The ethylene/a-olefin block interpolymer of claim 3 comprising a first Group IVB
metal; and a second Group IVB metal.

7. The ethylene/a-olefin block interpolymer of claim 3 comprising hafnium.

8. The ethylene/a-olefin block interpolymer of claim 3 comprising zinc.
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