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SINGLE REACTOR CHAIN SHUTTLING REACTIONS
POR ETHYLENE/VINYLARENE MULTIBLOCK INTERPOLYMERS

CROS3-REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of priority to V.S, Provisional Application No.
£3/127,343, filed on December 18, 2026, which is incorporaied berein by reforence in its

entivety.

BACKGROUND OF THE INVENTION

The catalytic production of olefin block copolymers (OB via chain shattiing
technology has resuited in differentiated materials, such as the INFUSE™ Olefin Block
Copolymers and the INTUNE™ Oilefin Block Copolvmers. There is a need for chain
shutfing technology to produce other types of polvmers, such as stereo-conirolied
ethylene/vinylarene block interpolymers, using single reactor, continuous solation
polymerizations.

A, Valento et al., Angew, Cheny, Int. Bd. 2014, 33, 4638-4641, Isoprene-Stvrene
Chain Shuttling Copalymerization Mediated by a Lanrhanide Half-Sandwich Complex and a
Lanthanidocens: Straightforward Access to g New Tvpe of Thermoplastic Flasiomers,
discloses an isoprene and styrene chain shuttling polymuarization using n-butylethyl-
magnesiurg, a fanthanide half-sandwich complex and a lanthanidocene. The resulting
mdtiblock structures have hard (styrene-rich) and soft (soprene-rich) segments.

1.5, Publication 2014/0088276 (Manufaciuring Method for Multidimensionad
Polvner, and dMultidimensional Polvmer) discloses the polymerization of stereo-controtied
{syndictacuc} block copolymers of a styrene-type monower with a conjugated diene, such as
isoprene or butadiene, by chain shuttling technology and coordinative chain wansfer
polymerization. The polymerization takes place in the presence of a first catalyst and a
second catalyst. Hach of the tirst catalyst and the second catalvst, independently, contain the
following: a) a group 3 metal atom or a lanthanoid metal atom, and for example, Sc. by a Cp™
ligand containing a substitutod or unsubstituted cyclopentadiznyl derivative, ©) monaanion
tigand, and ¢} a neutral Lewis base,

VLS. Patent 8,623,970 (Polymerization Catalyst Compasifions Containing
Metaliocene Complexes and the Polymers Produced by Using the Same) discloses a catalyst
composition comprising the following: a) metallocene complex containing the following:

iy a group 3 metal atom or a fanthanoid metal ator, and for exarople, Sc,
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i1} a Cp* ligand of a substituied orunsubstituted cyclopentadienyl derivative,

i1} monvantonic ligands,

vy a peutral Lewis base;

B} an tonie compound of a non-ligand anton and a cation, and for example,
tetrakis{pentaflvoro-phenyliborate. The catalyst composition is used to polymerize vanous
podymers, such as ethylens/styrene copolymers (see Examples 11-17). The polymerized
seyrene may be in syndiotactic form.

L. Pan et ab., Angew. Chem., Int, Ed. 2811, 30, 12012-12815, Chain-Shailing
Polymerization at Two Different Scandinm Sties: Regio- and Sterenspecific “CGne-Por” Block
Copolymerization of Styrene, lsoprene, and Butadiene, discloses the chain-shuttling
polymerization of styrene, zoprene and butadiene, by two different scandium catalysts and 4
chain shutting agent (TIBA). The polyroerization resulis in the regio and stercospecific
copolymerization of styrene, isoprene ansd butadions.

S. 8. Park et al., Macromolecules 2017, 50, 6606-6616, Riaxia! Chain Growrh of
Palvalefin and Polvstyrene from 1.6-Hexanediylzine Species for Triblock Capolvimers,
discloses the preparation of triblock copolvmers, by initiating (anionic) styrone
polymerization from a polymery! zincate species. A polyethylene/polypropylene copolymer
1s grown from a doal-headed zine species using coordinative chain transfer polyrerization,
followed by addition of the anionic initiator (for example, Me:SiCHL Li-(pmdetay} and styrens
monomer. The coordinative chain wanster polymerization takes place in the presence of a
transition metal (for example, Zr or Hf) complex. The anionic polymerization is used to
grow polystyrene enl blocks that do not exhibif any stereoreguiarily,

LS. Poblication 201 8/0G22852 (Oreanic Zine Compound Comprising Folyolefin-
Polystyrene Rlock Copolymer, and Method for Preparing the Same) discloses the preparation
of an orgamic zine compound, sech as that of Fornda 1, as shown therein, and which
comyprises a styrene-hased polymer or a polyslefin-polystyrene block copolymer. This
preparvaiton method comprises preparing an jntermediate, by coordination polyroenzing an
olefin monomer using a transition metal catalyst, and then bnserting, in pagt, styrene
monomers into the intermediate by anlonte polymerization, Transition roetal catalysis
nchude dr metat coropounds represended by Forouila 64 and Formula 68, each shown
therein (see paragraphs {00761 and {00771,

Y. Luocetal, L Am. Chem. Soc. 2004, 126, 13910-13911, Scandinm Half-

Metaliocene-Catalyzed Svadiospecific Styrene Polymerization and Styvene-Ethylene

Copalymerization: Unprecedented Incorporation of Syndictactic Styrene-Styrene Sequences
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in Styrene-Ethylene Copolymers, discloses the polymerization of syndiospecific styrene-
cthylene copolyrmers, using a scandium half-sandwich complex. The melting teraperature
{Tw) of the copolymer can be roodified by sdjusting the ethylene tncorporation, where
ethviene incorporation results in a decrease in the To. No chain-shuttling was demonstrated
with the 3¢ catalyst.

H, Hagihara et al., Polymer Journal 2012, 44, 147-154, Synthesis of Fivlene-Siyrene
Copalymer Confaining Syndictactic Polvstyrene Seguence by Trivalent Titaniuvm Catalyss,
discloses the polymenization of syndiotactic styreng-ethylene copolvmers, using a tvalent
tieanivm catalyst, ris{acetylacetonate) titanivm {Tidacack). Different polvmers were
produced by the Tiacacy; catalyst, which ray be ativibuted o the presence of rmultiple
smvidadon states on this catalyst,

F. Lin et al,, Journal of Polymer Science, Part A: Polymer Chemistyy 2017, 55, 1243-
1245, Syasthesis and Characterization of Crystalline Styvene-b-( Eihylene-co-Buiylene )-b-
Styrene Triblock Copolymers, discloses the svnthesis and characierization of orysialline
styrene-b-{ethylene-co-butylene)-b-styrene (SEBS). The cationic. rare earth metal complex,
[ -Fhe-CHo- Py iHo(CH:81Men3 | THF), was used for a living polymerization of butadiene
and styrene. The sequenual addition of styrene, butadiene and styrene roonomers formed an
58S wiblock, The 5BS wiblock consisted of elastic polvbuotadiene sequences with 1.4
regulariey and crysealline syndistactic polystyrene. The 5BS wiblock was hvdrogenated to
form the SEBS.

B. Liv et al., Macromolecules 2016, 49, 6226-6231, Regioselective Chain Shuitling
Polymerization of {xoprene: An Approach to Access New Materials from Single Monomer,

discioses the chain fransfer polymerization of isoprene using a pyridyvi-roethylens fluorenyi

scandiom compley, in combination with {PhsCIB(Cels)s and BusAl The polvmerization
vielded lngh 1 d-selectivity of the isoprene, Additional catalyses strectures inchide “pryridyi-
methylens functionalized fluortenyl lgated rare carth rocial complexes 1-9, as shown therein,
gud where the metal 1s 8¢, Y, L, Tro, Br, Ho, Dy, Th or Gd (see page 6227 (Chare 1)

LS. Patent 8,718,143 {Catalyst Compaosition Comprising Shutiling Agent for
Ethvlene Multi-Block Copolviner Formation) discloses the polymerization of muktiblock
copolymers using the following: (A} a first roetal complex olefin polymerization catalyst, (B)
2 second roetal compley olefin polyroenzation catalyst capable of preparing polvimers
differing in chewmnical ov physical properties from the polymer preparved by catalyst (&), vader
cquivalent polymerization conditions, and {C) a chain shutdling agent. Suttable monomers

inchide ethylene and one or more addition polyvinerizable monomers, such as 1-octene and
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styrene (see column 16, Hnes 3-32). Suitable catalysts include metal complexes, where the
metal is selected from Group 3-15, preferably Groups 3-180, more preferably Groups 4-8, and
mast preferably Group 4 (T4, 2 and HEY. See, for exarple, columa 1%, line 61, 1o column
26, hine 6. Ap ethylene/stvrene multiblock polymer was prepared using CAT Al (Hfy and
CAT B {Zr), each as shown therein (see cohimn 83, haes 12-38; columy 86, Hines 21-32;
coluron 113, line 21, to colunu 116, ne 23 and Tables 27 and 28).

Additional olefin block copolymers (OBCs) and associated polymerizations gre
disclose in the following veferences: 118, Patent 7,915,192, ULS. Patent 3,124,709, U8,
Patent 8,501,885: U8, Patent 8,716,400 EPIT716I00B1; EPI19267638 1 and BEP2582747R 1.

However, there remains a need for stereo controlied ethylene/vinylarene multhlock
wnterpolymers, and a need for thelr preparation using single reactor, continnous solation

polymerizations. These needs bave been et by the following inveniion.

SUMMARY OF THE INVENTION

In a first aspect, a process to form a compostton comprising an ethylene/vinylarene
smitiblock mterpolymer, sald process comprising polymerizing, in a single reactor, a mixfure
comnprising ethylene, a vinvlareoe, and optionally an alpha-olefin, in the presence of at least
the following components gl-c )

a; a tirst metal complex sclectod from the following Formula A:

(Formifa A),

wherein X' and X7 are cach independently selected from a substinuted or unsubstituted
{C1-Cypbydrocarbyl, a sebsututed or ansubstituted (O -Caodheterchydrocarbyl; and wherein
K and X2 may optionally be linked;

Ar and Ar? are cach, independently, a substituted or unsubstituted aryl or a substituted or
unsubsiited heteroaryl group,

R¥ ic a substituted or onsubstivuted arylene group:

&} a secomnd metal complex selocted from the following Pormula B
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R
L
{(Formula B), wherein RY, RA RY RY, and R° are cach independently H,
a substituted or unsubsiitvted bydrocarbyi group, or a substituied or vnsubstituied
beterohydrocarby] group;

¢ and Q7 are cach independently a substiteted or unsubstituted byvdrocarbyl groop, a
substituted or unsubstituted heterohydricarbyl group, o 2 halogen; and

L is a Lewis base; each n is independently G or 1) and

wherein optionally at least one L. group and at least one @ groep are connected, and
optionally at least one R group and at least one @ group are connected;

¢j a chain shuttling agent selecied from the following: a diatkyl zine, a triatkyd
aluminuny, of a combination therent.

I a second aspect, a composition comprising an ethylens/vinylarene mulablock
urterpolymer, said nterpolyiner comprising at least ong polymer stroctuve selected from
Structure | or Structure 2, each as shown below, snd where (AR) refers o a vinylarene rich
segment and (AP) refers 1o 8 vinylarene poor segments

SARAPHARAP- (Structore 1),

{ARMAF-ARMAP) (Strucrure 23,

wherein each (AR} segment independently comprises, 1o polymertzed form, cthylene,
the vinylarene and optionally an alpha-olefin; and

wharein each {AP) segment independently comprises, in polymerized form, ethylene,
aptionally the vinylarene and optionally the alpha-olefing and

wherein each (AR) segment independently comprises, in polvmerized form, > 10
mid% of the vinylarene, based on the total moles of polymenired monomers in the (AR}

SCEMCHI; and

wherein each {AF) segment independently comprises, in polvimerized form, < 10
mol% of the vinylarens, based on the total moles of polymerized monomers in the (AP}

segiment.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts the 'H NMR profile of CAT B,
Figors 2 depicts the PC NMR profile of CAT B,
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Figure 3 depicts GPC protiles of syndiotactic polystyrene (sP8) polymers prepared
from chain shuttling polymerizations. Peak maxinums of the GPC profiles from left to right:
starting at Log M =3.00: 5P-3 (100 DEY), "SP-3 (100 TEA)Y, 5P-2 (25 DEZ), SP-4(25
TEA), S5P-1 {no CSAYL

Figure 4 depicts Tw (from DSC) and the mole percentage of “back to back styrene
incorporation” or Tw (as determined by “C NMR}, each as a function of the mole percentags
of polymerized (or incorporated} styrene (as deterrained by PC NMR).

Figure 3 depicts the weight average molecutar weight (M) (from GPC) and the Ty
{from D3C), each as a function of the noted polymerization parameters.

Figure & depicts glass transition teraperanire (1), from DSC, as a function of mole
percentage of polymerized ociene in the polymer (as determined from C NMR).

Figure 7 depicts reactor conditions {raol% ethylene, mol% styrene and mol% octens)
sud the cotresponding mole percentage of cthylene, styrene and octene in the final polyreer
{as determived by YC NMR spectroscopy ) roade under terpofymerization conditions (CAT B

and CAT Al

DETAILED DRESCRIPTION OF THE INVENTION

Chain shutthing techuology has been discovered o produce ethylene/vinyiarene
mulitblock interpolvrers, via dual catalysts in a single reactor. One catalyst produces a
vinylaxene-poot segment (AP, soft block), while the other catalyst produces a vinylarene-tich
segment {AR, hard block). Additton of an Al- or Zn-based chain-shuttling agent (CSA), in
the presence of both catalysts, produce a composition comprising an ethylene/vinylarene
muitiblock interpolvmer. Tt has been discovered that individual biock properties can be
adjusted through the selection of a coropatible catalyst pair, oonoroers, chain-shuitling agent,
and polymerization conditions,

it has also been discovered that the catalyst used to produce the vinylarene-poor
segments bad the following properties: ) produced polyiners with high native solecular
wetghts: by had high chain shotthing constants, as determined by molecular weight reduction
and narrowing of the molecular weight distribution in the presence of a CSA; ¢ had high
alpha-olefin tncorporation; d) bad low vinylarene (for example, styrene} incorporation, such
that the Ty was siroilar to an ethylene-based mterpolvmer containing similar alpha-olefin
incorporation, bot no styrene incorporation: and ey produced polyimers with low crystallimity.

It was discovered that the catalyst used o produce the vinylarene-rich segraents had

the following properties: a) had high vinylarene (for exampie, styrene) incorporation; b) bad

f
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high “back-to-back”™ vinylarene insertion to generate a syndiotacuc configuration; ¢ had high
chain shuttling constants, as determined by molecular weight reduction and narrowing of the
mexecuiar weight distribution in the presence of a2 CSA; d) had bigh sctivity tn the prosence
of ethylene; and &) had low alpha-olefin incorporation,

As discussed above, i fivst aspect, the invention provides a process o form a
composition as discussed above. The inventive process may comprise a combination of two
or more ernbodiments desertbed herein. Bach component o, & and ¢ may cach independently
comprise a combination of two or more embodisments described herein.

As discussed above, i a second aspect, the invention provides a composition as
discussed above, The inventive composiion may comprise 4 combination of two or more
embodiments described herein. Structure §and Swucture 2 may each independently
comyrise a combination of two or more embodirpents described herein.

PMote, as used herein, inreference o structures of & metal coroplex, Kb %3, XK= X3,
and Art= Arl, Ar2 = A A3 = A, and so forth. Also, as used herein, in reference to such
stctres, RI = RUR2 = RY B3 = RY, and so forth. The notation R-R™ where “a through v
represenis consecutive numbers, refers o K%, RY URa R For example, RI-R7 refers to
RYRY RO RO R

The following embodiments apply to an inventive process.

in one embodiment, or a corabination of two or more embadiments, each describad
herein, Formula A is selected from the following structures {al 1) or (a1l

e X

/A\/E[ ,?4 A [I/ .\\/:i

PR - ™
A 2 . & 7 =~ N - . . v
hd N {all) or \/ = {ai12), and further from structure (al )

in one embodiment, or a cornbination of two or wors embodiments, cach described

herein, Formula B is selected from the following structires (b11y or (hi2)

‘.}j‘:-i;.fﬂ’
N
N 10D
Y~
\'»-’j (bi1) or {b12), snd further from structure (b11)

in one embodiment, or 2 combinaton of fwo or wore embodunents, each described
herein, the chain shuttling agent (componens ) is selecied from the following: Zn({CHy Hsd,,

ANCHACHs ), or a combination thereof,

-3
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In one emnbodiment, or a combination of two or more embodiments, each described
herein, wherein the mixture compuizes the alpha-olefin.

The invention slso provides a composition formed from an tnventve process of one
o more embodiments described herein.

The following embodiments apply to an inventive process or an wventive
composition.

In one embodiment, or a cornbinasion of two ot more embodunents, each described
herein, for the ethylepe/vinylarene multiblock interpolymer, each (AR) segment
independently comprises, in polymerized form, > 15 mol%, or 2 20 mol%, or 2 25 mol%, or

> 30 molY, or 2 35 mol%, or 2 40 mol%, or 2 45 mwl%, or = S8 mol%, or 2 55 mol, or >
A mol%, of the vinylarene, based on the total moles of polymeniyved monomers in the (AR)
segment. In one cmbodiment, or @ combination of two or more ernbodiments, each described
herein, cach {AR) segmoent independenily corgprises, in polymerized form, < 100 moi%. or <
98 mol%, or <96 mol%, or <94 100l%, or < 92 molt, or <91 mol% of the vinylavene, based
on the total moles of polymerized monomers in the (AR} segment.

in one emwbodiment, o g combination of two or more emmbodiments, cach described
herein, for the ethylens/vinylarene multiblock mierpolymer, sach (AR) segment
wndependently comprises, in polymerized form, 2 2.0 mol%. or = 4.0 mol%. or = 6.0 mol%,
ar > G0 mel%, of > 9.8 mol¥, or 2 10 mod%, or > 11 meoldh, or > 12 mol%, or 2> 13 mol%, or
2 14 maol% of ethylene, based on the total moles of polymerized monomers in the {AR)
segment. In one embodiment, or a combination of two or more embodiments, gach described
herein, each {AR) segment independently comprises, in polymerized form, < 80 mol%, or <
T7 mol%, or <75 molh, or <73 mwsi, or <70 maol%, or <65 mold, or <60 mol%, or <55
moi%, or < S mol%, or <45 mwolt, or <40 mol% of ethylene, based on the total moles of
polymerized monomers in the {AR) segment.

in one embodiment, or a coimbination of two of more embodiments, each described
herein, for the ethylene/vinylarene multithlock interpolyioer, cach (AR) segment

52 20 mol% or 2 30 mol%, or = 40 molt, or > 53 mol% or > 64

independentdy comprise

mod%, or > 70 moldh, or > Bl mwol% or = 8BS niol%, or > 980 mol%. or = 92 moldh, or > 94

miH %, o > 96 moi¥%, or 2 98 mol%, o 2 99 mol% of the polymerized vinylarene in a “back

to back” configuration, as shown below tn subsegment bb:
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12“\(/\1"5'

{subsegment bb): and wherein the mol% is based on the total moles of
polymerized vinylarene in the (AR) segment. In one embodiment, or a combination of two or
more erchodiments, each deseribed herein, each {AR) segroent independently corpprises <
100 mol% of the polymerized vinylarene in a “back to back” configuration, as shown in
subsegment bb abova,

in one emwbodiment, or g combination of two or move embodiments, each describerd
herein, for the ethylene/vinylarens multiblock interpolymer, each {AR) segment
ndependently comprises = 20 mol% or = 30 mol%, or > 40 mol%,. or 2 58 mol’% or 2 60
mol%, or > 70 meld%, or > 80 mol%, or > 85 mol%, or 2 90 mol%, or > 92 mol%, or > 94
mol%, or 2 96 molbe, or > 98 mol%, or 2 99 mol% of the polymerized vinylarene ina
syndiotactic “back to back” configuration, as shown below in sebsegment shiy:

,‘vg“\\f %,

T

{subsegment sbh); snd wherzin the ra0l% is based on the total raoles
of polvmerized vinylarene in the (AR) segment. ¥o one ernbodiment, or a combination of two
or more emnbodiments, each described herain, each (AR} segment independently comprises <
100 mai% of the polymerized vinyiarene i & “hack o back” configuration, as shown in
subsegment shb above.

In one embodiment, or a combination of bwo or more embodiments, each described
herein, for the ethylene/vinyviarens multiblock interpolymer, the vinylarene Is styrene.

in one embodiment, or a corobination of two or wors embodiments, cach described
herein, the ethylene/vinylarene multiblock interpolymer ix an ethylene/alpha-
olefinvvinvlarene rouitiblock interpolyraer, and further an ethylene/alpha-oicfin/vinylarenc
suitiblock terpolyroer.

in one emwbodiment, or 2 combination of two or move embodiments, each described
herein, the composition further comprises a polyvethviene homopolymer, an
ethviene/vinylarcne copolymer, an ethylene/alpha-olefin copolymer, or a combination
thereof.

Also provided is an avticle comprising at least one component formed from the

conposition of ong o more erabodiments describod hercin,
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YVinvlarene Monomers

Vinylarene monomers arg aromatic moneormers, and include, but are not limited o,
aroroatic vinyl compounds such as mono- or poly-aikylstyrenes (including styrens, o-
methylstyrene, m-methylatyrene, p-methylstyrene, o p-dimethyistyrene, c-ethylstyrens, m-
ethyvistyrene and p-ethylstyrens), and functional grovp-containing derivatives, such as, o-
chlorostyrene, mi-chiorostyrene, p-chiorostyrene, divinylbenzens, 3-phenvyipropene, 4-
phenyipropene and s-oethyistyrene, provided the monomer 1s polymerizable under the
conditions employed.

{'haip shutéling agent ({'SA)

The term, “chatn shutting agent ({CSAY refers 1o 2 compound or a mixtare of
compoends that is capable of causing a polymeryl exchange between at least two active
catalyst sites of the catalysts included in the conditions of the polymerization. That is,
transfor of g polymer fragment occurs both o, and from, one or more of the active catalyst
sifes. The C3A is able to chain wansfer between, for exarople, the “AP (soft block) catalyst”
zud the AR {hard block) catalyse.” Suitable chain shuttling agents inchide. but are not
liroited to, tiafkylastuminum and diafkyl zine corapounds, especially friethyialuounum,
wi(isopropybatominum, wiisobutyDalominam, trifs-hexybaluminemy, ti(-octyDaliminum,
and diethylzince,

Fihylens/Vinyiarene Multiblock Interpolymers

Ethviene/vinviarene pmltiblock interpolymers are characterized by nultiple (four or
more) blocks or segments of two or more polymerized monomer units, and which blocks
ditfer in chemical or physical propertics. Preferably the segments are linked in a
substantially linear fashion, as opposed to a substantially branched or substantially star-
shaped fashion. In other erohodiments, cach block is randomly distnbuted along the polyiner
chain. As discussed, the ethyleneg/vinylarens multiblock interpolymers comprise two
chemically distinet regions (referred tov as “blocks™), preferably joined in a Hncar manner. In
gu embodirnent, the blocks differ in the aroount or type of incorporated comonomer, density,
amount of crystallinity, tvpe or degree of tacticity {isotactic or syndiotactic}, or any other
chemical or physical property. Compared o conventional Bock tnterpolymers of the art,
nchuding nteorpoiymers produced by sequential monomer addition, fluxional catalysis, ot
anjonic polyroerization techuiques, the present ethyviese/vinylarene muldblock interpolymers
are charvacterized by unigoe distributions of both polymer polydispersity (PDI or Mu/My or
MW, block length distribution, and/or block number distribution, due to the offect of the

shutthing agent(s) in combination with multiple catalysis used in their prepavation.

o VL
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DEFINITIONS

Unless stated 1o the contrary, implicit from the context, or customary in the art, all
parts and porceniages are based on weight, and sl test methods are current as of the filing
date of this disclosare.

The term "composition,” as used herein, includes a mixowe of matenials, which
comyprise the composition, as well as reaction byproducts and decompasition products formad
from the materials of the composition.  Any reaction byproduct or decomposition product is
typically present in wace or residual amounts.

The torm "polyoier,” as used herein, refers o a polymeric compound prepared by
polymenzing monomers, whether of the same or g different type. The generic term polymer
thus inclodes the term bomopolymer (employed to refer to polymers prepared from only one
type of monomer, with the understanding that trace amounts of impurities can be
incarpotated o the polymer structure), and he term interpolyroer as defined hereinafter.
Trace arpounts of tropuritics, such as catalyst residues, can be incorporated info and/or within
the polymer. Typically, a polymer is stabilized with very low amounts {“ppmy” amounts) of
one o more stabilizers.

The term "interpolymoer,” as used herein, refers to a polymer prepared by the
polymerization of at least two different types of monomers. The term interpolyimer thus
includes the term copalymer {emploved to refer o polymers prepared from tweo different
types of monoreers) and polymers prepared from more than two difforent fypes of monomers.

The term “clefin-based polymer,” as osed herein, refers to a polymer that comprises,
in polymerized forra, 50 wi% or a majority weight percent of an olefin, such as ethylene or
propyiene (based on the weight of the palyvmer), and optionally may coroprise one of more
COTNOROINETS,

The term "propylene-based polymer,” as used hevein, vefers w a polymey that
comyprises, in polymerized form, 8 majority weight percent of propyiens (based on the weight
of the polyroer), and optionally may comprise One OF MOTe COMONOMETS,

The term "sthylene-based polymer,” as used herein. refers 1o a polymer that
coraprises, in polymerized form, 50 wit% or a majority weight percent of ethylene {based on
the weight of the polymer), and optionally sy comprise one of IO COMONOMETS.

The term "vinylarene-based polyroer.” as used herein, refers to a polymer that
comprises, in polymerized form, a majority weight percent of the vinylarene (based on the

weight of the polyreer), and optionally 108y cOmprise Ons of MOTE COMONOMELTS.

i
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The term "styrene-based polymer,” as used heren, refers to a polymer that comprises,
in polymerized form., a majority weight percent of styrene (based on the weight of the
polymer), and optionally may conprise One of oLe COMONOIMErs,

The term "ethylene/alpha-olefin interpolyrmer,” as used heremn, refers to a random
nterpotymer that comprises, tn polymerized form, 530 wi% or a majority weight percent of
sthylene (based on the weight of the interpolyroer), and an alpha-olefin.

The term, “ethylene/slpha-olefin copolymer,” as used herein, refers o a random
copolymer that comprises, in polymerized form, 58 wi% or 4 majority weight percent of
cthylene (hased on the weight of the copolymer), and an alpha-olefin, ax the only twe
TONOMET ypes.

The term, “ethyvlene/vinylarene copolymer,” as used herein, vefers o a random
copolymer that comprises, in polymerized form, 50 wi% or a majority weight percent of
sthylene (based on the weight of the copolyraer), and 8 vinviarene, as the only two monomer
types.

The phrase “a majority weight percent,” as used berein, in reference to a polymer (or
interpotymer, or ierpolymer or copolymer), refers o the amount of monomer present in the
greatest amount in the polyroer.

The term "ethylene/vinylarene muultiblock interpolymer,” as used herein, veferswo a
mulitblock interpolvrer that comyprises at least two vinylarene-rich (AR) segments and at
feast two vinylarene-poor (AP} segroents. Each (AR) segment independently comprises, in
polymerized form, > 10 mol% of the vinylarene. Each (AP) segment independently
coraprises, in polymerized form, < 10 molth of the vinviarene. Hach moi% is based on the
total moles of polymerized monomers in the respective segment. The nusitiblock
nterpolymer coroprises, in polymerized form, ethylene, the vinvlarene, and may comprise
ather monomer types, The term "ecthylens/vinylarene muttiiblock copolymer,” as used herein,
refers to a multiblock copolymer that comprises at least twe vinylarene-rich (AR} segments,
gs discussed above, and at least two vinylarene-poor (AP} segmenis, as discussed sbove. The
muitiblock copolymer comprises, in polymerized form, ethylene and the vinylarene, as the
only two meonomer fypes.

The termo "ethyiene/slpha-olefuvvinylarene rouitiblock interpolymer.” as used herein,
refers 1o a multiblock interpolymer that comprises at least two vinylarene-rich (AR) segrvents
and at least two vinylarene-poor (AP) segments. Each (AR) segment independently
comprises, in polymerized form, > 10 mol% of the vinylarene., Each (AP segment

independendy comprises, in polymerized forn, < 10 mol% of the vinylarene. Hach mol® s

i2
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based on the total moles of polymerized monomers in the respective segment. The
muitiblock interpolymer comprises, in polymerized form, cthyiene, the alpha-olefin and e
vinylarene, and may corgprises other monomer tvpes. The torm "ethylene/alpha-
aslefin/vinviarene multiblock terpolvimer,” as used herein, refers to a multiblock terpolymer
that comprises at least two vinylarene-rich {AR) segments, as discussed above, and at loast
two vinviarene-poor (AP segmenis, as discussed sbove. The nuiltiblock terpolymer
comprises, in polymerized form, ethylene, the alpba-olefin, the vinylarene, as the only three
MORomer types.

The torm “vinylarene,” as used herein, refers o a chemical corapound compeising a
“CR=CHR’ (where R and R are each independently H or an alkyl)” bonded to an avomatic
ving struceure, soch as a monocychc, bicyelic or wieyelic ring structure. The aromatic ring
STTUCTHC M1aY Of may not conmprise one of more hateroatom groups, and may or may mwx be
substituied with one or more heteroaton groups, Examples of vinviarenes inchude, but are
not foited to, styrene, 2-vinyl folucne and 4-vinyltoluene, and alpha-methyl styrene.

The term “alkylsilane group,” as used herein, refers to a chemical group comprising at
least one -5i-R rooicty, where R is an atkyl. Some examples of such groups include the
following: -CHa-Sy{CHs ), -CHa-Si(HYCH: ), ~OH-S1(HR(CH:), -SHCH s, -SiHCH:),,
=51 H R {CHy ).

*

The term “hetercatom,” refers 0 an atom other than Bydrogen or carbon {for example,
{3, Mot ). The term “heteroatom group” refers (o a beteroatora ot (o a chemical group
containing one or more heteroatoms.

The tormos “bydrocarbon,” “hydrocarbyl group,” and sioilar terms, as used herein,
refer to a respoctive chemical compound or cheraical group, efc., containing only carbon and
hydrogen atoms.

The terms “heterchydrocarbon,” “heterchydrocarbyl group,” and stpular terms, as
used herein, refer to a respective hydrocarbon,” or “hydrocarbyl group, ete., in which af least
one carbon atom is substinuted with 2 beteroatom group (for example, O, N or P). The
monovalent heterohyvdrocarbyl group may be bonded to the remaining compound of interest
via a carbon atom or via a heteroatom.

The ferros “substituted hydrocarbon,” “substituted hydrocarbyl group,” and simifar
terms, as ased hevein, refer (0 a respeciive hydvocarbon or hydrocarbyl group, eic., tn which
one of more hydrogen atoms is/are independently substitnted with 2 heteroatom group.

The terms “substituted heterobydrocarbon,” “substituted beterohydrocarbyl group,”

gud simibar terms, as used berein, refer to a respective heterchydrocarbon or

[,
fad
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heterohvdrocarbyl group, ete., in which one o more hydrogen atoms isfare independently

substituted with a heteroatom grougp.

The termm Maryl,” “aryt group,” and similar torms used herein, refer t0 a monovalent

aromatic hydrocarbyl or aromatic hydrocarbyl grogp, etc., comprising one of mors rng

s: for example, & monocyelic, a bicyelic or a nicyehc ring structure.
The torm “hetoroaryl,” “heteroaryl group,” and siraiiar torms used herein, refer toa
monovalent aryl or aryl group, ete., in which at feast one carbon atom of the backbone ving
sercnire is substituted with a heteroatom group.

2 4%

The torros “substituted aryl” “substitvted arvl group.” and similar termos, as used
herein, refer to an aryl or aryl group, eite., in which one or more hydrogen atoras is/are
wndependently substituted with a heteroatom grovp.

The terms “substituicd hoteroarvl,” “substituted heteroaryl group.” and stmilar terms,
a8 used herein, refer (0 a heteroaryi or heteroaryl group, etc., in which one ot reore hydrogen
atorus isfare independentdy substituted with a hetercatom groop.

The term “arviene,” “arylene group,” and stotlar terms used herein, refer to a divalent
aroratic hydrocarbylone or sromatic bydrocarbylene group, oic., COMPrising one Of puxe
ving structures; for example, a monocyclic, a bicychic or a fricychic ring stracture.

The terms “substituted arviene,” “substituted arvlene group,” and sinalar terms, as
used herein, refer to an arylens or arviene group, ete., in which one or more hydrogen atoms
isfare ndependently substituted with a bereroatom group.

The term “substivted or unsebstituted (C-Canhydrocarbyl,” and other Tike terms, as
used herein, denote the range of otal carbon atoms {for exanyde, from | 3 30 that a
substituted or unsubstituted hydrocarbyi radical roay contain. Note, other monovalent
chemical groups (For example, a substinsted or unsubstinsted (Ce-Cag) aryl group) with 4

noted carbon range are defined 1n like manner.

The term “substituted or unsubstituted (Ci-Caotheterohydrocarbyl” and other like
teras, as used berein, denote the range of wtal carbon atoms (for example, from | to 34) that
# “substitied or unsubstinged heterohydrocarbyl radical may contatn, Note, other
meovalent chermical groups with a noted carbon range are defined in like manner.

The ferro “substiteted or unsubstivted (Ce-Cood arylene group,” and other 1ike ferros,
as used berein, denote the range of total carbon atoms (for example 2 to 6) that a substitute
or unsubstituted arvlene group may contain. Note, othey divalent chemical groups with a

neted carbon range are defined in ke manner.

i4
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The term “Lewis base,” as used herein, i reference to a metal complex, efers toa
chemical comnpound or chemical group that can donate a paiy of electrons to form a bond with
a metsl ot anotber chemical group. Exaraples of Lewis bases include, but are not lunied o,
tetrabydrofurvan {THE), diethyiether, dimethyianiline. or trimethyviphosphine.

The termms “syndiotacticity,” “syndiotactic.” and similar terms. as used herein, in
reference to polymerized vinylarene units, refer to an aliornating stereochemical
configuration of two or more pendant aryl (for example, phenyl) groups. See for example,
sebsegment sbh.

The torm “polymer structore,” in reference to an ethyleng/vinvlarene multiblock
werpolymer of Structores 1 and 2, refers w either a portion of a polymer chain as shown in
Stractare §or to the entire polymer chain as shown in Structure 2.

The gotation "AR,” in reference to a ranfblock interpolymer, refer o a2 polvmer
segment of the interpolymoer that comyrises, in polymerize form, > 10 ra0l% of 3 vinylarene.
This notation refers 1o a “vinylarene-vich” segment.

The notation “AP,” in refevence to mudiiblock interpolyimer, vefer to a polymer
segment of the interpolyner that coroprises, in polymerize form, <10 mol% of a vinylarene,
This notation refers to 2 “vinyvlarene-poor” segiment.

The phrase “each segment,” in reference to an {AR) segment {or block) or an (AP)
segment {or block), refers t ann (AR) segment or an (AP} scgment located af the end of the
polymer molectie or within the polymer roolecule.

The term “solution polymerization,” as used heretn, refers o a polvmerization process
in which the monomer(s), catalyst{s} and formed polymer are all soluble in the
polymuerization solvent or solvent blend of fwo or more solvents.

The term “continuous solution polymenization,” as used herein, refers to a solution
polymerization in which monomer(s) are continually fad to a reactor, and polymer i3
contipually removed from the reactor.

The term “roetal complex,” as used herein, refers to a chemical structure comprising a
metal oy metal ion that s bonded anddor coordinated to one or more hgands (ons or
medecules that contain one or more pairs of electrons that can be shared with the metad). See
for exampie, the metal coraplexes of Forouilas & and B, The metal complex is typically
rendered catabytically active by the use of one or mwore cocatalysts.

The term “scavenger,” as used herein, vefers to a chemical compound added to a

polymerization reaction (o remove of deactivate impurities or unwanied reaction producis
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{for example, oxygen}. BExamples of some scavenger inchude aluminom alkyl compounds,
such as MMAOD and MMAG-3A.

The werros "eoroprising,” "inchuding,” "having,” and their derivatives, are not intended
to exclude the prasence of any addittonal component, step or procedure, whether the samg s
spectfically disclosed. In order to avoid any doubt, all compositions claimed through use of
the tero "comprising” may include any additional additive, adjuvani, or compound, whether
polymeric or otherwise, undess stated o the confrary. b contrast, the term, “"consisting
essentially of” exchides from the scope of any succeeding recitation any other component,
stepr o procedure, excepting those that are not gssential to operability. The term "consisting
of” exchides any component, step or procedure, not specifically delineated or Bsied.
Eisting of Sume Processes and Compositions
Al A process to form a composition comprising an cthylene/vinylarene multblock
interpolymer, said process cormprising polvroerizing, in a single reactor, a mixture comprising
cthylene, a vinylarene, and optionally an alpha-olefin, in the presence of af feast the following
components a)-¢ 0

aj a first metal coroplex selected from the following Forroula A

- o,

OB

wheretn X' and X? are each independently selected from a substiteted or unsubstituted

{Formula A},

{Cr-Caphydrocarbyl, a substituted or unsubstituted (C-Chpphoterohydrocarbyl, and forther a
substituted or unsubstituted (C-Caodhydrocartvl, and further an allvl; and wherein X' and X°
may optionally be Hoke

Arl and A are cach, independently, a substitoed or unsubstitueed aryl or a substituted or
unsubstituted heteroaryl grougp,

R ix a substitited or onsubstituted arvisne o,

b} a second metal complex selected from the following Formuls B

rd i e,
. C 2 i . : .
(Formula B), whersin RY, B2 RY, R, and R® are cach mdependentty H,

a substituied or unsubstituted hydrocarbyl group or a substitvted o unsubsiitoted

i6
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heterohydro-carbyvl group; and fusther H, an alkyl group or an alkylsilyl group: and forther an
alkyl group or an alkylsilvl group;

(3 and O are each independently a substituted or unsubstituted bydrocarbyl group, a
substituted or ursubstituted heterohydrocarbyl group, or a halogen; and further an aryl group,
an alleylsilyl group, an atkoxy group, a halogen, or -NRR', wherein B and B’ are each
independently a bydrocarbyl or an 5iR”, where R” is an hydrocarhyl; and further an arvi
group, an alkelsiyl group, or au alkoxy group; and

L iz a Lewis base: each v i independently G or 1 and

wherein optionaltly at least one L group and at least one 3 group are connocted, and
optionally at least one R group and at least one @ group are conneeted;

¢} a chain shuttling agent selected from the following: a dialky? zine, a triatkyl
alumimarm, or a combination thereof
Bi The process of A} above, wherein, for Foroutta A, X' and X7 are each independently a
substituted or unsubstituted (C-Canthydrocarbyl, and further an alkyl, and further X! = X5
{1} The process of Al or B} above, wherein Formula A i selected from the following
stractares (all) or (al2)

PN

I jtyﬂ

ks

A N
|

et {212y, and further from structure {al 1),

D The process of any one of A-C] ahove, wherein, for Formula B, R1-R® are each,
wndependently, H, an alkyl, and forther a C-Cs atkvl, furtber a ©)-Cy alkvl, forther a €-Cs

atkyvl, further a Ci-0 alkyvl, further methyl

E] The process of any one of Al-D] above, wherein, for Formula B, Rl = F=R'=R'=
RS
I3 The process of any one of Aj-E} above, wherein Formuala B is selected from the

following structures (b1 or (b12)

}‘w{ \ DREC
N ¥ e T TNy
e e TN, A P
’ H N - s
{ A O
v oy , .
(h11) o e {b12), snd further from structuve (bl
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] The process of any one of Al-F] above, wherein for Formula B, L is selected from
tetrabydrofuran (THE), diethylether, dimethyvianiline, or trimethyiphosphine, and further
THE,

Hi The process of any one of A-F] above, wherein for Formuda B, n = 4.

1] The process of any one of Al-H] above, wherein, the chain shuttling agent
{component ¢} is selocted from the following: n{THXCHs Y, ANCHUH:), or a combination
thereof.

3 The process of any one of Al-T] above, wherein, the polymerization i3 a solation

polymuerization, and further a continuous splution polvmerization,

Kl The process of J] sbove, wherein, the solution i3 an aromatic solution, sud further
tohiens.
Ly The process of any one of Al-K] above, wherein, the polymerization takes place a

temperature 2 80 %0 or 2 85 °C, or 2 90 °C, ar 2 95 "C, on 2 100 °Clor 2 105 °CLor > 110

M The process of any one of Aj-L] above, wherein the polymerization takes place at a

tempetaiire <160 °C, or T35 °C, or SIS0 °C, or T 145 *C, or S 140, o S35 90 or £
130 °C, or <125 °C, or < 120 7L

Nl The process of any one of A]-Mi above, wherein the polymerization takes place at a
pressure > 58 psig , or 2 60 peig, or = 70 psig, or 2 75 psig, or 2 80 psig.

{3} The process of any one of Al-NJ above, whersin the polymerization takes place at g

pressuve < 120 psig, or < 110 psig, or < 100 psig. or <95 peig, or < 94 paig.

Bi The process of any one of A}-Q] above, whirein the mixsure coraprises the alpha-
olefin.
i8] The process of Pl above, wherein the alpha-olefin is a U5-Csp alpha-olefin, further s

Ca-Chp alpha-olefin, further a Ca-Cg alpha-olefin, fiwther propylene, -buatene, T-hexene or 1-
actene, further propylene, 1-butene or 1-octene, further 1-buiene or 1-octens, further 1-
aciene.

R} The process of any one of AJ-(3] above, wherein the molar ragio of “the metal of the
first metal complex” to “the metal of the second metal complex™ i8> 003, or > 0.1, ex 2 6.5,
i The process of any one of Al-R] above, wherein the molar ratio of “the roetal of the

first metal complex” 1o “the metal of the second metal compley” 18 < 1000, or <300, or <

160,
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T] The process of any one of Al-3] above, wherein the molar vatio of “the metal of the
chain shutiling agent” to “the summ of the metal of the first metal conplex and the metal of e

5.0, or > 10, or = 20, or 2 40, or > 100,

second raetal complex” s 2 2.0, 0r =
Ul The process of any one of A-T] above, wherein the molar ratio of “the metal of the
chain shuttding agent” to “the sum of the metal of the fivst metal complex and the metal of the
second metal coraplex” is < 0O, or < 800, or <500,
¥l The process of any one of Aj-U] sbove, wherein the first metal complex has a
FEACHVILY 140, Fatayleneyivinylareney = Kiethvtanei(eshyiens) Kiethytere)(wnvianmey. fromn 30 to 1000, further
from 140 to 500.
W] The process of any one of A~V above, wherein the second metal complex has a
reacit '\’it}" ratio, Flethylene(vinylarene} ™ }{(ethylenr:-){ eihj,v’iene)ﬂ‘?(e nyteneyvinylasens)s from 1w 10
X} The process of any one of Al-W] above, wherein composition further coraprises 3
polyethviene homopolymer, an cthylene/vinylarene copolymer, an ethylens/alpha-olefin
copolymer, or a combination thereof,
Y1 A composition formed from the process of any one of ARX].
A2l Acomposition conmprising o ethylene/vinylarene swiltblock tntorpolymer, saud
interpotymer coroprising at least one polymer strucoure selected from Strueture ot Structure
2, each as shown below, and where (AR) refers to 4 vinyiarene rich segment and (AP) refers
to a vinylarene podr segroent

{ARMAPHARWAR- (Structure 1),

{ARMAPARMAP) (Structure 23,

wherein cach (AR} segment independently comprises, in polvmerized form, cthylene,
the vinylarene and optionally an alpba-olefin; and

wherein each {AF) segment independently comprises, in polvimerized form, ethylene,
aptionatly the vinylarene and optionally the alpha-olefin; and

wherein each {AR) segment independently comprises, in polymenized form, > 10
moif% of the vinylarene, based on the total moles of polymenized monomers in the (AR}
segment; and

wherein cach (AP} segment independendy compuises, in polymerized form, <10
miH % of the vinylarene, based on the total moles of polymerized roonorers i the (AP}
segment.
B2 The composition of AZT above, wherein, for the ethylene/vinylavens multiblock
interpolymer, cach (AR) segment independently corprises, it polyreerized form, = 15 mol%,

or > Hywol%, or = 25 mol%, or 2 30 moel%, or = 35 mol¥%., or 2 40 mol%h, or 2 45 mol%, or

i8
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> S mol¥, or 2 55 mol%. or = 60 mol%, of the vinylarene, based on the total moles of
polymerized monomers in the (AR} segment,

27 The composition of AZ} or B2] above, wherein, for the ethylene/vinylarene
muitiblock interpolymer, each (AR} segment independently comprises, in polymerized form,
108 mol%., or <98 molth, or <86 mol%, or <84 mot’h, or <92 mol%, or <81 med% of

the vinylarene, based on the twal ooles of polvmerized monomers in the (AR) segraent.

D2]  The composition of any one of AZ{-(2] above, wherein, for the cthylene/vinylarene

muitiblock interpolymer, each {AP) segment independently comprises, in polvmerized form,
>0 mol%, or 2 0.2 mol%, of 2 8.4 molh, or > 0.6 mot%, or = 8.8 mol%, or = 10 mel% o

the vinylarene, based on the total moles of polymerized monomers in the (AP) segment.

E2]  The composition of any one of AZ1-D2] above, for the ethylene/vinylavene multiblock

interpolymer, each (AP) segment independently compwises, in polymerized form, < 10 mol%,

90 molt, or T80 mol%, or 7.0 mol%, or 6.0 mol%, or £ 5.0 mol% of the

vinylarene, based on the total moles of polymerized monorers in the (AP) segment.

F2]  The composition of any one of AZ1-E2] above, wherein, for the ethyvlene/vinylarene

muitiblock interpolvmer, each (AR) segment independently coraprises, in polymerized form,

= 2.0 mol%, or 2 4.0 mol%, or 2 6.0 mwol%, or 2 8.0 mol%, or 2 9.0 mol%, or = 10 nwol%, or

> 11 mol%, or = 12 mol%, or 2 13 mol%, or = 14 mol%h of ethylene, based on the total moles

of

polymerized monomers n the (AR} segment.

(2] The composition of any one of AZ]-F2Z] above, wherein, for the ethylene/vinylarens

muitiblock interpelymer, sach {AR) segment independently corprises, in polymerized forrm,

< &G miol¥s, or <TT mol%, or <785 mol%, or <73 muwed %, or <70 mol%, or <65 nwol%, or <

64 mool%, or <55 mol%, ot <30 molte, or <45 wol%, or <40 mol% of ethylene, based on

the total moles of polymerized monomers in the (AR) segment.

2]  The composition of any one of AZ}-€32] above, wherein, for the ethylene/vinylarene

mudtthlock nterpolyroer, cach {AP) segment independently comprises, in polvmerized form,

> 53 mold%, > 52 mol%, or 2 54 molbl, or > 536 mol%, or 2 58 ol %, o = 60 mol%, or > 62

i %, o > 64 m0l%, or 2 66 mol%, or 2 68 mol%, or = 70 mol of ethylens, basod on the

total moles of polymerized monomers in the (AP} segoent.

123 The composition of any one of A2}-H2} above, wherein, for the cthylene/vinylarene

muitiblock interpolymer, each (AP} segment independentdy cmnprises, i polymertzed form,

<100 mol%, or < 98 mol%, or <96 mol¥%, or <94 mol%, or < 92 mol%, or <890 moi% of

ethylene, hased on the total mooles of polymerized monomers in the (AP) segment.

20
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32} The composition of any one of AZ1-12] above, wherein, for the sthylene/vinyviarene

saltiblock interpoelymer, each (AR) segment independently coraprises, in polymerized form,

7.

3.8 mol%, or > 4.0 mol%, of the alpha-olefin,

>0 maed¥, 2 1.0 mol%, or > 2.0 mol%, or >
based on the total moles of polymerized monomers in the (AR} segment.

K2} The composition of any one of AZ1-J21 above, wherein, for the ethylens/vinylarene
muitiblock interpolyroer, cach {AR) segment independently conprises, in polyroerizad form,
< 180 mol%, < 9.0 mol%, or <80 mol%, or <7.0 mol%, or <6.4 mol%, of the alpha-olelin,
based on the total moles of polymerized monomers in the (AR) segment

L2} The composition of 2] or K21 above, wharein, the alpha-olefin is a {5+ alpha-
olefin, further a C3-Chp alpha-olefin, firther a C3-Ch alpba-olefin, finther propylene, I-butene,
I-hexene or T-octene, further propylens, $-butens or -gotene, forther T-buteng or T-octene,
further 1-octene.

MZ]  The composition of any one of AZi-L.2] above, wherein, for the cthvilene/vinylarees

mudithiock interpolymer, cach {AR) segment docs not comprises, in polymerized form, the

alpha-olefin.
NI1 The composition of any oune of A21-M2] above, wherein, for the ethylene/vinylarene
muitiblock interpolymer, each (AP} segment independently comprises, in polymenized form,

> 1.0 mol%, or = 2.8 mol%, or > 3.8 mol%, or > 4.0 moldh, or > 6.0 mol%, or >

> 0 mot?
8.0 mol%, or = 10 molh of the alpba-olefin, based on the fotal moles of polymerized
monomers it the (AP) segment.

021 The composition of any one of AZ]-NZ] above, wherein, for the ethylene/vinylarens
muitiblock interpoelymer, cach (AP} segment independently comprises, in polymerized form,
<46 mol%%, or <35 mol%, or < 30 mol%, or <28 moi%, or <26 mol%, or <24 nol%, or <
22 mol%, or <20 mol% of the alpha-olefin, based on the wotal mooles of polymerized
monomers in the {AP) segment.

P2} The composition of N21 or 2] sbove, wherein, the alpha-olefin is & C2-Cyp alpha-
olefin, further a U3-Cp alpha-olefin, further a Os-Cs alpha-olefin, further propylene, 1-butene,
1-hexene or 1-octene, further propyvlene, -butene or f-octene, fimther I-butene or [-octene,
further -octene.

(321 The process of any one of Al-X] above ot the composition of any one of AZ}-P2]
above, wherein, for the ethylene/vinylarene mulithlock tterpolyiver, each (AR) segment
wndependently comprises > 20 mol% or > 30 wmol%, or 2 44 mol%, or = 58 mol% or = 60

mol%, or > 70 mel %, or 2 80 mol%, or > 85 miol%, or > 90 mol%, or > 97 mol%, or > 94
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moi%., or 2 96 mol¥, or > 98 mol%, or 2 99 mol% of the polymerized vinylarene in a “back
3 back” configuration, as shown below in subsegment bby
NP N
T
{subsegroent bb); and wherein the mol% is based on the total moles of
polymerized vinvlarene in the (AR) segment.
R2}  The pwocoss of any one of Al-X] or (321 above or the composition of any one of AZ}-
(32} above, wherein, for the cthylene/vinylarene pultiblock interpolymey, cach {AR) segraent
independently comprises < 100 mol¥% of the polymerized vinylarens in a “back to back”
configuration, as shown in subsegment bb above.
821 The process of any one of Al-X] or Q2% or R2] above o the coroposition of any one
of A21-RZ] above, wherein, for the ethylene/vinyviarene multiblock interpolymer, each (AR)
segment independently comprises > 20 mol% or = 30 mol%, or > 40 mel%, or 2 30 mol% or
> 66 mol%, or 2 70 mol%, or > 80 mol%, or 2 85 mol%, or > 90 mol%, or > 92 nwl¥%, or >
34 wmol%, or > 95 mol%, or 2 98 mol%, or 2 9% mol% of the polymertyed vinylarene jn a
syndiotactic “back w back” configuration, as shown below in subsegment sbb:

./e'\\/f\ 5

Ty

{subsegroent sbbh and wherein the mol¥% is based on the total nwoles

of polyroerized vinylarene in the (AR) segment.

T2]  Theprocess of any one of ALXT or Q21-32] above or the composition of any one of
AZ1-521 above, wherein, for the cthylene/vinylarene roultiblock interpolymer, each (AK)
segment independently comprises < 100 mol% of the polymerized vinylarene in a
syndiotactic “back to back” configuration, as shown in subsegment sbb above.

U2} The process of any ong of Aj-Xj or 321T2] above or the composition of any one of
A2]-T2] sbove, wherein, for the ethylens/vinylarene multiblock interpolymer, cach (AP)
segment independently comprises 2 0 and <30 mol%, or £ 2.8 mol%, or 1.0 mol%, or <

(3.5 mol%, or < 0.2 mol%, or <0.1 moel% of the polymerired vinylarene present in a “back to

hack” configuration, as shown below in subsegment bb:

E)\Tﬁ,’%’
{subscgment bb); and wherein the mol% is based oo the total moles of
polymerized vinylarene in the {AP) segment.
21 The process of any onc of Al-X]or Q23- Ay § 38 5§ ¢ €c
Y72 Ihe process of any one of A-X] or Q21-U72] above or the composition of any one of

A21-U27 sbove, wherein, for the ethylese/vinviarene multiblock interpolymer, none of the

el
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polymerized vinylarene in each (AP} segment is present in 3 “back to back” configuration as
shown in subsegment bh above.

W21 The process of any one of Al-X] or $Z-V2] above or the corpposition of any one of
AZ]-VZ1 above, wherein, for the ethylene/vinylarene multiblock interpolymer, the vinylarene
18 styrene.

K2]  The process of any one of ALK or Q23-W21 above or the composition of any onc of
A2}-W72] above, wherein the ethylene/vinylarene multiblock 1nterpolymer is an
ethyleng/alpha-olefin/vinyiarene multiblock interpolymer and forther an ethylene/alpha-
olefinvinvlarene rouliblock terpolymer.

Y21 The process of any one of A-XT or Q2-X13] above or the composition of any one of
AZ1-X21 above, whereint the composition has a molecular weight distribution (MWD =
MMy 2 25, 0r > 26,00 > 2.7, 002 2.8, 0r 2.8, or 2 3.0, 0r > 3.1,

L2 The process of any one of Al-X] or Q2i-Y2] above or the composition of any one of
A2)-Y 21 sbove, wherein the composttion has a molecular weight distribution MWD <28, or
<THLor <B0, or <68 ar S35, r S350 <4 50r <44,

A3} The process of any one of A-X] or J21-22] above or the conyosition of any one of
A21-Z22] above, wherein the compositton has a nomber average molecular weight (Mn) 2
16,000 g/mol, or > 12,000 g/mol, or > 14,008 g/mol, or > 16,000 g/mol, or > 15,000 g/mol.

B3P Theprocess of any one of ALX] or Q21-A3] above or the composition of any one of

A2]-A31 above, whersin the composition has a Mp < 100,000 gfrool or < 90,000 g/ool, or <

88,006 g/mol, or < 70,000 g/mol, or 65,000 g/mol or < 60,000 gfmel, or < 35,000 g/mol.

{31 The process of any one of Al-X] or (321-B3] above or the composition of any onc of
A2]-B3] above, wherein the composition has a weight average raolecutar weight (My) 2>
30,000 ghmol, 2 353,000 g/mol, 2 40,000 gfool, > 45,000 gfiool.

3] The process of any one of ALX] or Q21-C31 above or the composition of any one of
AZ1-{73] above, wherein the composition has a My < 400,000 g/med, or < 350,000 g/mod, or <
360,000 gimol, or £ 250,000 g/mel, or < 200,000 giool,

H31 The rocess of any one of Al-X] or Q21-D3] above or the composition of any one of
A2]-D337 above, wherein the composition has 2 melt fndex (323 2 0.5 dg/min, or 2 1.0 d/min,

or 2 2.0 dg/min, or 2 5.0 dg/min, or = 10 dg/min.

3 The process of any one of A XX or Q21-H3] above or the composition of any one of
AZI-E3] above, wherein the composition has 3 melt index (12 < 1,000 dg/mn, or < S0

-

dgimdn, or < 250 dg/min, or < 100 dgfmin, or <530 dgfroin, or <20 dgfmin.

o)
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3] The process of any one of Al-X] or Q21-F3] above or the composition of any one of
A21-F31 above, wherein the composition has a T 2 108 °C, or 2 120 °CL or > 150 °C, or 2

200 °C, or 22 220 °C, oy 2 230 °C, or 2 240 °C, or 22 230 °C,

F3]  Theprocess of any one of A]-X] or

(33} above or the composition of any one of

SR00 °C, or L2940 °C, or < 235 7T, or <

AZ1-531 above, whereint the composition has a Tw
280 °C, or <273 20, or S0 0 or <265 °C.

§31 The process of any one of AJ-X] or Q2i-H3] above or the composition of any one of
AZ2IH3] above, wherein the composidon has a T, = 275 °C, ov 2 278 7C, or = -653 °C.

33} The process of any one of Al-X] or (321131 above or the compasition of any one of
AZ1-Y3] above, wherein the composition bas a T, <10 °C, or <0 °C, or < -20 °C, or <30 °(,
Or <~

44 °C, o -50 °C, or <535 °C.

K3]  The process of any one of Al-X] or Q23-13] above or the composition of any one of
AZ21-J3] sbove, wherem the composttion comprises, in polymerized form, > 5.0 mol%, or >
10 mol%, or = 12 mol%, or 2 14 mol% of the vinylarene, based on the total moles of

polymerized monomers in the composition.

L3 The process of any one of ARX] or Q21K3] above or the corpposiiion of any one of
AZ]-F31 above, wherein the composition comprises, in polymerized form, < 60 mol%, or <
55 mol¥, or < 58 mai%, o1 <45 ol of the vinylarens, based on the total moles of
polymerized rmonomers in the composition.

M3]  The process of any one of AJ-X] or Q21-L3] above or the composition of any ong of
A2]-L3} above, wherein the composition comprises, in polymerized form, > 10 mol%. or =

15 mol%, o

> 20 mol%, or 2 25 moi% of ethylene, based on the total moles of polvmerized
monomers in the corpposition.

N3] The process of any one of ALX] or QZ1-M3] ahove or the composition of any ong of
AZ]-3M3} above, wherein the composition coraprises, in polymerized form, <90 molh, or
8S mot%. or <80 mol%, or < 78 mwol%. or <76 mol%, or <74 mol%, or <72 mol%, or <70
mii% of ethylene, based on the total moles of polymerized monomers in the composition.
331  The process of any one of Al-X] or 321-N3] above ar the composition of any one of
A2]-MN3] above, wherein the composition comprises, in polymerized form, 22 2.0 mol%, > 5.0
moi%, or > Hwol%, or = 12 molt, or 2 14 mol%, or > 16 mol% of the alpha-olefin, based
on the total moles of polymerized monomers in the composition.

P2} The process of any one of A-X] or Q21-03] above or the composition of sny one of

821031 above, wherein the compostton corprises, tn polymerized form, < 50 mol%, or £

24
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45 mol%. or <40 mol%, or < 35 mol% of the alpha-olefin, based on the total moles of
polymerized monomers in the composition,

331 The process of any one of Al-X| or (Q2i-P3] sbove or the composiiion of O3] or P3]
above, wherein, the alpha-olefin s a Ca-Cop alpha-olefin, further a4 C-Cip alpha-olefin,
further a £5-Cg alpha-olefin. further propylene, 1-butene, 1-hexene or L-octene, further
propylene, 1-batene or T-octone, further T-butene or F-octene, further 1-octenc.

R3i The process of any one of A-X] or Q21-03] above or the composition of any one of
A21-Q31 above, wherein for the composition, the molar ratio of block styrene (b-b in AR} to
isolated

styiene s 2 2.0, 240, or 2 6.8, 0 2 §, or > 11

331 The process of any one of A]-X] or Q21-R3] above or the composition of any oue of

AZ2]-R3} above, wherein, for the composition, the molar ratio of block styrene (b-b in AR} to

isodated styrene is < 30, or <25

131 The process of any one of A]-X] or Q21-582] above or the composition of any one of
A2]-531 above, wheretn the vinylarene is styrene,

3] The process of any one of Al-X] or QZ1T3] above or the composition of any one of
AZ]-T3] above, wherein the ethylena/vinylarene multiblock interpolyimer is an
ethyviene/vinyt-arene/alpha-olefin mudablock interpolymer, and forther an
ethylene/vinylarene/alpha-olefin mnltblock terpolymer.

Y31 The process of any one of A-X] or Q21-U3] above or the composition of any one of
A21-U31 above, wheretn composition further comprises a polyethylene bomopolymer, an
cthylene/vinylarens copolymer, an ethylene/alpha-oletin copolymer, or & combination
thereof.

W3 The composition of any one of A2}-Y3] above, wherein the composition further
comprises a thermoplastic polymer, different from the ethyvlene/vinylarene mulniblock
interpolymer in one or more features, such as roonomer{(s) types and/or amounts, Tm, Ty, M,
M, MWD, or any combination thereof, and further, in one or more features, such as
monomer(s} types and/or amounts, Ta, Ty, or any combination thereot.

X3]  An article comprising at least one component formed from the composition of any
one of V] or AZ]-W3] above.

Y31 A process to form the composiiion of any one of A2]-V3] above, said process
comprising polymerizing, in a single reactor, a mixture comprising ethylene, a vinylarens,
gnd optionaily an alpha-olefin, in the presence of at least the following aj-o)

ay 4 first metal complex selected from the following Formada A, as described above;

~g
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b} a second metal complex selected from the following Formula B, as desoribed
ahove:
¢} a chain shuttling agent selecied from the following: a dialkyl zine, a vtk

abuminum, of a combination thereof,

TEST METHODS
el Permeation Chromaiography (Conventional)

The chromatographic system consisted of a PolymerChar GPC-IR (Valencia, Spain}
high temperature GPC chromatograph, equipped with an internal IRS infra-red detector
(IR5). The autosampler oven compartioent was set at 160 °C, and the coluron compartment
was set at 150 °C. The columns were four AGILENT "Mixed A” 3¢ cm, 20-micron linear
mixed-bed columns. The chromatographic solvent was 1,2.4-trichiorobenzens, which
contained "2 ppra” of butylated hvdroxyioluene (BHT). The solvent source was nitrogen
sparged. The injection voluroe used was 200 microliters, and the flow rate was 1.0
mtftiliters/mimite.

Calibration of the GPC coluran set was performed with 21 narrow molecular weight
disribution polystyrene standards, with molecolar weights rasging from 580 1o 8 400,000,
and which were wranged in stx “cockiail” mixtures, with at least a decade of separation
hetween individual molecular weights. The standards were purchased from Agilent
Techuologies. The polystyrene standards were prepared at “0.025 grams in 58 millluers” of
sobvent, for molecular weights equal to, or greater than, 1,000,000, and at “1.05 grams tn 50
miliilitees™ of solvent. for molecular weights less than 1,008,000, The polysivrene standards
were dissodved at 86 °C, with gentle agitation, for 30 rainutes. The polystvrone standard peak
molecular weights were converted to polvetbyviene molecular weights using Hauation | {as
described in Williams and Ward, I, Polym. Sci., Polym. Let., 6, 621 (19868}

Mooiyernpiene = 4 X (,"«‘?{,Glysty,,”ene}l} (EQ 1), where M is the molecular
weight, A has a valoe of 4315 and B s equal to 1.0,

A fifth order polynomial was used to fit the respective polyethylens-equivalent
calibration points. A small adjustment to A (from approximately 0375 to 0.445) was made
to correct for colurmn resolution and band-broadening effects, such that linear homopolymer
polyethylene standard ts obtained at 120,000 M. The totsl plate count of the GPC colunw

set was performed with decane (prepared at “00.04 g in 50 millikeers” of TCB, and dissolved
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for 20 minotes with gentle agitation). The plate count (Eguation 2) and symmewy {(Equation

31 were measured on a ‘208 microliter injection,” acceording to the following equations:

il
‘ .2
- (RV . .
FPiate Count = 5.54 % ( S LS. } (EQ 2), where RV is the retention
\Pea,’{ Width at -,/--.'zergir,t/

volume in milliters, the peak widthis in nulitliters, the pesk max is the maximum beight of
the peak, and
Y2 hetght s ¥2 height of the peak maximuom; and

{ e D 3 N 3\
{Rear Peak BV gne tenih height R pogk max}

Svmmelry = {EQ 3}, where RV is the retention

{8V peny max—Front Peak RV ppe tonthn heightf
vedume in puliiliters, and the peak width is in millifiters, Peak max is the maximum position
of the peak, one tenth height is 110 height of the peak moaximnim, and where rear peak refers
tor the peak tail at ater retention volumes than the peak max, and where front peak refers to
the peak front at carfier retention volumes than the peak max. The plate coune for the
chromatographic systerm should be greater than 15,000, and synunetry should be between
(.98 and 122,

Sarapies ware propared in a semi-automatic manner with the PolymerChar
“fastruroent Control” Software, whercin the samples {weight-targeted at “2 mg/mi”™) and the
sobvent {contained 200 ppm BHT) were added o a pre mitrogen-sparged, septa~capped vial,
via the PolymerChar high temperature muosampler. The samples were dissobved for two
bowurs at 160 °C under "low speed” shaking.

The calculations of Mo, Moo, and Mugroy were based on GPC resulis using the
internal IRS detector (measurement channel) of the PolymerChar GPC-IR chromatograph
acoording io Bauations 4-6, using the PolymerChar GPCOne™ Software, the bascline-
subiracted IR chromatograrn at each equally-spaced data collection point (i), and the
polyvethviene equivalent molecalar weight obtained from the narrow standard calibrasion
curve for the peint () from Bquation 1. Bguations 4-6 are as follows:

! i

Z {R: T {]Ri M polveti
Mrore, = S EQ 4 ptworo = - (EQ 53, and
’3‘" iR;/ ?H{L
- /'/ ! f]}ul,)(ﬁ,’ry!('/r:’i J -

Mzineey = — {EQ ).

s

Z (i‘kr M polyeitiene ; )

(o)
~~1
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In order to monitor the deviations over tme, a flowrate marker (decane) was
introduced into cach sample, via 2 micropumyp controlied with the PolymerThar GPC-IR
systern. This flowrate marker (FM) was used to linearly correct the pump flowrate
(Flowrate(nominal)y for each sample, by RY alignment of the respective decane peak within
the sample (RV(FM Sample}), to that of the decane peak within the narrow standards
calibration (RV{FM Calibrated}). Any changes in the tirae of the decans marker peak were
then assumed o be related 1o 8 linear-shift in fowrate (Flowrate{effective)) for the entive mun.
To facilitate the highest acepracy of a2 RV measurement of the flow marker peak, a least-
sguares fitting rowting was used to 1t the peak of the flow marker concontration
chromatogram o 4 quadratic eguation. The fivst derivative of the quadratic equation was
then used to solve for the true peak position.  After calibrating the system, based on a flow
marker peak, the effective flowrate (with respect 1 the narrow standards calibration) was
cafenlated as Eguation 7 Flowrate{effective) = Flowrate{pominaly ¥ (RV{FM Calibrated) /
RY(FM Sampley) (EQ 7. Processing of the flow marker peak was done via the PolymerChar
GPCOne™ Software. Acceptable flowrate correction ts such that the effective flowrate
should be within +/-0.7% of the nominal flowrate.
beil Index

The melt index (I2) of an ethylene-based polymer is measured in accordance with
ASTM D-1238, condition 180 °C/2.16 kg. The meh flow rate (MFER) of a propylens-basaed
polyrer is racasured in accordance with ASTM 1238, condition 230 °C/2.16 kg
Density

ASTM 54703 is used to make a polyrer plague for density analysis. ASTM D792,
Method B, is used to measure the density of the polyrmer.

Differential Scanning Calorimetry (D5C)

Dhfferential Scanning Calosimetry (DSC) is used to measure T, Te, Te and
crystallinity in ethylene-based (PE) podymer samples and styrene-based (P53} polymer
samaples. About 3 to 8 mg of polymer sarnple was weighed and placed o a DSC pan. The lid
was crimped on the pan to ensore a closed atmosphere. Unless otherwise stated, the sample
pant was placed in a DSC cell, and thern heated, at a rate of 10°C/min, to a temperature of 180
°C for PE (300 °C for P5). The sanple was kept at this fomperature for three minutes. Then
the sample was cooled at arate of 10°Chmn 10 -80 °C for PE (-90 °C for PS), and kept
isothermally at that temperatore for three minutes. The sample was next heated at a rate of
10°Cioin, untl complete roelting (second heat). Unless othorwise stated, melting point {15)

and the glass warsition emperature (1) of each polymer were determined from the second

28
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heat cueve, and the crystallization temperature (1) was determined from the first cooling
curve. The Tn {peak termperature) and the T, were recorded. The percent crystallinity can be
aleulated by dividing the heat of fusion (Hy), determined from the second beat curve, by a
theoretical heat of fusion of 292 Vg for PE (53 Fg for syndiotactic PS}. and multiplying this
quantity by 100 {or example, % cryst, = (/292 J/g)
X 10 (for PE.
B MMR

Each sample was prepared by adding approximately 2.7 ¢ of stock solventio 8.2 g of
sample (polymer or polyrer composition of metal complex) in a 10 mom NMR fwbe. The
stock sobvent was tetrachiorethane-dh contsining 0.025 M chromium acetylacetonate
{relaxation agent}). The sample was capped and sealed with TEFLON tape. The sample was
disselved and homogenized, by beating the tube and its contents at 130-135 °C, The data
wire eollected using a Bruker 600 MHz specirometer equipped with a Broker high-

-

temperature CryoProbe, The data were acquired usiog 2 7.3 sec pulse repetivion delay {6 sec
delay + 1.3 sec acq. time), 90 degree fhip angles, and an inverse gated decoupling, with a
sample temperature of 120 °C. Al messuremenis were made on nou-spinning samples in
tocked mode. Saroples were homogemized inwnediately prior o insertion to a heated (125
°Cy NMMR sampde changer, and were allowed to thermally eguilibrate i the probe for seven
minuies prior o data acquisition.

For cach sample {(polymer or polyroer compesition) analysis, B1 carbon {quaternary
carbont on the aromatic ring) stgnals from 145.0 to 147.7 ppm were used as styrens
contribution, and the molar amounts of polymerized monomers were calculated as follows (§
= styrene, B = ethylench
Sroof = {ntegral (1430 -147.7 ppm)

Fonod = {Integral (20.0 — 48.0 ppr) — 2% Smoly2
s mol% = 1 * Smol/{(Smol+Emol)
E mol% = 100 - 5 mol%

P NP P W Nl P

o
For each sample (polymer or polymer corpposition) analysis, B1-4 ring carbon signals
J o é et

from 124.0 to 148.0 pran were used as styrens contribution, 2B6 (22.8 - 23.5 ppm), and 3B6

9
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{31.5 - 32.7 ppr) signals were used as octene conirtbution, and the molar amounts of
polvmerized monomers were caleulated as follows {5 = styrene, E = ethylene, O = octene):
Srool = {ntegeal (124.0 - 148.0 ppo/6

{nnol = (Totegral (22.0 - 23.5 ppoy + Integral (385 - 327 ppmo W2

Esnod = {Integral (11.8 — 48.0 ppm) — 2%5mel-B*0moly/ 2

Sl = 100 Smol/(Smol+Onmol+Ermol)

Omiol% = 100 Omol/Smol+Omol+Bool)

Emol% = 108

— Smol% - Omol%

Average styrene block length = 2% (ntegrals Tp + Tl Integral Tps
The ratio of bock styrene to isolated styreve = (Integrals Tpp + Tps) Integral Tos
Top signals are rocthine signals centered around 41.6 ppoy, Tos signals are mething signals
contered around 43.% ppin, and Tee signals are rocthine signals centered around 40.4 ppm.
Tap%= 100 ntegral Tpp/Totegral Bi
HNMR

Each saraple was prepared by adding 130 mg of sample (roetal complexi 10 3.25 g of
tewrachlorethane-dy with G.0061 M Cr{acack in g 10 nun NMR wbe. The sample weas purged
by bubbling N through the solvent, via a pipette inserted into the tube, for approximately
five minutes, to prevent oxidation. The sample container was capped, and sealed with
TEFLON tape. The sample was heated and vortexed at 115 *C to ensure bomogeneity. 'H
MR was performed on a Broker AVANCE 600 MH2 spectrometer eguipped with a Bruker
high-temperature {ryoProbe, and at a sample temperatire of 120 “C. 'H NMR was run with
0 pulse, 4 scans, SWH 10,000 Hz, AQ 1.64 5, d; 4.
Betermination of Liguid Phase Monomer Concentrations by Vapor-Liguid Hguilibriuan
{YLE) Ualculations

Because olefin polymerization occurs in the Uquid phase within a baich reactor, it is

useful 1o determine the reactant concentrations within the Hguoid phase. This can be done by
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expenimental measurement, by sampling the Houid phase and osing an online gas
clwomatograph, or through spectrascopic technigues, such as Fourier-Transform Near-
Tofrared spectroscopy of Raman spectroscopy. A aliornative method is to accurately
measure the amount of each reactant and sodvent added o the reactor, as well as the
temperature and pressure, and then use a thevmodynamic “equation of state” model o
calenlate the amount of liguid and vapor phase present, as well as the coroposiiion of each
phase. Sutfable equations of state include the Redlich-Kwong-Soave {1, Peng—Robinson {2},
or morve recently, the Perturbed Chain Statistical assoctating fluid theory PC-3AFT equation
of state {31, Thermodynarnic parametors can be obtained from the bterature, and the
equations solved in a spreadsheet or other compuier calaulation. Alternatively, commercial
process simuolaton software can be used to solve the chosen eguation of state model and
determing conditions within the batch reactor. Examples include ASPEN PLUS {4},
CHEMCAD [S5], or gPROMS [6]. ASPEN PLIS i conjunction with the PC-SAFT eguation
of state was used in the experiroental exaroples — see Figure 7.

{1} Soave, Giorgio. "Equilibrium constants from a modified Rediich-Kwong equation of atate”.
Chemical Engineering Science. 27 (&) 1197-1203.

[2i Peng, 3. Y; Robinson, 3. B. "A New Two-Constant Equation of State”. Industrial and
Engineering Chemistry: Fundamentals. 151 59-64.

{3} Gross, Ioachim; Radowski, Gabricle. "Permurbed-Chain SAFT: An Equation of State Based on a
Permarbation Theory for Chain Molecules™. Industrizl & Engineering Chemistry Research. 40 (4
12441260,

[4} ktips/fwww.aspeniech.coro/products/enginesnng/aspen-phis
5] Bttpsffwww.chemstations.conyCHEMOATLY

[}

Aps/fwWww. peeierprise.cony

EXPERIMENTAL
Study §: Viaviarene-Hich (Hard Block) Analysis

Svynthesiz of (Csbles)Sc{CHCsHiNMez-ajo, CAT B

R
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In a nitrogen-filled glovebox, a THY sohution {1 mb} of Sc{CHCHHNMe:-¢)3
{8.300 g, 8.67 mmol) was added to a THF solution (1 mL) of CaMuisH {(0.105 mL, 0.67

mmol) in g 28 mi visl. The solution was heated at 70 °C for 12 bours. The solvent was

rerpoved under reduced pressisre, the residoe was exiracted with hexane, and then filtered. A
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concentrated hexane solution was equnbibrated at =30 °C o give yvellow cryatals (8.203 g,
£5.5% yieid). The 'H NMR and the *C NMR spectra are consistent with literature reports
{Chem. Commun. 2007,

403, 4137-4139). See Figure 1 ('H NMR) and Figure 2 (T NMR) of the Sc complex (CAT
B).

Chain Shustding Experiments for Sc Catalyst (CAT B)

A glass vial was charged with toluene (final volume 8 b, styrene {1 mb), and 2
magnetic stiv bar. CAT B (5 umol), "amines, bis(hydrogenated tallow alkyDmethyl,
tetrakis(pentafluorophenylborate(d-) (1.2 equivy,” and either chain shuttling agent TEA or
PYEZ (25, or 100 umol) were sequenually added o the solusion. A control solution without a
chain shuttling agent was also prepared. Each mixtore was heated at 100 °C for one hour,
then allowed o cool, before being quenched in methanol, The polymer was coliected by
filiration and dried ender vacuunr. Polymer properties are Hsted in Tabie 1 below. GPC
profiles are shown in Figure 3. These polvimerizations demonsirates chain shuttding
capability of the CAT B in the presence of a chain shustling agent. This is clearly indicated
by the data in Table 1, which show the charscteristic reduction in molecular weight and a

narrowing in the MWD for polymerizations condocted in presence of the DEZ or the TEA.

Table 11 Syndiotactic Polystyrene (sSPS) prepaved with and without zine or abiminum chain

shasttling agents.

CSA, N “ MM, T, T | AL, Activity Yictd PS
ol o e (MW () () o0y 1 (g P3/mol Seyhn (%}
Mane 123,761 | 411,704 3,13 99 271 | 208 152,222 90
sP3-1
7. 25 o i - ‘ Ny
LCLP"“;*; 13,331 | 27,143 2.04 95 211 | 293 191,296 HIO
DRI s g | 70m 1.57 97 | o257 | 243 166,296 49
sPS-3 ’
THA, 25 . o - . N R ,
TEA, 22299 | 54039 2.87 94 272 | 281 157,407 @4
sPR-4
THA, 10 . . o .
TEA 00y 45y 16,790 2. 93 266 | 292 147,407 88
P53

DEZ. = Diethy! zinc.

TEA = Trigthy] alorminum.

Buateh Reactor Polvierization Set-Up (Vinviarene-Rich)

control sysiern. The reactor was equipped with an electric hesting

The batch reactor set-up consisted of 8 600 mL Parr reactor controfled by a process

e

jacket, an internal cooling

cotl for temperatare control, and electric heat traced ransfer Hnes between the reactor and fo

the reactor dump pot. Three feeds were available, with the option to load solvents or
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monomers from a detachable one liter oylinder (30 mL). This cylinder was loaded iy av inest
{Mo} glove box, and its contents transferred 1o the reactor via a pitrogen injection. Catalyst
coyoponents and chain shuttling agents were prepared in the inert glove box, and twansfened
from the 30 mb ovlinder, via a nitrogen transfer, to the reactor. The 1-octene eylinders were
filted from purified plant feeds. BEthylene was supphied from Airgas, as high pusity grade.
For further purification, the 1-octene and ethylene were passod through inkine beds of
scitvated sluroina, 13X molecular sisves, and Q5 material, The high pressure nitrogen, for
the catalyst injection and porging, was eltra-hugh pority grade. Styrene was degassed, and the
inhibitor was removed by passing the

styrene supply through a plug of newwral alunmuna, just prior to addition into the reactor,
Eithylene, 1-Octens, Styreae Polvimerization: Reactivity of {Cp*Scf catalyst — CAT B

Degassed, anhydrous toluene was added to the 600 mb Parr reactor from a sobvent
eylinder, pressurized with nittogen, using a mass flow meter, and the reactor agitalor was sef
o 450 pm. Styrene was mjected via a eylinder pressurized with bigh pressure nitrogen.
When used, 3 preset amount of 1-octene was added to the reactor from a cylinder pressurized
with nitroges, using a flow meter. Unce the reactor reached the starting semperature set point
of 120 °C, a preset amount of ethylene was added to the veactor, using a flow meter, followed
by the addition of the active catalyst soluton. The catalyvst solution was prepared by adding a
pre-made toluene solution of CAT B (typical loadings 22 pmol 5c), 8.006 M solution of
“aroines, bisthvdrogenated milow alkyhmoethyl, tetralids(pentatluoro-phenylboraie(d-}"
gctivator in toluene (L0-1.2 eguiv)y, and a 8.05 M sobution of MMAO-3A in tohiene (10
oguiv.). Each “equiv” is relative o one equiv. of CAT B.

The flow of ethylene, af 200 rogfmin, was inifisted, while the overall reactor pressure
was confrolied at the programuned set point, throughout the desired run ume of fon nunuies.
Following the mixing time, the agitator was stopped. and the contents of reactor were
emptied into the domyp pot. The pot contents were pourad into methansl, and the mixture
stitred. The polvmer precipitate was filtered and dried at 130 °C, 1o a vacuum oven for six
howrs, Polymerization conditions and polymer propertiss are shown tn Table 2 below. Bee
alse Table 3 The intorpolymers ART-ARIZ, in Tables 2 and 3, ave cach representative of 3
vinylarene-tich (bard block) segroent of an ethylene/octene/styrene mulithlock nterpolyroer,

in, for exarople, monomer coraposition, tacticity of the polymerized vinylarene, Tw and Ty
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Additional Studies — CAT B

Figave 4 depicts T {from DSC measorements) and the mole percentage of “back to
back styrene incorporation” or Twe {as deterrained by M NMR), cach as a function of the
maode percentage of polyimerized (or incorporated) styrene (a8 determined by PO NMR). As
seen in this figure, as the amount of ethivlene (23 incorporation increases, the Tm of the sPS
decreases below the Th of pure sPS (270 °C), and the mole percentage of Ty also decreases,
Saroples include the baich teactor samples of Tables 2 and 3.

Figuve 3 depicis the weight average molecular weight (M) (from GPC) and the Ta
{from D3C), each as a function of the noted polymernization parameters. Ags seen in this
figure, the presence of the chain shuttling agonts resulis in a decrease in molecular weight and
Tiw, indicating the presence of chain shuttiing tn the reaction mixture. Also, the presence of
{-octene did not sigmficantly impact molecolar weight or Tw. Samiples were prepared in

accordance with the above batch polymenzation, and using the conditions shown in Table 4.

Table 4. Batch Reactor Conditions for Samples in Figwre 5
[ORY-Y Ininal C2, ¢ 2y, g 8. g
MNope 2.6 (Al Y
Nope 25 GG 60.0
TEA 256 H0.0 G
DEZ 2.6 0.0 G
Gegeral: 22 ool {UAT B 1.2 x “amines, bis(hydogenated taliow aliyhimethyl, temralos(peiafieorophenyty-

borate{i~),” 16x MMAD, T= 120 °C, t= 10 min, V =600 mi

The data from Study | demonstrate the desirable copolymerization characteristics that
the scandium catalyst, CAT B, has for the intended chain shuttling polvmerization. which
requires this catalyst to make a polystyrene or poly{styrenc-co-zthylens) with a bigh meling
femperature, i presence of an alpba-olefin, such sz I-octene. For this scheme o be
succeasful, the catalyst should desivably have a high resctivity towards styrene, but a very
Iow reactivity toward the alpha-olefin. The above tables and figures show a high reactivity
for styrene and cthylens, but very low reactivity toward F-octene. Additionally, the desirable
chain shutiling characteristics gre maintained, as evidenced by the reduction in molecular

L or THA.

weight for polymerizations conducied 1o presence of D

Study 20 Viaviarene-Poor (Soft Block) Analysis

\r’,;\\

%3

A
f“\:’/«r % TR
SN

N f\’j\/\
SRVRS

~F o # CAT A (See WOHZ/40105, WOO4/ 24

740 and LIS 8,501,885)
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Ethyiene, I-Octene, Styrene Polymerizaiion: Reactiviry of CAT A

See above discussion on the batch resctor set-up. Degassed, anhydrous oluens was
added to the 600 b Parr reactor from a solvent cylinder pressurized with nitrogen using a
mass flow meter, and the reactor agitator was set (o 430 rp. Styrene was injected via g
eyhinder pressurized with ligh pressore murogen. A preset amount of T-octens was added 1o
the reactor from a cylinder pressurized with nitrogen, using a flow meter. Once the reacior
reached the sfarfing teoperature set point of 120 °C, g preset aroound of ethylone was added
to the reactor using 2 tow meter, followed by the addition of the active catalyst solution. The
catalyst solution was prepared by adding a pre-made tohiene solution of CAT A catalyst,
0.006 M sobation of “amines, bis(hydrogenated tallow alkylimethyl, tetrakis{pentativors-
phenyl-borate(1-)7 activator in foluene (1.0-1.2 equivy, and 3 .05 M solution of MMAQ-3A
wn tofuene (10 eguiv.). Each “equiv” is relative to one equiv. of CAT AL

The flow of ethylene, at 200 mgfmin, was initated, while the overall reactor pressure
was controfled at the programmed setpoint throughout the desived yun time of ten minutes,
Following the puxing ftme, the agitator was stopped, and the contents of reactor were
emptied into the dump pot. The pot contents were poured inte methanol, and the mixtere
stirred. The polymer precipitate was filtered and dried at 130 °C in 2 vacoom oven for six
hours. Polymerization conditions and polymer properties are shown in Table 5 below. See
also Table 6. The interpolyroers APL-AP11, in Tables 5 and 6, are each representative of a
vinylarene-poor (Soft Block) segment of an sthylene/ociene/styrene nuiltblock interpolyvmer,

i, for example, mopomer composition, tacticity of the polvmerized vinviarene, Ty and Ty
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Additional Studies — CAT A
Figuve 6 depicts glass trapsiton temperature (1), from DS as a function of mole
percentage of polymerized octene in the polymer (as determined from U NMR). As scen
from this figore and Table 7 below, the presence of styrene in reactor does not have large
5 umpact on the glass transition temperature and the amnorphous phase of the final polymer.
Samples were prepared in accordance with the above batch polymerization {sec Table 5}, and
using the condifions shown in Table 7.

Tabhle 7: Batch Reactor Conditions for Samples in Figure 6

fnitiat C2, 2 Sy, @ Ch, g
APIZ 13.4 0 10.0
API3 124 0 20.0
APi4 134 0 30.0
APIS 13.4 0 40.0
APLG 13.4 0 0.0
APLT 13.4 Hi 10.0
APIY 13.4 &l 20.0
APIS 124 &0 306.0
AP2G 13.4 6 40.0
AP21 134 &0 S0.0
AP22 1.5 62 57
AP23 10.3 3 14
AP24 10.4 16 34

General: Catalyst = 6-8 gl CAT AL 1.2 « "asiues, bisthydmgenated taliow alkyDinethyl,
14 tetrakds( peruativerepheny Dborate( 1-),” 10x MMAQ, T=120°C, 1= 10 min, V = 600 mb

The data from Study 2 demonstrate desirable copolymerization characteristics for the
hatfnivm catalyst {TAT A) for the intended chain shottling polymenzation. Unlike the

scandivm catalyst (CAT By, this catalyst species is required 1o roake a polyethylene or

ot
&5

poly{ethyene-co-1-orume) with litthe styrens incorporation. The catalyst should desirably
bave a bigh reactivity with ethylene and the alpha-olefin, and g low reactivity toward styrene.
The above tables and figures veveal a high reactivity for ethylene and 1-octene, but tow
reactivity toward styrene. This is also evident by the low styrene incorporation into the
polymer, as determined by NMR. Additionally, styrene could increase the Ty of the polymer,
20 which would be detrimental to performance in elastomeric applications, but Bitle, 1o no,
increase in Ty was observed in the polyroer product. Also, a reduction in molecular weight
ovas observed in the presence of TEA and CAT A, indicating chain shuttling.
Figure 7 depicis reactor conditions (mod% ethylene, mol% styrene and moi% octens,
cach as determined by VLE caloulations, open circles) and the corresponding roole
25 percentage of ethylene, styrene snd octene in the final polymer {each as determined by 13C

NMR spectroscopy, square and triangle shapes) made undey terpolymernization conditions.
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This figure demonstrates the hypothetical orthogonal polyroerization behavior of CAT A and

CAT B, Samples were the polymerization examples of Table 2 and Table 5.

Study 3: Malitblock Tnterpolymer Analysis — Dual Cotalysey and Chain Shuttling
Batch Reacior Polvmerization Ser-Up

The dual catalyst polymerizations were comducted in a 600 ml. Parr batch reactor,
The reactor was heated by electrical heating bands, and cooled by ap internal conling coil.
Both the reactor and the beating/cooling systern were controlled and monitored by a process
computer. The bottom of the reactor was fitted with a damp valve, which emptied the reactor
comfenis into a glass durop pot. The dump pot bad a constant Na purge, and was vented to a
dupy pot. The cthylene used for cach polyroerization was run through a purification colung
consisting of 03 and 3A molecular sieves to remove any oxygen and water. The anhydrous-
grade tohuene, from Acros Organics, was sparged in the hood with nitrogen. and transterred
to the glovehox., Molecular steve was added to the toluene o remove water from the solvent.
High pressure nittogen was uktra-bigh purity grade supplied by Airgas or another vendor.
Seyrene, obtained from Sigma Aldnich, was degassed and passed through neutral alurmina to
remove tnhibitor, st prios (o ose.

Toluene, cthylene, styrene, and optionally, the nctepe, were added o the reactin,
Toluene was added 1o 3 one lier, stainless steel oylindery, inside a glovebox, and then added
to the reactor using the high pressure nifrogen. A pre-injection of USA {e.g, TEA or DEY
was added, along with woloene. prior (o heating up the reactor and filling the reactor with the
sofvent, Two control polymerizations did not have a prefnjection of CSA. After the toluene
was added, the reactor agitator was operated at F000 rpm, while the reactor was beated 1o 120
“C. When the reactor reached this temperature set point, the desired amount of ethyleve was
added o the reactor, osing & flow meter. Ethylene was added throughout the reaction, in
order 1o mainiain the reaction pressure sef point.

Two catalyst eockiatls were prepared by puxing the scavengey, activaior, and the
respective catalyst in toloene, inside the imert (Mo} glovebox. The scavenger, activator(s), and
catalysts were mbied with the appropriate amount of wloene, to achieve the desired solarity
solution. Bach cocktatd was drawn into a syringe, and the syringe was empiiad into a 20 mi,
glass vial with a rubber septuro cap, and ander Ny atmosphers (80 roaintain an inert
atmosphere over the cocktail, during wansfer from the glovebox to the reactory. The contents
of the vial were transferved into a catalyst shot tank outside of the glovebox. The reactor was

ready (0 vun, after it reached it5 target temperature sot point of 120 °C, and both the pressure
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gud the wemperatore reached steady state. The “catalyst cocktal” was injecied 1m0 the
inpector, with 2 constant low pressgre nitrogen porge to avoid contamination. The ron timer
was started on the control systen, and the “catalyst cockiail” was immediately injocted into
the reactor, while the agitator van at 1000 rpm. The two different catalyst cockiails were
injected at the same time. Within the first minute of a successhl polynerizadon, an
exotherm was observed, as well as decreass in the reactor pressurg. As discussed above,
cthylene was added by utilizing g pressure controfler fo roaintain the reactor pressure set
point. The reactor ran for the specified amount of time, typically ten mimites. Prior to
dumnping the polymer at the end of the run, the reactor dumyp pot was filled with 300 mlL
methanol (in a fume heod) to precipitate any polymer formed (if there was a bigh styrene
load, oo methanol was added). A poly lid for the dump pot was used o avoid fumes, when
transferring the pot from the hood to the reactor. The polymer was damped into the mwethanot
wside the dumnp pot. The precipitated polyimer was collected by filtvation. and transterred to
a labeled MYLAR travs. The polymer sample remained in a fume bood, where the residual
sofvent was evaporated overnight. The reactor was then filled with toluene solvent, and hot
washed at 180-190 °C, to ensure a clean reactor, o avoid cross-contanunation for sebsequent
polymerizations. The frays containing the polymer product were transferred to & vacmmn
oven, where they were heated up to 1600 °C, under vacuum: for several hours, 0 terove any
remmaining solvent. After the frays cooled to ambient iemmperature, the polymer product was
weighed for vield/efficiencies, and subputied for polymer testing. Polymerization conditions
are shown in Table 8. MEB-1 through MB-8 are sach a composition contatning a multiblock

interpolymer. Composition properties are shown in Table 9.
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Table & Polvmerization Conditions for Compositions containing
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ap Hrhylens/Octene/Styrene Multiblock Terpolymer

CRA Catalyst T;a: Amt. (?.»’j\'i" A pE“P(: i};(;a:‘; ;ai O(ZE:;T\&?. Siyx:nfs. Tol l:ane,
e CON o e | s e e |
e | ol [N | [t o |y | o | e |
BAR-S “’;?‘g;m”] v i’;‘;‘ ;“d i ﬁ;ﬁi i’;‘;] {(iii 120 2.6 a0 60 27
Mp.g | OOl CALALG Ly L ! SN IRED 26 60 60 )
WiB.7 m;ﬁ%“ Cféi? WL i i;ﬁl gﬂ g: 126 76 &0 50 122
MB-3 %gng‘” ‘QZ;‘ ‘;’“@ 10 éf ‘;Zﬁf 23;:% ; 120 26 60 60 12
i1 tore | C E‘Zf; ;“‘i 1 [PORmOlCAT AL 0y 8.1 61 50 175
w2 Nem | URESTE L 22 ‘;2‘}? Carn 120 26 50 60 122

Reactor Volprme = 600 mE, 1.2 x “amines, bisthydrogenated tallow aikylimethy!, terakis{pentatluoropheny?

borate!{1-1,” activation for both catalysts, 10-x MMAQ scavenger. (B-1 and B-2 aw each 2 in-reacior hiend,

Table & Composition Properties

GPC

B NMRE

BCNMR

My

I\VE::

PO

moi% | mol% mof%

T, [Ratio of block styrene

Rn gimol | gimoel | (MWIH 2 L8 Sty o | o 0 isolated styrene
MB-1 46,6361 18,270 2.56 G301 127
MB-Z 11436021 40,938 3.56 41.2 30038 28.3 1 -bd | 238 216
MEB-3 774 R i5 -2 inone
MB-4 -63
MB-& 182,482 3.58 591 254
MB-6 100216 3.17 W56 261
MB-T 1147220 3.62 50 | 256
MB-8 | 80,636 3.97 274 29.7 429 .62 234

IB-1 477 8031 92261 5.18 56.7 268 16.8 |1 -52 | 250 9.6

iB-2

471 350

12,671

4.15

-G

242

*Bach mol% based on the total moles of polymerized monoers in the corpposition.
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CLAIMES

1 A process to form a compostton comprising an ethylene/vinylarene multiblock

interpolymer, said process comprising polymerizing, in a single reactor, 2 puXure comprising

athviene, a vinviarene, and optionatly an alpha-olefin, in the presence of at feast the following
5 components gl-ck

¢} a first roetal conydex selected from the following Formula A:

s
\LJ/ {Formula A),

wherein X! and X7 are each independently selected from a substituted or unsubstitoted
{C1-Capphydrocarbyl, a substitvted or unsubstituted (O-Cagheterchydrocarbyl, and wheretn
1 X' and X may optionally be linked;
Ar! and Ar? are each, independently, a sehstituted or unsubstituted ary! or 2 substituted or
unsubstituted heteroaryl group,
R™ is a substituted or unsubstituted arylens group;

b a second metal complex selected from the foltowing Formoula B:

15 l (Formasla By, wherein B, B, B, RY, and B are cach independently H,
a substituted or unsubstituted hydrocarbyl group, or a substituted or unsubstitgied
heterohydrocarhyl group;

(! and QF are cach independently a substituted or unsubstituted hydrocarby! group, or
2 substituted or unsubstitited heterohydrocmbyl group, or a halogen: and
20 L is a Lewis base; each i is indepondently S or 1) and
wherein optionally at least one L group and at east one (3 group are connectad, and
optionally at least one B group and at feast one (§ group are connected;
¢) a chain shuttling agent selected from the following: a diatkyl zine, a fialkyl
aluminun, or a combination thereof,
25 2 The process of claim 1, wherein Foroula A is selected from the following structures

{all)or (al2)
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3. The process of clatm | or claim 2, wherein Formula B is selected frorn the following

stractares (b1 or (b12):

e Ty,
/ AN E H
i Ny N - \,f//’ i
# / v i/ )
R (bI) or Nz B12).
4, The process of any one of claims 1-3, wherein the chain shuttling agent {component ¢

is selected from the following: ZofTCHUHs),, AKCHCHa):, or a combination thereof,

5 The process of any one of claims -4, wherein the mixtore comprises the alpha-ofefin.
f. The process of any one of claims 1.5, wherein the ethylene/vinyiarene smiltiblock

interpolymer comprises (wo of roore {AR) segraents, and cach {AR) segroent independenily
comprises from 20 mol% to 100 mol% of the polymerized vinyiarene in a “back to back”

configuraiion, as shown helow in subsegment bb:

,Jg' T/\\F%_

{subsegment bb); and wherein the mol% is based on the fotal moles of
polymerized vinylarene in the {AR) segraent.
7. The process of any one of claims 1-6, wherein the ethylene/vinyiarene multiblock
interpolymer comprises two or more {AR) segments, and each {AR) segment independently
comaprises from 20 mol% to 160 ro0l% of the polymerized vinviarens in 2 syndiotactic “back
to back” configuration, as shown below in subscgment sbh:
,ﬂg—\\. e

\gé

of polyraerized vinviarene in the {AR} segment.

HIE

{subsegment shiv); and wherein the mol% is based on the total moles

8. A composition formed from the process of any one of claims 1.7,
3. A composition comprising an ethylene/vinylarene multiblock interpolymer, said

urterpolvimer comprising at least one polymer strocture selected from Strucure I or Suuctive
2, each as shown below, and where (AR} refors to g vinylarene rich segment and (AP) rafors
1o a vinylarcne poor segroent:

AR AP AR AP (Structare 1),

43
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(ARMAPHARW(APY (Stucnure 2},

wherein each (AR) segment independently comprises, in polymerized form, ethyviene,
the vinylarene and optionally an alpha-olefin; and

wheretn cach (AP) segment independently comprises, in polymerired forr, ethylene,
optionally the vinylarese and optionally the alpha-olefin; and

wherein each (AR) segrent independenily connprises, in polymerized form, > 18
mol% of the vinylarene, based on the total moles of polvroerized monomers in the (AR)
segment; and

wherein each (AP) segment independently comprises. in polymerized form, < 10
med% of the vinylarene, based on the total moles of polymerized monomers in the (AP}
segment.
10 The composition of claim 9, wherein, for the ethylene/vinylarene muhithiock
wterpolviner, each (AR) segment independently comprises, in polymerized form, from 15
mold to < 100 mol% of the vinylarene, based on the toal moles of polymerized monomers
in the (AR} segment.
it. The composition of claimn @ or claim 10, wherein, for the ethylene/vinylarene
multiblock interpolymer, each (AR) segment independently comprises, in polymerized form,
from 2 mol% o 30 mol% of the cthylens, based on the total moles of polymerized mononiers
in the (AR} segment.
iz The composition of any one of clairos 9-11, wherein, for the ethylens/vinvlarene
multiblock interpolymer, each {AR) segiment independently compuises from 20 mol% o 100
mol¥ of the polymerized vinviarene in a “back fo back™ configuration, as shown helow in

subhsegment b

..—%—\TAT_,E,
{subsegment by and wheretn the mol% is based o the total moles of
polymerized vinylarene in the (AR) segment.
3. The composition of any one of claims 9-12, wherein, for the ethyvlene/vinylarene
muliitblock interpolyroer, each (AR) segment independently comprises from 20 mol% to 100
mol% of the polymerized vinvlatene in a syndiotactic “back o back” configuration, as shown

below in subsegment sbb:
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~'§’\/‘}w§—
{subsegrent sbb); and wherein the mol% is based on the total moles
of polymerized vinylarene in the (AR) segment.
14. The composition of any one of claimes 9-13, wherein composition further coraprises
polvethylene homopolymer, an ethylene/vinylarene copolymer, an ethyvlene/alpha-clefin
copolymer, of a combination theveof
15, Axn article comprising at keast one component formed from the composition of any

one of claims 8-14,

4



