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DUAL REACTOR CHAIN SHUTTLING REACTIONS
FOR ETHYLENE/VINYLARENE DIBLOCK AND TRIBLOCK INTERPOLYMERS

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of priority to U.S. Provisional Application No.
63/127,350, filed on December 18, 2020, which 13 incorporated herein by reference in s

entirety.

BACKGROUND OF THE INVENTION

The catalvtic production of olefin block copolymers (OBC) via chain shutiiing
technology has resulted in differentiated materials, such as the INFUSE Olefin Block
Copolymers and the INTUNE Olefin Block Copolymers. Such copolymers are typically
made from ethvlene and an alpha-olefin. The use of chain shutthing technology to produce
styrenic block mterpolymers offers an attractive route to high value polymers using a
continucus solution polvmerization process. High value styrenic polymers like SEBS
(styrene-ethviens/butene-styrene) are produced in a batch process, via anionic
polyruerization, initiated by organolithiur compounds. This costly polymerization consists
ot the sequential addition of monomers, followed by an expensive hvdrogenation step. There
is a need for chain shuttling technology to produce ethyiene/vinylarene diblock and triblock
interpoly mers using dual reactor, continuous solution polymerization.

A, Valente et al,, Angew. Chen, Ini. Ed. 2014, 53, 4638-4641, Jsoprene-Styrene
Chain Shuttling Copolymerization Mediated by a Lanthanide Half-Sandwich Complex and
Lanthanidocene: Straightforward Access to a New Type of Thermoplastic Elasiomers,
discloses an isoprene and styrene chain shuttling polvmerization, using with n-butvlethyl-
magoestum, a lanthanide half-sandwich complex and a lanthanidocene. The resulting
mudtiblock structures have alternating hard {styrene-rich) and soft {isoprene-rich} segments.

U.S. Publication 2014/0088276 (Manujacturing Method for Multidimensional
Polvmer, and Mulridimensional Pofymer) discloses the polymerization of sterco-controlled
{svndiotactic} block copolymers of a styrene-tvpe monomer with a conjugated diene, such as
isoprene or butadiene, by chain shutthing technology and coordinative chain transfer
polyreerization. The polymernization takes place in the presence of a first catalyst and a
second catalvst. Each of the first catalyst and the second catalvst, independently, contain the

following: a} a group 3 metal atom or a lanthanoid metal atom, and for example, Sc, b) a Cp-
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type ligand containing a substituted or an unsubstituted cyclopentadieny] derivative, ¢)
monoanion ligands, and d) a neuiral Lewis base.
U.S. Patent 8,623,976 (Polymerization Catalyst Campositions Containing

Metallocene Complexes and the P

olymers Produced by Using the Same) discloses a catalyst
composition comprising the following: a) metallocene complex containing the following:

1) a group 3 metal atom or a lanthanoid retal atom, and for example, S,

1) a Cp* ligand of a substituted or an unsubstituted cyclopentadieny! denivative,

111} monoamonic ligand,

ivy a neutral Lewis base;

b} an 1onic compound of a non-ligand anion and a cation, and for example, tetrakis{penta-
fluorophenvhborate. The catalyst composition 15 used to polymerize various polymers, such
as ethylene/styrene copolymers (see Examples 11-17). The polymerized styrene may be in
syndigtactic form.

L. Panet al, Angew. Chem, Int. Ed. 2011, 50, 12012-12015, Chain-Shutiling
FPolymerization ai Two Different Scandium Sites: Regio- and Stereospecific " One-Pot” Block
Copolvmerization of Styrene, Isoprenie, and Butadiene, discloses the chain-shuttling
polymerization of styrene, isoprene and butadiene, by two different catalysts and a cham
shuttling agent (trusobutylaliminum, TIBA). The catalysts show different monomer
selectivity and stereoselectivity in the presence of TIBA, resulting in the ragio- and
siereospecific copolvmerization of styrene, isoprene and butadiene.

S. 8. Park et al., Macromolecules 2017, 50, 6606-6616, Biaxial Chain Growth of
Paolyolefin and Polystyrene from 1, 6-Hexanediyizine Species for Triblock Copolymers,
discloses the preparation of triblock copolymers, by intiating (antonic) styrene
polymerization from a polymeryl zincate species. A polyethylene/polypropylene copolvrer
15 grown from a dual-headed zinc species using coordinative chain transfer polymerization,
followed by addition of the antonic mitiator {for example, Me;SiCH2Li-(pmdeta}) and styrene
monomer. The coordinative chain transfer polymerization takes place in the presence of a
transition metal {for example, Zr or Hf) complex. Thus, anionic polymerization is used 1o
grow polystyrene end blocks, which do not exhibit any stereoregularity.

U.S. Publication 2018/0022852 (Organic Zinc Compound Comprising Polyoiefin-
Polystyrene Block Copolymer, and Method for Preparing the Same) discloses the preparation
of an organic zinc compound, such as that of Formula 1, as shown therein, and which
comprises a styrene-based polvmer or a polyolefin-polystyrene block copolymer. This
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preparation method comprises preparing an intermediate by coordination polymetizing an
olefin monomer nsing a transition metal catalyst, and then inserting, in part, styrens
monaoers nlo the oterrnediate by amonic polymenization. Transition metal catalvsts
mclude Zr metal compounds represented by Formula 6A and Formula 6B, each shown
therein (see paragraphs [0076] and [0077}3.

Y. Luoetal, ] Am. Chem. Soc. 2004, 126, 13910-13911, Scandium Half-
Metallocene-Catalyzed Syndiospecific Sturene Polymerization and Styrene-Fthylene
Copolymerization: Unprecedented Incorporation of Syndiotactic Styrene-Siyrene Sequences
in Sturene-Ethylens Copolymers, discloses the polymerization of syndiospecific styrene-
ethylene copolvruers, using a scandium half-sandwich complex. The melting temperature
{Tm} of the copolyvmer can be modified by adjusting the ethylene incorporation, where
ethylene incorporation results i a decrease in the Tm. No chain-shutiling was demonstrated
with the Sc catalyst.

H. Hagthara et al., Polymer Journal 2012, 44, 147-154, Synthesis of Fihviene-Styrene
Copolymer Containing Syndistactic Polystyrene Sequence by Trivalent Titonium Catalyst,
discioses the polymerization of syndiotactic styrene-ethylene copolymers, using a trivalent
titaraum catalvst, tnis{acetviacetonate) titamum (Ti{acacy). Different polymers were
produced by the Ti{acac): catalyst, which mav be attributed to the presence of multiple
oxidation sites on this catalyst.

F. Linet al., Journal of Polvmer Science, Part A Polvoer Chemistry 2017, 55, 1243

~r], .

1249, Synthesis and Characterization of Crystailine Styrene-b-{Ethylene-co-Butyleneg)-h-
Styrene Triblock Copolymers, discloses the synthesis and characterization of crystaliine
styrene-b-{ethyvlene-co-butylene-b-styrene {(SEBS). The cationic, rare earth metal complex,
[(n"-Flu-CH2-Py)Ho(CHSiMes) H{THF), was used for a living polymerization of butadiene
and styrene. The sequential addition of styrene, butadiene and styrene monomers formed an
SBS triblock. The SBS tnblock consisted of elastic polvhwtadiene sequences with 1,4
regularity and ervstalline syndiotactic polvstvrene. The SBS triblock was hvdrogenated to
form the SEBS.

B. Liu et al, Macromolecules 2016, 49, 6226-6231, Regioselective Chain Shuttling
Polymerization of Isoprene: An Approach 1o Access New Maierials from Single Monomer,
discloses the chain franster polymerization of isoprene using a pyridyl-methviene fluorenyl
scandium complex, in combination with [PhaCiB(CeFs) and iBws Al The polvmerization

vielded high 1,4-selectivity of the isoprene. Additional catalysts structures include “pryridyl-
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methylene functionalized fluorenyl ligated rare earth metal complexes -9, as shown therein,
and where the metal 13 8¢, Y, Lu, Tmy, Er, Ho, Dy, Tb or Gd {see page 6227 (Chart 13}

U.S. Patent 8,710,143 (Catalyst Composition Comprising Shuttling Agent for
Ethylene Multi-Block Copolymer Formation) discloses the polymerization of multiblock
copolymers using the following: (A} a {irst metal complex olefin polymerization catalyst, (B}
a second metal complex olefin polymerization catalyst capable of preparing polymers
differing 1o chenucal or physical properties from the polvimer prepared by catalyst (A), under
equivalent polymerization conditions, and (C} a chain shuttling agent. Suitable monomers
include ethviene and ove or more addition polvmerizable monomers, such as 1-octene and
styvrene (see column 16, lines 3-32). Suiiable catalvsts include metal complexes, where the
metal is selected from Group 3-15, preferably Groups 3-10, more preferably Groups 4-8, and
most preferably Group 4 (T4, Zr and HI). See, for example, colunmn 19, line 61, to column
20, line 6. An ethylene/styrene multiblock polymer was prepared nsing Cat. A1 (Hf) and Cat.
Bl ¢Zr), each as shown therem {see colummn 85, lines 12-30; column 86, lines 21-52; ¢olumn
115, ine 21, to column 116, line 23 and Tablas 27 and 28).

Additional clefin block copolymers (OBCs) and associated polymerizations are
disclose 10 the following references: U.S. Patent 7,915,192, U.S. Patent 8,124,709, U.S.
Patent 8,501,885; U.S. Patent 8,716,400; EP1716190B1; EP19267463B1; and EP2582747B1.

However, there remains a need for chain shuttling technology to produce
ethylene/sterepregular vinylarene diblock and triblock interpolymers, in dual reactors using

continuous solution polymerization. This veed has been met by the following invention,

SUMMARY OF THE INVENTION
I a first aspect, a process o form a composttion comprising an ethylene/vinviarene
diblock interpolymer and/or an ethylene/vinylarene trblock interpolymer, said process
comprising at feast the following steps:
A) polymerizing in a reacior A, a mixture A comprising ethylene, and optionally an
alpha-olefin, and optionally a vinvlarene, in the presence of at least the following: a) a metal
complex S selected from the following: Formula S1, Formula 82, Formula 83, Formula 54,

or Formula §5:
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R {(Formula S1).

wherein M! is a metal selected from titanium (Ti), zirconium {Zr), or hafnium (Hf);
and wherein the metal is i a formal oxidation state of +2, +3, or +4;

each X is independently selected from a substituted or unsubstituied (C-Cagthvdro-
carbyl, a substituted or unsubstituted {C1-Csnpheterohydrocarbyl, or —H; and wherein each X
is independently a monodentate ligand or a bidentate ligand;

nis 0, 1, or 2, and optionally when nis 1, X may be a bidentate ligand;

R'is a bridging group comprising from 2 to 41 atoms other than hvdrogen. and
wherein, optionally, the bond between R and M is a pi bond;

R? is selected from a substituted or an unsubstitwted (C1-Caodhydrocarby] group, or a
substituted or an unsubstituted (C1-Caojheterohydrocarbyl group:

J'is a bridging group linking N and R', and comprising from 2 to 40 atoms other than
hydrogen, and wherein, optionally, the bridging group comprises a N atom that can interact
with the metal {M') via an electron donative bond; and

wherein the metal complex is overall charge-neutral;

RS

J/ \KM"Xn

R (Formula 82),

wherein M’ is a metal selected from titanium {T1), zirconium (Zr), or hafnium (Hf); and
where the metal is in a formal oxidation state of +2, +3, or +4;

each X 1s independently selected from a substituted or unsubstituted (Ci-Caophydrocarbyl,
a substituted or unsubstituted (C1-Cspiheterohydrocarbyl or —H: and wherein each Xis
mdependently a monodentate or a bidentate ligand;

nis 0, 1, or 2, and optionally when nis 1, X may be a bidentate Hgand;

each of R’ and R* is independently selected from a substituted or an unsubstituted (Ce-
Caojary] group, or a substituted or an unsubstituted (Cs-Candheteroarvi group;

N and N are linked by a bridging group, J2, which comprises from 2 to 40 atoms other
than hydrogen, and wherein, optionally, the bridging group comprises a N atorn that can

mteract with the metal via an electron donative bond; and
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wherein the metal complex is overall charge-neuiral;

RS

/N
[ Ny
EA MKy

Wy

{Formula 83},

wherein M’ is a metal selected from titanium (11}, zirconium (Zr), or hafnium (Hf); and
wherein the metal is in a formal oxidation state of +2, +3, or +d;

each X 1s independently selected {rom a substituted or vnsubstitated (Ci-Csodhydrocarbyl,
substituted, a unsubstituted (C1-Cyppheterchydrocarbyl, or —H; and wherein each X 15
independently a monodentate Hgand or a bidentate ligand;

nis 0, | or 2, and optionally when nis 1, X may be a bidentate ligand;

R™ is a substituted or unsubstituted (C1-Caothydrocarbyl group, a substituted or
unsubstituted (C1—Cyj}heterohydrocarbvi group, —Si{R), or —H;

T is selected from ~O—, ~8—, ~NRY)~, or -P{(R")—

tislor2;

and wherein T! and N are linked by a bridging group, denoted by P, which comprises
from 4 to S0 atoms other than hydrogen;

wherein each RF, RN, and R" in Formula $3 is independently a substituted or an
unsubstituted (C1-Cagphydrocarbyl, a substituted or an unsubstituted (Ci-Cagiheterohydro-
carbyl, or —H; and

wherein the metal complex is overall charge-neutral;

R7 RZG
R? i\ &8
v v \ v \\
i /Y‘n

-7 PZaN

RY e Mu:f = “pie

RIC R"
; //\\\/ \M \\//
/’\Q\ o g6

Q13 r

k2 RIS (Formula 54),

wherein M' is a metal selected from zirconium (Zr} or hafnium (HE); and wherein the
metal 15 10 a formal oxadation state of +2, +3, or +4;

each X 1s independently selected from a substituted or unsubstituted (C1-Cagphydrocarbvl,
a substituted or unsobstituted (C1-Cagdheterohydrocarbyl, or ~H; and wherein each X 1g

independently a monodentate ligand or a bidentate ligand:

<
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nis G, §, or 2, and optionally when nis 1, X may be a bidentate higand,
each of - T and -T°- is independently selected from ~0—, ~§—, -N(RM-, or -PR
R® and R?! are each independently selected from the group consisting of —H, a substituted

or unsubstituted {C-Caodhvdrocarbyl, a substituted or unsubstituted {C1-Cuotheterohydro-

RES(O)~, (REpC=N~, R°C(G)Y0~. REOC(O)~, RECION(R)~, (RELNC(O)~, halogen,

radicals having formula (1), radicals having formula (1), and radicals having formula (IH):

. 5524 ) ng iRS'I R;'?,D R29 RI §I R
s i R®W - i g
R id\j:R @ ?V/ \\{ 1) ¢ !A\ N (10
. b 3 / g2 U, I i
CELANE AN R %—"\N/ ':/ RAESINA NI AR
e {34 L w27 RO RS

where each of R% %, R¥™* and R** is independently selected from a substituted or

unsubstituted (Ci-Cypdhvdrocarbvl, a substituted or unsubstituied (C:i-Cyojheterchvdrocarbyl,

RES(0)-, RES{0)—, (REnC=N~, R“C{OI0~, RYOCOY-, RECOMNRY-, (REuNC(O)-,
halogen, or ~H;

each of ™ is independently selected from a substituted or unsubstituted {C-Caophydro-
carbyl, a substituted or unsubstituted {Cy - CagJheterohydro-carbyl, ~SiR%%, ~Ge(R ),
PR}, “N(RMz, -N=CHRE, -ORC, -8R, -NO,, —CN, —CF3, RES(O0)—, RIS(0),
(REpC=N-, RECIOY0-, REOC(0)-, RECIOINERN-, (RV)NC(O)-, halogen, or —H;

T is a substituted or unsubstituted (C,~C, Jhydrocarbylene or a substituted or
unsubstituted (€ ~C, Jheierohydrocarbylene, wherein the substituted or unsubstituted
{C ~C, Jhydrocarbylene has a portion that comprises a [-carbon alom to 10-carbon atom
linker backbone, linking the groups T and T in Formula $4 (to which J* is bonded): or the
substituted or wnsubstituted (€ -C heterohydrocarbylene has a portion that comprises a 1-
atom to 10-atorn Hinker backbone, linking the groups T2 and T in Formula S4, wherein sach
of the 1 to 10 atoms of the 1-atoro to 10-atom linker backbone, mndependently, 15 a carbon
atom or heteroatom of a heleroatom group, wherein each heteroatom group is independently
0, S, $(0), 8(0), 8iR%),, Ge(R%)y, P(RE), or N(R"), wherein each R is independently a
substituted or unsubstituted (C,—C, jhydrocarbyl or a substituted or unsubstituted

(C,~C, Jheterohydro-carbyl; and wherein each RY RY and remaining R in Formula 84 18
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mdependently a substituted or unsubstituted (Ci-Usodhydrocarbyl, a substituted or
unsubstituted (C)-Cyoi-heterchydrocarbyi, or —H, and
wherein the metal complex is overall charge-neutral; ot

R45
!
i

p\;”rf B 46
~
o ‘R‘]"T

e

J5 }\41%,
I,‘ 48

iy

R {Formula $5),

wherein M is a metal selected from titanium (Ti), zirconium (Zr), or hafnium (Hf); and
wherein the metal 1s in a formal oxidation stale of +2, +3, or +4;

each X 1s independently selected from a substituted or unsubstituted (Ci~Caodhvdrocarbyl,
a substituted or unsubstituted (C1-Usodheterohydrocarbyl, or ~H; and wherein each X is
mndependently a monodentate igand or a bidentate ligand;

nis 0, 1, or 2, and optionally when nis 1. X may be a bidentate ligand;

R*1 are each independently selected from a substituted or unsubstituted (Ci-sodhydro-
carbyl, a substituted or unsubstituted (C1-Caoheterohydrocarbyl, SR}, or -H: and
optionally two or more groups from R¥ are linked, such that that cyclopentadieny! group is
a substituted or unsubstituted indenyl group, or a substituted or unsubstituted fluorenyl group:
and wherein R is selected from a substituted or unsubstituted (C1-Cao)hvdrocarbyl, a
substifuted or unsubstituted (Ci-Cagtheterohydrocarbyl, or ~H;

O and O are linked by a bridging group, denoted by J°, which comprises from 1 0 30
atoms other than hvdrogen; and

wherein the metal complex is overall charge-neuiral;

B) polymenzing in a reactor B, a mixture B comprising ethylene, a vinviarene, and
optionally an alpha-olefin, in the presence of af least the following: by ametal coraplex H
selected from the following Formmida HY or Formula H2:

RS
R? R4

b
i {Formula H1),

wherein M” is Ti. Sc. Y, or an element from the lanthanide series;
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R R R RY, and R? are each independenily H. or a substituted or unsubstituted
hydrocarbyl group, a substituted or unsubstitited heterohydrocarbyl group;

Qb Q% and @ are each independently a substituted or unsubstituted hydrocarbyl
group, a substituted or unsubstituted heterchvdrocarby! group, or a halogen;

L 1s a Lewis base; and each n is independently 0 or 1; and m 15 an inieger from 0 1o 3;

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

wherein the metal complex is overall charge-neutral;

2" (Formula H2):

wherein M- is a metal selected from titanium (Ti), zirconium (Z1), or bafnium (0,
and wherein the metal 15 in a formal oxidation state of +2, +3, or +4;

each Q is independently selected from a substitited or unsubstituted (C1-Cagd-
hydrocarbyl, a substituted or unsubstituted (Ci-Csopheterohyvdrocarbyvl, or ~H; and wherein
each Q 15 independently a monodentate ligand or a bidentate ligand;

nis 0, 1, or 2. and optionally when nis 1, X may be a bidentate ligand;

R and R’ are each independently a bridging group comprising from 2 to 41 atoms
other than hydrogen, and wherein, optionally, R! and R? each independently may be a
substituted or unsubstituted arylene group;

each of -Z'- and -Z*- is independently selected from ~O—, -8, ~Se—, ~N{R™}-, or
~P(R"y-; and wherein each of -Z'- and -Z7- independently can optionally interact with the
metal via an electron donative bond;

Z'and 2% are linked by a bridging group, denoted by J°, which comprises from 1 to 50
atoms other than hydrogen;

wherein R and RY, are each independently a substituted or unsubstituted (Cr-Cao)-
hydrocarbyl, a substituted or unsubstituted (C1-Csoheterchydrocarbyl, or —H; and

wherein the metal complex is overall charge-neutral; and

wherein step A occurs before step B, and at least a portion of the reacior prodact n

reactor A is transferred to reactor B; or step B occurs before step A, and at least a portion of

the reactor product in reactor B is transferred to reactor A; and

O
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wherein if step A occurs before step B, then at least one chain shuitling agent is fed
into the reactor A; and

wherein if step B ocours before step A, then at least one chain shuitling agent 15 fed
o the reactor B; and

wherein the vinylarene in step A = the vinylarene in step B; and the alpha-olefin in step A
=the alpha-olefin in step B.

In a second aspect, a composition comprising an ethylene/vinylarene diblock
mterpolyvmer or an ethvlene/vinvlarene triblock interpolvmer, said diblock interpolymer
comprising at least one polyruer structure selected from Structure 1, as shown below, and said
triblock interpolymer corprising at least one polvmer struciure selected from Structure 2 ot
Structure 3, each as shown below, where AR refers {0 vinylarene-rich and AP refers to
vinylarene-poor:

(AR-(AP} (Structure 1},

{AR-APHAR) (Structure 2),

{AP){AR}(AP} (Structure 3); and

wherein each (AR} segment independently comprises, in polvmerized form, ethylene,
the vinylarene and optionally an alpha-olefin; and

wherein each {AP} segment independently comprises, 1n polvmerized form, ethylene,
optionally the vinylarene and optionally the alpha-olefin; and

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

wherein each (AP) segment independently comprises, m polymerized form, <10
mol% of the vinviarene, based on the total moles of polymerized monomers mn the (AP)

segment.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 A is a schematic depicting the formation of an ethvlene/styrene diblock
mterpolymer. Each black block represents an vinylarene-poor block comprising, in
polymerized form, ethylene, optionally an alpha-olefin and optionally a vinvlarene. Each

grey {pink) block represents an vinylarene-rich block comprising, in polyroerized form,

ethylene, a vinylarene and optionally an alpha-olefin.

10
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Figure 18 is a schematic depicting the formation of an ethylene/stvrene tniblock
nterpolymer. See above for block descriptions.

Figure 2 depicts the 1H NMR profile of CAT B.

Figure 3 depicts the 13C NMR profile of CAT B,

Figure 4 depicts PPR Data: Activity vs CSA Loading (umoles).

Figure 5 depicts PPR Data: PS Molecule Weight (Mw) vs CSA Loading {pmoles).

Figure 6 depicts conventional GPC profiles of syndiotactic polysivrenes as noted.
GPC profiles from left to right, starting at Log M = 3.00: “sPS 3 (100 DEZ polyvmer),” “sPS-
5 (100 TEA polymer),” “sP8-2 (25 DEZ polymer),” “sPS-4 (25 TEA polvmer),” “sP8-1 (no
CSA polvruer).”

Figure 7 depicts the 1H NMR profile of Triblock 2 (composition containing an
ethylene/octene/styrene triblock).

Figure § depicts the 13C NMR profile of Triblock 2.

Figure 9 depicts the GPC profile of Triblock 1 {coraposition containing an
ethvleng/octene/styrene triblock). A dRI/UY dual detectors were used. GPC profiles from
left to right, starting at Log M = 4.00: UV profile, RI profile.

Figure 10A depicts the conventional GPC profiles of the samples as noted GPC
profiles from left to right, starting at Log M = 3.00: Triblock 2, IB-1 (In-Reactor Blend) (see
Table 9).

Figuwre 10B depicts the conventional GPC profiles of the samples a3 noted. GPC
profiles from left to right, starting at Log M = 2.00; IB-2 (In-Reactor Blend), Triblock 3
{(composition containing an ethylene/octene/styrene friblock), Diblock | {composition
contarming an ethyleng/octene/styrene diblock), Diblock 2 (composition containing an
ethylene/octene/styrene diblock) (see Table 7).

Figwre 11 depicts Tenstle Stress versus Tensile Strain for Triblock 2 and 1B-1.

Figure 12 depicts conventional GPC profiles of atactic polystyrenes as noted. GPC
profiles {rom left to right, starting at Log M = 2.00: “aP8-4 (100 DEZ polymer),” “aP8-5 (23
TEA” polymer),” “aP5-3 (25 DEY polvrner),” “aPS-1 (CAT C ouly polymer},” “aPS-2 (no
{SA C and no CSA polymer).”

Figure 13 depicts CAT D PPR Data: Molecudar Weight (Mw) versus Polymerization
Efficiency.

Figure 14 depicts CAT E PPR Data; Molecular Weight (Mw) versus Polymerization

Efficiency.

1
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Figure 15 depicts CAT F PPR Data Molecular Weight (Mw) versus Polymerization
Efficiency.

DETAILED DRESCRIPTION OF THE INVENTION

Chain shuttling technology has been discoverad to produce ethylene/vinylarene
diblock and triblock interpolymers, via dual catalysts in two reactors. For example, the
catalyst (metal complex) used to form vinvlarene-poor segrents {or blocks) in one reactor
megis the following criteria; a} hugh native molecular weight. b) hugh chain shuttling
constants, as determined by molecular weighi reduction and narrowing of the molecular
weight distribution n the presence of CSA (chain shuttling agent), and 3) ligh c-olefin
mcorporation. The catalyst {metal cornplex} used for form vinvlarene-rich segments (or
blocks) in the other reactor meets the following criteria; a) good activity toward the
vinylarene polvmerization, by high chain shuttling constants, as determined by molecular
weight reduction and narrowing of the molecular weight distribution 1n the presence of a
{SA, and ¢} compatibility with residual monomer carried over.

As discussed above, the invention provides, in a first aspect, a process to form a
compostiion comprising an ethylene/vinylarene diblock mterpolymer and/or an
ethylene/vinylarene tiiblock interpolymer, as described above. An mventive process may
comprise a combination of two or more embodiments, as described herein. Each step or
component of an fmventive process may comprise a combination of two or more
embodiments, each described herein,

As discussed above, the invention also provides, in a second aspect, a composition
comprising an ethylene/vinylarene diblock interpolymer or an ethylene/vinvlarene triblock
interpolvmer, as described above. An inventive composition may comprise a combination of
two or more embodiments, as described herein. The diblock interpolymer and the triblock
mterpolymer may each comprise a combination of two or more embodiments, as described
herein.

Note, as used berein, in reference to structures of a metal complex, Arl = Ar', ArZ =
AT, Ar3 = AP, and so forth. Also, as used herein, in reference o such structures, R1 =R’,
R2=R% R3 =R’ and so forth. The notation R%-R™ where “a through n” represents
consecutive numbers, refers to R R¥L R¥2 RY For exarnple, R7-R refers to RY, RY RS,

R® R’. As used herein. in reference io noted metal complexes, the notation “— " refers to a
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hond formed from a donating electron pair {electron denative bond) Note, a pi () bond is
shown herein by a straight line.

The following embodiments apply 1o an inventive process and/or an inventive
composttion as applicable.

In one embodiment, or a combination of two or more embodiments, each described
herein, the metal complex S is selected from stracture s1al or structure sla2:

B,

ie Me ﬁ}
Y
R

In one embodiment, or a combination of two or more embodiments, each described
herein, metal complex 5 15 selected from Formula S1, and finther Formula S1a as described
herem; and the metal complex H 13 selected from Formula H1, and further Formuda Hla or
Formula Hib, each as described hersin

In one embodiment, or a combination of two or more embodiments, each described
herein, the metal complex H s selected from the following formulas hlal, hia2, hia3, hibl,
hib2, h1b3, hZal or h2a2, each as described herein

In one embodiment, or a combination of two or more embodiments, each described
herein, the at least one chain shuttling agent is selected from the following: an alkyl zine
compound, an alkyl alununum coropound, a dual headed chain shutthing agent, ora
combination thereof.

In one embodiment, or a combination of two or more embodimenis, each described
herein, step A oceurs before siep B.

Int one embodiment, or 3 combination of two or more smbodiments, each described
herein, step B occurs before step A

In one embodiment, of a combination of two or more embodiments, sach described
herein, for the ethyvlene/vinvlarene diblock interpolvmer or the ethvleng/vinviarene triblock
miterpolymer, the vinylarene is styrene.

In one embodiment, or a combination of two or more embodiments, each described
herein, the misture A comprises the alpha-olefin,

In one embodiment, or g corbination of two or mors smbodiments, each described
herein, for the ethvlene/vinylarene diblock interpolymer or the ethylene/vinvlarene triblock

nterpolyimer, each (AR) segment independently comprises, in polymerized form, > 15 mol%,
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or > 20 mol%, or > 25 moi%, or = 30 mol%, or > 35 mol%, or > 40 mol%, or > 45 mol%, or
> 50 mol%, or > 55 mol%, or > 60 mol®s, of the vinylarens, based on the total moles of
polyroerized monomers tn the {AR) segroent.  In one embodiment, or a combination of two
or more embodiments, each described herein, each (AR} segment independenily comprises,
in polymerized form, <100 mol%, or <98 mol%, or < 96 mol%, or < 94 mol%, or <92
mol%, or <91 mol% of the vinylarene, based on the total moles of polymerized monomers in
the (AR) segment.

In one embodiment, or a combination of two or more embodiments, each described
heretn, for the ethvlene/vinylarene diblock interpolymer or the ethylene/vinylarene tiiblock
interpolviner, each (AP) segment independently comprises, in polymerized form, > 0 mol%,
or > 0.2 mol%. or > 0.4 mol%, or > 0.6 mol%, or > 0.8 mol%, or > 1.0 moi®% of the
vinylarene, based on the total moles of polymerized monomers in the {AP) segment.  In one
embodiment, or a combination of two of more embodiments, each described hersin, each
{AP) segment independently comprises. n polymerized form, <10 ruol%, or <9.0 mol%, or
< 8.0 mol%. or £ 7.0 mol%, or £6.0 mol%, or 5.0 mol% of the vinvlarene, based on the
total moles of polymerized monomers in the (AP) segment.

In one embodiment, or & cornbination of two or more embodiments, each described
herein, for the ethvlene/vinylarene diblock interpolymer or the ethylene/vinviarene trblock
interpolyvimer, each (AR) segment independently comprises, in polymerized form, > 2.0
mol%, or > 4.0 mol%, or 2 6.0 mol%, or = 8.0 mol%, or 2 9.0 mol%, or = 10 mol%, or> 1
mol%, or > 12 mei%, or > 13 mol%, or > 14 moi% of ethvlene, based on the total moleg of
polymerized monomers in the (AR) segment. In one embodiment, or a combination of two or
more embodiments, each described herein, each (AR} segment independently comprises, in
polymerized form, <80 rmol%, or <77 mol%, or <75 mol%, or <73 mol%, or <70 mol%, or
<65 mol%, or <60 mol%, or <55 mol%, or < 50 mol%, or <45 mol%, or <40 mol% of
ethylene, based on the total moles of polymerized monomers in the {AR) segment.

In one embodiment, or a combination of two or more ermnbodiments, each described
herein, for the ethvlene/vinylarene diblock interpolvmer or the ethylene/vimvlarene tniblock
interpolvmer, each (AP) segment indepeﬂdentiy comprises, in polymerized form > 50 mol%
> 52 mol%, or > 34 mol%, or > 56 mol%, or > 38 mol%, or = 60 mol%, or > 62 mol%, or >
64 moi%, or 2 66 mol%, or 2 68 mol%, or 2 70 mol% of ethylene, based on the total moles
of polymerized monomers in the (AP) segment. In one embodiment, or a combination of two

or more embodiments, each described herein, each (AP} segment independently comprises, in
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polymerized form, < 100 mol%,. or <98 mol%, or <96 mol%, or <94 mol%, or <92 moi%,
or < 90 mol% of ethylene, based on the total moles of polymerized monomers in the (AP)
segment.

In one embodiment, or a combination of two or more embodiments, each described
herein, for the ethvlene/vinvlarene diblock interpolymer or the ethvlene/vinylarene triblock
mterpolymer, > 20 mol%, or > 40 mel%, or > 60 mol%, or > 80 mol%, or > 85 mol%, or > 90
mol%. or > 92 moli%, or > 94 mwol%, or 2 96 mol%, or > 98 mol%, or 2 99 mol% of the
polymerized vinviarene in each (AR} segrnent is present in a “back to back™ configuration as
shown below in subsegment bb:

At Ar {subsegment bb};, and wherein the mol% is based on the total moles of
polymerized vinviarene in the {AR) segment.

In one embodiment, or a combination of two or more embodiments, each described
herean, for the ethvlene/vinylarene diblock interpolymer or the sthylene/vinylarene triblock
mierpolvmer, > 20 mol%, or > 40 molY%, or > 60 mol%, or > 80 mol%, or > 85 mol%. or > 99
mol%, or > 92 mol%, or > 94 mol%, or > 96 mwol%, or > 98 mol%, or > 99 mol% of the
polymerized vinylarene in each {AR) segment is present in a syndiotactic “back to back”

configuration as shown below i subsegment sbb:

Ar {subsegment sbb); and wherein the mol% 18 based on the total moles
of polvimerized vinylarene in the {AR) segment,
In one embodiment, or a combination of two or more ermnbodiments, each described
herein, for the ethylene/vinylarene diblock interpolymer or the ethylene/vinylarene triblock
mterpolvaer, none of the polymerized vinylarene in each {AP) segment is present in a “back

10 back” configuration as shown i subsegment bb:

'%ﬁ /ﬁ,g
Ar  Ar " \ Ny . .
{(subsegment bb}; and wherein the mol% is based on the total moles of
polymerized vinvlarene in the (AP} segment.
Also provided is a composition formed from an inventive process as described herein.
Also provided is an article comprising at least one component formed from an inventive

composition,

[u—y
(¥
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Ethylene/Vinyiarene Biblock and Triblock Interpolymers

Examples of the formation of an ethylene/vinyiarene diblock interpolymer and the
formation of an ethylens/vinylarene triblock interpolymers are schematically shown in Figure
i A and Figure 1B, respectively. According to these figures, an ethylene/alpha-olefin random
copolymer “block,” directly bound to an organometatiic reagent, such as a zine or aluminume-
based chain-shutthng agent (CSA) or a dual-headed chain shutiling agent (BHCSA), 15
generated n the first reactor, using a first travsition metal catalvst. These resulting polymervi
zinc or polvmervl aluminum species of the first reactor are transferred into the second
reactor, The lifetime of the first transition metal catalyst {metal complex} is spent by the time
the contents of the first reactor are transferred o the second reactor. In the second reacior,
stvrene, ethylene and optionally, the alpha-olefin, are polymerized in the presence of g second
iransition metal catalyst, 1o produce a random siyrene/gthyiene interpolymer “block.”™ The
polymeryl zing or polvmenvl aluminem spectes from first reactor then undergoes chain
shutthing with the second reactor catalyst, to grow the styrene/ethylene randorn “block” onto
the ethylene/alpha-olefin polymeryl chain, vielding the desired diblock (Figure 1A) or
triblock {Figure 1B} interpolymer. The two types of random blocks (vinylarene-rich or hard
block and vimylarene-poor or soft block) differ in chernical or physical properiies. Each
block has two or more monomer types that are substantially randomly distributed within the
block.

As discussed, the ethylene/vinylarene diblock and triblock interpolymers comprise
two chemically distinet regions (referred to as “blocks”™), preferably joined in a linear roanner.
I an embodiment, the blocks differ in the amount or fype of incorporated comonomer,
density, amount of crvstallinity, type or degree of tacticity (isotactic or syndiotactic), or any
other chenucal or physical property. Compared to conventional block interpolymers of the
art, including interpolymers produced by sequential monomer addition, fluxional catalysts, or
anionic polymerization techniques, the present ethylene/vinylarene diblock and triblock
interpolymers are characterized by unique distnbutions of both polymer polydispersity (PDI
or Mw/Mo or MWD, block length distribution, and/or block nomber distribution, due to the
effect of the shuttling agent(s} in combination with multiple catalysts, used in their
preparation in dual reactors.

Vinylarene Monomers
Vinylarene monomers are aromatic monomers, and include, but are not limited to,

aromatic vinyl compounds such as mono- or poly-alkylsiyrenes (including styrene, o-
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methylstyrene, m-methylstyrene, p-methvistyrene, o, p-dirnethyistyrene, o-ethvistyrene, m-
ethvistyrene and p-ethvistyrens), and functional group-containing derivatives, such as, o-
chiorostyrene, m-chlorostyrene, p-chlotostyrene, divinylbeuzene, 3-phenylpropene, 4-
phenylpropene and g-methvistyrene, provided the monomer is polymerizable under the
conditions employed.

Chain shutling agent (C54A)

The term, “cham shuithng agent {CSA)Y” refers to a compound or a muixture of
compounds that is capable of causing a polymeryl exchange between at least two active
catalyst sites of the catalysis included in the conditions of the polymerization. That is,
transfer of a polvroer fragment occurs both 0. and {rom, one or more of the active catalyst
sites. The CSA s able to chain transfer between, for example, the AP {soft block) catalyst”
and the “AR (hard block catalyst).”

Suitable shuttling agents include, but are not Hmited 1o, Group 1, 2, 12 or 13 metal
compounds or complexes containing at least one substituted or unsubstituted hydrocarbyl
group, preferably hvdrocarbyl substituted alumunum, gallium or 7ine compounds containing
from 1 to 12 carbons in each hydrocarby! group, and reaction products thereof with a proton
source. Preferred hydrocarbyl groups are alkvl groups, preferably linear or branched, C2-C8
atkyl groups. Chain shuitling agents include. but are not hinted to, tralkylaluminum and
dialkvi zinc compounds, especially triethylaluminum, trifisopropyDaluminam,
tri{isobutylaluminum, ti{n-hexyalaminom, tridn-octy Hahuminum, triethyigaliium, or
diethylzine. See U.S. Patent 8,710,143 (incorporated herem by reference).

Dual-headed chain shuttling agents (for example, an AI-DHCSA and an AlZn-
DHCSA) are also autiable agents. Dal-headed cham shuttling agents include, but are not
limited to structures of the following fornula: R1-[M-R2-};-M-R1 where R, R2 are each
mdependently a hvdrocarbon containing between 1 and 20 carbons, n> 1, and M =Zn. See

also WOZ20G18/064546 and U.S. Patent & 501 885 {each incorporated herein by reference}.

DEFINITIONS

Unless stated to the contrary, implicit from the context, or customary in the art, all
parts and percentages are based on weight, and all test methods are current as of the filing
date of this disclosure.

The term "composition,” as used herein, includes a nuxture of materials, which

comprise the composition, as well as reaction byproducts and decomposition products formed
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from the materials of the composition. Any reaction byproduct or decomposiiion product is
typically present in trace or residual amownis.

The term "polymer," as used herein, refers to a polymeric compound prepared by
polymerizing monomers, whether of the same or a different type. The generic term polymer
thus includes the term homopoly mer (emplovyed to refer to polymers prepared from only one
tvpe of monomer, with the understanding that frace amounts of impurities can be
meorporated mto the polymer structure), and the term interpolymer as defined heremafter,
Trace amounts of impurities, such as catalyst residues, can be incorporated into and/or within
the polymer, Tvpically, a polymer is stabilized with very low amounts (“ppm” amounts) of
one or more stabilizers.

The term "interpolymer,” as used herein, refers to a polyrer prepared by the
polymerization of at lzast two different types of monomers. The term interpolymer thus
includes the term copolymer {emploved to refer 1o polvmers prepared from two different
types of monomers) and polymers prepared from more than two different types of monomers,

The term “olefin-based polyruer,” as used herein, refers 1o a polymer that comprises,
in polymerized form, 50 wi% or a majority weight percent of an olefin, such as ethylene or
propyiene (based on the weight of the polvmer), and optionally mayv comprise one or more
COIMONONIETS,

The term "propylene-based polvmer," as used herein, refers to a polymer that
comprises, in polymerized form, a majority weight percent of propylene {(based on the weight
of the polymer), and optiovally may comprise one 01 more ComoNomers,

The term "ethvleng-based polymer.” as used herein, refers (o a polymer that
comprises, in polymernized form, 50 wi% or a majority weight percent of ethylene (based on
the weight of the polymer), and optionally may COmprise one o1 MOre COMOMOMErs.

The term "vinylarene-based polymer.” as used herein, refers 1o a polymer that
comprises, 1 polymerized form, a majonty weight percent of the vinylarene {based on the
weight of the polymer), and optionally may comprise one or more comonomers.

The term "stvrene-based polymer,” as used herein, refers to a polvmer that comprises,
in polymerized form, a majority weight percent of styrene {based on the weight of the
polyrmer), and optionally may comprise one or more COMOROMErs.

The terro “ethviens/alpha-olefin interpolyruer,” as used herein, refers to a random
interpolvimer that comprises, in polymerized form, 50 wi% or a majority weight percent of

ethylene (based on the weight of the interpolymer), and an alpha-olefin.
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The term, "ethyiene/alpha-olefin copolymer,” as used herein, refers 1o a random
copolymer that comprises, in polymernized form, 50 wt% or a majority weight percent of
ethylene (based on the weight of the copolymer), and an alpha-olefin, as the only two
monomer types.

The term, "ethylene/vinylarene copolymer,” as used herein, refers to a random
copolymer that comprises, in polymerized form, 50 wi% or a majority weight percent of
ethylene (based on the weight of the copolvmer), and a vinvlarene, as the only two monomer
types.

The phrase

¢

‘a majority weight percent,” as used herein, in reference to a polymer (or
interpolviner, or terpolvroer or copolvmer), refers to the amount of monomer present in the
greatest amount in the polymer,

The term "ethylene/vinylarene diblock interpolymer,” as used herein, refers to a
diblock interpolymer that comprises a vinylarene-rich (AR} segment and a vinylarene-poor
{AP) segment. See, for exaraple, Figure 1A The AR segment coraprises, in polymerized
form, > 10 mol% of the vinylarene. The AP segment comprises, in polymerized form, < 10
mol% of the vinylarene. Each mol% is based on the total moles of polymerized monomers in
the respective segment. The diblock interpolvmer comprises, m polymerized form, ethvlene,
the vinylarene, and may comprises other monomer types. The term "ethylene/vinyiarene
diblock copolymer,” as used herein, refers to a diblock copolymer that comprises a
vinylarene-rich {AR) segment, as discussed above, and a vinylarene-poor (AP) segment, as
discussed above. The diblock copolymer compnses, n polymerized form, ethylene and the
vinylarene, as the only two monomer types.

The term “ethvlens/alpha-olefin/vinvlarene diblock interpolvimer,” as used herein,
refers to a diblock nterpolvmer that comprises a vinylarene-rich {AR) segment and a
vinylarene-poor {AP) segment. See, for example, Figure 1A, The AR segment comprises, in
polymerized form, > 10 moi% of the vinvlarene. The AP segment comprises, in polymerized
form, <10 mol% of the vinylarene. Each mol% is based on the total moles of polvmerized
monomers it the respective segment. The diblock mnterpolymer comprises, in polymenzed
form, ethylene, the alpha-olefin and the vinylarene, and may comprises other monomer tvpes.
The term "ethylene/alpha-olefin/vinylarene diblock terpolymer,” as used herein, refers to a
diblock terpolymer that comprises a vinylarene-rich (AR} segment, as discussed above, and a

vinylarene-poor (AP) segment, as discussed above. The diblock terpolvmer comprises, in
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polymerized form, ethylene, the alpha-olefin, the vinviarene, as the only three monomer
types.

The terro "ethvleve/vinylarene triblock ioterpolymer,” as used herein, refers to a
triblock mierpolymer that comprises either two vinylarene-rich (AR} segments and one
vinylarene-poot (AP) segment located between the AR segments, or two vinylarene-poor
(AP} segments and one vinylarene-rich (AR} segment, located between the AP segments.
See, for example, Figure 1B. The AR segment comprises, i polvmerized form, > 10 mol%
of the vinylarene. The AP segment comprises, in polvmerized form, < 10 mol% of the
vinylarene, Each mol% is based on the total moles of polymerized monomers in the
respective segment. The triblock interpolymer comprises, in polymerized form, ethvlene, the
vinylarene, and may comprises other monomer types. The term "ethylene/vinylarene triblock
copolymer,” as used herein, refers o a triblock copolymer that comprises either two
vinylarene-rich (AR) segments and one vinviarene-poor {AP) segment, as discussed above, or
two vinvlarene-poor {AP) segments and one vinylarene-rich (AR} segment, as discussed
above. Each AR segment and AP segment are described above. The triblock copolymer
comprises, in polymerized form, ethvlene and the vinylarene, as the only two monomer types.

The terra “ethvienc/alpha-olefin/vinviarene triblock mterpolymer,” as used herein,
refers to a triblock interpolymer that comprises either two vinylarene-rich (AR} segments and
one vinylarene-poor (AP) segment, located between the AR segments, or two vinylarene-
poor {AP) segments and one vinviarene-rich (AR} segment, located between the AP
segments. See, for example, Figure 1B, The AR segment coroprises, in polymerized form, >
10 mol% of the vinylarene, The AP segment comprises, in polymerized form, < 10 mol% of
the vinvlarene. Each mol% is based on the total moles of polymerized monomers in the
respective segment. The triblock mterpolymer comprises, in polymerized form, ethylene, the
alpha-olefin, the vinylarene, and may comprises other monomer types. The term
"ethvieng/alpha-olefin/vinylarene friblock terpolymer,” as used herein, refers to a triblock
terpolvmer that comprises, in polvmerized form, either two vinylarene-rich {AR) segments
and one vinylarene-poor (AP) segment. as discussed above, or two vinylarene-poor (AP)
segments and one vinylarene-rich {AR) segment, as discussed above. Each AR segment and
AP segment are described above. The iriblock terpolvimer comprises, u polymerized form,
ethylene, the alpha-olefin and the vinviarene, as the only three monorer types.

The term “vinylarene,” as used herein, refers to a chemical compound coraprising a
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“-CR=CHR’ (where R and R’ are each independently H or an alkyl)” bonded to an aromatic
ring struchire, such as & monocyelic, bicyclic or fricychic ring structure. The aromatic ring
structure may or mav not comprise one or more hetercatorn groups, and may of may not be
substituted with one or more heteroatom groups. Exarnples of vinylarenes include, but are
not limited to, styrene, 2-vinyi toluene and 4-vinyltoluene, and alpha-methy! styrene.

The term “alkylsilane group,” as used herein, refers to a chemical group comprising at
least on -Si-R mooiety, where R is an alkyl. Some exaroples of such groups mnclude the
fGHOV\JingI -CH2-S1{CH; )3, ~CH3-Si(HYCHa), -CHo-Si{Hp{CTH;), ~Si{CH:)a, -Si(HYCHs),
-Si{Hp(CH:).

The terra “heteroatom,” refers to an atom other than hydrogen or carbon (for example,
O, NorP).

The term “hetercatom group” refers to a heteroatom or (o a chemical group containing
one or more heteroatoms.

The terms “hydrocarbon,” “hydrocarby! group,” and stular terms, as used hetern,
refer 1o a respective compound or chemical group, etc., containing only carbon and hydrogen

atoms. A divalent “hvdrocarbylene group” is defined in similar manner.

The terms “heterohvdrocarbon,” “heterchydrocarbv] group,” and simular terms, as
used herein, refer to a respective hvdrocarbon,” or “hydrocarbyl group, etc., in which at least
one carbon atom is substituted with a hetercatom group {for example, O, N or P}. The
nmonovalent heterohydrocarbyl group may be bonded (o the remaining corpound of interest
via a carbon atom or via a heteroatom. A divalent “heterohydrocarbvlene group” is defined
in similar manner; and the divalent heterchydrocarbylene group may be bonded to the
remaining compound of interest via two carbon atoms, or two heteroatoms, or 3 carbon atom
and a heteroatom.

The terms “substituted hvdrocarbon.” “substituted hydrocarby! group,” and similar
terms, as used herein, refer to a respective hydrocarbon or hydrocarbyl group, etc., in which
one or more hydrogen atoms is/are independently substituded with a heteroalom group.

The terms “substituted heterohydrocarbon,” “substituied heterohvdrocarbyl group,”
and similar terms, as used herein, refer to a respective heterohvdrocarbon or heterohydro-
carbyl group, etc., in which one or more hvdrogen atoms is/are independently substituted
with a heteroatom group.

The term “arvl,” “arvi group,” and similar terms used herein, refer to a monovalent

aromatic hydrocarbyl or aromatic hydrocarbyl group, etc., comprising one or more ring
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structures; for example, a monocyelic, a bicyclic or a tricyelic ring struciure.

The term “hetercaryl” “heteroaryi group,” and similar terms used herein, referto a
monovalent arvl or arvl group, etc., in which one or more carbon atoms of the backbone ring
structure(s} is/are independently replaced with a hetercatom group.

The terms “substituted arvl” “substituted aryl group,” and similar terms, as used
herein, refer to an arvl or arvl group, etc., in which one or more hydrogen atoms is/are
mdependently substituted with a heteroatom group.

The terms “substituted hetercaryl,” “substituted heteroaryl group,” and similar terms,
as used herein, refer (o a heteroarvl or heteroaryl group, ete., in which one or more hydrogen
atoros is/are independently substituied with a hetercatom group.

The term “arvlene,” “arvlene group.” and similar terms used heren, refer o a divalent
aromatic hydrocarbviene or aromatic hydrocarbylene group, efc., comprising one of more
ring structores; for example, a monocyclic, a bicvelic or a tricyclic ring structure.

R

The terms “substituted arvlene,” “substituted arviene group,” and similar terms, as
usad herein, refer to an arviene or arvlene group, etc., in which one or more hydrogen atoms
is/are independently substituted with a heteroatom group.

The terru “substituted or unsubstituied (Ci—Cacthvdrocarbyl,” and other like terms, as
used herein, denoted the range of total carbon atoms (for example, 1 to 30) that a substituted
or unsubstituted hydrocarby! radical may contain. Note, other monovalent chemical groups
{for example, a substituted or unsubstituted (Cs-Cao} ary group) with a noted carbou range
are defined in like manner,

The term “substituted or unsubstituted (C1—Cspiheterohydrocarbyl,” and other like
termns, as used herem, denoted the range of total carbon atoms {for example, 1 to 30 that a
“substituted or unsubstituted heterohydrocarbyl radical may contain. Note, other monovalent
chemical groups with a noted carbon range are defined in like manner.

The term “substituted or unsubstitited {Cs-Cae} arylene group,” and other like terms,
as used herein, denote the range of total carbon atoms (for example 2 1o 6) that a substituted
or unsubstituted arvlene group may contain. Note, other divalent chemacal groups with a
noted carbon range are defined 1n like manner,

The term “bridging group,” as used herein, in reference to a metal complex, refers to a
divalent organic group that is bonded to two atoms, located at different points in the
remaining structure of the metal complex. For example, see the bridging groups of each of

Formulas $1 (7Y, 82 (1), $3 (J%), $4 3%, 85 (P, H2 (%)
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The phrase “bridging group coraprising from 2 to 40 atoms other than hydrogen,” and
sinnifar phrases, as used herein, in reference to a metal complex, denote the range of total
atoms other than hydrogen (for example 2 to 40} that an bridgiog group may conlain. Note,
other bridging groups with a noted carbon range are defined in like manner.

The term “Lewis base,” as used herein, in reference to a metal complex, refersto a
chemical compound or chenical group that can donate a pair of electrons to form a bond with
a metal or another chenucal group. Examples of Lewis bases include, but are not limated to,
tetrahvdrofuran (THF), diethylether, dimethvianiline, or tnimethyviphosphine.

The terms “syndiotacticity,” “syndiotactic,” and similar terms, as used hergin, n
reference to polymerized vinvlarene units, refer 1o an aliemnating stereocherical
configuration of two or more pendant arvl (for example, phenyl) groups. See for example,
subsegment sbb.

The term “polymer structare,” in reference to Structures 1, 2 and 3, refers to the entive
molecule of the noted ethvlene/vinylarene diblock interpolviner or ethylene/vinviarene
triblock mterpolymer.

The notation “AR,” in reference to a diblock or triblock interpolymer, referto a
polymer segment of the respective mierpolymer that comprises, in polymenze form, > 10
mol% of a vinylarene. This notation refers to a “vinylarene-rich” segment.

The notation “AP,” in reference to a diblock or triblock interpolvmer, referica
polymer segment of the respective interpolymer that comprises, in polymerize form, <10
mol% of a vinvlarene, This notation refers to a “vinylarene-poor” segrent,

The phrase “each segment,” in reference o an AR segment {or block) or an AP
segment {or block), refers to an AR segment or an AP segment located at the end of the
polymer molecule or within the polymer molecule. In reference to a diblock interpolymer, an
AR segment 1s located at one end of a polymer molecule, and an AP segment is located at the
other end of the polymer molecule. In reference to a triblock imterpolymer, two AR segmenis
are located at each end of a polymer molecule and an AP segment is located between these
two AR segments, or two AP segments are located at each end of a polymer molecule and an
AR segment is focated between these two AP segments.

The term “solution polymerization,” as used herein, refers io a polymerization process
mn which the monomer(s), catalyst(s) and formed polymer are all soluble in the

polymerization solvent or solvent blend of two or more solvents,
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The term “continuous solution polymernzation,” as used herein, refers {0 a solution
polymerization in which monomer(s) are continually fed fo a reactor, and polymer is
corttinually rerooved from the reactor.

The term “metal corplex.” as used herain, refers to a chemucal structure comprising a
metal or metal ion that is bonded and/or coordinated to one or more ligands (ions or
molecules that contain one or more pairs of electrons that can be shared with the metal). See
for example, the metal complexes of Formulas 81, 82, §3, 84, 85, Hl and H2. The metal
complex is typically rendered catalytically active by the use of one or more cocatalysts.

The term “scavenger,” as used herein, refers 10 a chemical compound added (o a
polyrmerization reaction fo remove or deactivale impunities or unwanted reaction products
{(for example, oxygen). Examples of some scavenger include alununum alkyl compounds,
such as MMAQ and MMAQO-3A.

The term “reactor product,” as used herein, refers to the final polymerization mixture
jo a reactor, and which coroprises one or more polyroer(s), and tyvpically solvent,

The terms "comprising,” "inchuding,” "having,” and their derivatives, are not intended
to exclude the presence of any additional component, step or procedure, whether the same is
specifically disclosed. In order to avoid any doubt, all compositions claimed through use of
the term "comprising" may include any additional additive, adjuvant, or compound, whether
polymeric or otherwise, unless stated to the contrary. In contrast, the term, "consisting
essentially of” excludes from the scope of any succeeding recitation any other component,
step or procedure, excepting those that are not essential to operability. The term "consisting

of” excludes any component, step or procedure, not specifically delineated or listed.

Listing of Some Processes and Compeositions
Al A process to form a composition comprising an ethvlene/vinylarene diblock
iterpolymer and/or an ethvlene/vinylarene triblock interpolymer, and further
ethylene/vinylarene diblock interpolymer or an ethylene/vinylarene friblock interpolymer,
said process comprising at least the following steps:

A) polymerizing in a reactor A, a mixture A comprising ethylene, and optionally an
alpha-olefin, and optionally a vinviarene, in the presence of at least the following: a) a metal
coraplex S selected from the following: Formula 81, Formula 82, Formula S3, Formula 84,

or Formula 85:
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R1
/
J! \M‘EXH
\Tf

R? {Formula 81}, as described above (see Suromary of the Invention (SOh):
SJ
ﬂX\MWn
\w/
Ré {Formula S2), as described above (see SOI); and with respect o each of R’

and R* is independently selected from a substituted or an unsubstituted (Ce-Caojarvl group. or
a substituied or an unsubstituted {Cs-Caotheteroary] group; further each of R and R is
ndependently selected from a substituted or an unsubstituted (Cs-Ci)arvl group, or a

substituted or an unsubstituted (Cs-Cypheteroarvl group;

=8
Il N
[
I‘Jg B '[ Xr'
\Tj//,f
' (Formula §3), as described above (see SOI);
RZC
21 1%
R N

Ri® {Formula S4), as described above {see SOIY,

{Formula $3), as described above (see SOI);
B) polvmerizing in a reactor B, a mixture B comprising ethylene, a vinylarene, and
optionally an alpha-olefin, i the presence of at least the following:
wherein the metal complex is overall charge-neutral; or
b} a metal complex H selected from the following Formula H1 or Formula H2:

2

(v
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{Formula H1), as described above (see SO},

{Formula H2}, as described above (see SOI): and with respect to R! and
R? are each independently a bridging group comprising from 2 to 41 atoms other than
hydrogen, and wherein, optionally, R’ and R® each independently may be a substituted or
unsubstituted arviene group; further R’ and R* each independently may be an arvlene group
{unsubstituteds;

wherein step & occurs before step B, and at Jeast a portion, and further 2 50 wi%, or >
80 wit%, or > 90 wi%, or > 98 wi%, of the reactor product in reactor A is transferred to
reactor B; or step B occurs before step A, and at feast a portion, and further = 50 wt%, or > 80
wid, or 2 90 wi%, or = 98 wi%, of the reactor product in reactor B 1s transferred to reactor
A; and wherein each wi% is based on the total weight of the respective reactor product; and

wherein if step A occurs before step B, then at feast one chain shuitling agent is fed
into the reactor A, and

wherein if step B occurs before step A, then at least one chain shuttling agent 15 fed
into the reactor B; and

wherein the vinvlarene in step A = the vinvlarene in step B; and the alpha-olefin in step A

=the alpha-olefin in step B.
B The process of A} above, wherein, the metal complex § is selected from the

following: Formula Sta or Formula 82a:

Xt X2
\ 3 Art
el
N : .
‘ ~ Ars
= {Formula S1a},

26

INCORPORATED BY REFERENCE (RULE 20.6)



WO 2022/133143 PCT/US2021/063915

wherein X' and X* are each independently selected from a substituted or unsubstituted
{Ci-Usolhydrocarbyi, a substituted or unsubstituted (C1-Cagpheterohydrocarbyi, or —H, and
further a substituted or unsubstituted benzyl, or —H; and wherein X' and X* may optionally
be linked;

Ar' and Ar® are each, independentily, a substituted or unsubstituted aryl or a substituted or
ansubstituted hetercaryl group,

R is a substituted or unsubstituted arviene group:

R <\

i \XS

\Aﬁs {Formula $2a),

wherein X° and X' are each independently selected from a substituted or unsubstituted
{Ci-Caothydrocarbyl, a substituted or unsubstituted (C1-Cagdheterohydrocarbyl, or —H, and
further a substituted or unsubstituted benzyl, or —H; and wherein X° and X* may optionally
be linked;

R¥ is selected from a substituted or unsubstituted {Ci-Csodhydrocarbyl, a substituted or
unsubstituted (C1-Cactheterohydrocarbvl, or —H, and further a substituted or unsubstituted
benzyl, or —H;

Ar® and Ar* are each, independently, a substituted or unsubstituted ary] or a substituted or
unsubstituted heteroaryl group.
C} The process of A or B} above, wherein, metal complex 8§ selected from the following
structures: s1al, sla2, sta3, slad, s1a5, s2al, s3al, s3a2 5343, sdal or s3al, and futher any

combination of two or more of these structures:

%2
/‘\/wHt oY N {CHaj2

)\L N )‘\f C(C"!o}o
m {slal), \J/"TJ\/ {(s1a2). HC {sia3),

B Mo Me ‘P’\QE 30\/\/1%\1»34@
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HyE
Q:\ E;
\ ,_—N
M.C
3 R
| Qi/cri% HN--»\%\‘XZ X = CH,CyHg
gl THCHa) & [ om,
P AN e
j\j CiCH) Y
A {s1as), CHy (s2al).
(HCHHE \(ch}gc _____
C{CHs)a N C(CH
X = CHaCabs (HEh C%\’_[‘ﬂ‘ ';V/ X = CH,CoHs
{s3al), CHCHs)? CH&“HJ : (s3a2)
/,.f\ one \\;&\ /'\'=>
S Y LY - s
\7/&53 ) k( 7},} {yfﬁ‘,}
HSC ot o) PR ;V"!} e,
/ \Z’QX R /7"'"[ CaHeH; C CH HS%
ot o ik S H3C--1\:m-?‘l., i c-J MCH3
== H A !m
c<c»-sg)37/4\, K= CH Gt <L<
R (s3a3), - (sdal).or
¢
Eﬁ
s C),SiY K
{Ha\lz \Q Z.l'u:g
bed
P
[ ] ‘
= {s5al},

D] The process of any one of A}-C] (A] through C}) above, wherein, the metal complex

S s selected from structure s1al or structure sla2:

Me e | NP )
12 |
- /gf\w

- i \3 'Pi
F Pr&\/i {slaZ).

Ej The process of Al-D] above, wherein, the metal complex H is selected from the

following: Fornula Hia, Formula Hib, or Formula H2a:
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Q1/Sic\ b
QZ i}

(Formula Hla), wherein RY, R%, R, RY, and R® are each independently
H, a substitted or unsubstituted hvdrocarbyl group. a substituted or unsubstituted
heterchydrocarby! group; and further H, an alkvl group or an alkylsilyl group; and further an
atkyl group or an alkylsilyl group;

Q' and Q7 are each independently a substituted or unsubstituted hydrocarbyl group: a
substituted or unsubstituted heterohydrocarbyvl group; or a halogen; and further an aryl group;
an alkvlsilvl group, an alkoxy group, a halogen, or -NRR’, wherein R and R” are each
independently g hvdrocarbyl or an SiR”, where R” 18 an hydrocarbyl; and further an arv
group, an atkylsilvl group or an atkoxy group; and

L is a Lewis base, each n is independently 0 or 1 and

wherein optionally at least one L group and at least one Q@ group are connected, and

optionally at least one R group and at least one Q group are connected;

at” EE\Q‘"’
& (Formula H1b), wherein R', R2, R, R*, and R’ are each independently
{ P ;

H, a subsiituted or unsubstituted hvdrocarbyvl group, or a substituted or unsubstituded
heterohydrocarby! group; and further H an alkyl group or an alkylsilyl group, and further an
atkyl group or an atkylsilyl group;

0!, @7 and Q° are each independently a substitated or unsubstituted hydrocarbyi
group; a substituted or unsubstituted heterohvdrocarbyl group; or a halogen; and further an
arvl group; an alkylsivl group, an alkoxy group, a halogen, or -NRR’, wherein R and R’ are
each independently a hydrocarbyl or an S5iR”, where R is an hydrocarbyl; and further an aryl
group, an atkoxy group or a halogen; and

wherein optionally at least one R group and at least one Q group are connected;
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b (Formula H2a). wherein M is Ti, B or Zr, and further Zr or Hf, and

further 7r; and wherem;

R® and R® are each independently selected from the group consisting of ~H, a
substituted or unsubstituted {C1-Caophydrocarbyl, a substituted or unsubstituted {Cy~
C g iheterohydrocarbyl, —SHR O, —Ge(RY);, —PRY), -N(RNY, ~OR®, —8SRE, —NOo, N,
~CFs, R%(0)-, RES(O), (REnC=N-, REC(0)0~, R°OC{D)—, RECIOINR)~,
(RORMNC(O)~, halogen, radicals having fornmula (1), radicals having fornmila (1), and radicals
having formoula (HI):

R
R?«A 932

SR p
; ),
R385 A g

o338 48 i §1-59 ¢ ; S (1
where each of R¥ %, RH 4 and RV {5 independently selected from a substituted or

unsubstituted {C-Cycthydrocarbyl, a substituted or unsubstituted (Ci-Caodheterchydrocarbyl,
~SiR")s;, ~Ga(REp, ~PR")z, ~N(RN), ~N=CHRE, ~OR®, ~SRC, -NO», ~CN, ~(Fs,
RES(O), RES(On~, REpC=N-, RC3I0-, REOC(O)-, RECIOMRY -, (REnNC(O)-,
halogen, or —H;

each of R’ and R” is independently selected from a substituted or unsubstituted (Cs-
Cuyhvdrocarbyl, a substituted or unsubstituted {{'j-Copheterohvdrocarbyl, ~Si{R%y,
~Ge(R%%, ~P(R), ~N(RM), -N=CHR®, ~OR", —8RE, -NO», ~CN, ~CF5, R'S$(0)—,
RES(Op—, (REpC=N-, RECO10—, RYOC(O)—, RECIOMNR—, (RE1pNC(O)—, halogen, or
—H;

R is optional, and if present is a substituted or unsubstituted (Ci—Cuodhydrocarbyiene
ot a substituted or unsubstituted {C—Cyodheterohvdrocarbylene;

RY is optional, and if present is a substituted or wnsubstituted (Ci1—Cuothydrocarbyiene

or a substituted or unsubstituted (C1—Cuodheterohydrocarbylene;
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Q1 and Q2 are each independendly a substituted or unsubstituted by drocarbyl group or
a halogen, and further an aryl group, an alkoxy group or a halogen;

L 15 a substituted or unsubstituted {Ci—Caslhydrocarbylene or a substituted or
unsubstituted (C1—Cuodheterohydrocarbylene, wherein the substituted or unsubstituted
{Ci—Caodhydrocarbvlene has a portion that comprises a 1-carbon atom to 10-carbon atom
hinker backbone, linking the two Z groups in Structure H2a (to which L is bonded); or the
substituted or unsubstituted {C1—Caodheterohydrocarbvlene has a portion that comprises a |-
atom to 10-atom linker backbone, linking the two 7 groups in Siructure H2a, wherein each of
the 1 to 10 atoms of the I-atom to 10-atom linker backbons of the substituied or unsubstituted
{Ci~Cappheterchydrocarbylene, independently, 1s a carbon atom or heteroatom of a
hetercatom group, wherein each heteroatom group is independently O, 8. ${0), ${0}),.
SIRY), Ge(RY %, P(R™), or N(R), wherein, independently, each R” is a substituted or
ansubstituted (Cr-Caodhydro-carbyl or 4 substituted or unsubstituted {C1—Cagheterohy dro-
carbyl: and wherein each RY, RY, and remaining R in Formula H2a is independently a
substituted or unsubstituted (Ci-Csodhiydrocarbyl, a substituted or unsubstituted
{Ci-Cropheterohvdrocarbyl, or —H; and

and each of Z' and 77 is independently selected from —8§, ~N{R™)}, or ~P{R), wherein
R and R® are defined above.

F| The process of AJ-E] above, wherein, the metal complex H is selected from the
following formulas hial, hia2, hia3, kibi, hib2, hib3, hZal or h2a2 (note: Bn = bensyl

group (Ph-CHz-)):

do - \i@z" .

- ]
~ Yy T | gy

N THE T o
s&i f\\ﬂ/ \?\:\4’ sid J/\i bi
4 (hial), ~* (hta2y, 7| (hia3), ~ {hibl),

e .
™ PO )
(é\\ B E\fﬂ‘t\o e
| “Z:r’ élw \ \,EE o
- - D)
. \}%/ - V\‘\ b / Kj \? Kf: 73
i gy ; (:%~§‘ oy L
A8 : \ @
L iy ™™ iy 2 ]
AN (h1b2), B (hIb3), N (h2al) or A (h2a2)

(] The process of any one of AJ-F] above, wherein the metal complex S 15 selected from
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Formwla §1, and further Formula Sia

Hj The process of any one of A]-F{ above, wherein the metal complex 8 is selected from
Formula 82, and further Formula $2a,

i The process of anv one of A]-Fi above. wherein the metal complex S 15 selected from
Forrmila 83

I The process of any one of Al-F] above, whergin the metal complex 8 1s selected from
Formula S4.

K] The process of any one of A-F] above, wherein the metal complex § is selected from
Formula §5.

L The process of any one of AJ-K] above, wherein the metal complex H is selected from
Formula Hi, and further Formula Hia or Formula Hib.

M|  The process of any one of A}-K{ above, wherein the metal complex H 1s selected from
Formuta H2, and further Formula H2a.

N} The process of any one of A]-M] above, wherein the at least one chain shuitling agent
is sefected from the following: an alkyl zinc compound, an alkyl aluminum compound, a dual
headed chain shuttling agent, or a combination thereof.

0] The process of anv one of A]-N} above, wherein the at least one chan shuttling agent
15 selected from the following: Zn(CHCH3 ), ACHCHz ks, an AL-DHCSA a ZnAl-DHCSA
or a combination thereof, and further an ALDHCSA, a ZnAl-DHCS A or a combination
thereof.

P The process of any one of A}-0} above, wherein the at least one chain shuttling agent
is added fo reactor A,

Q] The process of any one of A-O] above, wheremn the at least one cham shutthng agent
is added to reactor B.

R} The process of any one of A]-O} above, wherein the at least one chain shuttling agent
is added to both reactor A and reactor B.

5] The process of any one of A[-R] above, wherein step A occurs before siep B

T The process of 8] above, wherein unreacted monomer i reactor B 15 recveled back to
reactor A

U] The process of any one of A[-R] above, wherein step B occurs before step A

V] The process of U] above, wherein unreacted monomer in reactor A is recycled back to

reactor B.
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Wi The process of any one of A]-V{ above, wherein, the polymerization is a solution
polymerization, and further a continuous solution polymerization.

X] The process of any one of A]-W] above, whereis, i reactor 4, the polvisenization
takes place at a temperature > 90°C, or > 95°C, or > 100°C, or 2 105°C, or > 110°C, or>
115°C.

Y] The process of any one of A[-X] above, wherein, in reactor A, the polymerization
takes place at a temperature < 200°C, or £ 190°C, or L 180°C, or T 170°C, or < 160°C, o1 <
150°C, or <H45°C, or < 140°C. or <135°C, or < 130°C, or <125°C.

Z} The process of any one of A]-Y] above, wherein, in reactor B, the polymerization
takes place at a teraperature = 90°C, or > 953°C, ar > 100°C, or > 103°C, or > {10°C, or >
iseC.

A2} The process of any one of A}-Z] above, wherein, in reactor B, the polymerization
takes place at a temperature <200°C, or < 190°C, or < 1B0°C, or < 170°C, or £ 160°C, or £
150°C, or <145°C, or < 140°C, or 135°C, or € 130°C, or £ 125°C,

B2}  The process of any one of AJ-AZ} above, wherein the polymerization in reactor A
takes place at a pressure > 90 psig, or > 100 psig, or > 110 psig, or > 120 psig, or > 130 psig,
ot > 140 psig, or = 150 psig, or > 160 psig, or > 170 psig, or > 180 psig.

C2}  The process of anv one of A|-B2] above, wherein the polymerization in reactor A
takes place at a pressure < 250 psig, or < 240 psig, or < 230 psig, or < 220 psig, or < 210 psig,
or < 200 psig.

D2} The process of any one of AJ-CZ] above, wherein the polymerization in reactor B
takes place at a pressure > 90 psig, or > 100 psig, or > 110 psig, or > 120 psig, or = 130 psig,
or > 140 psig, or > 150 psig, or > 160 psig, or > 170 psig, or > 180 psig.

EZ]  The process of anv one of AJ-D2] above, wheretn the polymerization in reactor B
takes place at a pressure < 250 psi, or < 240 psi, or <230 psi, o1 <220 pst, or <210 pst, or £
200 psi.

F21  The process of any one of AJ-E2] above, wherein, for the ethylene/vinylarene diblock
mterpolymer or the ethylene/vinvlarens trblock interpolymer, the vinvlarene is styrene.

(G2} The process of anv one of A}]-F2| above, wherein the mixture A comprises the alpha-
olefin,

H2]  The process of G2} above, wherein the alpha-olefin 15 a C3-C20 alpha-olefin, further

a C3-C10 alpha-olefin, further a C3-C8 alpha-olefin, further propylene, 1-butene, f-hexene or
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I-octene, further propyiene, i-butene or 1-octene, further 1-butene or 1-octene, further 1-
octene,

12)  The process of any one of AJ-HZ] above, wherein the mixture B conprises the alpba-
olefin.

J2]  The process of 12] above, wherein the alpha-clefin is a C3-C20 alpha-olefin, further a
C3-C10 alpha-olefin, further a C3-C¥ alpha-olefin, further propylene, 1-butene, 1-hexene or
t-octene, further propylene, 1-butene or 1-octene, further 1-butene or 1-octene, further 1-
octane.

K2l The process of anv one of A]-J2} above, wheretn the molar ratio of “the metal of
complex 87 to “the metal of complex H” 15> 0.03, 0r > 0.1, 01 > §.5.

LZ]  The process of anv one of AJ-KZ} above. wherein the molar ratio of “the metal of
complex 87 to “the metal of complex H” 15 < 1000, or < 500, or £ 100.

M2]  The process of any one of A-L2] above, wherein the molar ratio of “the metal of the
chain shuttling agent” to “the sum of the metal of complex § and the metal of complex H” is
>28, 01250, 0r> 10, or = 20, or > 40, or > 100.

N2} The process of anv one of A]-M2} above, wherein the molar ratio of “the metal of the
chain shuttling agent” to “the sum of the metal of complex S and the metal of complex H” 13
<1600, or < 800, or <500

02}  The process of any one of A|-M2} above, wherein metal complex 8 has a reactivity
a1, Yethvlone)vinylarene) = E(athylone) ety teney Kicthylene)eviny tareney, from 50 10 1000, Ruther from 100
10 500.

P2} The process of anv one of A}-02] above, wherein metal complex H has a reactivity
tatio, Fethylene)vinylarene) ™ k(ethyiene)(etixyfcnﬁ)/ i‘l(;’,myleue){vmyiare.ne), from 1 to 10,

Q2] The process of any one of A]-P2] above, wherein composition further comprises 4
polyethylene homopolymer, an ethviene/vinylarene copolymer, an ethviene/alpha-olefin
copolymer, or a combination thereof.

R2} A composition formed from the process of any one of A}-Q2] above.

A3] A composition comprising an ethylene/vinylarene diblock mterpolvmer or an
ethylene/vinylarene triblock interpolymer, said diblock interpolyer comprising at Jeast one
polymer structure selected froro Structure 1, as shown below, and said tnblock interpolvimer
comprising at least one polymer structure selected from Structure 2 or Structure 3, each as

shown below, where AR refers to vinylarene-rich and AP refers to vinylarene-poor
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{AR}-(AP) (Structure 1},

{AR)-{AP}(AR) (Structure 2},

{AP(AR-(AP} (Structure 3); and

wherein each {AR) segment independentlv comprises, in polymerized form, ethylene,
the vinylarene and optionallv an alpha-olefin; and

wherein each {AP) segment independently comprises, in polymerized form, ethylene,
optionally the vinylarene and optionally the alpha-olefin; and

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

wherein each (AP) segment independently comprises, in polymerized form, < 10
mol% of the vinylarene, based on the total moles of polymerized monomers in the (AP)
segment.
B3] The comnposition of A3} above, wherein, for the ethylene/vinylarene diblock
interpolymer or the ethylene/vinyiarene tnblock interpolymer, each (AR} segment
independently comprises, in polymerized form, > 15 mol%, or > 20 moi%, or > 25 mol%, or
= 30 mol%, ot = 35 mol%, or = 40 moi%s, or > 45 mwol%, or 2 50 mol%, or > 55 mol%, or >
60 mol%, of the vinylarene, based on the total moles of polymerized monomers m the (AR)
segment.
C3}  The composition of A3} or B3] above, wheretn for the ethylene/vinylarene diblock
interpolvmer or the ethylene/vinylarene triblock interpolvmer, each (AR) segment
independently comprises, in polymerized form, < 100 mol%, or <98 mol%, or < 96 mol%, or
<94 mol%, or <92 mol%, or <91 mol% of the vinvlarene, based on the total moles of
polymerized monomers in the (AR) segment.
D3] The composition of any one of A3]-C3] above, wherein, for the ethylene/vinylarene
diblock mterpolymer or the ethylene/vinylarene triblock interpolymer, each {AP) segment
independently comprises, in polymerized form, = § mol%, or > 0.2 moi%, or > 0.4 mol%, or
= 0.6 mol%, or = 4.8 mol%s, or > 1.0 mwol% of the vinviarene, based on the total moles of
polymerized monomers in the (AP} segment.
E3]  The composition of any one of A3}-D3] above, for the ethvlene/vinviarene diblock
mnterpolvmer or the ethviene/vinviarene tnblock interpolyvmer, each (AP) segment

independently comprises, in polymerized form, < 10 mol%. or < 9.0 mol%. or < 8.0 mol%, or

5]
v
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< 7.0 mol%, or <6.9 mol%, or 5.0 mol% of the vinylarene, based on the total moles of
polymerized monomers in the (AP} segment.

F3]  The composition of any one of A3]-E3] above, wherein, for the sthylene/vinylarene
diblock interpolymer or the ethylene/vinylarene inblock interpolymer. each (AR) segment
independently comprises, in polymerized form, > 2.0 moi%, or > 4.0 mol%, or > 6.0 mol%,
or > 8.0 mol%, or > 9.0 wol%, or > 10 mol%, or > 11 mol%, or > 12 mol%, or > 13 mol%, or
> 14 mol% of ethylene, based on the total moles of polymerized monomers in the (AR)
segment.

(3] The composition of any one of A3]-F3] above, wherein, for the ethvieng/vinylarene
diblock interpolvimer or the ethylene/vinylarene inblock interpolymer, each (AR) segment
mdependently comprises, in polymerized form, < 80 mol%. or < 77 moi%, or <75 mol%, or
<73 mol%, or < 70 mol%, or <65 mol%, or <60 moi, or <35 mol¥%, or <30 mol%, or <
45 moi%, or <40 mol% of ethylene, based on the total moles of polvmerized monomers in
the (AR) segment.

H3]  The composition of any one of A3{-G3] above, wherein, for the ethvlene/vinylarene
diblock interpolymer or the ethylene/vinylarene triblock interpolymer, each (AP) segment
mdependently coraprises, ju polymerized form, > 50 mol%, = 52 mol%, or > 54 rool%, or >
56 mol%, or > 58 mol%, or > 60 mol%, or > 62 mol%, or > 64 mol%, or > 66 mol%, or > 68
mol%, or > 70 mol% of ethylene, based on the total moles of polymerized monomers in the
{AP) segment.

131 The composition of any one of A3]-H3] above, wherein, for the sthvlene/vinylarene
diblock interpolymer or the ethylene/vinylarene triblock interpolymer, each (AP) segment
mdependently comprises, in polymerized form, < 100 mol%, or <98 mol%, or <96 mot%, or

<94 mol%, or <92 mol%, or <90 mol% of ethvlene, based on the total moles of
polymerized monomers in the (AP) segment.

§3]  The composition of any one of A3]-13] above, wheremn, for the ethylene/vinylarene

diblock mterpolyvmer or the ethylene/vinylarene triblock interpolvimer, each {AR) segment

>

mdependently comprises, i polymerized form, = ¢ mol%, > L0 mol%, or> 2.0 mol%, or
3.0 mol%, or > 4.0 mol%, of the alpha-olefin, based on the total moles of polymerized

bl

monomers in the (AR) segment.
K31 The composition of any one of A3]-J3] above, wherein, for the ethylene/vinvlarene
diblock interpolymer or the ethylene/vinylarene triblock interpolymer, each (AR) segment

independently comprnses, in polymerized form, < 10 mol%, <9.0 mol%, or <8.0 mol%, or <
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7.0 mol%, or < 6.0 mol%, of the alpha-olefin, based on the total moles of polymerized
monomers i the {AR) sepment.
L3}  The composition of J3] or K3} above, wherein, the alpha-olefin is a C3-C20 alpha-
olefin, further a C3-C10 alpha-olefin, further a C3-C8 alpha-olefin, fiwther propyvlene, 1-
butene, i-hexene or 1-octene, further propylene, 1-butene or 1-octene, further 1-butene or 1-
octene, further 1-ociene.
M3]  The compostiion of any one of A3}-L.3] above, wherem, {or the ethylene/vinylarene
diblock mterpolymer or the ethvlene/vinylarene triblock interpolymer, each (AR} segment
does not comprises, in polymerized form, the alpha-olefin,
N3] The composition of any one of A3}-M3] above, wherein, for the ethvlens/vinylarene
diblock interpolymer or the ethylene/vinylarene triblock interpolymer, each (AP} segment
independently compnses, in polymerized form, 2 ¢ mol%, = 1.0 mol%, or> 2.0 mol%, or >
3.0 mol%, or > 4.0 mol%, or > 6.0 mol%, or > 8.0 mol%, or > 10 mol% of the alpha-olefin,
hased on the total moles of polymerized monomers in the (AP) segment.
3]  The composition of any one of A3{-N3} above, wherein, for the ethviene/vinylarene
diblock interpolymer or the ethylene/vinylarene triblock interpolymer, each (AP) segment
mdependently coraprises, in polymernized form, <40 mol%, or £33 rooi%, or <30 mol%, or
<28 mol%, or <26 mol%, or <24 mol%, or <22 mol%, or <20 mol% of the alpha-olefin,
based on the total moles of polymerized monomers in the (AP} segment.
P31 The composition of N3} or 03] above, wherein, the alpha-olefin is a C3-C20 alpha-
olefin, further a C3-C10 alpha-olefin, further a C3-C8 alpha-olefin, further propylene, -
butene, 1-hexene or 1-octene, further propylene, 1-butene or I-octene, further 1-butene or i-
octene, further 1-octene.
Q3] The composition of any one of A3]-P3] above, wherein. for the ethvlene/vinylarene
diblock interpolymer or the ethylene/vinylarene triblock interpolvmer, > 20 mol%, or > 40
mol%. or > 60 mol%%, or > 80 moi%, or > 85 mol%, or > 90 mol%, or > 92 mol%, or > 94
mol%, or > 96 mol%, or > 98 mwol%, or > 99 moi% of the polymerized vinylarene in each
{AR} segment 1s present in a “back to back” configuration as shown below in subsegment bb:
.ng//\rg_
Ar AT (subsegment bb}; and wherein the mol% is based on the total moles of

polymerized vinvlarene in the (AR) segment.

2
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R3]}  The coraposition of any one of A3]-Q3] above, wherein, for the ethylene/vinylarene
diblock interpolymer or the ethvlens/vinylarene triblock interpolymer, < 100 mol% of the
polyroerized virylarene wn each (AR} segment s present in a “back to back” configuration as
shown below in subsegment bb above,

§3]  The composition of anv one of A3]-R3| above, wherein, for the ethvlene/vinvlarene
diblock mterpolvmer or the ethylene/vinylarene triblock interpolviver, > 20 mol%, or > 40
mol%, or = 60 mol%, or > 80 mol%, or = 85 mol%, or = 90 mol%, or 2 92 mol%, or > 94
mol%, or > 96 mol%. or > 98 mol%, or > 99 mol% of the polymerized vinylarene in each
{AR) segment is present in a syndiotactic “back 1o back™ configuration as shown below in
subsegment shh:

Ar Ar . .
(subsegment sbb}); and wherein the mol® is based on the total moles

of polvmerized vinylarene in the (AR} segment.
T3] The composition of any one of A3}-83] above, wherein, for the ethvlene/vinylarene
diblock interpolymer or the ethylene/vinylarene triblock interpolymer, < 100 mol% of the
polymerized vinvlarene in each (AR} segment is present in a syndiotactic “back to back”
configuration as shown in subsegment sbb above.
U3]  The composttion of any one of A3]-13] above, wherein, for the ethylene/vinylarene
diblock mterpolymer or the ethylene/vinylarene tnblock interpolvmer, > € and < 5.0 mol%,
or < 2.0 mol%, or <1.0 mol%, or 0.5 mol%, or 0.2 mol%, or <0.1 moi% of the
polymerized vinvlarene in each (AP) segment is present 1n a “back to back” configuration as
shown below in subsegment bb:

’g'\(ﬁﬂg_

Ar  Ar . , . .

{subsegment bb), and wherein the mol% is based on the iotal moles of
polymerized vinviarene in the (AP) segment.
V3]  The composition of any one of A3]-U3] above, wherein, for the ethvlene/vinylarene
diblock interpolymer or the ethylene/vinylarene triblock interpolymer, none of the
polymerized vinylarene in each (AP) segment is present in a “back to back™ configuration as
shown 11 subsegroent bb above.
W31 The composition of any one of A31-V3] above, wherein, for the ethvlene/vinylarene
diblock mterpolywer or the ethylene/vinylarene tnblock mterpolymer, the vinylarene is

styrens.
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X3]  The composition of any one of A3]-W3] above, wherein the ethvlene/vinylarene
diblock interpolymer is an ethylene/alpha-olefin/vinylarens diblock interpolymer and further
a terpolymer, or the ethylese/vinyiarene tniblock soterpolymer ts an ethylene/alpha-
olefin/vinylarene triblock interpolymer and further a terpolymer.

¥3] The composition of anv one of A3]-X3] above, wherein the ethylene/vinylarene
diblock mterpolyvimer, or the ethylene/vinylarene iriblock interpolymer has a Tml > 50°C, or
2 85°C, or 2 60°C, or 2 70°C, and a Tm?2 > 120°C, or = 124°C, or> 150°C, or 2 170°C, or 2
200°C, or > 210°C, o1 > 220°C, or > 230°C.

Z3]  The composition of any one of A3]-Y3] above, wherein the ethylene/vinvlarene
diblock interpolvroer, or the ethylene/vinylarene triblock interpolymer has a Tmi <120°C, or
<115°C, or <110°C, or < 105°C, and a Tm2 <270°C, or <263°C, or <260°C, or <255°C,
or < 250°C, or < 245°C.

A4l The composition of any one of A3]-Z3] above, wherein the sthylene/vinylarene
diblock interpolyimer, or the cthylene/vinylarene triblock interpolymer has a Tgl > -70°C, or
Z-08°C, or 2 -66°C, or 2 ~64°C, 0r 2 -62°C, and a Te2 2 2.0°C, or > S.0°C, or 2 10°C, o1 >
15°C, o1 = 20°C, or > 30°C.

B4}  The composition of any one of A3]-A4] above, wherein the ethvlene/vinylarene
diblock mnterpolymer or the ethylene/vinylarene triblock interpolvmer has a Tgl <-30°C, or <
S32°C, or £-34°C, 0 £-36°C, or <38°C, 01 £ -40°C, or £ -42°C, or £ -44°C or £-46°C, and
a T2 <125°C, or = 1206°C, or < H15°C, or < 110°C, or £ 105°C.

(4} The composition of any one of A3]-Bd] above, wherein the compaosition has a
molecular weight distribution (MWD =Mw/Mn) > 3.0, or>3. 1. or> 32, 0r >33, 0134, or
>36,0r238 or>4.0

D41 The composition of any one of A3]-C4] above, wherein the composttion has a
molecular weight distribution MWD <50, or <45, or 40, or <38, or <36, or <34, or <32,
or <30, or <28, or < 26,

E4]  The composition of any one of A3{-Dd4] above, wherein the compeosition has a nomber
average molecular weight distribution (M) > 4,000 g/mol, or > 6,000 g/maol, or 2> 8,000
g/mol, or > 10,000 g/mol, or > 12,000 g/mol.

F4]  The composition of any one of A3]-E4] above, wherein the composition has a Mn <
100,000 gfmol or < 90,000 g/mol, or < 80,600 g/mol, or < 75,000 g/mol, or < 70,000 g/mol,

or 63,000 g/mol or < 60,000 g/mol, or < 55,000 ¢/mol, or < 50,000 g/mol, or <45,000 g/mol.

INCORPORATED BY REFERENCE (RULE 20.6)



WO 2022/133143 PCT/US2021/063915

G4} The composition of any one of A3]-F4] above, wherein the composition has a weight
average molecular weight distribution {Mw) > 50,000 g/mol, > 55,000 g/mol, > 60,000 g/mol,
> 65,000 g/mol, or > 70,000 g/mol, or > 75,000 g/imol, or > 80,000 g/mol.

H4}  The composition of any one of A3]-(G4] above, wherein the composition has a Mw <
500,000 g/mol or 450,000 g/mol, or < 400,000 g/mol, or <390,000 g/mol, or < 380,000
afmol, or 370,000 g/mol, or < 360,000 g/mol.

{41 The composition of any one of A3]-H4] above, wherein the corposition has a melt
mdex (12} > 0.5 dg/min, or > 1.0 dg/nun, or > 2.0 dg/min, or > 5.0 dg/mun, or > 10 dg/min.

] The composition of any one of A3}-14] above, wherein the composition has 3 melt
ndex {123 < 1,000 dg/man, or <300 dg/nun, or <230 dg/mun, or < 100 dg/min, or <30
dg/min, or < 20 dg/min.

K4{ The composition of any one of A3{-J4} above, wherein the composition has a Tm>
200°C, or 2 2057C, or 2 210°C, or 2 215°C, or 2 220°C, or 2 2253°C, or 2 230°C, or 2 235°C.
L4]  The compostiion of any one of A3}-K4] above, wherein the coraposition has a Tm <
300°C, or £290°C, or £ 285°C, or 280°C, or <275°C, or £ 270°C, or £ 265°C.

Md]  The composition of any one of A3]-L4] above, wherein the composition has a Tg >
-80°C, or = -75°C, or = -T0°C, or 2 -69°C, or > ~68°C, or > -67°C.

N4} The composition of any one of A3]-M4] above, wherein the composition has a Tg <
=30°C, or £-35°C, or £ -40°C, or £-43°C, or -530°C, or £-55°C, or <-60°C.

04]  The composition of any one of A3]-N4| above, wherein the coraposition comprises, in
polymerized form, > 5.0 mol%, or > 10 mol%, or > 12 mol%, or > 14 mold%, or > 16 mol% of
the vinylarene, based on the toial moles of pfslymerized monomers in the composition.

P4} The composition of any one of A3]-04] above, wherein the composition comprises, in
polymerized form, < 50 mol%, or <45 mol%, or <40 mol%, or <35 mol%, or <30 mol% of
the vinylarene, based on the total moles of polymerized monomers in the composition.

Q4] The composition of any one of A3]{-P4] above, wherein the composition comprises, in
polymerized form, = 30 mol%, or > 35 mol%, or > 40 mol%, or > 42 mol%, or > 44 mol%, or
> 46 mol%, or > 48 mol%, or = 50 mol% of ethylene, based on the total moles of
polymerized monomers in coOmposition.

R4} The composition of any one of A3}-Q4] above, wherein the composition comprises, in

polyroerized form, < 20 mol%, or <85 moi%, or < 80 mol%, or <78 mol%, or <76 mol%, or
<74 mol%, or <72 mol%, or <70 mol%s, or <68 mol% of ethvlene, based on the total

moles of polvmerized monomers in the composition.
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84} The composition of any one of A3}-R4| above, wherein the composition comprises, in
polymerized form, > 2.0 mol%, > 5.0 mol%., or 2 10 mol%, or > 12 mol%, or > 14 mol%, or
> 16 mol%, otz 18 mwol%, or > 20 mol% of the alpha-olefin, based on the total moles of
polymerized monomers in the composition.

T4]  The composition of any one of A3]-84] above, wherein the composition comprises, in
polyvmerized form, < 50 mol%, or <45 mol%, or <40 mol%, or <35 mol%, or <30 mol%, or
<28 mol% of the alpha-olefin, based on the total moles of polymerized monoroers in the
composition.

V4] The composition of $4] or T4] above, wherein, the alpha-olefin is a C3-C20 alpha-
olefin, further a C3-C10 alpha-olefin, further a C3-C8 alpha-olefin, further propylene, I-
butene, 1-hexene or I-octene, further propylene, 1-butene or 1-octene, further 1-butene or 1-
octeneg, further 1-octene.

V4] The composition of any one of A3]-U/4] above, wherein for the composition, the
molar ratio of block styrene (b-b in AR) to 1solated styrene 15 > 2.0 yo0l%, > 4.0 mol%, or >
6.0 mol%, or > 8.0 mol%, or > 10 mol.

W4l The composition of any one of A3{-V4] above, wherein, for the compuosition, the
molar ratio of block styrene (b-b in AR) 1o 1solated stvrene 15 <30 mol%, or <25 mol%, or <
20 mol%, or <18 mol%, or <16 mol%, or <14 mol%. or <12 mol%.

X4|  The composition of any one of A3]-W4] above, wherein the vinylarene is styrens.
Y4}  The composition of any one of A3]-X4] above, wherein the composition comprises an
ethylene/vinylarene diblock interpolymer, and further an ethylene/vinylarene diblock
terpolvmer,

Z41  The composition of any one of A3]-Y4] above, wherein the composition comprises
an ethylene/vinylarene triblock interpolymer, and fusther an ethylene/vinylarene triblock
terpolvmer.

A5} The composition of any one of A3]-Z4] above, wherein composition further
comprises a polvethylene homopolymer, an ethylene/vinylarene copolymer, an
ethylene/alpha-olefin copolymer, or a combination thereof

B35} The composition of any one of A3{-A5] above, wherein the composition further
comprises a thermoplastic polvrer, different from the ethylene/vinylarene diblock
mterpolvmer or the ethyvlene/vinviarene inblock interpolymer in one or more features, such as

monomer(s) tvpes and/or amounts, Tm, T, Mn, Mw, MWD, or anv combination thereof,
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and further, in one or more features, such as monomer(s) types and/or amounts, Tm, Tg, or
any combination thereof.
C3}  An article comprising at least one component formed fror the composttion of any
one of R2] or A3]-B5} above.
D5] A process to form the composition of any one of A3}-A5] above, said process
comprising the following:
A) polymenizing in areactor A, amuxture A comprnising ethylene, and optionally an
alpha-olefin, and optionally a vinviarene, in the presence of at least the following:
ay a metal complex S selected from the following: Formula $1, Formuda §2, Formula 83,
Formula 84, or Formula 83, each as described above;
B) polymerizing in a reactor B, a mixture B comprising ethylene, a vinylarene, and
optionally an alpha-olefin, in the presence of at ieast the following:
by a metal complex H selected from the following Formmla H1 or Formula H2, each
as deseribed above;
wherein step A occurs before step B, and at least a portion, and further > 50 wi%, or > 30
wi%, of = 90 wit%, or > 98 wi%, of the reactor product in reactor A is transferred to reactor
B: or step B occurs before step A, and at least a portion, and further > 30 wi%, or 2 80 wi%,
or > 90 wi%, or > 98 wi%, of the reactor product in reactor B is transferred to reactor A; and
wherein each wt% is based on the total weight of the respective reactor product; and
wherein if step A occurs before step B, then at least one chain shutthing agent is fed
into the reactor A; and
wherein if step B occurs before step A, then at least one chain shuitling agent is fed
mio the reactor B and
wherein the vinvlarene in step A = the vinylarene in step B; and the alpha-olefin in step A

=the alpha-olefin 1n step B.

TEST METHODS
Gel Permeation Chromategraphy (Conventional)

The chromatographic system consisted of a PolymerChar GPC-IR {(Valencia, Spain)
high temperature GPC chromatograph, equipped with an internal 1RS infra-red detector
{IR3). The autosanpler oven cornpartment was set at 160° Celsius, and the colunm
compartmerti was set at 130° Celsius. The columns were four AGILENT “Mixed A” 30 ¢m,

20-muicron linear mixed-bed columns. The chromatographic solvent was 1,2, 4-trichioro-
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benzene, which contained “200 ppmy” of butylated hydroxyioluene (BHT) The solvent
sowrce was nitrogen sparged. The injection volume used was 200 microliters, and the flow
rate was 1.0 nulliliters/minute.

Calibration of the GPC column set was performed with 21 narrow molecular weight
distribution polystyrene standards, with molecular weights ranging from 580 to 8,400,000,
and which were arranged 10 six “cocktail” mixtures, with at least a decade of separation
hetween individual molecular weights. The standards were purchased from Agilent
Technologies. The polystyrene standards were prepared at “0.025 grams in 50 milliliters” of
solvent, for molecular weights equal to, or greater than, 1,000,000, and at ©0.035 grams in S0
milliliters™ of solvent, for molecular weights less than 1,000,000, The polvstyrene standards
were dissolved at 80° Celsius, with gentle agitation, for 30 minutes. The polystyrene
standard peak molecular weights were converted to polyethyviene molecular weights using
Equation 1 {as described in Williams and Ward, I Polvm. Sci, Polym. Let, 6, 621 (1968}

Mporyotnytene = A X (Mpoiystyreﬂ e}g (EQ1), where M 15 the molecular weight,
A has a value of 0.4315 and B s equal 10 1.0,

A fifth order polvnomual was used to fit the respective polvethvlene-equivalent
calibration points. A small adjustment to A (from approximately 0.375 t0 0.443) was made
to correct for column resolution and band-broadening effects, such that linear homopolymer
polyethylene standard is obtained at 120,000 Mw. The total plate count of the GPC columm
set was performed with decane {(prepared at “0.04 ¢ in 50 rulliliters” of TCB, and dissolved
for 20 minutes with gentle agitation). The plate count (Equation 2} and svmmetry {(Equation
3) were measured on a “200 microliter injection,” according to the following equations:

W2

, { RV e s - . .
Plate Count = 554 « LR (EQ2), where RV is the retention volume
Peak Width af ~height )

m milliliters, the peak width is m milliliters, the peak roax is the maximum height of the peak,
and Y2 height is 12 height of the peak maximury and

: 4 . - h!
(R@G'T Peak BY yng venh height ™ RV peak max)

Symmetry = {EQ3), where RV 1s the refention

{RVpeak max—Front Peak BY gne conch height)
volwue i milliliters. and the peak width is i mitiditers, Peak max is the maxioum position
of the peak, one tenth height is 1/10 height of the peak maximumn, and where rear peak refers
1o the peak tail at later retention volumes than the peak max, and where front peak refers to
the peak front at earlier retention volumes than the peak max. The plaie count for the

chromatographic system should be greater than 18,000, and syrometry should be between
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(.98 and 1.22.

Samples were prepared in 3 semi-automatic manner with the PolymerChar
“Instrument Control” Software, wheretn the samples (weight-targeted at “2 rog/mol”™) and the
solvent {contained 200 ppm BHT) were added to a pre nitrogen-sparged, septa~-capped vial,
via the PolymerChar high temperature autosampler. The samples were dissolved for two
hours at 160° Celsius ander “low speed” shaking.

The caleulations of Mngro), Mwiare), and Mzigeey were based on GPC resulis using
the intemal IRS detector (measurement channel) of the PolymerChar GPC-IR chromatograph
according to Equations 4-6, using the PolymerChar GPCOne™ Software, the baseline-
subtracted IR chromatogram at each equaliy-spaced data collection point (i}, and the
polvethylene equivalent molecular weight obtained from the narrow standard calibration

curve for the point (i) from Equation 1. Equations 4-6 are as {ollows:

N IR, _ Y‘ (R*M,,., e, i

Mnwpoy = —— - - (EQ4. Mo = : {EQ 3), and

‘?Lmarr’: ; YR

o / 4 polvetiviese ; /r' At

& y

A_‘{IR FV! polvetylene; ; ~
Mzicpey = me (EQ o).

z {\[ }y{ polvethviene; ,ﬁ

In order to monitor the deviations over time, a flowrate marker {decane) was
mitreduced into each sample, via a micropump controlled with the PolymerChar GPC-IR
svstem. This flowrate marker (FM} was used 1o linearly correct the pump flowrate
{Flowratetnonmunal}} for each sample, by RV alignment of the respective decane peak within
the sample (RY(FM Sample}), to that of the decane peak within the narrow standards
calibration (RV(FM Calibrated)). Any changes in the time of the decane marker peak were
then assumed (o be relaied 10 a linear-shifl in flowrate (Flowrate{effective)) for the entire run.
To facilitaie the hghest accuracy of a RV measurement of the flow marker peak, a least-
squares fitting routine was used to fit the peak of the flow marker concentration
chromatogram o a quadratic equation. The first derivative of the quadratic equation was
then used o solve for the true peak position. After calibrating the system, based on a flow
marker peak, the effective flowrate (with respect to the narrow standards calibration) was
calculated as Equation 7. Flowrate{effective) = Flowrate{nominal) * (RV(FM Calibrated} /
RV{FM Sample}) (EQ7}. Processing of the flow marker peak was done via the PolymerChar
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GPCOne™ Software. Acceptable flowrate correction is such that the effective flowrate
should be within +/-0.7% of the nominal flowrate.
Bbielt Index

The melt index (12) of an ethylene-based polymer is measured in accordance with
ASTM D[-1238, condition 190°C/2.16 kg. The melt flow rate (MFR} of a propylene-based
polymer is measured in accordance with ASTM D-1238, condition 236°C/2.16 kg,

Density

ASTM D4703 15 used to make a polvmer plague for density analysis. ASTM D792,
Method B, is used to measure the density of the polymer,

Differential Scanning Calerimetry (DSO)

Differential Scanning Calonimetry (DSC) is used o raeasure Tm, T, Tg and
crvstallinity in ethylene-based (PE) poly mer samples and siyrene-based (PS) polymer
samples. About 5 10 8 mg of polymer sample was weighed and placed in a DSC pan. The lid
was crimped on the pan to ensure a closed atmosphere. Unless otherwise stated, the sample
pan was placed in a BSC celi, and then heated, at a rate of 10°C/min, to a temperature of
180°C for PE (300°C for PS). The sample was kept at this temperature for three minutes.
Then the sample was cooled at a rate of 10°C/mun to ~90°C for PE (-D0°C for PS), and kept
1sothermally at that temperature for three nunutes. The sample was next heated at a rate of
10°C/min, until complete melting (second heat). Unless otherwise stated, meliing point (T}
and the glass transition temperature {Tg) of each polymer were determined from the second
heat curve, and the crystallization temperature (1) was deternuned from the first cooling
curve. The Ty (peak temperature) and the T, were recorded. The percent crvstallinity can be
calculated by dividimg the heat of fuston (Hy), determimed from the second heat curve, by a
theoretical heat of fuston of 292 J/g for PE {53 J/g for syndiotactic PS), and multiplying thig
quantity by 100 {for example, % cryst. = (Hf / 292 J/g) x 100 (for PE)).

B NMR

Each sample was prepared by adding approximately 2.7 g of stock solvent to 0.2 g of
sammple {polymer or polymer composition or metal complex)in a 10 nun NMR tube. The
stock solvent was tetrachlorethane-d; containing 0.025 M chromium acetylacetonate
{relaxation agent). The sample was capped and sealed with TEFLON tape. The sample was
dissolved and homogenized, by heating the tube and its contents at 130-135°C. The data
were collected using a Bruker 600 MHz spectrometer equipped with a Bruker high-

temperature CryoProbe. The data were acquired using a 7.3 sec pulse repetition delav {6 sec

4
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delay + 1.3 sec acq. time}, 90 degree {lip angles, and an inverse gated decoupling, with a
sample temperature of 120°C. Al measurements were made on non-spinning samples i
locked mode. Sarples were homogenized tnunediately prior o insertion into a heated
(125°CY NMR sample changer, and were allowed to thermally equilibrate in the probe for
seven minutes prior to data acquisition.

For each sample (polymer or polymer composition} analysis, B carbon {quaternary
carbon on the aromatic ring) signals from 145.0to 147.7 ppm were used as styrene
contribution, and the molar amounts of polymernized monomers were calculated as follows (8
= styrene, E = ethylene);

Smol = Integral (145,06 -147.7 ppny)

Erol = (Integral (20.0 — 48.0 ppm) — 2% Smoly2
§ mol% = 100 * Smol/(Smol+Emol)

E mol% = 100 - § mol%

PN N N W NI N

For each sample (polymer or composition) analysis, B1-4 ring carbon signals from
124.0 to 148.0 ppm were used as styrene contribution, 2B6 {22.0 - 23.5 ppm), and 3B6 (31.5
- 32.7 ppm) signals were wsed as octene contribution, and the molar amounts of polvmerized
ruonomers were caloulated as follows (8 = styrene, E = ethyleue, O = octene):
Smol = Integral (124.0 - 148.0 ppm)/6
{Omol = {Integral 22.0 - 23.5 ppm) + Integral (31.5-32.7 ppm }}/2
Emol = (Integral (11.8 - 48.0 ppm) — 2¥*Smol-8*Orool)/2
Smol% = 100* Smol/(Smol+Omol+Emol)
Omot% = F100*Omol/Smol+Omol+Emol)

Emol% = 100 - Smol% - Omol%
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Average styrene block length = 2* (Imtegrals Tps + Tgs)/ Integral Tps
The ratio of block styrene to isolated styrene = {Integrals Tpp + Tpa)/ Integral Tes
Tgs signals are methine signals centered around 41.6 ppm, Tps signals are roethine signals
centered around 43.9 pprn, and Tss signals are methine signals centered around 46.4 ppm.
Tps%=100*Integral Tpp/Integral B1
1HKMR

Each sample was prepared by adding 130 mg of sample (polvmer or polvmer
composttion or metal complex} to 3.25 g of tetrachlorethane-d2 with 0.001 M Cr{AcAci3 in a
10 mm NMR tube. The sample weas purged by bubbling N2 through the solvent, viaa
pipette nserted nto the tube, for approximately § manutes, to prevent oxidation. The sample
container was capped. and sealed with TEFLON tape. The samples was heated and vortexed
at 115°C to enswre homogeneity. 1H NMR was performed on a Broker AVANCE 600 MHz
spectrometer equipped with a Bruker high-temperature CrvoProbe, and at a sample
teraperature of 120°C. 1TH NMR was ron with £G pulse, 4 scans, SWH 10,000 Hz, AQ
1.64s, D1 14s.
Compression Molding

Fach polvmer composition was compression molded, using a Carver press, nio a
plague for physical testing. Each compositions was compression molded according to ASTM
D4703 at 190°C with controlled cooling at 13°C/min.
Micratensile Test — Mechanical Properties

Saroples were punched from compression molded plagues using the ASTM die

D1708. Specimens were tested according to ASTM D1708 at a test speed of 5 in/nun.

EXPERIMENTAL
§. Catalysts and Chain Shuttling Agents
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l?.Jr

7R
#PANF AT A (See WOO3/40195, WOO4/24740 and US 8,501,885)

Synthesis of (CsMesjSofCHCaH iNMe o)y, CAT B

o CsMesH ><F(

RS
if%‘r’j‘n\“l/j 70°C, THF ‘3 J\/j

AN f/*\ ’ “’
O

CATS8

In a mfrogen-filled glovebox, a THF solution (1 mL) of Sc{CHCHsH:NMe:z-o}
{0,300 g, 0.67 mmol) was added to a THF sohution {1 mL) of CsMesH (0,105 mL, 0.67
mmol) it a 20 mL vial. The solution was heated at 70°C for 12 hours. The solvent was
removed under reduced pressure, the residue was extracted with hexane, and then filtered. A
concentrated hexane solution was equilibrated at -30°C to give yellow crystals (0.203 g,
65.5% vield). The 1H NMR and the 13C NMR specira are consistent with literature reports
(Chem. Commugn. 2007, 40, 4137-4139). See Figure 2 (1H NMR) and Figure 3 (13C NMR)
of the S¢ complex (CAT B).

Synifiesis of So{CHICEHINMe2-0)3, CAT C, Catalvst for Atactic Polystyrene and Chain

Shuttling with Zinc

{(CATC)
Synthesis of Sc{CH,CsHaNMes-0)s: Anhydrous ScCls (1.938 g, 12.81 mmol} was
suspended in 10 mL THF. A THF sohution {20 mL) of LiCHLCsHuNMez-0 (5.423 g, 28.43
mmol, 3 equiv.) was slowly added at room temperature.  After stirring this mixture for 30
mimites, the solvent was removed under reduced pressure. The residue was dissolved in 40

mL of toluene, and then {iltered to remove Hithium salts. Solvent was removed from the
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fitirate under reduced pressure, and the residue was washed thoroughly with ether, filtered,
and dried, to yield the product as a fine vellow solid. Yield = 217 g (38%6). 1H NMR (400
MHz, Benzene-d6} 5 7.05 - 6.94 {m, 6H), 6.85 - 6.76 (1, 6H), 2.28 {5, 18H), 1.67 {5, 6H}.
13C NMR (101 MHz, Benzene-d6) 5 143 43, 143,15, 12941, 126,67, 119.95, 117.89, 5230
~ 4632 {m), 45.04.

Synthesis of Tf Complexes:

)\%(,OLE 1 equiv CpTiCl;
| Eiye, -25 °C 1o 11, overnight

AN

(CAT D)

CAT D The following procedure was performed in a glove box under a nitrogen
atmosphere. In an oven-dried, 40 mL vial, equipped with a stir bar, Cp*TiCh (300 mg, 1.37
mmol) was dissolved in 5.2 val. of anhydrous diethyl ether. This solution was cooled 1n the
glove box freezer for 30 minutes. Lithium 2.4.6-trimethoxy-phenoxide {184 mg, 1.37 nunol)
was added to the CpTiCls solution with vigorous stiviing. The reaction was allowed o warm
1o room temperature, and the reaction was stured overnight at room temperature. The
reaction was then filtered, and the solids were washed with 2 mb of anhvdrous diethy! ether.
The filtrate and washes were combined. The volatiles were removed under vacoum, and a
red solid was isolated. This material was analyzed by 1H NMR spectroscopy, the crude
material appeared to contain unreacted CpTiCh. The crude product was dissolved na
minimal amount of methylene chloride, and this solution was then layered with ether. This
solution was placed in the freezer overmght. The desired complex was isolated as red
crvstals (250 mg, 57%). The produce was analvzed by ITH NMR spectroscopy [(400 MHz,

C6D6) 3 6.57 (s, 2H), 6.01 (s, 5H), 2.16 (s, 6H), 2.08 (s, 3H)].

ErSy-Mes

i 1 equiv CpTiCH | i
OLi 4 o 3 | Gf’:‘LL”“Ci

S . *
[ P ELO, -25 "C to 1, overnight ﬁ \CE
o {CATE)

CAT E: The following procedure was performed io a glove box under a mitrogen

atmosphere. In an oven-dried, 40 mL vial, equipped with a stir bar, Cp*T1Cl; (400 mg, 1.38
mmol} was dissolved in 19 mL of anhydrous diethvl ether. This solution was cooled in the

glove box freezer for 30 minutes. Lithium 2 4,6-trimethoxy-phenoxide (196 mg, 1.38 mmol)
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was added 1o the Cp*Ti(ls solution with vigorous stirring. The reaction was allowed to warm
to room temperature, and the reaction was stirred overnight af room temperature. The
reaction was then filiered, and the solids were washed with § ml. of anbvdrous disthy! ether.
The filirate and washes were combined. The volatiles wers removed under vacuum, and a
red solid was isolated. This material was analyzed by 1H NMR spectroscopy. The crude
product was dissolved in a minimal amount of methylene chloride, and this solution was then
lavered with ether. This solution was placed in the freezer overnight. The desired complex
was isolated as red crystals (301 mg, 56%). The produce was analyzed by 1H NMR
spectroscopy [(400 MHz, C6D6) § 6.61 €5, 2H), 2.29 (s, 6H), 2.10 (s, 3H), 1.90 (s, 151D)].
Note: This material contained some unreacted Cp*TiCls that appeared to co-crystailize with

the desired compound.

/ {
BnhgCl
ey s ),:r;‘:f}*
Gl EGO,-30°C, 1 }ﬁ‘B“
o B” B (CATE)

CATF: In an oven-dried vial, equipped with a stir bar, Cp*TiCh (200 mg, 0.69
mmol) was dissolved in 7.5 mL of anhydrous ether. The solution was placed in the glove box
freezer for 20 munutes. The vial was then removed from the freezer. To the cooled, stirred
solution, a 2.0 M solution of benzylmagnesium chloride (1.0 mb, 2.1 mmol} was added
dropwise. The reaction mixture was slowly warmed to room temperature, and was stirred for
one hour at room temperature. The reaction mixture was filtered 1o remove the solids, and
the yellow solution was reduced under vacuum, A reddish, brown solid was isolated and
analvzed by 1H NMR spectroscopy {1H NMR (400 MHz, Benzene-d6) 5 6.93 (. J =73 Hz,
3H), 6.83 - 6.78 (m, SH), 2.74 (4, J = 2.7 Hz, 6H), 1.62 (d, F = 0.7 Hz, 13H).] Note: aromatic

protons overlapped with benzene solvent peak.

Synthesis of AI-DHCSA

\ IMC, pxylene
¢ 0 min

{mpr mivhare} ,
130°C, gxylene Stracrure
3 Hrs,

In a glass vial, AlGBu)s (3.00 2, 1513 mmol) and ENB (3.030 g, 25.21 mmol) were
mixed with p-xvlene (7 mL). This mixture was heated to 130°C for 20 minutes. Venting of
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the i-butene was permitied. The mixture of pm-divinyibenzene {Alfa Aesar 80:20) {1313 g,
10.08 mmol) was then added, and the mixture allowed to equilibrate at 130°C foran
additional three bours, and then cooled to room temperature. Following the reaction period
(3 hrs), the temperature of the mixture was cooled to room temperature, and the resulting
homogeneous solution used as a DHCSA.

Other chain shuttling agents (CSAs) used in experimenis herein, include diethy! zinc

(DEZ) and triethy] alumioum (TEA).

ZoA-DHCS A (ses WO2018/064546)

ENB\
Al 211 ENB

iRt R ENB \
ENB AR Znm A imR e Z1—ENB
R R .

e f
ENB Aa--mm( R=
ened ENB

{(* point of attachment to a metal; rixture of isomers)

H. Screening Catalyst
PPR Screening of Se Complex (CAT B} for Hard Blocks

A Parallel Pressure Reactor (PPR} syvstem was emploved, in order to demonstraie the
viability of styrene polymerization activity and chain shutthing ability of the polvwerization
catalyst. The activity and molecular weight of a given styrene polvmerization catalyst
relative to the chain shuttling agent (CSA) loading was investigated. The chain shuttling
agents studied were diethylzine (DEZ} and triethvialumimum (TEA), as models for polymervi
atkylzine or polymeryl alkvlaluminum species, respectively. Al-Zn DHCSA was also used.
PPR screening conditions were as follows: HSOPAR-E+ MMAQG-3A + T} + (Styrene + CSA
+ “amines, bis(hydrogenated tallow alkylymethyi, tetrakis{pentafluoro-phenyl}borate(1-) +
Catalyst), Catalyst Loading = 0.25 pmeoles; MMAG-3A Loading = 5 umoles; T =1058°C, 1=
15 monutes, {Styrene] = 2.1 M {in toluene),

CAT B was screened in the PPR for its ability to polymerize styrene in the presence

of various model chain shuttling agents. Figure 4 demonstrates that CAT B exhibits high

addition of the TEA (3% circle from top at CSA = 25 umoles, and 3™ and 4" circles from top
at CSA = 100 umoles) or the Al-Zn DHUSA {upper two merged circles at CSA = 25 umoles,

and upper two circles at CSA = 100 pmoles). For this particular study, the catalyst activity

A
oy
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was low 1n the presence of DEZ (fwo merged lower circles at CSA =25 pmoles and two
merged fower circles at CSA = 100 umoles). The data in Figure 5 shows that the addition of
CS A results 1 a decrease 1o the molecular weight, indicating the catalvst participates in
effective chain shuttling. Note, the Al-Zn DHCSA 1s represented by two upper circles at
C8A =25 umoles, and two upper circles at CSA =100 pmoles. The TEA is represented by
two merged lower cireles at CSA =25 pmoles and two merged lower circles at CSA = 100
umoles,

Table | further depicts the effect of the addition of 100 pmoles of CSA on a styrene
polymerization with CAT B at 105°C. In addition, the polymerization of siyrene by CATB
was exanuned in the presence of f-octene. PPR screening conditions were gs follows: T=
105°C, Catalyst Loading = 0.23 umoles, [Styrene] = 2.1 M {in foluene), t = 15 minutes. As
shown in Table 1, the catalyst activity and molecular weight were unaffected by the addition
of 1-octene, which indicates that CAT B s compatible with residual alpha-olefin monomer,
{ransferred fror the first reacior to the second reactor. This data demonstraies that catalyst
{AT B meets the desired second reactor (R2) catalyst criteria (ay-c}) described above (see
Dretailed Description of the Invention).

Table 1: Effect of CSA and 1-Octene on the Polymenization of Styrene with CAT B.

PCT/US2021/063915

CSA (100 ymoles) or 1-Octene | (g Polymer (PR) per g M)/hr) Mw {g/mol)
none 149,000 1,300,000
EBAL{CSA) 100,000 7.900
1-Octene 151,600 1,195,000

M= metal of catalvst (5¢)

Chain Shutiling Experiments for Sc Catalyst: CAT B

A glass vial was charged with toluene (final volume 8 mL), styvrene (I mL}, and a

magnetic stir bar. CAT B (5 urol), “anunes, histhydrogenated tallow alkyhimethyl,

tetralus{pentafluorophenyhiborate(1-3 {1.2 equiv {equiv. to CAT B}), and etther TEA or DEZ

{0, 25 pmol, or 100 pmol} were sequentially added to the solation. This mixture was heated

at 100°C for one hour, then allowed fo cool, before being quenched in methanol. Polymer

was collected by filtration and dried under vacuum. GPC results are shown in Figure 6.

Results are also shown in Table 2. A chain shuttling process takes place, as indicated by the

decrease in molecular weight and decrease in MWD (Mw/Mn) in the presence of DEZ or

TEA, as compared 1o sPS-1.

Table 2: Syndiotactic Polystyrene {(sPS) Prepared with and without Zinc and Aluminum

Chaio Shuttliog Agerts

(A
a2
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CRA, Mn Mw Mve/Mo Tg Tm | AHm Acuivity Yield

wmol (g/mol) | {ghmoly | CC) 1 0 O (g sPSmol Scyhr) | sPS (%)
sPS-1 None 123,761 1411704 1 333 99 | 271 1 208 152,222 o}
sPR-2 | DEZ,25 | 13331 | 27143 2.04 93 271 1 298 191,296 160
sPS-3 | DEZ, 100§ 5029 7.903 1.57 97 | 257 {243 166,296 99
sPS-4 | TEA,ZS | 22299 | 64039 2.87 96 | 272 1 281 157,407 G4
sPS-3 | TEA 100 1 7433 | 16,780 2.26 95 | 266 | 292 147 407 88

HI. Vinylarene-Rich (Hard Bleck) Analysis and Viayiarvene-Poor (Soft Block) Analysis
Batch Reactor Polymerization Ser-Up

The batch reactor set-up consisted of a 600 mL Parr reactor controtled by a process
control systern. The reactor was equipped with an electric heating jacket, an intemal cooling
coil for teroperature control, and electnic heat traced transfer lines between the reactor and the
reactor dump pot. Three feeds were available, with the option to load solvents or monomers
from a detachable one liter cylinder (3¢ mbL). This cylinder was loaded in an inert {N2) glove
box, and ts contents fransferred to the reactor via a nifrogen injection. Catalyst components
and chain shutthng agents were prepared in the mert glove box, and transferred from the 50
mb cylinder, via a nitrogen transfer, to the reactor. The “I-octene cylinders” were filled from
purified plant feeds. Ethylene was supphied from Atrgas, as high purity grade. For further
purification, the 1-octene and ethylene were passed through inline beds of activated alununa,
13X molecular sieves, and Q35 material. The high pressure nitrogen, for the catalyst injection
and purging, was ulira-high punity grade. Styrene was degassed, and the inhibitor was
removed by passing the styrene supply through a plug of neutral shumina, just prior to
addition info the reactor.
Ethylene, 1-Octene, Styrene Polvmerization: Reactivity of CAT B (Vinylarene-Richj

Degassed, anhvdrous toluene was added to the 600 mi. Parr reactor from a solvent
cylinder, pressurized with nifrogen, using a mass How meter, and the reactor agitator was set
to 450 rpm. Styrene was injected via a cylinder pressurized with high pressure nitrogen.
When used, a preset amount of 1-octene was added to the reactor from a cvlinder pressunzed
with nitrogen, using a flow meter. Once the reactor reached the starting teniperature set point
of 120°C, a preset amount of ethylene was added to the reactor, using a flow meter, followed
by the addition of the active catalyst solution. The catalvst solution was prepared by adding a
pre-made toluene solution of Cp*ScRy (CAT B) (tvpical loadings 22 gmol Sci, 0.006 M

solution of “amines, bisthydrogenated tallow alkyhmethyl, tetrakis{(pentalinorophenyl)-

(A
8]
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borate{ 1-}” activator in toluene {1 .0-1.2 equiv), and a 6.05 M solution of MMAO-3A in
toluene (10 equiv ). Each “equiv” 18 relative 1o one equiv. of CAT B.

The flow of ethylene, at 200 mg/ovn, was intiated, while the overall reactor pressure
was controlled at the programmed set point, throughout the desired run time of ten mintes.
Following the mixing time, the agitator was stopped, and the contents of reactor were
emptied into the dump pol. The pot contents were poured into methanol, and the mixture
stirred. The polvmer precipitate was filiered and dried at 130°C, m a vacuum oven for six
hours. Polymerization conditions and polymer properties are shown in Table 3 below. See
also Table 4. The mterpolyvmers ARI-ARI2, in Tables 3 and 4, are each representative of an
vinylarene-rich (hard block) {AR) segment of an etbylens/ociene/-stvrene diblock or triblock
mterpolvmer, in, for example, monomer composition, tacticity of the polymerized vinylarene,

Tmand Tg.

A
i
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Ethviene, 1-Octene, Styrene Polymerization: Reactivity of CAT A (Vinylarene-Poor)

Degassed, anhvdrous toluene was added to the 600 mb Paw reactor from a solvent
cylinder pressurized with rutrogen using a mass How meter, and the reactor agitator was set to
450 rpm. Styrene was injected via a cylinder pressurized with hugh pressure ritrogen. A
preset amount of 1-octene was added 1o the reactor from a cviinder pressurized with nitrogen,
using a flow meter. Once the reactor reached the starting ternperature set point of 120°C, a
preset amount of ethylene was added to the reactor using a flow meter, followed by the
addition of the active catalyst solution. The catalyst solution was prepared by adding a pre-
made toluene solution of CAT A catalyst, .006 M solution of “amunes, bisthvdrogenated
tallow alkvhroethyl, tetralas{pentaflucrophenyl)-borate(1-)” activator in toluene (1.0-1.2
equiv), and a (.05 M solution of MMAG-3A n toluene {10 equiv.}. Each “equuv” is relative
{0 one equiv. of CAT A.

The flow of ethylene, at 200 mg/oio, was imtiated. while the overall reactor pressure
was controlled at the programmed setpoint throughout the desired run time of ten minutes.
Foliowing the mixing time, the agitator was stopped, and the contents of reactor were
emptied into the dump pol. The pot contents were poured into methanol, and the mixture
stirred. The polymer precipitate was filtered and dried at 130°C in a vacuum oven for six
hours, Polymerization conditions and polymer properties are shown in Table 5 below. See
also Table 6. The interpolymers API-APLL, in Table 6, are each representative of an
vinylarene-poor (Soft Block) {AP) segment of an ethvlene/octene/styrene diblock or triblock
mterpolvmer, in, for example, monomer composition, tacticity of the polymerized vinvlarene,

Tmand Tg.
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Y. Dual Catalysts Polymerizations with Chain Shuttling Agent
Baich Reactors Polymerization Set Up (Dl Pary Reactor} — Solution Folymerization
The polvmenzation set-up cousisted of two reactors, a 600 mL Parr reactor (Reactor
1, R1) and & 2.0 L Parr reactor {Reactor 2, R2), each controlied by a process control system.
5 Both reaciors were equipped with an electric heating jacket, an internal cooling coil for

temperature control, and electric heat traced transfer Tines between the reactors and from each
reactor to the reactor dump pot. Three feeds were avatiable for either reactor, with the option
o 1pad solvents or monomers from a detachable “1 L sample cvlinder.” The *1 L cylinder”
was foaded 10 an wnert (N2) glove box, and the contents transferred to either reactor viaa

10 nitrogen injection. Catalvst components and chatn shuttling agents were prepared in the inert
glove box, and transferred from a “50 mL cvlinder,” via nitrogen transfer, to the respective
reacior. ISOPAR-E and 1-octene cylinders were filled from purified plant feeds. Ethylene
was supplied from Airgas, as high purity grade. For further purification, the f-octene and

ethylene were passed through inline beds of activated alumina, 13X mole sieves, and Q5

i
L

material. The high pressure nitrogen, for catalvst injection and purging, was ultra-high purity

grade.

Barch Reactors - Solution Polymerization - Composition comprising Triblock 2

The 600 mL Parr reactor (R {first reactor)) was charged with a solution of the Al-

DHCSA (1.5 ml, 578 pmol) in 4 mb of ISOPAR-E via high pressure nitrogen injection.,

20 ISOPAR-E (121.4 ¢y was added to BRI from a solvent cylinder pressurized with nitrogen,
using a mass flow meter, and the reactor agitator was set to 450 rpm. A preset amount of 1-
octene (20.4 g) was added to R1 from a eylinder pressurized with nitrogen, using a flow
meter. Once the reactor reached the starting teroperature set point of 120°C, a preset amount
of ethvlene (7.1 g) was added to the reactor using a flow meter, followed by the addition of

25 the active catalyst solution. The catalyst solution was prepared by adding ¢.23 mL of 2 0.005
M solation of CAT A in toluene, 8.25 mi. of 2 0.006 M solution of “amines,
bisthvdrogenated tallow alkyDmethyl, weirakis{pentafivoro-phenyborate(}-) in toluene, 0.28
mkb of 2 .05 M solution of MMAO-3A in toluene, to a vial containing 4 b of toluene.

The flow of ethylene, ai 200 mg/min, was inttiated, while controlling the overall

30 reactor pressure at 192.7 psig throughout the desired run iime of 10 minutes (for R1). During

the R1 run time, the “2.0 L Parr™ reactor (R2. second reactor) was charged with 200 mL of

toluene, via a small cylinder pressurized with nitrogen. The R2 agitator was set to 430 rpm,
and the R2 starting temperature set point to 120°C. When the run time (10 min) in R1 was

cornpleted, the agitator was stopped in both reactors {R1 and R2). R1 was pressured with
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nitrogen, in order to transfer the contenis of R1 to R2 via preheated lines. CAT A {(ifetime
less than 10 min) was spent, when this catalyst entered the second reactor.

Once the contents were transferred, the R2 agitator was resumed.  Styrene monomer
(5 mL, 0.044 mol} was inyected imto R2, via a small cylinder pressurized with nitrogen,
unmediately followsd by the addition of the active catalyst solution in 200 mL of toluene.
The catalyst solution was prepared by adding 45 pmol Sc complex CAT B in toluene, 0.083
mk of a 0.006 M solution of “amines, bis(hyvdrogenated tallow alkylymethyl, tetrakis(penta-
fluorophenvhborate(1-) {0.5 pmol) in toluene, 0.100 mL of 2 6.05 M sohution of MMAG-3A
(5 wmol} in toluene, to a vial contaning 4 wl of toluene. After the addition of the catalvst,
an exotherm was observed. The R2 conients were agitaled for a run time of one hour {for
R2) at 120°C. Following the reaction time, the R2 agitator was stopped, and the contents of
R2 were emptied into the dump pot. The pot contents were poured nto methanol and stirred
overmight. The polvmer precipitate (composition comprising an ethvlene/octene/styrene
triblock terpolymer (Triblock 2}y was filtered and dried at 130°C in a vacuum oven for six
hours (Yield 11.6 g3 NMR profiles are shown in Figure 7 {1H NMR) and Figure & (13C
MNMR). Based on peak integration in Figure 7, the composition contained 30 wi%
polymerized stvrene, based on the weight of the composition, Peaks denoting the phenyl C-1
(5 145.50%, Sao (5 43.35), and T8 (8 40.61) of the syndiotactic polystyrene block are shown
in Figure 8§,

Additional Polymer Compositions

Additional polvmer compositions are described below. Polymerization conditions
and polymer composition properties are listed in Tables 7 and 8.

Triblock 1 {composition containing an ethvlene/octene/styrene triblock 1 terpolymer)
was polymerized using the process above for Triblock 2, except for the following changes.
The 600 mL Pamr reactor (R1) was charged with a solution of the Al-DHCSA (1.5 mL, 690
wmol) in 4 ml of ISOPAR-E, via high pressure nitrogen injection. The flow of ethylene, at
200 mg/min, was initigted, while controlling the overall reactor pressure at 1927 psig
throughout the desired run time of 30 minutes {(for R1}. Styrene monomer {5 mb, 0.690
mmol} was injected inio R2 via a small cylinder pressurized with nitrogen, immediately
followed by the addition of the active catalvst solution in 200 mL of toluene. The calalyst
solution was preparad by adding 0.240 mbL of 2 0.0021 M solution of Sc complex CATB (0.5
umol) in toluene, 0.083 mL of a $.006 M solution of “amines, bis(hvdrogenated tallow
atkyDmethyi, tetrakis(pentafluorophenyl)-borate(1-) (0.5 pmol) in toluene, 0.100 mL of a

(.05 M solution of MMAO-3A (5 umol} n toluene, to a vial condarming 4 mL of toluene.
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The polymer precipitate (composttion contaiming the triblock) was filtered and dried at 130°C

in & vacuum oven for six howrs {Yield 13.0 g). Tn order to detect AR-AP coupling

{vinyviarene-rich thard block}-vinylarene-poor (soft block)S, a Malvern 305a HT GPC with

triple detector (dRY, DV, LS} connected with DiscoviRTM (FT IR) and PDA (UV-Vis) was

5 emploved GPC datais shown in Figure 9 [HT GPC dRVUY Dual Detector responses for

dual batch reactor run showing uncoupled P8, uncoupled EG, and coupled PS.] As seen in

Figure 9, the formation of the block interpolymer appears as the “coupled PS” peak.

Tribloek 3 {composition containing an ethylene/octene/styrene triblock terpolymer}

was prepared according to the process for Triblock 2 as shown above, except for the changes

10 noted in Table 7 below. Diblock 1 (composttion containing an ethvlens/octens/styrene

diblock terpolymer} was prepared according to the process for Triblock 2 as shown above,

except TEA (400 umole) was used as the CSA, and except for the changes noted in Table 7

below. Dhblock 2 {composition containing an ethylene/octene/styrene diblock terpolymer)

was prepared according ¥o the process for Trblock 2 as shown above, except DEZ (100

13 pmole} was used as the CSA, and except for the changes noted in Table 7 below.
Two in-reacior blends (IB-1 and IB-2}, no {SA, sach of an ethvlens/octens random
copolymer and a syndiotactic styrene-based polymer, were each prepared using the same
process as used for Triblock 2 above, but without the AL-DHCSA pre-injection, and except
for the changes noted in Table 7 below,
20 Table 7; Polymerization Conditions and Coraposition Propertics
| Batch Reactor Run Conditions GPC Data DSC Data
CSA 2 Oeotene Styrene Mw Mz PDI | Tg | Tm,
o loading, g | loading, g | loading, g | (g/mol) | (ghmel) (MWD °C | °C
Triblock 2 Al DHCSA 7.1 213 Smh 383,624 1 13,727 | 2576 nove
Triblock 3 Al DHCSA 8.1 40 40 81,620 23,687 3.43 <67 1 264
Diblock 11 400 pmol TEA 8.1 40 46 59,948 26,617 375 65 1 252
Diblock 21 100 pmol DEZ 8.1 40 46 169,726 ¢ 41438 4,10 <66 1 239
1B-2 none 8.1 40 460 Q6,304 8,759 11.00 | 72 ¢ 212
Table §: 13C NMR Data on Polymer Compositions
Triblock 2 | Triblock 3 | Diblock 1 | Diblock 2 {B-2
Styrene (moi%)* 152 144 277 26.7 19.3
Octene (moi%)* 132 281 279 218 124
Ethylene (maol%) 717 574 44 4 518 68.3
Styene (wite) 312 24.0 397 417 37.8
Octene (wi%)? 391 50,3 43 1 36,7 26.1
Ethvlene (wid)® 397 287 17.1 216 36.1
Molar Ratio Qf block siy;?sne h{b‘b in ARMo 118 53 7% 170.0% 93 1% 127
isolated styrenc

a) Bach mol% polymerized mounomer based on the total moles of all polymerized monomers in the composition.
b) Each wt¥% polymerized monomer based on the total weight of all polymerized monomers in the composition.
25 ¢ The ratic of block styrene fo isolated styrene = (Tofegrals Top + Tl Integral Tss. *Almost no Tis detecied.
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GPC Study

See the above GPC procedure in the Test Methods section. A Polymer Char
{Valencia, Spain) high teroperature Gel Permoeation Chromatography svstem consisting of an
Infrared concentration/composition detector (IR-5) was used for MW and MWD
determination. The carrier solvent was 1,2 4-trichlorobenzene (TCB). The auto-sampler and
detector compartments were operated at 160°C, and the colunmn corpartment was operated at
1530°C. Calibration of the GPC column set was performed with 21 narrow molecular weight
distribution polysiyrene standards. GPC profiles are shown in Figures 10a and 10b. GPC
results are shown in Tables 7 and 9. For the molecular weight distributions of daal reactor
polvmers, values are polvstyrene equivalent molecular weights,. As seem from Table 9, the
compostiion containing the triblock polymer has a broader MWD as compared to the in-
reactor blend (IB-1}.

Table 9: GPC (conv.} Resulis

Composition Mn (g/meh) | Mp (g/moh) Mw (g/mol) Mz {g/mol) Mw/Ma
Triblock 2 13,727 386,248 353,624 1,092,614 2376
iB-1 207,112 1,255 515 1,446,647 3,451127 5.98

Tensile Testing Study
Mechanical properties of two polvmer samples are shown in Table 10, See also
Figure 11. The samples show elastic recovery behavior.

Table 10: Tensile Testing Data,

Composition | Pormanent Set, % Stramn | 1Y Cyele Hysteresis 2 Cyele Hysteresis
Triblock 1 79 73% 33%
Triblock 2 58 70% 36%

V. Atactic Polystyrene (aPS): CAT C

Polymerization Experiments: A glass vial was charged with toluene (final volume 8
mb}, styrene (1 mi}, and a magnetic stir bar. CAT C (5 umol}, “amines, bis(hydrogenated
tallow allvbimethyl, tetrakas(pendafluorophenyDborate(1-3 (1.2 equiv.), and either TEA or
DEZ (0, 25, or 100 umol) were sequentially added to the solution. This roixture was heated
at 100°C for one hour, then allowed to cool, before being quenched in methanol. Polymer
was collected by filtration and dried under vacuum. Results are shown in Table 11, GPC
profiles are shown in Figure 12. These results indicate that a chain shuttling process takes
place, as indicated by the decrease m molecular weight and decrease in MWD (Mw/Mn) in

the presence of DEZ or TEA
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Table 11: Atactic polvstyrene {aPS) Prepared with and without a Scandivm Catalyst, and in
the Presence of Either Zinc or Alomanum Chain Shutthing Agents

CAT | CSA el 1 g]/\s:;i ) g\ﬁ\;) MrwiMs 1& {[8 i\}i(:} "g {:5‘1 P\g(id)
[o19

aPS-1 [ CATC None 38,851 | 100,584 | 239 100 - - 32,080 36
aP$-2 | Noue Nong 121,846 | 223366 | 1.83 108 - . . 282
aPs3 | CATC EZ, 25 4,681 6,622 141 82 - - 23,519 14.0
aPS-4 [ CATC | pEZ 100 | 4,033 5,759 [.43 78 . . 63,648 375
apss [ CATC | TEA 25 12,568 | 181973 | 1448 89 | 263 | 24 25,185 15.0
aPs-6 | CATC | TEA 100 - . - 89 | 262 | 79 2,222 13

(941

N

VI Ti Complexes
PPR Screening of Ti complexes (CAT D, CAT E, and CAT F)

The Paraliel Pressure Reactor (PPR) system was emploved in order to demonstrate the
vigbility of styrene polyroerization activity and chain shutthing of each polyrserization
catalyst as noted below. The activity and molecular weight of a given styrene polymerization
catalyst candidate relative to the CSA loading was investigated. The CSAs studied were
diethvlzine (DEZ, 25 pmoles or 100 pmoles) and triethylaluminum (TEA, 23 pmoles or 100
umoles} as models for polymeryl alkylzine or polymervl aluminum species, respectively.
PPR screening conditions were as follows: [ISOPAR-E + MMAQG-3A + T + {Styrene + CSA
+ “amines, bisthydrogenated tallow alkyDmethyl, tetrakis(pentaftuorophenviborate(1-) +
Catalysty; Catalyst Loading = 0.2 pmeles: MMAQ-3A Loading = 50 ymoles; T=75"C and
105°C. t= 15 minutes, [Styrene] = 2.1 M {in toluene ).

CAT D was screened in the PPR for its ability to polymerize styrene in the presence
of the noted chain shutthng agent. Figure 13 demonstrates that the addition of CSA results in
a decrease i the molecular weight, indicating the catalyst participates in effective chain
shuttling. CAT D exhibits a relatively low efficiency for styrene polymerization. CATE
was sereened in the PPR for its abibity to polymerize styrene in the presence of the noted
chatn shutthng agents. Figure 14 deroonstrates that the addifion of CSA resulis in a decrease
m the molecular weight, indicating the catalyst participates in etfective chain shuttling. CAT
E exhibits a relatively low efficiency for styrene polymerization. CAT F was screenad in the
PPR for iis ability to polymerize styrene in the presence of the noted chain shutthing agents.
Figure 13 deroonstrates that the addition of CSA results in a decrease in the molecular
weight, indicating the catalyst participates in effective chain shuttling. CAT F exhibits a

relatively low efficiency for styrene polymerization,
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DUAL REACTOR CHAIN SHUTTLING REACTIONS
FORETHYLENE/VINYLARENE DIBLOCK AND TRIBLOCK INTERPOLYMERS

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of priority to ULS. Provisional Application No.
£3/127,350, filed on Decomber 18, 2028, which is incorporated berein by reference inits

entirety.

BACKGROUND OF THE INVENTION

The catalytic production of olefin block copolymers (OBC) via chain shutiling
technology bas resulted in differentiated materials, such as the INFUSE Ulefin Block
Copolymers and the INTUNE OGlefin Block Copolymers. Such copolymers are typically
made from cthylene and an alpha-olefin, The use of chain shtling technology to produce
styremic block mmterpolymers offers an atractive route o high value polymers ssing a
continuous solution polymerization process. High value stvrenic polymers fike SEBS
{styrene~-ethyiene/butene-styrene} are produced in a batch process, via anionic
polymerization, inittated by organolithium compounds. This costly polymerization consists
of the sequential addition of monomers, followed by an expensive hvdrogenation step. There
is a need for chain shuitling echnology to produce ethylene/vinylarene diblock and &iblock
nterpolvimers using dual reactor, continuous solution polymerization.

A Valente et al, Angew. Chem, Int. BEd. 2014, 53, 4638-4641, Isoprene-Stvrene
Chain Shurtling Copolymerization Mediated by a Lanthanide Half-Sandwich Complex and
Lantharidocene: Straightforward Access to a New Type of Thermopiastic Elasiomers,
discloses an isoprene and styrene chain shuttling polymernization, using with n-butylethyl-
magnesiom, a lanthanide half-sandwich complex and a lanthanidocene. The resulting
mudtiblock structures have alternating bard (styrone-vich) and soft (soprene-tich) segments.

.S, Publication 2014/0088276 (Manufacturing Method for Multidimensional
Polymer, and Multidimensivaal Polymery discloses the polymertzatdon of stereo-controlled
(syndiotactic} block copolymers of a styrene-type monomer with a conjugated diene, such as
isoprene or hutadiene, by chain shuttling technology and coordinative chain fransfor
polymernization. The polymerization takes place in the presence of o ficst catalyst and a
second catalyst. Bach of the tirst catalyst and the second catalyst, independently, contain the

following: a) a grovp 3 metal atom or 3 lanthanoid metal atom, and for example, 3¢, bya Up-
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type ligand containing a substitsted or an unsubstituted cyclopentadieny dertvative, ©)
monoanion Hgands, and ¢} a neutral Lewis base.

U.S. Patent 8,623,976 (Polymerization Casalvst Compositions Containing
Metaliocene Complexes and the Polymers Froduced by Using the Same)y discloses g catalyst
composition comprising the following: a) metallocene complex containing the following:

i} a group 3 metal atom or a lanthanoid oetal atorm, and for example, Sc,

i} a p* ligand of a substituted or an unsubstituted cyclopentadicnyl derivative,

i) monoanionic lgand,

19} a newtral Lewis base:

b} an bonic compound of a non-Heand anion and a cation, and for exaraple, tetrakis{penta-
fluorophenyliborate, The catalyst composition is used to polyraerize various polymers, such
as ethylene/styrene copolymers (see Examples H-17). The polyvmerived styrene may be in
syndiotactic torm.

L. Pan et ab., Angew. Chem, Int. Bd, 2011, 56, 1281212015, Chain-Shurtling
Folymerization ai Two Different Scandivm Sites: Regio- and Stereospecific "One-Pot” Biock
Copalymerization of Stvrene, fsoprens, and Buradiene, discloses the chain-shuitling
polvmerization of styrene, tsoprene and butadiens, by two different catalvsts and a chain
shuttling agent {riisobutylalumimum, TIBA), The catalysis show different monomer
seleciivity and stereosclectivily in the presence of TIBA, resulitng in the regio- and
stereospecific copolymerization of styrene, isoprene and butadiene.

5. 8. Park et al., Macromolecudes 2017, 30, 6606-6816, Bilaxial Chain Growth of
Folyolefin and Polystvrene from 1,6-Hexanedivizine Species for Triblock Copolymers,
discioses the preparation of triblock copolymers, by initiating (anionic) styrene
polymerization from a polymeryl zincate species. A polyethylene/polypropyiene copolyrer
is grown from a dual-headed zinc species using coordinative chain transfer polymerization,
followed by addition of the anionic initiator (for example, MesSiHTHzLi-(pmdeta)) and styrens
monemer. The coordinative chain fransfer polymerization fakes place in the prosence of a
transidon metal (for example, Zr or HiY complex, Thus, anionic polymerization is uvsed o
grow polystyrene end blocks, which do not exhibit any stereoregularity.

LIS, Pablication 201 8/0022852 (Organic Zine Compound Comprising Polvolefin-
FPolystyrene Block Copolymer, and Method for Preparing the Same) discloses the preparation
of an organic zine compound, such as that of Formula 1, a8 shown therein, and which
comprises a styrene-based polymer or a polyoletin-polystyrene block copolymer. This

yweparation method comprises preparing an infermediate by conrdinstion polymerizing an
J < £

b
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olefin roonomer osing & fransition mwetal catalyst, and then inserting, i part, styrens
monomers o the intermediate by anjonic polymerization. Transttion metal catalysts
inchude Zr metal compounds represented by Forntula 6A and Formula 68, each shown
therein (see paragraphs (00761 and [0077]]).

Y. Loo et al, 1. Am. Chem. Soc. 2004, 126, 13910-13911, Scandiven Half-
Metaliocene-Cotalyzed Svndiospecific Styrene Polymerization ond Stvrene-Ethylene

Copolymerization: Unprecedenied Incorporation of Syndiotactic Styvrene-Styrene Sequences

in Styrene-Erhyiene Copolymers, discloses the polymerizaton of syndiospecific styrene-
cthylene copolymers, using a scandium half-sandwich complex. The meltng temnperature
{Tm} of the copolvmer can be modified by adjusting the ethylene incorporation, where
cthylene incorporation resulis in a decrease in the Tra. No chain-shuttling was demousivated
with the 8¢ catalyst.

H. Hagihara et al., Polymer Journal 2012, 44, 147-154, Svnthesis of Ethylene-Stvrene
Copolymer Contuining Syadiotactic Polystyrene Seguence by Trivalent Titanium Catalyst,
discioses the polyraerization of syndiotactic styrene-ethylene copolymers, using a trivalent
ttanium catalyst, wistacetviacetonate) ttanivm (Tidacacys ). Different polyroers were
produced by the Ti{acac): catalyst, which may be attributed to the presence of makiiple
oxidation sites on this catalyst,

F.Lin et ab., Jowrnal of Polymer Science, Part A: Polymer Cheroistry 2017, 55, 1243~
1249, Syuthesis and Characterization of Crystalline Styrene-b-{ Ethylene-co-Butviene )-b-
Styrene Triblock Copolymers, discloses the synthesis and characterization of crystalline
styrens-b-(athylene-co-butylene)-b-styrene (SEBS}). The cationic, rare carth metal complex,
FP-Fie-CHe-POHo(CHS iMe ) HTHE), was used for a living polvmerization of butadions
and styrene. The sequential addition of styrene, botadiene and styrene monomers {ormed an
SBS wriblock. The SBS wiblock consisted of elastic polvbutadiene sequences with 1.4
regularity and crystaliing syndiotactic polystyrene. The SBS wriblock was hydrogenated to
forn: the SEBS.

B. Liu et al., Macromolecudes 2016, 49, 6226-6231, Regioselective Chain Shuttling
Polymerization of Isoprene: An Approach 1o Access New Materinly from Single Monanier,
discioses the chain transfer polvmerization of isoprene using a pyridyb-methyviene floorenyl

scandium corplex, in combination with [PhaCiB(UsFs sud iBuAlL The polymerization

vielded high 1.4-selectivity of the isoprene. Additional catalysts stractoves include “pryridyl-
swethylene fanctionalived fluoreny] ligated vare earth metal complexes 1-9, as shown therein,

¢ e

and where the oetal is S¢, Y, Ly, T, Er, Ho, Dy, Th or G4 (ses page 6227 (Chart 1)),
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VLS. Patent 8,710,143 ( Caraldvst Composition Comprising Shautiling Agent for
Ethylene Mulii-Block Copolymer Formarion} discloses the polymerizanon of multiblock
copolymers using the following: (A} a first metal corplex olefin polymerization catalyst, (B}
a second moetal complex olefin polyiverization catalyst capable of preparing polymers
differing in chemical or physical properties from the polyimer prepared by catalyst (A}, under
squivalent polymerization conditions, and (€} a chain shuttling agent. Suitable monomers
inchide ethyiene and one or more addition polymerizable monomers, such as [-octone and
seyrene (see colummn 16, Hines 3-32). Suitable catalysts include metal corplexes, where the
metal is selected from Group 3-15, preferably Groops 3-18, move preferably Groups 4-8. and
most preferably Group 4 (T1 Zr and HE). See, for example, column 19, bne 61, to column

20, Hoe 6. A ethylene/styrene multiblock polymer was prepared using Cat. A (HE) and Cat.

B (), each as shown therein (see colomn 83, Hoes 12-38; coluron 86, hnes 21-52; column
115, hne 21, to column 116, line 23 and Tables 27 and 23).

Additional oletin biock copolymers (OBCs) and associated polymerizations are
disciose in the following references: LS. Patent 7.915,192; U5, Fatent 8,124,709, U.S.
Patent 8,501,.885; U.S. Patent 8,716,400; EP17I619081; EPI19I676381; and EP2SRIT74THI.

However, there remains 3 need for chain shattding technology to prodoce
cthylene/stereoreguiar vinylarene diblock and triblock interpolymers, in dual reactors using

comtimuous sofution polymerization. This need has been et by the following tnvention.

SUMMARY OF THE INVENTION
In a first aspect, a process to form a composition comprising an ethylene/vinylarene
diblack mmtorpolymer andfor an ethyvlene/vinylarene triblock interpolyroer, said process
comprising af least the following steps:
Ay polymerizing in a veactor A, a mixture A comprising ethylene, and optionally an
alpha-olefin, snd optionally a vinylarene, in the presence of af least the fnllowing: a) a metal
coroplex 8 selected from the following: Formuila 81, Formula 82, Formula 83, Forouila 54,

or Formula 55:

PN
N/
|

{Fornmsla S13,
wherein M is a metal selected from titanium (T1), rirconium (Z¢), or hafnbim (HF);

and wherein the roetal is in a forroal oxidation state of +2, +3, or +4;
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3

each X 1s independently selected from o substituted or ynsubstitoted (C-Capdbvdro-
carbyi, a substituted or unsubstituted (C-Cadheterchydrocarbyl, or —H; and wherein each X
is independently a monodentate ligand or a bidentate Higand;

wis O, 1, or 2, and optionally when nis 1, X may be a bidentate Ligand;

R!is a bridging group comprising from 2 o 41 atoms other than hydrogen, and
wherein, optionally, the bond between RF and M is a pi bond;

K% is selecred from s substituted or an unsubstituted (C-Crothydrocarbyl group, or a
sabsttuted or an ensubsttuted (O -Cspheterohydrocarbyl group;

¥ s bridging group linking N and B!, and comprising from 2 to 40 atoms other than
hydrogen, and wherein, optionally, the bridging group comprises a N atom that can iideract
with the metal (M) via an electron donative hond; and

wherein the metal complex s overall charge-neutral;

s
\‘u /’

{(Formuda S2,

wherein M’ s a metal selected fron titaniurn (F1), zirconivm (#1), or hafuiure (H); and
where the metal is in a formal oxidation state of +2, +3, or +4;

cach X ts independently selected from a substituted or unsubstitoted (C-Candhydrocarbyl,
a substitted or unsubstinged (Cr-Caodheterohydrocarbyl or ~H: and wherein each X is
independently a roonodentate or 3 bidentate ligand;

nis 0, 1, or 2, and optionally when n s 1, X may be a bidentate ligand;

each of B° and BY s independently selected from a substituted or an unsubstitoted (Cs-
Cogaryl group, or a substituted or an nnsubstiteted (Us-Cogtheteroaryl group;

M and N are linked by a hridging group, ¥, which comprises fromm 2 1o 44 atoms other
than hydrogen, and wherein, opttonally, the bridging group comprises a N atom that can
wnteract with the metal via an electron donative bond; and

wherein the metal corplex is overall charge - neutral;

R
LN

/ h
7
\ /

e

{Formula 833,
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wherein M is a metal selected from titanium (T, zirconium (29, or hafnium (H6); and
wherein the metal 1S 10 a formal oxidation state of +2, +3, or +4;

sach X is independently selected from a substituted or vosubstituted (C-Cspdhydrocarbyl,
substifuted, a onsobsusuted (C-Caglheterohydrocarbyl, or —H, and wherein cach X i
independently 3 monodentate ligand or a bidentate tigand;

nis iy, 1, or 2, and optionally when n is 1, X may be a bidentate ligand:

R7 is a substinzred or wasubstitated (C-Candhydrocarbyl group, a substituted or

ansubstitited (Cr-Cagtheterohydrocarbyl group, ~SHRYh, or

tis §orZ;

and wherein T! and M are linked by 2 bridging group, denoted by I, which comprises
from 4 0 30 atoms other than hydroge

wheretn each RY, BN, and R i Formula 83 is independently a substivited or an
unsubsiiteted (O-Cagihvdrocarbyl, a substituted or an upsubstituted (O -Caodheterohydro-
carbyl, or —H; and

wherein the metal complex is overall charge-neural;

{Forroula 843,

wherein M is g metal selected from zirconium (£r) o hafoiure (H)) and wherein the
metal 1s i a formal oxadation state of +2, 43, or +4;

sach X i3 independently selected from a substituted or unsubstingted {C-Capthydrocarbyl,
a substituted or unsubstituted (O Cassheterohvidrocarbyl, or —H: and wherein cach X s
independently a monodentate ligand or a bidentate ligand;

nis il |, or 2, and optionally when nis 1, X may be a bidentate ligand;

each of -T% and -T°- is independently selected from ~O—, —8—, —P(RN—, or =P

R® and R*! are each independently selected from: the group consisting of ~H, a substitated
or ansubstituted (T -Cagthydrocarbyvl, a substinsted or unsubstinited (C-Cyptheterohydro-

carbyl, SR, ~Ge(RY)s, ~PRY), ~N(R, ~ORE, ~SRE, ~NG,, ~CN, ~CFs, RES(O)-,
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REGI -, (ROnCaNa-, RECIOI0-, REGCO)—, RECIONNR)-, (RO:NCO)—, haloges,

radicals having formula (3}, radicals having formula (301, and radicals having formula (IH):

Ni/;\v 1) ,(:42_/& $t) l// b \T T §iis
(1), . —~ (h) LhEL,
RPN ; ,\}L/) \/ s

e “,’" Ao
* e

where zach of R¥7, P and R¥ is independently selected from a substituted or
unsubsiituted (C-Caothydrocarbyl, a substituted or unsubstituted (C-Caotheterohydrocarbyl,
=GR s, ~GedR s, ~PRMy, ~PHRN), ~N=CHRY, ~0ORC, -8R, ~N(, ~CN, ~CFs,
RSO, RES(Dn-, (RO C=N-, R°CIOH0-, REOC(O-, RECIOMNERY -, (RD NGO,
halogen, or ---H;

each of 87043 independently selected from a substituted or unsubstinuted (C1-Cagthydro-

carbyl, a substituted or unsubstituted {Ch - Capdheterohydro-carbyi, - -SHRCY, ~Ge(R5 s,
PR g, MR, ~N=CHR", ~OR", -8R, ~Nh, ~OUN, ~CF;, RSO, RVS()-,
(ROpC=M=, RECION0-, BEOCO)~, RECOMIRY -, (RUnNCE), halogen, or —EE

3 is a substituted or unsubstituted (C € Jhydrocarbylene or a substituted or
uasubstituted (C ~C, Sheterohydrocarbylene, wherein the substituted or unsubstituted
{C~C Jhydeovarbylene has a portion that comprises a 1-carhon atom o 1-carbon atom
linker backbone, linking the groups T7 and T* in Forroula 84 (to which J* is bonded); or the
substituied or vosubstituted (€ ~C  Jheterohydrocarbylene has a portion that comyprises a 1-
atosn to Hi-atom Hoker backbone, linking the groups T2 and T° in Formuda S4, wherein each
of the 1 to 14} atoms of the 1-atom to 18-atom Hinker backbone, independently, is a carbon
atom or heteroatorn of 8 heteroaton: group, wherein each heteroaiom group is independently
3.5, 80, SO, SE(R(’3¥27 Ge(}{")g, PORYS, or NRSY, wherein cach R is independently a
substituted or snsubstituted (C ~C, hydrocarbyl or a substituted or unsubstituted
(U~ heterohydro-carbyl; and wherein each 2 'Y, and remaining K in Forroula 84 s
independently a substituted or unsabsttuted (O-Candhvdrocarbyl. a substinuted or
vasubstituted (Cr-Cany-heterohvdrocarbyl, or —H; and

wherein the roetal compiex is overal] charge-neutral; or

~d
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{Formuda 853,
wherein M’ is a metal selecied fron titaniurn (F1), zitconivm (¥, or hafuiure (HH); and
wherein the metal is in g formal oxidation state of 42, 43, or +4;
each X is independently selected from a substituted or unsubstituted (O -Caphvdrocarbyl,
2 substituied or gusubstitited (C1-Csoyheterohydrocarhvi, or ~H; and wherein gach X is
independently a roonadentate Hgand ot a bidentate ligand;

nis G, 1, or 2, and optionaily when nis 1, X may be a bidentate figand;

B3 are each independently selected from a substiteted or unsubstituted (Ci-gofhydro-
carbyl, a substituted or unsubstitted (C)-Cugheterohydrocarbyl, SRy, or ~H; and
optionaily two or more groups from RYF are liked, such that that cyclopentadienyl group is
2 substituted ov unsubsiinged ndenyl group, or a subsiituted or unsabstituted fuorenyt group;
and wherein R” is selected from 2 substituted or unaubstituted {(Ci-Ciothydrocarbyl, a
substituied or uwnsubstituted (Cr-Csodheterohydrorarbyl, or —H;

3 and O are Hinked by a bridging group, denoted by 2, which comprises from 1 o 30
stoms other than bydrogen; and

wherein the metal complex is overall charge-neutral;

B) polymerizing in 2 reactor B, a mixiowe B comprising othylene, a vinylarene, and

optionally an slpha-olefin, in the presence of at least the following: b) a moetal conplex H

selected from the following Formula H1 or Forowla H2:

e
i
HTANS
( ' )
{ [N o
/ {Formula H),

wherein M° is TL 8¢, Y, or an element from the lanthanide series;

RLEZ RS R, and B are cach mndependontly M, or a substituted or unsubstitinted
bydrocarbyl group, a substituted or unstebstituted heterchydrocarbyl group;

G, and QF are cach independently a substinuted or ensabstinited hydrocarbyl

group. a subatituted or unsubstintted heterohydrocarbyl group, or a halogen;



WO 2022/133143 PCT/US2021/063915

L is a Lewis base; and each n is independently O or | and m is an integer from 010 3;
wherein optionally at least one L group and at least one £ group are conmected, and
optionally at least one R group and at loast ong  group are connected;

wherein the roetal complex s overall charge-neutral;

™~

{Formula H2 )

wheretn M s a metal selected from titanium (T4, zirconiurm (20, or hafnium (5F);
and wherein the metal is in a formal oxidation state of 42, 43, or +4;

gach (@ is independently selected from a substituied or vasgbstituted {C-Cap)-
hydrocarbyl, a substituted or unsubstituted (C-Cagtheterohvdrocarbyl, or —H: and wherein
cach Q18 independently a monodentaie ligand or a bidentate ligand;

nis 8, 1, or 2, and optionally when 1 is 1, X may be a bidentate ligand:

R’ and R? are cach independently a bridging group comprising from 2 to 41 atoms
other than hydrogen, and wherein, optionaliy, R' and R* each independently nay be a
substituted or gnsubstituted arviene growup;

each of -Z)- and -2 is independendy selected from - -5, ~Se-, ---N(RN} - OF
~P(RP)—; and wherein cach of -2~ and -77- independently can optionally intersct with the
metal via an electron donative bond;

2 and Z° are linked by a bridging group, denoted hy P, which comprises from 1 to 50
atoms other than hydrogen;

wherein R and RY, are each independently a substituted or unsubstituted (C5-Ca)-
hydrocarbyl, o substituted or vesubstituted (C-Uspybeterohyvdrocarhyl, or =1L and

wherein the metal complex is overall charge-neotral; and

wherein step A occurs before step B, and at least a portion of the reactor product in

reactor A s transterred to reactor B) or step B occurs before siep A, and af feast a portion of
the reactor product in reactor B is transferred to reactor A; and

wherein if step A oceurs before step B, then at least one chain shattling agent 1s fad
into the reactor A; and

wherein if step B occurs before siep A, thep at feast one chaie shuttling agent is fad

o the reactor B and

P

wherein the vinylarene in step A = the vinylarene in step B; and the alpha-olefin in step /

= the alpha-clefin in step B.
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In a second aspect, a CoOmposttion comprising an ethylene/vinylarere diblock
interpolymer or an ethyleng/vinylarene triblock interpolymer, said diblock interpolyimer
comnprising at feast one polyrer structiwe selected from Structure 1, as shown below, and said
triblock merpolymer comprising at least one polvmer stracture selected from Structure 2 or
Stractore 3, each as shown below, where AR refers o vinylarene-rich and AP refers o
vinyiarene-poot:

(ARAPY (Strucomre 1),

{ARAPHARY (Structure 2},

(APRARMAPY (Suructare 3); and

wherein cach (AR} segment independently comprises, in polymerized form, ethylene,
the vinylarene and optionally an alpha-olefin; and

wherein each (AP segment independently comprises, in polymerized form, ethylene,
optionaily the vinyiarene and optionally the alpha-olefin; and

whirein each (AR) segment independently comprises, in polymuarized form, > 10
mol% of the vinviarene, based on the total moles of polvioerized monomers in the (AR}
segment; and

wherein each (AP} segment independently comprises, in polymerized form, < 10
% of the vinylarene, based on the total rooles of pelymerized monomers in the (AP)

.‘?«Cgi‘il(’)ﬂt.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a schematic depicting the formation of an cthylese/styrene diblock
interpolymaer. Each black block represents an vinyisrene-poor block comprising, in
polvimerized form, ethylene, opiionally an alpha-olefin and optionally 8 vinvigrene. Hach
grey (pink) block represents an vinylarene-rich block comprising, in polymerized form,
cthviene, a vinviarene and optionally as alpba-olefin,

Figure 1B is a schematic depicting the formation of gn ethylene/styrene tribiock
wnterpolvimer, See above for block descriptions.

Figure 2 deprcts the TH NMR profile of CAT B.

Figure 3 depicts the 130 NMR profile of CAT B,

Figure 4 depicts PPR Datar Activiey vs £SA Loading (jrolesh,

Figure § depicts PPR Data: PS Molecule Weight {(Mw) ve CSA Loading {pmoles}.

Figure 6 depices conventional GPC profiles of syndiotactic polystyrenes as noted.

GPC profiles from left o rght, sterting at Log M = 3.00: “sPS 3 (100 DEZ polymen),” “sPS-

10
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5106 TEA polyroen),” “sP8-2 (25 DEZ polymer),” “sPS-4 (23 TEA polymer),” “sPS-1 (no
CSA polymer).”

Figure 7 depicts the TH NMR profile of Triblock 2 {coraposition containing an
cthylene/octene/styrene triblock).

Figure 8 depicts the 130 NMR profile of Triblock 2.

Figure © depicts the GPC prodile of Triblock 1 {composition containing an
sthylensfoctene/styrene triblock). & ARVUY dual detectors were used, GPC profiles from
teft o right, starting at Log M = 4.00: UV profile, RI profile.

Figure 10A depicts the conventional GPC profiles of the samples as noted. GPC
profibes from left o right, starting at Log M = 3.00: Triblock 2, 1B-1 {(In-Reactor Blend) (see
Table @)

Figare 108 depicts the conventional GPC profiles of the saroples as noted. GPC
profites from left to vight, starting at Log M = 2.00: 1B-2 (In-Reactor Blend), Triblock 3
{composition confaining an ethylene/octene/styrene triblock), Enblock 1 (composition
containing an ethylene/octens/styrene diblock), Diblock 2 {composition containing an
sthylens/octene/styrene diblock) (see Table 7).

Figure 11 depicts Tensile Stress versus Tenstle Strain for Triblock 2 and IB-1.

Figure 12 depicts conventional GPC profiles of atactic polystyrenes as noted. GPC
profites from left 1o right, starting at Log M = 2.00: “aPS-4 (100 DEZ polyroer),” "aP&-5 (25
THA” polymser),” “aP5-3 (25 DEZ polyroen),” “aP5-1 (CAT C ondy polymer).” “aPS-2 (no
CHA C and no USA polymer).”

Figure 13 depicts CAT D PPR Data: Molecular Weight (Mw) versus Polymerization
Ffficiency.

Figure 14 depicts CAT E PPR Data: Molecalar Weight (Mw) versus Polymerization
Etficiency.

Figure 15 depicts CAT F PPR Datar Molecular Weight (Mw) versus Polyerization

Eifficiency,

DETAILED DRESCRIPTION OF THE INVENTION

Chain shuttling techuology has been discovered to produce ethylene/vinyviarene
diblock and tiblock interpolymers, via dual catalysis in two reactors. For example, the
catalyst {metal complex) used to form vinylarene-poor segments {or blocks) in one reactor
sueets the following criteria: a) high native molecalar weight. b) high chain shutling

constants, as deterndned by molecular weight reduction and narrowing of the roolecular
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weight distribution in the presence of CSA (chain shottiing agent), and 3) bigh w-olefin
incorporation. The catalyst {metal complex} used for form vinviarene-rich segments (or
blocks} in the other reactor meets the following criteriar a) good activity toward the
vinylarene polvimerization, b} lagh chain shuttling constants, as determined by molecolar
weight reduction and parrowing of the molecutar weight distribastion in the presence of 4

{5 A, and ¢ corppatibility with residual monomer carried over,

As discussed above, the invention provides, in a first aspect, a provess o form a
composition comprising an ethylena/vinviarene diblock interpolymer andfor an
ethylene/vinyviarene triblock interpolymer, as described above. An inventive process may
conprise a combination of two or more embodironts, as described berein. Each step or
coraponent of an inventive process may comprise a corabination of two or reore
cembodiments, cach described berein.

As discussed above, the tnvention also provides, in a second aspect, a composition
compising an ethvlene/vinylarene dibjock interpolymer or an ethylene/vinvlarene triblock
interpolymer, as described sbove., An inventive composition roay comprise a corpbination of
two or more erobodiments, as described berein, The diblock interpolyroer and the iblock
interpolymer may each comprise a combination of two or more embodiments, as described
herein.

Note, as used herzin, in reference to structures of a metal complex, Arl = Ar', Arl =
ax7, A3 = AP, and so forth, Also, as used herein, in reference to such siniciires, B1 = R/,
R2 = R% R3 =R’ and so forth. The notation RER™ where “a through n” represents
consecutive numbers, refers to K5, R*H R, [ R® For examyple, R*-R7 refers to R*, R% RS,
RS R As used herein, in reference 10 noted metal complexes, the notation “—" refers to 3
bond formed from a donating elecivon pair {eleciron donative bond). Note, a pi {m) bond s
shows herein by a straight line.

The following embodiroends gpply 1o an inventive process and/or an inventive
corpposition as apphicable.

I one embodiment, or a combination of two or more embaodiments, each described

herein, the metal complex 3 is selected from structure slal or struceure 31a2:

4 v« T3
'/\l ,ﬂ—‘g\ - \\7/: Ef\ﬂ:" R

.
A Sy j\"i e /\’i\/z-\
U0 .. UD

T (shal).
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I one embodiment, or a combination of bwo or more ermmbodiments, each deseribed
herein, metal complex 3 is selected from Formola 31, and further Formula Sla as described
herein; and the roetal compdex H is selected from Formula Hi, and further Pormula Hla or
Forpula Hib, each as described berein.

In one embodiment, or a combination of two or more embaodiments, each described
herein, the metal complex H i3 selected from the following forrouias hial, hiaZ, hla3, hibi,
hib2, h1b3, hlal or 8282, cach as described horein,

I one embodiment, or a combination of bwo or more ermmbodiments, each deseribed
herein, the at least one chamn shuttling agent is selected from the following: an alkyl zine
compound, an alkyi alumingn compound, a dual headed chain shuttling agent, or a
cornbination thereof.

In one embodimpent, or a combinatton of two or more embodiments, each described
hergin, step A ocowrs before step B.

Inone embodiment, or a combination of fwo or more embodiments, cach described
herein, step B ocours before step A.

I one embodiment, or a combination of fwo or more embodiments, each described
herein, for the ethylene/vinylarene diblock interpolymer or the ethylene/vinylavene triblock
interpolymer, the vinylarene is styrene.

o one embodiment, or g combination of two or more enbodiments, each described
herein, the mixiure A comprises the alpha-olefin.

I one embodiment, or a combination of two or more embaodiments, each described
herein, for the ethylene/vinylarene diblock interpolymer o the ethylene/vinylarene wiblock
interpolymaer, each (AR} segment independently conyrises, in polymerized form, 2 15 mol%,
or > 2 mol%, or = 25 mob%, or 2 30 mwol%, or 2 35 mol%, or 2> 40 mol%, or > 45 mol¥, or
> S0 mol%, or 2 55 mol%., or = 60 mol%, of the vinvlarene, based on the total moles of
polyraerized monomers in the (AR segment. It one ermsbodiment, or a combination of two
or raore embodimenis, each describod herein, sach (AR) segroent independently coraprises,
i polymerired form, < 100 mol%, or < 98 mold%, or <96 mol%, or < 94 mol%, or <52
moi%, or < 91 mol% of the vinylarene, based on the total moles of polymenized monomers in
the (AR} segment.

In one embodiment, of a combination of two or more erghodiments, cach described
herein, for the ethylene/vinyiarene diblock interpolymer or the ethyviene/vinylarene triblock

interpolymer, each (AP) segment independently comprises, in polymerized form, > O mol%,

or > 0.2 mol%, or > 0.4 mol%, or = 0.6 mol%, or > 6.8 mol%, or 2> 1O moif% of the
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.

vinylarene, based on the wtal moles of polymerized monomers in the (AP) segmment. In one
embodiment, or a combination of two or more embodiments, cach deseribed herein, each
{AP) segment independently comprises, in polymerized form, < 10 mol¥%, or 9.0 mol%, or
< &8 mol%, or £ 7.0 mol%, or £ 8.0 mol%, or < 5.0 mol% of the vinylarene, based on the
total moles of polymerized monomers in the (AP) segment.

In one embodiment, or a combination of fwo or more erobodiments, sach described
herein, for the ethylene/vinylarene diblock interpolymer or the ethylene/vinylarene friblock
interpolymer, each (AR} segment independently comprises, in polymerized form, 2 2.0
el %, or = 440 mol%, or = a0 mol%, or > 8.8 mol%, or > 9.0 mol%, or > Himol%, or > 1
%, or 2 12 molth, or 2 13 mel%, o 2 14 mo0l% of cthyviene, based on the toial moles of
polymerized monomers in the (AR) segment. Inone embodiment, or a corabination of two or
more embodiroents, each described herein, cach (AR) segment independently comprises, in
polymertzed torm, < 80 mol%. or <77 wmol%, or 75 mol%, or <73 wmol%, or £ 70 mol%, or
< 65 mol%, or <60 meol%, or < 35 mol%. or <58 mol%, or €45 mul%, or <40 mol% of

ethviene, based on the tofal rooles of polymerized monomers in the (AR) segroent.

I one embodiment, or a combination of fwo or more embodiments, each described
herein, for the ethylene/vinylarene diblock interpolymer or the ethylene/vinylavene triblock
interpolymer, cach (AP) segrent independently comprises, in polyrogrized form > 50 mol®%,
> 532 mol%%, or > 54 mol%, or > 56 mold%, or 2 38 mol%, or > 60 mol%, or > 62 moi%, or >
64 mol%, or > 66 mol%, or 2 68 mol%, or > 70 mol% of ethylene, based on the total moles
of polymerized monomers in the (AP} segment. In one ervhodiment, or 2 combination of two

or more erobodiments, each described herein, each (AP) segment indepundenily comprises, in

podvmerized form, < 100 mol%, or <94 mol%, or <96 mol%, or <94 mol%h, or £ 92 mel%,

s

- <90 mol% of ethylene, based on the total mwoles of polymerized monomers in the (AP}
segment.

o one embodiment, or g combination of two or more enbodiments, each described
herein, for the ethylena/vinylarene diblock interpolymer or the cthylene/vinylarene triblock
wterpolvimer, > 28 mol%, or 2 440 mol%, or = 60 mol%, or = 30 mol%, or = 83 mol%, or 2 90
mol%, or > 892 mol%, or = 94 mol%, or = 96 mol%, or = 98 mol’%. or > Y9 mol% of the

pedvmerized vinyiarene in cach {AR) segment is present in g “back fo back™ configuration as

shown below in subsegment bb:
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S
-5 W/’\Tg—
{subsegroent bb}; and wherein the mol% is based on the total moles of
polvmerized vinyiarene in the (AR) segrment.
In one embodiment, or a combination of two or more embodiments, each described

herein, for the ethylena/vinylarene diblock interpolymer or the ethyviene/vinylarene triblack

7.

> 20 mol%, or > 40 mol%, or 2 60 mol%, or > &0 rooi%, or 2 85 moib, or = 40

interpolymer,
mad%, or > 92 mwol%. or 2 94 mol%h, or 2> 96 mol%, or = 98 mel%, or 2 99 mol% of the
polymerized vinylarene in cach {AR) segment is present in a syndiotactic “hack to hack”™
contfiguration as shown below in subsegment sbb:

e \?é
(subscgment sbby: and wherein the rool?% is based on the twial moles
of polymerized vinyvlsrene in the (AR) segment.
In one embodiment, or a combination of two or more emnbodiments, each described
herein, for the sthylene/vinylarene diblock interpolymer or the ethylene/vinylavene triblock
mierpolymer, none of the polymerized vinylarene in each (AY) segment ts present iz a “hack

0 back” configuration as shown in subsegment bhby

,—g“\\l /’“\T%~
{subsegment bb}y; aud wherein the rol% is based on the total rooles of

solymertred vinylarene in the (AP) segment,

Also provided s a conaposition formed from an inventive process as described herein,
Also provided is an article comprising st least one component formed from an inventive
COTMPOSILON.
Ethviene/Vinylarens Bibleck and Triblock Interpolymers

Examples of the formation of an ethylene/vinylarene diblock interpolymer and the
formation of an ethyvicne/vinylarene iriblock interpolyioers are schematically shown in Figure
14 and Figure 1B, respectively. According to these figures, an ethylene/alpha-olefin random
copolymer “block,” divectly bound to an organometallic reagent, such as # zine or alumingm-
based chain-shuttling agent (U8 A} or a dual-headed chain shuutling agent (BHCSA), is
senerated o the fitst reactor, using a first transition roefal catabyst, These resuliing polymeryl
sine or polymeryt alominurn species of the first reactor are fransferred into the second
reactor. The lifetime of the first tansition metal catalyst (metal complex) is spent by the time

the contents of the first reactor are transferred to the second reactor. In the second reacior,
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seyrene, ethviene and optionally, the alpha-olefin, are polymerized in the presence of a second
transition metal catalyst, to produce a random styrenefethylene interpolymer “block.” The
polveryl zine or polymeryt aluminum species fronn first reactor then undergoes chain
shuttling with the second reactor catalyst, 1o grow the styrene/ethylene random “block” onto
the ethyleng/alpha-olefin polvimeryl chain, vielding the desived diblock (Fgure 1A) or
iriblock (Figure 1B) inferpolymer. The two types of random blocks (vinylareng-rich of hard
block and vieylarene-poor or soft block) differ in chemical or physical propertiss. Hac

block has bwo or move monomer types that are sebstastially randomdy distributed within the
block.

Ag discussed, the ethylene/vinylarene diblock and triblock interpolymers comprise
two chemically distinet regions (referred 1o as “blocks™), preferably joined in a Unesr roarper.
Io an embodiment, the biocks differ in the amount or type of tncorporated comonomer,
density, arnount of crystallinity, type or degree of tacticity (isotactic or syndiotactic), or any
ather chemical or physical property. Compared fo conventional block interpolymers of the
aet, including interpolymers produced by sequeniial monoraer addition, fluxional catalysts, or
guionic polymerization technigues, the present ethylene/vinylarene diblock and iblock
interpolymers are chavactenived by unmique distribodons of both polymer polydispersity (PDI
or Mw/bMan or MWD), block length disteibution, and/or block number distribution, due o the
cifect of the shutthing agent(s} in combination with vwltple catalysis, used in their
preparation in dual reactors.

YVinyviarene Monomers

Vinylarone monomers are aromatic monomers, and include, but are not lunited o,
sromatic vinyt compounds such as mono- or poly-aikyistyvrenes (nchuding styrene, o-
methylstyrene, m-methylstyrene, p-methylstyrene, o, p-dimethylstyrene, o-ethylstyrene, m-
cthylstyrene and p-ethyistyrene), and functional group-containing derivatives. such as, o-
chiorostyrene, m-chiotostyrene, p-cilornstyrene, divinvibenzene, 3-phenyipropene, 4-
phenyipropene and g-methylstyrene, provided the monomer is polyroerizable under the
conditions employed.

Chain shuttling agent (T4}

The term, “chain shuttling agent {CSAY refers 10 a compound or 2 muxture of
compounds that is capable of causing a polymeryi exchange between at least two sctive
catalyst sites of the catalysts included in the conditions of the polymerization. That s,

transfer of a polvmer fragment gocurs both to, and from, one or more of the active catalyst
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sites. The C5A is able to chain transfer between, for example, the “AP (soft block) catalyst”
and the “AR (hard block catalyst).”

Suitable shuitling agents include, but arg not limited to, Group 1, 2, 12 or 13 metal
commpounds or complexes containing at least one substitoted or unsubstituied bydrocarbyl
group, preferably hyvdrocarbyl substinged alominum, gathivm or zine compounds containing
from 1 o 12 carbons in each hydrocarbyl group, and reaction products thereot with a proton
sowree. Preferred hydrocarbyl groups gre alkyl groups, preferably Hnear or branched, C2-C¥
atky! groups. Chain shutthing agents include, but are not hmted to, ralkylahiminom and
diatkyl zinc compounds, especially tristhylaluminom, triisopropylaluminm,
tri{isobutyialurpinum, ri(n-hexylaluminum, gi{n-cotyDalominom, tricthylgatifum, or
dicthylzine. See U.S. Patent 8,710,143 (incorporated herein by reforence).

[Dual-beaded chain shuttling ageots (for example, an A-DHCS A and an Aldn-
DHCSA) are also suitable agents. Dual-headed chain shatthng agents include, but arve not
fimited o strucimres of the following formular R1-[M-R2-5-M-R1 where R1, R2 are each
independently a hydrocarbon containing between § and 20 carbons, n> 1, and M = Zn. See

also WO201 8/004546 and ULS. Patent 8,501 885 (each incorporated herein by reference).

DEFINITIONS

Unless stated to the contrary, inphcit from the context, or custsoary in the art, ail
parts and percentages ave based on weight, and all test roethods are current as of the filing
date of this disclosure.

The term "composition,” as used herein, inchudes 2 mixture of materials, which
comprise the composition, as well as resction byproducts and decoroposition products formed
from the materials of the composition. Any reaction byprodact or decomposition product is
typically present in trace or residual amounts.

The term "polvmer,” as used herein, refers to a polvoeric compounsd prepared by
polymernizing monomars, whether of the same or a difforent type. The generic orm polyner
thus includes the term bomaopolymer (emploved to refer to polymers prepared from only one
type of monomer, with the understanding that trace amounts of imparities can be
incorporated ko the polymer struciurs), and the term tnderpolymoer as defined hereinafier.
Trace amounis of topurities, such as catalyst residues, can be incorporaied into and/or within
the polymer. Typically, a polymer i3 stabilized with very low amounts Cppm” amounts) of

one or more stabilirers.
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The term "mterpolymer,” as used berein, refers 1o & polymer prepared by the
polymerization of at least two different types of monomwers. The werm interpolymer thus
inchudes the term copolymer (employed to refer to polymers prepared fromn two different
types of monomers) and polymers prepared from more than two different types of monomers,

The term “olefin-based polvmer,” as wsed herein, refers 1o a polymer that comprises,
in polymerized form, 50 wt% or a majority weight percent of an olefin, such as ethylene or
propyviene (hased on the weight of the polyiner), and optionally may coraprise obe Of moe
COMONOTETS.

The term "propylene-based polymer.” as used hevein, refers to a polymer that
conprises, in polymerized form, a majority weight percent of propylene (based on the waight
of the polymer), and opticnally may CoOMmprise one of rors COMONOMErs.

The term "ethylene-based polymer,” as used berein, vefers 1o a polymer that
comprises, in polymerized form, 50 wi% or a majority weight percent of ethylene (based on
the weight of the polymer}, and optionally may coraprise OnC Of MOKE COMONOMErs,

The term "vinylarene-based polymer,” as used herein, refers o a polymer that
comprises, in potymerized form, a majority weight percent of the vinylarene (based on the
wetght of the polymer), and optionally may comprise one Of MOTe COMONoess,

The torm "styrens-based polyner,” as used heretn, refers to 2 polymer that coraprises,
in pobyimerized form, a majority weight poreent of styrene (based on the weight of the
polymer), and optionally 108y cComprise one O MOTS COMOROINeTs.

The term "ethylene/alpha-olefin interpolymer.” as osed herein, refers to a random
interpolyvmer that conprises, in polymerized form, 50 wi¥h or a majority weight percent of
cthylene (based on the weight of the inferpolymer), and an alpha-olefin.

The term, "ethylene/aipha-olefin copolyrner,” as used hevein, refers to a random
copolymer that comprises, in polymerized form, SO wi% or a majority weight percent of
cthviene (hased on the weight of the copolvmer), and an afpba-olefin, s the only two
manomasr (Ypes.

The term, "ethylene/vinylarene copolymer,” as used herein, refers to a random
copolymer that comprises, in polymerized form, 50 wit% or a majority weight percent of
cthylene (based on the weight of the copolymer), and a vinvlarene, as the only two monomar
Types.

The phrase “a majority weight percent.” as used herein, in reference o a polymer (or
interpolymer, or terpolymer or copolymer), vefers to the amoont of monomer present in the

greatest anount in the polyroer.
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The term "ethylene/vinylarene diblock interpolymer,” as used herein, refers to a
diblock tnterpolymer that comprises a vinylarene-rich (AR) segment and a vinylarene-poor
{APY segment. Seg, for example, Figure 1A, The AR segment comprises, in polyrogrized
form, > 10 mol%% of the vinylarene. The AP segiment comprises, in polymerized form, <10
mol% of the vinylarens. Each mol is based on the total moles of polymerized monomers in
the respective segment. The diblock buterpolymer corprises, in polymerized form, cthylens,
the vinylarens, and may coraprises other monomer types. The tera "ethylene/vinylarene
diblock copolymer,” as used herein, refers to a diblock copolymer that corprises a
vinylarene-rich (AR) segment, as discussed above, and a vinylarene-poor (AP} segment, as
discussed above. The diblock copilymer comprises, in polymerized form, ethylene and the
vinylarene, as the only two monomer types.

The term "ethyleng/alpha-olefin/vinylarene diblock nterpolymer,” as used berein,
vefers to a diblock interpolymer that comprises & vinylarene-rich {AR) segment and a
vinylarene-poor {AP) segment. See, for example, Figure 1A, The AR segment comprises, in
polymerized form, > 10 100i% of the vinylarese., The AP segiment coroprises, (o polyroerized
form, < 10 mol% of the vinvlarene, Each mol% is hased on the wotal moles of polymerized
sponomers i the respective segment. The diblock interpolymer comprises, in polymerized
form, ethylene, the alpha-olefin and the vinylarene, and may comprises other monomey types.
The terro "ethylens/slpha-olefi/vinylarene diblock terpolymer.” as used herein, refers to a
diblock terpolymer that comprises a vinviarene-rich (AR) segment, as discussed above, and a
vinylarene-poor (AP) segment, as discussed above., The diblock terpolymer comprises, in
polymerized form, ethylene, the alpba-olefin, the vinylarene, as the only three monomer
1ypes.

The term "ethylene/vinylarene wiblock interpolymer,” as used herein, refers o a
triblock interpolymuer that comprises either two vinylarene-rich (AR) segments and one
vinylarenz-poor (AP segmuant located between the AR segments, or two vinylargne-poor
{AP)Y segments and one vinylarene-rich (AR} segment, located between the AP segrents.
See, for example, Figure IB. The AR segment comprises, in polymerized form, > 10 mol%
of the vinylarene, The AP segment comprises, in polyvmerized form, < 1 mol% of the
vinviarene. Bach mol¥% is based on the total moles of polymerized monomers in the
respective segment. The wriblock tierpolymer comprises, in polymerized form, ethylene, the
vinylarene, and may comprises other monomer types. The term “ethylene/vinylarens triblock

i

copolymer,” as used herein, refers to a wiblock copolyimer that comprises etther two

vinyiarene-rich {AR) segroents and one vinylarene-poor (AF) segment, as discussed above, or
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bwo vinviarene-poor (AP) segments and one vinylarene-nich (AR) segroent, as discussed
ghove. Each AR segment and AP segment are described above, The triblock copolymer
conprises, in polymerized form, cthylene and the vinylarene, as the ondy two monomer types.

The term "ethylene/alpha-olefin/vinylarene triblock tnterpolyimer,” as ased herein,
vefers to a triblock interpolymer that comprnses either two vinylareng-rich (AR) segments and
one vinviareng-poor {AP) segment, located between the AR segmoents, or two vinylarene-
poot (AP segments and one vinyiarena-tich (AR) segroent, located hetweesn the AP
segments. See, for exarpple, Figure 1B, The AR segroent comprises, in polymerized form, >
10 mol% of the vinviarene, The AP segment comprises, in polymerized form, < 10 mol% of
the vinyiarene, Each mol% is based on the twial moles of polymerized momnomers in the
respactive segroent. The wiblock intorpolyroer comprises, in polymerized form, cthylene, the
alpha-clefin, the vinvlarene, and may comprises other monomer types. The term
"gthylensfalpha-olefiv/vinyiarens triblock terpolyimer,” as used heveiy, refers to a triblock
terpolymer that coraprises, in polymerized form, cither two vinyiarcne-rich (AR} segmenis
sad one vinylarene-poor (AF) segment, as discussed above, or fweo vinylarene-poor (AP
segments and one vinylarene-rich (AR} segment, as discussed asbove. Fach AR segment and
AP segment are deseribed above. The wiblock terpolymer comprises, in polymerized form,
cthylene, the alpha-olefin and the vinylarene, as the ondy threc monomer £ypes.

The torm “vinylarens,” 35 used herein, refers to a chemical compound comprising a
“SCR=CHR” (where R and R are each independently H or an alky!)” bonded to an aromatic
ring styucture, sach as a monocyche, bicyelic or tricyclic ring structure. The aromatic ring
SEFUCTUNC M1y of may ol comprise one o more heleroatom groups, and may or may not be
suhstituied with one or roore hetoroatom groups. Exaroples of vinyvlarenes inchude, but are
not tunited to, styrene, 2-vinyl toloene and 4-vinyltohuene, and alpha-methyl styrene.

The term “alkyistlane group,” 4s used heredn, vefers to a chemical group comprising at
teast on -Si-K maiety, where R is an alkylh Some examples of such mroups include the
following: -“CHo-SHCH )5, ~CH-S1(HYCHapn, ~CHe-Si(Hp{(CH), -S{CHa), -S{ENCHs ),
-SHH(CH L

The term “heteroatom,” vefers o an atorn other than hydrogen or carbon {for example,
O, MNor P

The term “heteroatom group” refers to a heteroutorm o 1o g cherpical group confaining

one of more heteroatoms.
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The terms “hydrocarbon,” “hydrocarby] group,” and similar ferms, as used berein,
refer to a vespective compound or chemical groop. etc., containing only carbon and hydrogen
atoms. A divalent “hydrocarbylene group” is defined in similar manner.

25 ¢4

The terms “heterohydrocarbon,” “heterohydrocarbyl group,” and similar terms, as
used herein, refer to a vespective hydrocarbon,” or “hydrocarbyvl group, ete., 1o which at least
ome carbon atom i substituted with a betersatom group (for example, O, N or Py, The
monovalent beterohydrocarby! group may be bouded 1o the remaining compound of interest
via a carbon atom or via a heteroatoms. A divalent “heterohydrocarbylene group” is defined
in similar manner; and the divalent heterohydrocarbylene group may be bonded to the
remaining compound of interest via two carbon atoms, or two heteroatoms, or a carbon aton
and a heteroatont.

The teros “substituted hydrocarbon,” “substituted hydrocarbyl group,” and similar
termns, as used heveiy, refer to a respective hydrocarbon or hydrocarbyt group, ete., in which
ame of raore hydrogen atoms isfare independently substituted with a heteroatom group.

The terms “substituted beterohydrocarbon,” “substiiuted heterohydrocarbyl group.”
gud simitar ierms, as used herein, refer 1o a respective beterohydrocarhon or heterohydro-
carbyl group, efc., in which one or move hydrogen atoms isfare independently substituted
with a heteroatom group.

The term “aryl,” “aryt group,” and siroilar terms used herein, refer to a monovalent
aromatic hydrocarbyl or aromatic hydrocarbyl group, ete., comprising one or roore ring
stractures: for example, a monocyclic, a bicyelic or a tricychic ring structure.

The term “hetercaryl,” “heteroaryl group,” and stmnilar terms used herein, refer io a
monovalent aryl or aryl group, ete., in which one or more carbon atoros of the backbone ring
seructureds} is/are independently replaced with a beteroatom group.

The terms “substituted aryl,” “substituted aryl group,” and stimlar terms, as used
herein, refor fo an arvl o aryl group, eic., | which one ot roore hydrogen atoms is/are
independenily substituied with a hetercatom group.

The terms “substituted heteroaryl,” “sebsttuted betercaryl group,” and stiular terms,
as wsed herein, vefer o a heteroaryl or heteroaryl group, ete., in which one or more hydrogen
stors is/are independently substitited with a beternator group.

The term “asrylene,” “arviene group.” and similar terros used bereig, refer 1o a divalent
aromatic hydrocarbylene or aromatic hydrocarbylene group, ete., comprising one or more

ring structures; for examyple, a monocychie, a bieyelic or a tricyclic ving stroctore.
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The terms “substituted arylene,” “substituied arylene group,” and sunilar terms, a8
used hereln, refer to an arviene o arylene group, ete., i which one or more hydrogen atoms
is/are independently substinsted with a heterocatom group.

The term “substituted or unsubstituted (C—Chagthydrocarbyl,” and other Hke ferms, as
used herein, denoted the range of total carbon atoms (for example, 1 to 38 that a substitated
o unsubstituted hvdrocarbyl radical may contain. Note, other roonovalent chemical groups
(for exarople, a substituted or unsubstituted (Ce-Cad aryl group) with a noted carbon range
are defined in like manner.

The term “sobstituted or unsubstitated (O —Caotheterohvdrocarbyl,” and other like
toems, as used herein, denotod the range of wial carbon atoms (for example, 1io 301 that a
“substituied or unsubstituied beterobydrocarbyl radical roay contain. MNote, other monovalent
chemical groups with a noted carbon range are defined in ke manner.

The term “substituted or unsubstituted {Ce-Cop} arylene group.” and other hike terms,
as used herein, denote the range of total carbon atoms {for example 2 o 6) that a substituted
o ansubstinited arylene group may contain. Note, other divalent chemical groups with a
noted carbon range are defined in like manner.

The term “bridging group,” as used herein, in reference to a metal complex, refers to a
divalent organic group that is bonded to two atoms, located at different points in the
remaining structure of the metal complex. For example, see the bridging groups of cach of
Forouias 51 (70, 82 (5%, $3 (%), 84 (3%, 85(P), H2 (P

The phrase “bridging group comprising from 2 to 40 atoms other than hydrogen,” and
simnilar phrases, as used herein, in reference fo a metal complex, denote the range of total
storos other than bydrogen (for exampie 2 to 40 that an bridging group may contain, Note,
other bridging groups with a noted carbon range are defined 1o Hke manner.

The term “Lewis base,” as used herein, in reference to a metal complex, refers to a
chemical corapound or chenucal group that can donate a pair of electrons o form a bond with
& metal or asother chenucal group. Exarples of Lewis bases include, but gre not Hmdted 1o,
tetrahvdrofuran (THE), diethviether, dimethylaniline, or rimethylphosphine.

91 <&,

The terms “syndiotacticity,” “syndiotactic.” and similar terms, a5 osed hevein, in

reference (o polyraerized vinyiarene units, refer to an aliernsting stereochemical

configuration of two of more peadant aryt (for example, phenvi} groups. See for example,

subsegment sbh.
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The term “polyimer structure,” in veference to Stractures 1, 2 and 3, refers to the entire
molecule of the noted ethylene/vinylarene diblock interpolymer or ethylene/vinylarene
triblock interpolymer.

The notation “AR.” in reference to a diblock or wiblock interpolyvmer, refer to g
polymer segment of the respective tnterpolymer that comprises, in polymerize form, > 10
mol% of a vinylarene. This notation refers {o a “vinylarene rich” segment.

The notation “AP.” in refercnee to a diblock or iriblock tnterpolymer, referio a
polvimer segment of the respective interpolyroer that comprises, in polymerize form, < 10
mol% of 8 vinylarene, This notation refers to a “vinylarene-poor” segment.

The phrase “each segment,” iy reference to an AR segment {or black) or an AP
segment (o block), refers 1o an AR segreent or an AP segrment focated at the end of the
polymer molecnle or within the polvmer molecule. In reference to a diblock interpolyroer, an
AR segment is located at one end of a polymer molecole, and an AP segiment is located at the
ather end of the polymmer molecule. In reference to a triblock interpolyrer, two AR segmants
are located af each end of a polyroer molecule and an AV segment is focated between these
two AR segiments, of two AP segments are focated at each end of a polymer molecule and an
AR segment is located between these two AP segments.

The torm “solution polymerization,” as used beredn, refers to 2 polymerization process
in which the monomer(s), catalyst{s) and formed polyraer are all soluble in the
polymenizauon solvent or solvent blend of two or more solvents.

The term “continmons sohution polymerization,” as used heretn, refers to a solation
polymerization in which mononer(s) are continually fed to a reactor, and polymer is
continually removed from the reactor.

The term “metal complex,” as used herein, refers 1o a cherpical structure corpprising a
metal or metal ton that is bonded and/or coordinated 1o one or more Hgands {ions or
masecules that contain one or more pairs of electrons that can be shared with the metal). Sec
for cxample, the metal coroplexes of Forouilas $1, 82, 83, 84, 553, HI and H2. The metal
compdex ts typically rendered catalvtically active by the use of one or more cocatalysis.

The term “scavenger,” as used herein, refers to a chemical compound added o a
pedvierization reaction fo remwove or deactivate irapuritics or unwanted reaction products
(for exammple, oxygen). Examples of some scavenger include aluminunt alkyl compounds,
sach as MMAD and MMAO-3A.

The term “reactor prodiet,” as used herein, refers o the final polyvmerization mbxbwe

in a reactor, and which comprises one or more polymer(s), and typically solvent,
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The terms "comprising,” "including,” "having,” and their derivatives, are not intended
to exclude the presence of any additional component, step or procedire, whether the same is
specitically disclosed. i order to avolid any doubt, all compositions claimed through use of
the fermo "comprising roay include any addifional addivve, adjuvant, or compound, whether
polymeric or otherwise, unkess stated to the contrary. Tn contrast, the term, "consisting
essentially of excludes from the scope of any succoeding recitation any other component,
step or procedure, cxeepting those that are not essential 1o operability. The term "consisting
of " exclades any component, step o procedure, not specilically delineated or Hated.
Listing of Soms Processes and Compeositions
Al A process (o form a composition comprising an ethylens/vinylarene diblock
interpolyimer andfor an ethylene/vinylavene triblock interpolyroer, and further
ethviene/vinylarene diblock interpolymer or an ethylene/vinylarene triblock interpolyimer,
said process comprising at feast the following steps:

A) polymerizing in a reactor A, 4 mixiure A conygising ethyione, and optionally ac
aglpha-olefin, and optionally a vinviarene, o the presence of at least the followng: 4} a metal
complex S selected from the following: Formala 31, Formula 32, Formula 83, Formula 54,

or Formula §5:

f"f \
N
l

Forouta S1), as described above (see Sunwoary of the fovention (SO}

{Formula 52}, as described ahove (see 30I); and with respect to each of B°
and R* is independently selected from a substituted or an unsubstituted (Us-Caoyaryl group, of
a substituted or an unsubstiivted (Cs-Crotheteroayl gronp; further cach of B and RY is
independently selected from a substinsted or an unsubstinted (Ce-Chiojarvl group, ot a

substingted or an unsubstituted (Cs-Cyitheteroaryl groop:
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(Formula 84),

{Fornmila 83}, as described above {(see SO

PCT/US2021/063915

as described above (see S0,

B) polyviverizing in a reactor B, a mixture B comprising ethylene, a vinylarens, and

optionally an alpha-ofefin, in the presence of at least the following:

wherein the moctal compdex is overal] charge-neutral; or

b} a roetal complex H selecied from: the following Formula HY or Formula H2:

~

(Forroula H1), as described above (see 501,

{Formula H2}, as deseribed above (see SOT); and with respect to R and

R? are each independently a bridging group comprising from 2 to 41 atoms other than

3 - - 4 i - Y . "
hyvdrogen, and wherein, optionally, R and R- cach independently may be a subsiituted or

. N . - .
unsubstituted arylene group; further R and R each independently roay be an arviene group

(unsubsiituted);

N
W
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wherein step A occurs before step B, and at feast a portion, and further > S0 wi%, or >
8G wi%, or = 90 wit%., or > B8 with, of the veactor product in veactor A s transferred to
reactor B or step B occurs before step A, and at least a portion, and further 2 50 wi%, or = 80
wite, or 2 B wid%, or > 98 wi%, of the reactor product in reactor B s wansferred 1o reactor
A and wherein each wit% s based on the otal weight of the respective reactor product; and

whiretn if step A oocurs before step B, then at lcast one chain shuttling agent is fed
into the reactor A; and

wherein if step B ocours before step A, then at least one chain shuttling agent is fed
into the reactor B: and

wherein the vinylarene in stop A = the vinylarene in step B, and the alpha-olefin instep A

= the alpha-olefin in step B,
B The process of Aj above, wheretn, the metal complex 5 18 selected from the
following: Formula 3ta or Formala 52a:

A y

e
—
-

4

~.

\E/ S Ny

~FF {Formula Sia),
wherein X* and X* are cach independently selected from a substituted or unsubstituted
(C1-Cadbvdrocarbyl, a substituted or unsubstiteied (C-Caobeterohydrocarbyl, or —H, and
further a substitured or unsubstinsted benzyl, or ~H: and wherein X and X% may optionaily
be linked;
Ar! and Ar’ gre esch, independently, 2 sehstituted or unsubstitoted aryl or o substituted or
unsubstituted heteroaryl group,

T . - N L.
R is a substituted or unsubstituted arylene group;

~ S
\\‘ ! "

----- =i
S

{Forpmla S2a),
wherein X% and X* are each independently selected from a sebstituted or unsubstiteted
{-Candbvdrocarbyl, a sebstituted or unsubstiteted (O -Cagtheterohydrocarbyl, or -H. and
further a substituted or unsubstitated benzyl, or ~H.: and wherein X and X" may optionally

he linked;



WO 2022/133143 PCT/US2021/063915

B is selected from a substituted or unsubstituted (C-Caothydrocarbyl, a substitoted or
unsubstituted {Cr-Caprheterohydrocarbyl, or —H, and further a sabstinited or unsabsttuted
benzyi, or —H:

Ar and Ar are each, independently, a substituted or unsubstisted aryi or 2 substimueed or
unsuhstitoted beteroaryt group.

i The process of Al or Bl above, wherein, roetal complex S selected from the following
structures: sial, sta?, sla3, siad, slad, s2al, $3al, s3a2, 5343, sdal or s5al, and further any

combination of otwo or more of these strucnmres:

P
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21 The process of any one of AJ-CHAL twough CF) above, wherein, the moetal complex

S selected from structure stal or structure siaZ:

‘ -.i’:\j St \U
B ; 5
T Nt e pd Ry Xy
e SO ¢ S
L \\\\}/ ~ [ N /L\I,/;\ By \IE/ ?)\ 5N
ol f
~ ~F ';\””/j (sial) or ~ A\"J {slal}.
El The process of Al-Di above, whereiyn, the metal complex H is selected from the

following: Forraula Hla, Formoula Hib, or Formula Hla

(Formula Hla), wherein B, R% RS, R, and R? are each independently
H, a substituted or unsubstituted hydrocarbyl group, a substitted or vasubstituted
beterohydrocarby] grotp; and further H, an alky? group or an alkyisilyvl mroup; and furtber an
alkovl group or an alkyisily! group;

Q! and Q7 are each independently a substituted or unsubstitited hydrocarbyl group; a
substituied or unsubstituted heterobydrocarbvl group; or a halogen: and further an aryl group,;
an alkyisiyl group, an alkoxy group, a halogen, or -NRR, wherein K and R’ are each
independently a hydrocarbyl or an SiR”, where K7 is an hydrocarbyl; and further an aryl
group, an alkylsilyl group or an alkoxy group; and

L is a Lowis base, cach n i3 independently G or 1; and

wherein optionally at least one L group and at least one § group are connected, and

optionally af feast one R group and at least one Q group are connected;

e
4
- i ~
‘ (Forroula Hib) wherein RY, R, R, R, and R are each independentiy
H, a substituted or unsubstintted hydrocarbyl group, or a substituted or unsubstituted
heterchydrocarbyl group; and further H an alloyl group or an alkylsilyl group, and further an
stkvi group or an abkylsibyvl group;
O, Q% and (F are each independently a substinited or unsuhstituted hydrocarbyl
groups a substitied or unsubstituted heterohydrocarbyl groups or a halogen: and further an

aryl group; an atkylsilyl group, an alkoxy group, a halogen, or -NRR, wherein R and R are
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each independentdy a hydrocarby! or an 5iR”, where K7 is an hydrocarbyl; and further an aryl
group, an alkoxy group or 4 halogen; and

wherein optionally at least one R group and af least one € group are connected;

{Formuala FI2a), wherein M is Ti, Hf, or Zr, and further Zr or FIf, and
further ¥r; and wherein;

R® and R® are each independently selected from the group consisting of =H, 2
sebstuted or unsubstiteted (C-Canyhydrocarbyl, 2 substtuted or unsubstituted (-
Cygsheterohydrocarbyl, ~8UR y, ~Ge(R%h, ~PRD),, ~N{RY ), ~ORY, -8RY, ~NOy», -UN,
~CF5, RUS(O—, RES(00-, (RO=N=-, RECIOH0-, OGO, RECENNR)—,
(RUDNC{OY-, balogen. radicals having fornuita (1), radicals having formola (17, and radicals

having fornda (HH):

=N Vel e PP
Y g P TPy am
4 l (. A /\\(\ (1D, :“*'rl\’f*f'j‘ i

Adnn ]
A

where cach of R, R and R87Y i independently selected from a substinuted or
unsubstituted (C-Capbydrocarbyl, o substituted or unsubstituted (O -Cadbeterohydrocarbyl,
SR, ~CetR%, ~PR):, ~NERN 1, ~N={UHRC, ~OR", -8R, -NO,, ~N, ~{Fs,
RES(0)-, RSy, (R pC=N-, RECOY0-, REOCO ), RECIOMIERN~, (REpNC(D)~,
halogen, or —H;

each of R and B is independently selected from a substituied or unsubstituted (Ci-
Cagihvérocarbyl, a substituted or unsubstitoted (C-Cuodheterohydrocarbyl, ~SHR:,
~Ce(RN5, PR ~N{R™y, ~N=CHRS, ~ORE, —8§RC, —NO, ~ON, ~CFs, RES(O)-,
RES(O 11—, (RDC=M—, RECEN0-, REOC0)—, RECIOMRN—, REuNCE)-, halogen, or
~H;

R is optional, and if present is a substituted or unsubstituted (Ci~Caphvdrocarbyiene

or a substituted or unsubstituted (O~Casthetorchydrocarbyione;
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R is opuional, and if present is a substituted or ensebsttuted {0 ~Cupthydrocarbylens
or a substitated or unsubstituted (Cr-Cadheterohydrocarbyiene:

31 and (32 arc each independently a substitnted or unsubstituted hydrocarbyi grotp or
2 halogen, and further an avvl group, an alkoxy group or a halogen;

L is a substituted or unsubsdinted (Ci-Cagdbiydrocarbylens or a substinited oy
unsubsitteted (O —Ciotheterobydrocarbvlene, whercin the substituted or unsubstituted
{C—Cahydracarbylene bas a portion that corgprises ¢ i-carbon atom to 10-carbon atom
finker backboge, linking the two 2 groups i Structare H2a (to which L is bonded); or the
sabsttuted or unsubstituted (O -Cugpheterohydrocarbylene has a portion that comprises a 1~
atom 1+ 13-atorn linker backbone, linking the two 2 groups in Structure HZa, wherein each of
the 1 to 14} atons of the 1-atom to 10-atom Hinker backbone of the substinuted or unsubstituted
(T ~Captheterohydrocarbyiene, independently, is a carbon atom or hetercatom of a
heteroatom groep, wherein each heteroatom group s independentdy G, 8, 5{01, 5{(0).
RiR Y, GefR ), P(RY), or N(RY), wherein, independently, each RY is a substituted or
unsubstitited (C1-Canthydro-carbyl or a substituted or wnsubstinted (C-Cadheterohydro-
carbyl; and wherein cach RY. BY, and remaining R in Formula H2a is independently a
substituted or unsubstituted (U-Cashydrocarbyl, a substituted ot unsubstituied
{C1-Csnpbeterahydrocarbyvl, or —H; and

and each of 2 and 27 is mndependently selected from -8, =NR™), or -P(RD), wherein
RN and RY are defined above.

Fl The process of Aj-El above, whersin, the metal coroplex H is sclected from the
following foroudas bial, biaZ bla3, hibl, bib2Z, hib3, b2al or hZaZ (note: Be = benzyi

group (Ph-CHa-)x:

thibl)y,

{hZal}.
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() The process of any one of Al-F] above, wherein the metal complex § s selected from

Formula 51, and further Formila Sla

H} The procuss of any one of A}-F] above, wherein the metal complex 5 is selected from

Formula S2, and fiwther Formala 82a.

I] The process of any one of AJ-F] above, wherein the wmetal complex S 1s selected from

Forroula 83,

i The process of any one of A-F] above, wherein the metal complex 5 is selected from
Forroula 54.

Ki The process of any one of A]-F] above, wherein the metal complex 8§ Is selected from

Formmla S5,

L] The process of any one of AJ-K] above, wherein the metal complex H is selecied from
Formula Hi, and fiwther Formula Hla or Formala Hib.

M} The process of any one of Al-E] above, wherein the metal complex H is selected from
Formula HZ2, and further Foromula H2a.

IR The process of any one of Al-M] above, wherein the ot least one chain shuttling agent
is selected from the following: an alkvl xine conpound, an alkyl alumimim coropound, a doal

headed chain shusttling agent, or 3 combination thereot.

O The process of any one of Al-N] above, wherein the at least one chain shuttling agent
is selected from the following: Yo(CHCH:), AHCH:{CH: )y, an A-DHCSA, a ZnAl-DHCSA

ot a combination thereof, and further an ARDHCSA, ¢ Fnal-BHCSA or g combination
thereof.

Pi The process of any one of Al-3] above, whergin the at brast one chain shuttling agent
is added to reactor A.

Ql The process of any one of A}]-O] above, wherein the at least one chain shuttling agent
is added to reactor B

R} The procuss of any one of A}-G above, wherein the at least one chain shuttling agent

is added to both reactor A and reactor B,

51 The process of any one of A-R] above, wherein step A occurs before step B.
T] The process of 5] above, wherenn unreacted monomer in reactor B is recyeled back to

reactor A,

Ul The provess of any one of A]-R] sbove, wherein step B occurs before step A,
Vi The process of U] above, wherein onreacted monomer in reactor A is recycled back to

reactor B.
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W The process of any one of A}-V] above, wherein, the polymerizaton is a solution

polyvmerization, and further a continuons solution polymerization.

X} The procoss of any one of A]-Wi above, wherein, in reactor A, the polymerization
takes place at a teroperapire = 90°C, or 2 93°C, or 2 100°C, or 2 105°C, or > 110°C  or >
113%C.

Y The process of any one of Al-X] above, whergin, in reactor A, the polymoerization

takes place af a temperature < 200°C, or < 190°C, or < 180°C, or S 170°C, or < 160°C, or <

1S0°C, or <4570, or < 140°C, or < 135°C, or < 12070, or < 123°C.

£] The process of any one of A]-Y] above, wherein, in reactor B, the polymerization
takes place af a teroperatuire 2 90°C, or 2 85°C, or > 100°C, or 2 105°C, or 2 110°C. or >
1i5°C.

AZ] The process of any one of Al-7] above, wherein, in reactor B, the polymerization

150°C, or < 145°C, or < 140°C, or < 135°C, or < 130°C, ar < 125°C,

takes place at a temperatire < 2007°C, or < 190°C, or < 180°C, or < 170°C, or S 1607C, or £

BZi  The provess of any one of A-AZ] above, wherein the polymerization in reactor A
takes place at a pressure = 90 psig, or 2> W0 peig, or > T peig, or > 120 psig, or = 130 psig,
or > F{ paig, or 2 150 psig, or = 160 psig, or = 170 psig. or > 180 psig.

27 The process of any ong of A-B2] above, wherein the polymerizaiion in reactor A
takes place at a pressure < 250 psig, or < 240 psig, or <230 psig, or < 220 psig, or <210 psig,
or <200 psig.

D21 The process of any one of A]-C2] above, wherein the polyvmerization in reactor B
takes place at a pressure > 90 paig, or 2 100 psig, or > 110 peig, or > 120 psig, or 2 130 psig,
or > 140 peig, or = 150 peig, or > 160 psig, or 2 170 psig, or 2 I80 psig.

E2{ The process of any one of AJ-D32] above, wherein the polymerization in reactor B
takes place at a pressure < 250 psi, or < 248 psi, oy < 230 pst, or <2208 psi, or < 210 psi, oy =
200 psi,

FIl  The process of any one of A-E2] sbove, whersin, for the ethylene/vinylarene diblock
wnterpolvimer or the ethylene/vinylarens triblock interpolymer, the vinylarene is styrene,

G2} The process of any one of A-F2] above, wherein the mixture A comprises the alpha-
olefin.

HZ]  The provess of G2} above, wherein the alpba-olefin (s a O3-C20 alpha-olefin, further
# U3-CLO alpha-olefin, further a C3-C8 alpha-olefin, forther propylene, I-butene, I-hexene or
1-ootene, further propylene, [-butene or T-octene, further 1-botene o 1-octene, further 1-

ociene,

(&S]
N2
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173 The process of any one of A]-HZ} above, wherein the mixiure B comprises the alpha-
olefin.

323 The process of 12] above, wherein the alpba-olefin is a C3-C20 alpba-olefin, further a
3010 aipha-olefin, further a C2-C8 alpha-olefin, further propylene, [-butene, 1-hexene or
{-octene, further propylene, I-butene or f-octene, further 1-butene or {-octene, forther 1-
setene.

K21 The provess of any one of Al-J2] above, wherein the roolar ratio of “the roetal of
complex S” to “the metal of complex H s 2 003, or 2 0.1, oy 2 3.5,

L27  The process of any one of AK21 above, wheretn the saolar vatio of “the metal of
conplex 87 to “the metal of complex H” 15 < 1000, or < 500, or < ¥

M2 The process of any one of A]-L2] sbove, whersin the roolar ratio of “the metal of the
chain shuttling agent” o “the sumn of the metal of complex 8 and the metal of coroplex H 15
228, 00> 50, or = 1, or = 20, or = 40, or > 1

MNZ]  The process of any one of A-MZ1 above, wherein the molar ratio of “the metal of the
chain shuitling ageet” to "the sum of the metal of coraplex $ and the mweial of coroplex H” is
< 1000, or < 800, or < SO

021 The process of any one of A]-M21 above, wherein metal complex S has a reactivity
TALD, Femylocivinvkaons = Kiotaylonsiemylones Metylenevinylasens, Trom 50 to 1000, further from 100
0 500

PI The process of any one of A-021 above, wherein metal complex H has a reactivity
ratio, Yiethyloe)(viviarene) = E(ethyleneyethyleneyf Kiethytene ivmylaseney, Tromm 1 to 10

2] The process of any one of A-PZ2] above, wherein composition further comprises a
poivethyiens homopolymer, an ethylene/viaviarene copolyroer, an cthylene/alpba-ciefin
copolymer, or a combination theveof.

R21 A composition formed from the process of any one of AJQ2] above.

A3l A composition comprising an ethylene/vinylarene diblock interpolyraer or an
ethylene/vinylarene triblock interpolymer, said diblock interpolymer comprising at least one
solymer stnuctire selected from Structure 1, as shown below, and said triblock interpolyer
comprising af least one polymer structure selected fromn Sracture 2 or Structure 3, cach as
shown below, where AR refers to vinylarene-tich and AP refors to vinylarene-poor:

(ARIAP} (Strucowe 1),

{AR(APAR) (Structure 2},

{(AP{ARWAFY (Soucture 3); and
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wherein each (AR) segment independently cormprises, in polymerized form, ethyviene,
the vinylarene and optionally an alpha-olefin: and

wherein cach (AP segment independently comprises, in polymerized form, cthylens,
optionally the vinylarene and optionally the alpha-olefin; and

wheretn each (AR) segment independently comprises, in polymerized form, > 10
moldh of the vinylarene, based on the wtal moles of polyroerized monomers in the (AR}
segment; and

wherein each (AP} segment independently comprises, in polymerized form, < 10
mol% of the vinylarene, based on the total moles of polymerized monomers in the (AP)
segrmcnt.
B3} The composition of A3} above, wherein, for the ethylene/vinyiarene diblock
interpolyimer or the ethylens/vinylarene triblock interpolymer, each (AR} segment
independently comprises, in polymerizad form, 2 15 mol%. or = 20 mol%, or = 25 mol%, or

2 30 mol%, or = 35 mol%, or 2 40 mol%, or > 45 mol%, or 2 50 moi%, or > 55 mold%h, or 2

& mol%, of the vinylarene, based on the total rooles of polymerized movomers in the (AR}

segrment.
31 The composition of A3] or B3] above, wherein for the ethyleng/vinylarene diblock
tnterpolymer or the ethylene/vinyiarene triblock interpolymer, cach (AR} segment

inddependenily coraprises, in polymerized form, < 100 mol%, or £ 98 mei%, or <96 mo0l%, or
<94 mott, or <92 rool%, or £ 81 mol% of the vinylarene, based on the total moles of
polymertzed monomers in the (AR) segment.

3] The composition of any one of A3]-{3] above, wherein, for the ethylene/vinylarene
diblaock mierpolymer or the ethvlens/vinviarene triblock interpolymer, cach (AF) segment
indep@ndfzmi comprises, in polymerized form, 2 O mol%, or > 0.2 mol%, or 2 0.4 molf, or
L6 mol%., or = 0.8 mol%. or 2 1.0 mol% of the vinylarene, based on the total moles of
polyroerized monomers in the {AF) segment.

B3] The composition of any one of A3]-133] above, for the ethylene/vinylarene diblock
wnterpolvimer or the ethylene/vinylarens triblock interpolymer, each (AP) segment
ndependently comprises, in pol»men/ed form, < 1 mol%. or 9.0 mol%, or <80 mol%, or
<70 mel%, or 6.0 mol%, or 5.0 mol% of the vinvlarene, based on the total moles of
polymerized monomers o the (AP} segrent.

F3]  The composition of any one of A3]-E3] above, wherein, for the ethylens/vinviarene
diblock mterpolvmer or the ethylene/vinylavens triblock interpolymer, each (AR} segment

independently comprises, in polymerized form, > 2.0 mol%, or 2 4.0 moi%, or 2 6.0 nwol%,

34
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> B molte, or 2 S8 molt, or > 10 mol%, or > 11 mol%, or 2 12 mol%, or 2 13 mol%, or

> 14 mol% of ethylene, based on the total moles of polymerized monomers in the (AR}

(331 The composition of any ovne of A31-F31 above, swherein, for the ethylene/vinylarene
diblock interpolymer or the ethylene/vinvlarene riblock interpolymer, cach (AR) segment
independently comprises, in polymerized form, < 80 mol%, or <77 mol¥h, or <75 mol%, or
<73 maol%, or 70 mel%, or < 65 mol%, or <60 mol%, or <55 mal%, or < 50 mol%, or <
45 mol, or <40 moel% of cthylene, based o the wtal moles of polymerized monomers
the {AR) segment.

H3}  The composition of any one of A3]-G3] above, wherein, for the ethylene/vinylarene

diblock interpolyraer or the ethylene/vinviarcne riblock tnterpolymer, each (AP) segment

independently cornprises, in polymerized form, 2 56 mol%, = 52 mol%, or 2 54 mol%, or =
36 mol%, or 2 58 mol%. or = 80 wmol%, or 2 62 mol%, or = 64 mol%, or > 66 mol%, or = 68
moldh, or 2 T4 mol% of ethylene, hased on the total moles of polymerized monomers in the
(AP} segment.

3] The corpposition of any one of A3}-H31 above, wherein, for the ethviene/vinylarens
diblock interpolyimer or the ethylene/vinylarene triblock interpolymer, each (AP) segment
tndependenily comprises, in polymerized form. < 100 mol%h, or <98 mol%, or <%0 moi%, or
<84 mel%%, or S92 mol%, or £ 90 molt% of ethyiene, based on the fotal moles of
polymenized monomers in the (AF) segment.

I3 The composition of any one of A3]-13] above, wherein, for the ethylene/vinylarene

diblock interpolymer or the ethylene/vinylarene &riblock interpolymer, cach (AR) segment

independently comynises, in polymerized form, 2 O mol%, > 1O ol %, or 2 2.0 mwol%, «
3.8 mol%, or 2 4.0 mol%, of the alpha-olefin, based on the total moles of polymerized
monomers i the (AR} segment.

K31 The composition of any one of A3]-33] above, wherein, for the ethylense/vinylarene
diblock interpolyraer or the ethylene/vinviarene riblock interpolymer, each (AR) segment
independently comprises, in polymerized form, < 10 mol%. <9.0 mol%, or 8.0 mol%, or =
7.8 mol%. or < 6.4 mol%, of the alpha-olefin. based on the total moles of polymenzed
monomers in the {AR) segroent.

E3 The coroposition of J3] or K3] above, wherein, the alpba-olefin is a U3-C20 alpha-
olefin, farther a O3-C1{ alpha-olefin, further a U3-CB alpha-olefin, further propylens, 1-
butene, 1-hexene or -octene, further propylens, I-butene or L-octens, further I-butene or 1-

ociene, further I-octene.

2
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M3]  The composition of any one of A3]-L.3]} above, wherein, for the ethylene/vinviarene
diblock interpolymer or the ethylene/vinyiarene iblock interpolymer, each {AR) segment
dogs not comprises, in pelymerized form, the alpba-olefin

N3l The composition of any one of A3]-M3} above, wherein, for the ethylene/vinviarene
diblock interpolymer or the ethylene/vinvlarene triblock interpolymer, cach (AP) segment
independently comprises, in polymerized form, 2 8 mol%. = LO mol%, or 2 2.0 mol%, or 2
380 mol%, or > 4.0 mol%, or > 0.0 moi%, or 2 8.0 mwol%, or 2 10 mol% of the alpba-olefin,
based on the total moles of polymerized monomers in the (AP} segiment.

03] The composition of any one of A3]-N31 above, wherein, for the ethylene/vinylarene
diblock interpolyier or the ethylene/vinylarene triblock interpolymer, each (AP) segment
ilependently coraprises, in polymerized form, < 460 mol%, or <35 mol%, or < 30 rool%, ot
<28 mot, or <26 mol%, or £ 24 molth, or <22 mol%, or < 20 mol% of the alpha-olefin,
based on the total moles of polymerized monomers in the {AP) segment.

P31 The composition of N37 or (03] above, wherein, the alpba-olefin is 2 U3-C28 alpha-
ofefin, furtber a C3-C1¢ aipha-olefin, further a C3-C¥ alpha-olefin, further propylene, 1-
butene, 1-hexene or -ociene, further propyiene, 1-butene or -octene, further f-butenc or 1-
ociene. further -octene.

33} The composition of any one of A3]-P3] above, wherein, for the ethviene/vinylarene
dilock interpolyroer o1 the ethylene/vinviarene triblock interpolymer, 2 20 mol%, or > 44
moi%, or > 60 wol%, or 2 80 molfh, or > 33 mol%, or 2 80 mol%, or > 92 mol%, or > 94
mol%, or 2 96 mol%, or = 98 mol%, or > 99 meol% of the polymerized vinylarene in each
{AR) segrent is present in a “back o back” configuration as shown below int subscgrent bb:

SN e
Sy

{subscgment bb); and wherein the mol% is based on the total modes of
polvmerized vinylarene in the (AR) segrasnt.
R3] The composifion of any one of A3]-Q3] sbove, whereir, for the ethylenefvinylarene
diblock interpolymer or the ethylene/vinylarene triblock interpolymer, < 100 mol% of the
polvmerized vinylarens in each {AR) segment is prosent in a “back to back” configuration as
shown below in subsegraent bb above,
531 The composition of any one of A3]-R3] above, wherein, for the athylene/vinylarene
diblock interpolymer or the ethylene/vinylarene &riblock interpolymer, > 28 mol%, or 2 40
mold, or = 60 moi%, or > 80 0l%, or > 85 mol%, or > 940 wol%, or = 82 mol%, or > 94

mol%, or 2 96 mol%, or > 98 mol%, or = 99 mol’ of the polymerized vinylarene in each

2
[
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{AR) segment s present in a syndiotactic “back to back” configuration as shown below in
subsegment sbiy

.—-E"\ e
\é’g

i

{subsegment sbivy; and wherein the mol% is based on the total moles
of polymerized vinviarene in the (AR} segment.
T3] The composition of any one of A3]-53] above, wherein, for the ethylene/vinylarene
diblock interpolymer or the ethylene/vinviarene triblock interpolymer, < 100 mol% of the
polymerized vinylarene in cach (AR) segment is prosent in a syndiotactic “back to hack”™
configuration as shown in subsegment sbb above.
U3]  The composition of any one of A3]-T3] above, wherein, for the ethylene/vinviarene
> 0 and < 5.0 mol%,

diblock mnterpolymer or the ethyiene/vinylarene triblock interpolymer,

or £2.0 r00l%, or < 1.0 m0i%. or <0.5 mol%, or 0.2 mod%, or 0.1 mol% of the
polyroerized vinylarene in cach {AP) segment is present in 3 “back 1o back” configuration as

shown below in subsegment bh

,.%—x\{ /»\r%,

{subsogment bby; and whercin the rool% is based on the tofal moles of
solymertzed vinylarene in the (AP) segment,
Y31 The composition of any one of A3]-U31 above, wherein, for the ethyleng/vinyiarene
diblock tnterpolymer or the ethyiene/vinylarene &iblock interpolymer, none of the
polvmerized vinylarene in each (AF) segment is present in a “back o back” configuration as
shows in subsegment bb above.
W31 The composition of any one of A3]-V3] above, wheren, for the ethvlenefvinylarene

dilock interpolyreer or the ethylene/vinviarene triblock interpolymer, the vinylarene is

X3} The composition of any one of A3}-W3] above, wherein the ethylene/vinylarene
diblock nterpolymer s an ethylenc/alpha-olefin/vinylarene diblock interpolymer and forther
# ferpolymer, of the ethyvlene/vinyiarene riblock interpolyroer 15 an cthylene/alpha-
olefin/vinyiarene triblock interpolymer and further a terpolymer.

Y3}  The composition of any one of A3]-X31 above, wherein the ethylenefvinylarene
ditdock interpolymer, or the cthylene/vinylarene triblock interpolymer has a Tml 2 58°C, or
2 55°C, or 2 60°C, or > 70°C, and a T2 > 120°C, or 2 124°C, or 2 150°C, or = 170°C, or 2

200°C, or 2 210°C, or 2 226°C, or 2 230°C.

(58]
=~
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£31 The composition of any one of A3]-Y 3] asbove, wherein the ethylene/vinylarene
diblock interpolymer, or the ethylena/vinylarene wiblock interpolyimer has a Tl < 120°C. or
<1ES°C, or < HIOPC, o < 105°C, and a Tm2 < 270°C, or < 265°C, or < 260°C, or <255°C,
or 25070, or < 245°C,

A4l The composition of any one of A3]WE3] above, wheretn the ethylene/vinylarene
diblock taterpolymer, o the ethylene/vinylarene triblock tnicrpolymer has a Tgl 2 -70°C, or
2 -08°C, or > 60, or 2 ~64°C, or 2 -62°0, and a Tgl2 > 2.0°C, or 2 5.0°C, or 2 10°C, or 2
1S°C, or 2 20°C, or 2 30°C.

B4l The composition of any one of A3]-Ad] above, wherein the ethylenefvinylarene
ditdock interpolymer or the ethylene/vinviarene triblock interpolymer bas a Tgl <-30°C. or <
SA29C, or << -34°C or <A36RC, or S38°C, or <A40°C, or < -42°C, or <4470, or <-46°C, and
a Vg2 <125°C, or £ 120°C, or <570, or < 1I0°C, or £ 105°C.

C41 The composition of any one of A3]-B4] above, wherein the composition has a
molecular weight distribution (MWD = Mw/Mn 2 3.0, 0r > 31, or 232, v 2 33, or 3.4, o
Z 38, 002 38 o > 40

34} The composition of any one of A3]-C4] above, wherein the composition has a
suodecular weight distribution MWD S50, or £45, or <48, or S35, or £ 36, or £34, or £33,
or <30, or < 28, or <26,

B4l The composition of any one of A3]-1} above, wherein the corgposition has a nurober
average molecular weight distribution (M) > 4,000 g/mol, or > 6,000 g/mol, or 2 8,000
gimol, or > 18008 g/mol, or > 12,000 g/mol.

F4]  The composition of any one of A3]-B4] above, wherein the composition has a Mn <
100,000 g/mol or < 90,000 g/mol, or < 80,000 g/mol, or <75,000 g/mol, or 70,000 g/mol,
or 65,000 g/mol or < 60,000 g/mol, or < 55,000 gimol, or 30,000 g/mol, or <45 ,000 g/mol.
4] The composition of any one of A3]-F4] above, wheretn the composition has a weight
average roofecular weight disteibution (Mw) > 50000 w/mol, > 55,000 w/mol, > 60,000 g/mad,
> 65,000 g/mol, or 22 70,000 gfmol, or 2 75,000 g/mol, or 2 80,000 g/mol.

H4]  The composition of any one of A3]-G41 above, wherein the composition has a Mw <
SO0,000 g/mol or < 450,000 gimeol, or < 400,000 g/mol, or < 380,000 g/mol, or < 380.000
afmad, or <370.000 o/mol, or < 360,000 s/mol,

i4i The coroposition of any one of A3]-H4} sbove, wherein the conposition has a mele

index (123 > 0.5 dgfmin, or 2 1L.O dg/min, or = 2.0 dg/min, or 2 5.0 dgfmin. or = 10 dgfmin
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REY The compposition of any one of A3]-14] above, whersin the composition has a melt

index (323 < 1,000 dgfmin, or £ 508 dgfmn, or < 250 dgdmun, or < 100 dg/min, or <30
dg/min, or < 20 dg/min.

K4l The composition of any one of A31-J4] above, wherein the composition has a Tro 2
200°C, or > 205°C, or 2 210°C. or = 215°C, or > 220°C, or 2 225°C. or 2 230°C, or > 235°C.
4] The composition of any one of A3]-K41 above, wherein the composition has a Tm <

3P0, or <280°C, o < 2ER°C, oy <2R0°C, or 27570, o < ITOC, oy < 265°(.

M4] The composition of any one of A3]-L4] above, wherein the composition has a Tg 2

SRGYC, or = 750, or 2 TUPC, or 2 -697C, or = 6850, ov > 67°C,

N4} The composition of any one of A3]-M4] above, wherein the corposition has a Tg <
S30°C, or < -35°C, or <4070, or << -45°C, or -30°C, or <-535°0, o <-60°C.

(4] The composition of any one of A3]-N4i above, wherein the corpposition comprises, in
polymerized form, 2 3.0 mol%, or 2 10 mol%. or = 12 mol%, or 2 14 mol%, or = 16 moldh of
the vinylarene, based on the total moles of polymerized monomers in the compositon.

P4} The comoposition of any one of A3]-04} sbove, wherein the composition comprises, in
polvmerized form, < 50 mol%, or <45 mol%, or <40 1weol%, or <35 mol¥, or <30 mol% of
the vinylarene, based on the total moles of polymerized monomers in the composition.

34}  The composition of any one of A3]-F4] above, wherein the coraposition comprises, in

polyroerized form, = 30 mwol%, or 2 35 mol%, or > $ mol%, or 2 42 mol%, or > 44 mol%, or
=40 molT, or 2 48 mol%, or 2 50 mol% of ethylene, based on the total moles of
polymertzed monomers i1 Composition.

R4} The composition of any one of A3]-34] above, wherein the composition comprises, in

<85 molt%, or <80 mol%, or <78 nwold%, or <76 mol%, or

podvmerized form, < 90 00l%. or

< 74 ooi%, or <72 molt, or TT70 mol%, or 68 mol% of sthylene, based on the wotal

males of polymerized monomers in the composition.

541 The composition of any one of A3]-R4] above, wherein the composition conprises, in

poiyitnerized form, > 2.0 mol%, > 5.0 mol¥%, or > 10 mol%, or > 12 mwol%, or > 14 mol%, or
216 mot%, or > 18 mol%, or 2 20 mol% of the alpha-olefin, based on the total moles of

solymerized mongimers in the composition.

T41  The coroposition of any one of A3]-54] above, wherein the composition comprises, in

podymerized form, < 30 rool%, or <45 mol%, or <49 mol%, or <35 mol%, or <30 mol%, or

< 28 mol% of the alpha-olefin, based on the total moles of polymerized monomers in the

CoInposition.
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U4]  The compposition of 84 or T4] above, wherein, the alpha-olefin is a O3-C20 alpha-
olefin, farther a O3-C1{ alpha-olefin, further a U3-CB alpha-olefin, further propylene, 1-
butensg, 1-hexene o L-octene, further propylene, 1-butene or 1-octene, forther T-butene oy -
octene, furtber 1-octene.
V4]  The composition of any one of A3]-1141 above, wherein for the composition, the
molar ratio of block styrene (b-b in AR) to isolated styrens 18 > 2.0 mnl%, = 4.0 mol%, or 2
G.0 mol%, or > 8.0 mol%, or > 10 mol.
W4t The composition of any one of A3]-V4] sbove, wherein, for the corposition, the
saodar ratio of Block styrene (b-b in AR to isotated styrene i3 < 30 mol %, or <23 wmold%, or £
20 mnl%, or < 18 mol¥, or < 16 mod%, or < 14 mol¥%, or < 12 mad%.
¥4l The composition of any one of A3]-W4] above, wherein the vinylarene s styrene.
Y41 The composition of any one of A3]-X4] above, wherein the compposition comprises ag
ethyviene/vinylarene diblock interpolvmer, and further an ethylene/vinylarene diblock
forpolymer.
£41  The composifion of any one of A3]-Y 4] asbove, wherein the conposition comprises
gu ethylene/vinviarene triblock wterpolvmer, and further an ethylene/vinylarene iriblock
terpolymer.
A3} The composition of any one of A3]-Z4] above, wherein composition further
coraprises a poivethyiens horeopolyvmer, gn ethylene/vinviarene copolyimer, ag
cthvlene/alpha-olefin copolymer, or 8 combination thereof,
B3 The composition of any one of A3]-AS51 above, wherein the composition forther
comypnises a thermoplastic pelymer, different fror the ethylene/vinylarene diblock
interpolymaer or the ethylene/vinylarene triblock inferpolymer in one or more foatures, such a8
monomer{s) types and/or amouuts, Tro, Tg, Mn, Mhw, MWD, or any combination thereof,
and further, i one or mwore feantres, such as monomer(s) types and/or amounts, T, Tg, or
any combination theroof,
57 An article comprising gt least one componend formed from the composition of any
one of R2] or A3}-B5] above.
DS A process to form the composition of any one of A3}-AS5] above, said process
comprising the following:
A polyroerizing tn a teacior A, a mixture A corpprising ethylene, and optionaily an

alpha-olefin, and optionally a vinvlarene, in the presence of at least the following:

a} a metal complex 3 selected from the following: Formutla 81, Formda 582, Formula 33,

Forouiia S4, or Porouzla S3, each as described above;
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B) polymerizing i a reactor B, 2 mixture B comprising ethylene, a vinylarene, and
optionally an alpha-olefin, in the presence of at least the following:
by a metal complex M selocted from the following Formwula Hi or Formula H2, gach
as descrtbed sbove;
wherein step A occurs before step B, and at least a portion, and further > 58 wi%, or > 83
wit%, or 22 9 with, or 2 98 wt%, of the teactor product in reactor A s transferred fo reactor
B; or stop B occurs before stop A, and at feast a portion, and further 2 50 wtd%, or > 80 wi%,
or > 90 wi%, or > 98 wi%, of the reactor product in reactor B 18 ransferved o reactor &; and
wherein each wi% is based on the total weight of the respective reactor product; and
wherein if step A occurs befors step B, then at feast one chain shutding agent is fad
into the reactor A and
wherein i step B occuors before step &, then at least one chajo shuttling agent is fed
e the reactor B and

wherein the vinylarene in step A = the vinviarene in step B; and the alpba-olefin in siep A

= the alpha-ofefin in step B.

TEST METHODS
{zel Permeation Chromatography (Conventicnal)

The chromatographic systom congisted of a PolyroerChar GPC-IR (Valencia, Spaing
high temperatore GPC chromatograph, equipped with an 1ntermal RS mira-red detector
{(IR3}. The agtosampler oven compartiment was set at 160° Celsius, and the colummn
compartiaent was sef at 15307 Celsius. The colunns were four AGILENT "Mixed A” 30 am,
Z8-micron linear raixed-bed colunms. The chromatographic solvent was 1,2, 4-trichloro-
benzene, which contained “200 ppm” of butylated hydroxytoluene (BHT). The solvent
source was nitrogen sparged. The injection volume used was 208 microliters. and the flow
rate was 1O milliliters/nuonte.

Calibration of the GPC coluron set was performed with 21 narrow molecular weight
diseribotion polystyrene standards, with molecular weights vanging from 580 to 8,400,000,
and which were arranged in six “cocktail” nuxawes, with at least a decade of separation
hetween individual molecular weights, The standards were purchased fromg Agilent
Technologies. The polysiyrene standards were prepared at “0.025 grams in 50 milliliters” of
solvent, for molecular weights equal to, or greater than, LODG,000, and at “0.05 grams in 50
suiftiliters” of solvent, for molecular weights less than 1,000,000, The polystyrene standards

wers dissolved at 80° Celsius, with gentle agitation, for 30 minutes. The polystyrene

41



WO 2022/133143 PCT/US2021/063915

seandard peak molecular weights were converted o polyethylene roolecular weights using
Equation 1 {as described in Williams and Ward, J. Polyi Sci., Polym. Let, 6, 621 {1868}

Mporverhyiene = A4 ¥ { Mopcivst y_y,g;f,e) (EQ1), where M s the molecular weight,
A has a value of 8.4315 and B is equal to 1.8

A fitth order polynooual was used 1o 5t the respective polyethylene-equivalent
calthration potnts. A small adjustent to A (from approximately $.375 to .445) was made
to correct for cotummn resolation and band-broadening effects, such that linear homopolymer
polvethylzne standard is obtained at 120,000 Mw, The total plate count of the GPC column
set was performed with decane (prepared at “0.04 g in SO milliliters” of TCR, and dissolved
for 24 moimstes with gentle agitation). The plate count (Hquation 2) and symetry (Eguation
3} were measured on a “200 microliter injection,” according to the folowing cguations:

. W2

Plate Count = 5,54 * ( {RYpogic Max \3 (E{2), where RV is the retention volume

Peak Width at }iheigm

7
in roilliters, the peak width is in millifiters, the peak max is the roaxinmm beight of the peak,
and 32 height is ¥4 height of the peak mavimuny and

(Rear el RV ong tonih hei

33, where RV is the retention

) = BV pook max)
Symmeiry = b "m“x'3 (EQ

{RV peai ey Fromt Peak RV gne tenen neig

%

volume i mithiliters, and the peak width is 1o mitiiliters, Peak max is the maximurn position
of the peak, one tenth height 1s 110 height of the peak maxirnum, and where rear peak refers
o the peak tai at later retention volurnes than the peak max, and where front peak refers to
the peak front at carlier retenéion volumes than the peak reax. The plate count for the
chromatographic systen: should be greater than 18,000, and symmeiry should be between
(.98 and 1.22.

Saraples were prepared in 3 semi-automatic manner with the PolymerChar
“Tostruyoent Control” Software, wherein the saroples {weight-targeted at ™2 mg/m!™") and the
sobvent {contained 200 ppm BHT) were added to a pre nitrogen-sparged, septa-capped vial,
via the PolymerChar high temperature autosampler. The samples ware dissolved for two
hours at 160° Celsius under “low speed” shaking.

The calculations of Migee, Mwicro, and Mzweey were based on GPC results using
the internal IR5 detector (measurement channel) of the PolyroerChar GPC-IR chromatograph
acoording o Equations 4-6, using the PolymerChar GPCOne™ Software, the baseline-
subiracted IR chromatogram at each equaliy-spaced data collection point (1), and the
polvethylene equivalent molecolar weight obtained from the narrow standard calibration

curve for the point () from Bouation 1. Equations 4-6 are as follows:
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Z iR z {H‘?i M palvmh\,'l»mel} ]
Mucrr, = P - % (E(Q 4), Mwwore, = - {EQ ‘5% and
5K, IR

I 2 Y
. A
}: é‘] R i d polyetlvlens ; ’}
Arceoy = - {EQ o).
i h
TRy
z E\Il\z *M polvetiylene ; ;}

3
{de,

In order to monitor the deviations over tme, a flowrate marker {decane) was
introduced iuto each sarple, via a micropump controlled with the PolymerChar GPC-IR
system, This flowrate marker {FM) was used to linearly correet the pumyp flowrate
{Flowrate(noninal}) for each sample, by RV aligrueent of the respective decans peak within
the samople (RV{FM Sarople}), to that of the decane peak within the narvow standards
calibration {(RV(IM Calibrated)). Any changes in the dme of the decane marker peak were
then assumed 1o be related to a linear-shift in flowrate (Flowrate(effective)) for the entire run.
To facilitate the bighest accuracy of a RY measurerment of the flow marker peak, a least-
sguares fiting routine was used to fit the peak of the flow marker concentration
chromatograrn (0 a quadrate equation. The first denivative of the guadratic equation was
then used (o solve for the true peak position. After calibrating the system, based on a flow
marker poak, the effective flowrate (with respect to the narrow standards calibration) was
caleulated as Bguation 71 Flowrate(effective) = Flowrate(nominal) * (RV{FM Calibrated) /
BRV{FM Sample)) (HQT7). Processing of the flow markey peak was done via the PolymerChar
GPCOne™ Software, Acceptable flowrate correction is such that the effective flowrate
should be within +/-0.7% of the nominal flowrate,

Melt Index

The melt index (123 of an ethylene-based polymer is measured in accordance with
ASTM B-1238, condition 190°C/2.16 kg, The melt flow rate (MFR) of a propylenc-based
polyroer is measured in acoordance with ASTM DB3-1238, condition 230°C/2.16 kg,

Brensity

ASTM D4703 is used 1o make a polyier plagoe for density analysis. ASTM D792,

Method B, is used to measure the density of the polymar.
Differential Scanndng Calorimetry (I350)
Differential Seanning Calorimetry (DSC) is used to measure To, Te, Tg and

crystallinity in ethylene-basod (PE} polymer samples and styrene-based (PS5} polymer
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saroples. About 3 0 8 g of polymer sample was weighed and placed in g DSC pan. The lid
was crimped on the pan to ensure a closed atmosphere. Unless otherwise stated. the sample
pan was placed in a DSC cell, and then heated, at a rate of 10°C/min, o & temperature of
180°C for PE (300°C for PS). The sample was kept at this temperature for three minutes.
Then the sample was cooled at a rate of 10°C/min to -S0°C for PE (:890°C for PS), and kept
isothermally at that temperature for three minutes. The sample was next heated af avate of
10°Cipin, until complete melting (second heath, Unless otherwise stated, melting point (T
sud the glass transition temperatore (1) of each polyroer were determined from the second
heat curve, and the crystallization temperature () was determined from the fivet cooling
curve. The Tn (peak emperature) and the T, were recorded. The percent crystatlinity can be
calowlated by dividing the heat of fusion (Hg, determined from the second beat curve, by a
theoretical heat of fusion of 292 ¥eg for PE (32 Jg for syndiotactic PS), and multiplying this
quantity by P {for example, % oryst. = B/ 292 ¥y x 10 (for PE))
B WMER

Each sarople was prepared by adding approvimately 2.7 ¢ of stock solvent to 0.2 g of
sarople (polyroer or polvmer composition ot metal complex) in a 10 rom MMR he, The
stock solvent was tetrachlorethane-dh containing 0.0325 M chvomium acetylacetonate
{relaxation agent). The sample was capped and sealed with TEFLON tape. The sample was
disselved and homogenized, by heating the tube and its contonds gt 130-135°C. The data
were collected using s Bruker 600 MHz spectrometer equipped with 3 Broker high-
temperature CryoProbe. The data were acqoived psing a 7.3 sec pulse repetition delay (6 sec

delay + 1.3 sec acq. tme), 90 degree flip angles, and an inverse gated decoupling, with a

saraple teraperature of 120°C. Al measurements were made on non-spinning samples in
focked mode. Samples were homogenived rnmediately prior to inserfion fo a heated
{125°C) NMR sample changer, and were allowed to thermally equilibrate in the probe for
seven rouniies prior to data acqguisition.

For cach sample (polymer or polymer composition) analysis, B1 carbon {quaternary
carbon on the aromatic ring) signals from 145.0 to 147.7 ppim were used as styrene
contribution, and the molar amounts of polymerized monomers were calculated as follows {3

stvrene, B = ethylene):
Sowol = Infegral {145.0 -147.7 ppoyy
Emol = (Integral (20.0 - 48.0 ppm} — 2% Smoly/2
S mol% = 100 ¥ Smol/(Smol+Emol}
E mol% = 100 - § mol%
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For cach sarople (polymer or composition} analysis, B1-4 ring carbon sigoals from

124.8 10 148.0 poro were used as styrene contribution, 2B6 (22.0 - 23.5 ppro), and 386 31.8
=327 ppm) signals were used as octene contriboton, and the molar amounts of polymerized
monomers were calcufated as follows (S = styrene, E = ethylene, O = ootenc):
Stol = Integral (124.0 - 14E.0 ppoi/h
Omol = (ntegral (22.0 - 2535 ppim) + Totegral (315 - 327 ppm /2
Hmol = (Integral (11.8 - 480 ppm} — 2¥8mol-8*Omol )2
Sraok% = 100% Smol/{(Sraci+Omol+Emnl)
Omol% = 1 Omol/(Smaol+Orook+Emead)

Emal% = 1 - Smol% - Gmol%

ssssssiit

“

5l

57

35955

iR

Average styrene block length = 2% (Integrals Ty + Tpe) ntegral Tps
The ratic of block styrene 1o isolated styrene = (Integrals Tpp + Tae) Integral Tas
Tap signals are methine signals centered around 41.6 ppm. Tps signals are methine signals
centered around 43.9 ppm, and Tss signals are methine signals centered around 46.4 ppm.
Tase= 0" Integral Trs/Integral B1
1H RMR

Each samnple was prepaved by adding 130 mg of sample (polymer or polymer
composition or metal complex) w 3.23 g of tetrachlorethane-d2 with 0.001 M CoAcAci3 ina
10 mm NMR tube. The sarople weas purged by bubbling N2 through the solvent, via a
pipetie inserted into the tube, for approximately 5 minutes, to prevent oxidation. The sarople
container was capped, and sealed with TEFLON tape. The samples was heated and vortexed

at 115°C o enswre homogeneity. TH NMR was performed on a Bruker AVANCE 608 MHz
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spectrometer equipped with o Bruker high-temperatare CryoProbe, and af o sarople
temmperatore of 120°C. TH NMR was ran with Z06 pulse, 4 scans, SWH 10,000 Hz, AQ
1.64s, D1 i4s.
Compression Molding

Each polymer composition was compression molded, using a Carver press, info a
plague for physical testing. Fach compositions was compression molded according to ASTM
34763 g1 196°C with controdled cooling at 15°C/oun.
Microtensile Test —~ Mechanical Properiies

Sampdes weve punched from compression molded plagues using the ASTM die

DB1708. Specimens were tested according io ASTM D70 at a test speed of 5 in/min.

EXPHRIMENTAL
£ Catalysts and Chain Shuttling Agents

N
f’\w‘”ii\ ,,»\\\\’J
OO0

CAT A {(See WOU3/M40195, WOUA/24740 and US 8,501 ,885)

Svuthesis of (CsMle s )Sc{ CHALC gt N Mer0 )y, CAT B

AR
N, 4
PN .
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{ < sz
AN 5 f__ . \, .
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ozt sord

In a nitrogen-tilled glovebox, ¢ THF solution (1 md.) of So{CHCHHMMer-o%
{3.200 g, 0.67 vuool) was added to a3 THF soludon (§ mb) of OsMesH (0105 mL, 0.67
ol i a 20 ml vial, The solution was heated at 70°C for 12 hows. The solvent was
removed under reduced pressure, the residue was extractod with bexane, and then filtered. A
concentrated hexane solution was equilibrated ag -30°C to give yellow crystals (8,23 g,
65.5% yieldy The TH MMR and the 13C NMR spectra are consistent with Hierature reports
{Chem. Comun. 2007, 40, 4137-4139). See Figure 2 (IH NMR) and Figure 3 (13C NMR)
of the S¢ compley (CAT B
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Svuthesis of SAACHZOGHANMe2-0)3, CAT O, Catalyst for Atactic Polvstyrene and Chain

Shartling with Zine

O
- L
T S6Ci3 MeoN” \[f NMe,
3 H oL :
'6\ /‘L //"J e —— .
N BT, ovemight af, Y
e, r{\\} P (A
A
.
e, (AT O)

Syathesis of Sc{CHCelliMNMeo-ok: Anhydrous Sl {1.938 g, 12.81 mmol) was
suspended dn 16 ml THE, A THF solution {20 mbL} of LICHCeHuNMez-0 {5,423 g, 2843
mmol, 3 equiv.) was slowly added at roon temperature,  After stiveing thes mixiure for 20
minutes, the solvent was removed under reduced pressure. The residue was dissolved i 40
mb of tohiene, and then filtered to remove Hithinm salts. Solvent was removed from the
filtrate under reduced pressure, and the residus was washed thoronghdy with ether, filtered,
and dried, to yield the produet as a fine vellow solid, Yield = 217 g (38%). 1H NMR {300
Mz, Benzene-d6) 5 7.05 - 6.94 (m, 6H), 6.55 - 6.76 (m, 6H)}, 2.28 (3, 15H), 1.67 {3, 61
13 NMR (101 MHz, Benzene-d63 § 143.43, F43.15, 12941, 126,67, 11995, 117.89, 52.30
- 46,37 {m}, 45.04.

Svathesiz of Ti Complexes:

PA &

S equiv CpTiCl . i
/l\:,f/":\\ overnight /ﬁ R
NI AT

CAT D The following procedure was performed in a glove box under a nitrogen
atmosphere. In an oven-dried, 40 ol vial, equipped with a stir bar, Cp*TiCh (360 mg, 1.37
oumol) was dissolved 3.2 mL of anhydrous diethyl ether. This solution was copled in the
glove box freczer for 30 nunutes. Lithbim 2,4.6-rimethoxy-phenoside (184 mg, 1.37 mmol)
was added to the CpTiCl solution with vigorous stirving. The reaction was allowed to warm
o room temperature, and the reaction was stirred overnight al room temyperature, The
reaction was then filtered, and the solids were washed with 2 ol of anhwydrous digthy] ether,
The filtrate and washes were combined. The volatiles were removed ander vacuum, and a
red solid was tsolated. This material was analyzed by TH NMR spectroscopy: the crude
material appeared to contain unreacted UpTiCls. The crude product was dissolved in a

minimal amount of methylene chloride, and this solution was then layered with ether. This
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sobution was placed in the freezer overnight. The desired complex was isolated as vec
crystals (2530 mg, 579%). The produce was analyzed by 1H NMR spectroscopy {400 MHz,
C6D6) § 6.57 (3, 2H}, 6.031 (s, SH), 2.16 (s, 64, 2.08 (s, 3H)].

==
/J /i\;'fe

e equiv Cp*TiCl
H o o
j P overnight N
N )/ .
RSN {CAT E}

CATE The following procedure was performed in a glove box under a nitrogen

atrosphere. In an oven-dried, 40 kb vial, equipped with a stix bar, Cp¥TiCh (400 mg, 1.38
mmidy was dissolved in 19 mi of anhvdrous diethyl ether. This solution was cooled i the
glove box freezer for 3¢ minvtes. Lithium 2,4,6-trimethoxy-phenoxide {196 myg, 1.38 mmol}
was added to the Cp¥TiCh solution with vigorous stivring. The reaction was aliowed 0 warm
1o room temperature, and the reaction was stirred overnight at voom temperature. The
reaction was then filterod, and the solids were washed with 5 ml of ashydrous diethyl ether.
The filtrate and washes were combined. The velatiles were removed under vacuuim, and a
ved solid was isolated. Thas material was analyzed by 1H NMR speciroscopy. The crude
product was dissolved 10 a minsmal arpount of rethviene chloride, and this solution was then
favered with ether. This solution was placed in the freczer overnight. The desired complox
was isolated as red crystals (301 me, 569%). The produce was analyzed by 1H NMR
spectroscopy 1400 MHz, C6D6) 5 6.61 (s, 2H), 2.29 (s, 6H), 2.10 (s, 3H), 1.90 (s, 1SHL
Mote: This material contained some anreacied Cp¥TIC that appeared o co-crystallize with

the destred compound.

{
. -~ 3
o BnMgCl ) /@;’j”:?f‘—
‘Y %
N PN

{CATE)

CAT D In an oven-dried vial, eqpapped with a stiv bay, Cp*TiCh (200 mg, .69
swnol) was dissolved in 7.5 mb of anhivdrous ether. The solotion was placed in the glove box
freezer for 20 mintes. The vial was then reroved from the freezer. To the cooled, stirred
sotation, a 2.0 M solution of bensylmagnesiom chlonde (1.0 mi, 2.1 mmol)} was added
dropwise. The reaction mixture was slowly warmed {0 room temperature, and was stirred for
amie hour at roor teraperature. The reaction mixtire was filtered to remove the solids, and

ihe vellow solutton was reduced undex vacuuny A reddish, brown solid was isolated and
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aualyzed by TH NMR speciroscopy [1H NMER (400 MHz, Benzene-d) 6 693 {6, 1 = 7.3 Hx,
3H 683 ~6.78 {m, 5H), 2.74 (¢, F = 2.7 Hy, 6H), 1.62 (4, I = 0.7 Hyz, 13H).] Note: aromatc

protons overlappod with benzene selvant peak,

Synthesis of A-DHCSA
et MY
Sreneture

IFHVE, geaione
ROSTION

Ssmearen

In a glass vial, AiBey (300 g, 1513 mmol} and ENB 3.030 £, 25321 mmol} were
mixed with p-xylene (7 L} This mixtiwe was heated to 130°C for 20 minuees. Venting of
the i-butene was permitted. The mixture of po-divinvibenzene (Alfa Aesar 801203 (1313 ¢,
1108 puooh) was then added, and the muxmure allowed to equilibrate at 1307°C for an
additional three hours, and then cooled to room teroperasire. Followng the reaction period
{3 hrs), the temnperature of the mixture was cooled to room temperature, and the resulting
homogeneous solution used as a DHUSAL

Orther chain shutthing agents (CSAs) used in cxperiments herein, include dicthyl zine

(ELY and triethyl ahiminum (TEA}

LuALDHUSA (see WO2018/064546)

ENB
AlmFi~ 20 -
CNE \i-'fg JENB J\""\ *
- AR 2 RAL A== T ENB
- R, A
Ene .ﬁ}i"—ﬁ'ma’-\l/ R = ’
TRNR ENE

{* point of attachroent to a metal; nuxome of isomers)

. Screeping Catalyst
PER Sereening of Se Complex {CAT B for Hard Rlocks

A Parallel Pressurs Reactor (PPR) systen: was eroployed, in ovder fo demonsivate the
vighifity of styrene polymerization activity and chain shuttling ability of the polymerization
catalyst. The activity and molecuiar sveight of a glven styrene polymerization catalyst
relative o the chain shuttling agent (U8 A} lnading was investigated. The chain shuottling

agenis studied were disthylzine (DEY) and tiethylsluminure (TEA), as models for polvioeryt

49



WO 2022/133143

stkylzine or polyroeryl alkylaluminurn species, respectively. Al-Zn DHCUS A was also used.
PPR screening conditions were as follows: AS0OPAR-E+ MMADO-3A + T] + (Styrene + USA
+ “amings, bischydrogenated tallow alliybimethyl, tetrakis{pentativora-phenyliborate(t -3 +
Catalysty; Catalyst Loading = .25 pmotes; MMAG-2A Loading = 5 uymeles; T= H3°C o=
15 mimstes, [Bryrene] = 2.1 M (in toluene).

CAT B was screened in the PPR for s ability to polymerize styrene in the prosence
of vartous model chain shuttiing agents. Figure 4 demonsirates that CAT B exhibis bigh
efficiency for styrene polymerizaton {no CSA), and the catalyst activity is not affected by the
addition of the TEA (3% circle from top at C3A = 25 pmoles, and 39 and 4% circles from top
at CSA = 108 pmoles) or the AlYa DHUSA (upper two marged circles at CSA = 25 ymoles,
and upper two circles at USA = 100 pmoles). For this particular study, the catalyst scrivity
was low in the presence of BEZ (owo merged lower oireles at CSA = 25 prooles and two
merged lower cireles at C3A = 1 pmoles). The data in Figure 5 shows that the addinion of
CSA resulis in a decrease in the molecular weight, indicating the catalyst participates in
sffective chain shutling. Note, the Al-Zn DHCS A s represented by two upper circles at

CSA =25 uroles, and two upper circles at CSA = 100 ymoles. The TEA is represented by

two snerged tower circles at CSA = 25 yumoles and two merged lower civeles at CEA = 100
grooles,

Table 1 further depicis the effect of the addition of 100 umoles of £SA on a styrene
polymenizavon with CAT B at 105°C, In addition, the polvimerization of styrene hy CAT B
was examined in the presence of f-octene. PPR soreening conditions were as follows: T=
185°C, Catalyst Loading = 8.25 umaoles, [Styrene] = 2.1 M {in toluene), t = 15 minutes. As
shown in Table 1, the catalyst activity and molecular weight were unaffocted by the addition
of T-octene, which indicates that CAT 8 is compatible with residual alpha-olefin monomes,
transferred from the fivst veactor o the second veactor. This data demonstrates that catalyst
CAT B meets the desired second reactor (R2) catalyst eriteria {a)-0)) described above (seo
Detaifed Description of the Invention).

Table 1 Effect of CSA and -Oetene on the Polymerization of Styrene with CAT B.

PCT/US2021/063915

CSA (100 pmnles) or 1-0ctene | (g Polvimer (PS5 per g M) Mw {g/mol)
NONE 149 GO0 4,300,000
EuAlL{CEAY 100,000 7,900
b-Citene 151,000 1,198 000

W= metal of caialysi (8¢

Chain Shuttling Experiments for S¢ Catalysi: CAT B

A glass vial was charged with oluene (final volurne 8 mb), styrene (3 mb) and a

50
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N s

magnee stir bar, CAT B (8 pmol), “amines, bisthvdrogenated tallow alkviymethyl,
terakis{pentafluorephenyhborate(3-} (1.2 equiv {equiv. to CAT B)), and either TEA or DEZ
{8, 25 pmnd, or 100 prool) were sequentially added to the solution. This mixture was heated
at 100°C for one hour, then allowed o cool, before being quenched in methanol. Polymer
was coliected by filtration and dried under vacinum, GPC results are shown in Figure 6,
Resulis are also shown in Table 2. A chain shuttling process takies place, as indicated by the
decrease in roolecuiar weight and decrease in MWD (Mw/Mi0 in the presence of DEZ or
TEA, a8 compared 1o sPS-1.

Table 2: Syndictactic Polvstyrene GPS) Prepared with and without Zine and Algminum
b ¥ty } Fre;
Chain Shudtling Agenss

{8A, Mn R MM Tg Tm | AHm Acuivity Yield

gt {g/mol) | (gfmoly | GOy 0y |0y | (e sPSimol Beyhe) | sPS (%)
sPR-1 Noae i23,761 14117041 3133 99 271 1 208 152,222 96
aPS-2 DEZ, 25 F3.331 | 27,343 2654 35 271 | 298 191,296 1830
sPS-3 | DEZ 100 1 5029 7,903 £.37 a7 287 1 243 166,206 a9
sPR-4 TEA, 25 1 227299 | 64039 2.87 G8 272 1 28.] 157,407 34
sP3-3 1 TEA, 100 1 7433 16,790 226 25 266 | 292 147,407 A8

Hi. Vinylarene-Rich (Hard Block) Analysis and Vinylarene-Poor (Soft Block) Analysis
Butch Reactor Polyinerization Set-Up

The batch reactor set-up consisted of a 600 mb Pur reactor controlled by a process
conirol system. The reactor was equipped with an electric beating jacker, an internal cooling
coil for temnperature control, and eleciric heat traced transfer lines between the reactor and the
reactor dump pot. Three feeds were available, with the option o load solvenis or monomers
from a detachable one liter cylinder (50 ml). This cyviinder was loaded in an toert (N2} glove
box, and its contents transferred to the reactor via a nitrogen injecton. Catalyst components
and chain shuttling agents were prepared in the inert glove box, and transtferred from the 58
mb. cyiinder, via a nitrogen transfer, to the reactor. The "1-ociene cylinders” were filled from
purified plant feeds. Ethylene was supplied from Asrgas, as high purity grade. For further
purification, the T-octene and ethylene were passed through inhine beds of activated alonuna,
13X molecular sieves, and 5 material. The high pressure nitrogen, for the catalyst injection
sond purging, was ultra-high purity grade. Styrene was degassed, and the inhibifor was
removed by passing the styrene supply through a plug of neutral alumina, just prior o
addition into the reactor.
Ethyiene, 1-Octene, Styrene Polymerization: Reoctivity of CAT B (Vinylarene-Rich)

Degassed, anhydrous oluene was added o the 800 ol Parr reactor from a solvent

eviinder, pressurized with nitrogen, using 4 mass flow meter, and the reactor agitator was set




WO 2022/133143 PCT/US2021/063915

1o 450 rpm. Styrene was injected via a eylinder pressurized with bagh pressure nitrogen.
When used, a preset amount of 1-octene was added to the reactor from a cylinder pressurized
with nitrogen, using 3 flow meter. Unee the reactor reached the starting terperature sef point
of 120°C, a preset arpount of ethylene was added to the reactor, using a flow meter, followed
by the addition of the active catalyst solution. The catalyst solution was prepared by adding a
pre-made tfoluene solution of Cp*5eRy (UAT B) (typical keadings 22 yrooi Sc), G006 M
sofution of “amines, bisthvdrogenated tallow alkyloethyl, tetrakis{pentaftvorophenyi)-
borate{1-}" activator in toluene (£.0-1.2 equiv), and a 0.05 M solution of MMAG-34 10
toluene (10 equiv.}. Each "equiv” is relative to one equiv. of CAT B.

The flow of ethvlene, at 200 mg/roin, was inttiated, while the overall reactor pressurg
was confroled at the progranuaed set point throughout the desired ron time of ton minutes.
Following the roixing tiroe, the agitator was stopped, and the contents of reactor were
esaptied into the dump pot. The pot contents were poured into methanol, and the mexame

stirred. The poelymer precipitate was filtered and dried at 130°C, in a vacuum oven for six
hours. Polymerization conditions and polymer properties are shown in Table 2 below. See
also Table 4. The interpolymers ARI-AR12, in Tables 3 and 4, are each representative of an
vinylarens-rich (hard block) (AR} segment of an ethylene/octene/-styrene diblock or triblock
interpolymer, in, for example, monomer composition, tacticity of the polyragrized vinviarens,

T and Tz

L
]
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Ethylene, [-Octene, Styrene Polymerizafion: Reactiviry of CAT A {Vinvigrene-Poor)

Degassed, anhydrous twoluene was added to the 600 mL Parr reactor from 3 solvent
cviinder pressurized with nitrogen using a mass flow roeter, and the reactor agitator was sef to
430 oL Styrene was injected via a oylinder pressurized with high pressure nifrogen. A
preset amount of f-octene was added to the reactor from a ovlinder pressurized with nitrogen,
ustnng a3 flow meter. Onee the reactor reached the starting temperature set point of 120°C, a
preset amount of ethylene was added 1o the weacior using a flow meter, followed by the
asddition of the active catalyst solution. The catalyst solution was prepared by adding a pre-
made toluene sobition of CAT A catalyst, 0.006 M solution of “amines, bisthydrogenated
tallow atkyhmethvl, tetrakis(pentafluorophenyl}-horate(1-)” activatow in foluene (1.0-1.2
equivy, and a 0.05 M solution of MMADG-3A inwoleene (10 equiv.). Hach “equiv” is relative
to one equiv. of CAT AL

The flow of ethylene, at 200 mgfmin, was initated, while the overall reactor pressure
was controjled at the prograramed setpoint throughout the desived yun time of ten minutes,
Following the mixing tine, the agitator was stopped, and the contents of reactor were
empiied into the dump pot. The pot contents were poured into methanol, and the roixture
stirred. The polymer precipitate was filtered and deted at 130°C in 4 vacumin oven for six
howrs. Polyroerization conditions and polymer properties are shown in Table 5 below. See
also Table 6. The interpolyroers AP1-AFP11, in Table 6. are each representative of an
vinylarene-poor {Soft Block) {AF) segment of an ethylene/octene/styrene diblock or triblock
wnterpolvimer, in, for example, monomer composition, tacticity of the polymenized vinylarene,

T and Tg.
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FY. Bual Catalysts Polymerizations with Chain Shuitling Agent
Rateh Reactors Polymerization Set Up { Dual Parr Reactor) — Solution Polymerization

The polymerization set-up consisted of two reactors, a 600 mb Par reactor (Reactow
1, R1) and a 2.0 L Parr reactor (Reactor 2, R2}, cach controlied by a process control systent
Both reactors were equipped with an electric heating zacket, an internal cooling coil for
temperature control, and electric heat raced transter lings botween the reactors and from each
reactor o the regctor dump pot. Three feeds were availsble for either reactor, with the option
to load solvents or monomers from a detachable "1 L sample ovlinder.” The 1 L cvlinder”
wvas loaded in an inevt (N2} glove box, and the contents transferred to either reactor viaa
nitrogen injection. Catalyst components and chain shuttding agents were prepared in the inert

glove box, and transferred from a 50 ml cyhinder,” via nitrogen transfer, 1o the respective

reactor, [SOPAR-E and l-octene cylinders were filled fromo purified plant feeds. Ethylene
was supplied from Alrgas, as high purity grade. For further purification, the T-octeng and
ethviene were passed through inline beds of activated abimina, 13X mode sieves, and (35
material. The high pressure nifrogen, for catalyst injection and purging, was ulira-high purity
grade.

Bateh Reactors — Solution Polymerization — Compaosition comprising Triblock 2

The 600 ok, Pary reactor (R1 (first reactor) was charged with a soution of the Al-
DHOSA (1.5 b, 378 prool) in 4 sl of ISOPAR-E via bigh pressure nitrogen injection.
ISOPAR-E (1214 g) was added to R from a solvent ovlinder pressurized with nitrogen,
using a mass flow meter, and the reactor agitator was set to 450 rpm. A preset amount of 1-
actene (204 ¢y was added to R from a eylinder pressurized with nitrogen, using a flow
meter. Once the reactor reached the starting teroperature set point of 120°C, a preset amound
of ethylene (7.1 g} was added 1o the reactor using a flow meter, followed by the addition of
the active catalyst solotion. The catalyst solution was prepared by adding 0.25 mL of a 0.803
M sobution of CAT A n twluene, 0.25 mL of 2 (.006 M solution of “amines,
bisthydrogenated tallow allyDmethyl, tetrakis(pentafluoro-phenylborate(1-} in toluene, .25
mb of a §.05 M sohution of MMAO-3A in tohuene, to a vial containing 4 mL of toliene.

The flow of ethylene, at 200 mg/min. was initiated, while contvolling the overall
reactor prossure at $92.7 peig throughout the desired ron e of 10 munutes (for K1), During
the R1 run tiroe, the “2.0 L Part” reactor (R2, second reactor) was charged with 200 o, of
tolgene, via a small cviinder pressurized with nitrogen. The B2 agitator was set to 430 rpm,
and the R2 starting temperasire set point to 120°C. When the ni time (30 min) in BRI was

coropleted, the agitator was stopped in hoth reactors (R1 and B2}, R1 was pressured with
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nitrogen, in order to ransfer the contents of R1 to K2 via preheated lnes. CAT & (lifetime
less than 10 min) was spent, when this catalyst entered the second reactor.

Onee the comfents were transferred. the R2 agitator was resumed. Styrene monomer
{5 yol., 4,044 ool was injected into K2, via a small ovlinder pressurized with nitrogen,
wmmediately followed by the addition of the active catalyst soledon tn 200 mL of wloene.
The catalyst solutien was prepared by adding 45 pmod Se conplex CAT B in toluene, .083
ok of a 0.006 M solution of "amines, bis(bydrogenated rallow alkyDmethyl, retrakis{penia-
fuorophenybborate(1-) (0.5 pmol) in robsene, 0100 ol of a 0.03 M solution of MMAG-34
{5 pmol} in tohuene, to a vial containing 4 mL of toluene. After the addition of the catalyst,
an exotherm was observed. The R2 contents wer agitated for a run time of one howr (o
R2yar 120°C. Following the reaction time, the R2 agitator was stopped, and the contents of
K2 were emptied into the dump pot. The pot contents were poured into methanol and stirred
overmight. The polymer precipitate (composition comprising an ethyleng/octene/styrene
triblock terpolymer (Triblock 23 was filtered and dried at 138°C in a vacuum oven for six
heues (Yield 11.6 g3, NMR profiles are shown in Figure 7 {1H NMR) and Figure 8 {13C
MMR} Based on peak integration in Figure 7, the composition contained 30 wi%
polyvmerized styrene, based on the weight of the composition. Peaks denoting the phenyl -1
{5 14550, San (8 43.35), and TR (5 40.61) of the syndiotactic polystyrene block are shown
in Figure 4.

Addirional Polyvmer Compasitions

Addidonal polymer compositions are described below. Polymerization conditions
and polvmer composition properties are bsted i Tables 7 and 8.

Triblock 1 {coroposition containing an ethylene/octens/styrene friblock 1 terpolyroer)
was polymerired asing the process above for Triblock 2, except for the following changes.
The 600 mL Parr veactor {R1) was charged with a solution of the ADHCSA (1.5 mL., 690
yrooh) in 4 ml of ISOPAR-E, via high pressure nitrogen injection. The flow of ethylens, at
200 mg/oin, was initiated, while controlling the overall reactor pressure af 192.7 psig
throughout the desived ren time of 30 minwmes (for R1). Styrene monomer (5 mL, 8.690
ol was infected into R2 via a small cyvlinder pressurized with nitrogen, immediately
foilowed by the addition of the active catalyst sohution in 200 ol of toluene. The catalyst
sofution was prepared by adding (.240 ml of 2 G.0021 M solution of S¢ comoplex CAT B {05
umol) in toluens, 8.083 mL of a 0.006 M solution of “amines, bisthydrogenated tallow
atkyDmethyl, ewakis{pentafbiorophenyhi-borate(1-3 (0.5 ymol} in toluepe, 100 mb of 2

3,05 M solution of MMAG-3A (5 urool) in toluene, to a vial containing 4 mb. of woluese.

S
=3
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The polymer precipitate {composition containing the riblock) was

in a4 vacihum ove

1 for six howrs (Yield 13.0 g).

PCT/US2021/063915

I order to detect AR-AP coupling

fifteved and dried at 13¢°C

{vinylarene-rich (hard block)-vinylarene-poor {seft block)S, a Malvern 305a HT GPC with

triple detector (dRE, DV, LS connected with DiscoviBTM (FT IR} and PDA (UVY-Vis) was

5 employed. GPC data is shown in Figare 9 [HT GPC dRFUY Dual Betector responses for
dual batch reactor run showing uncoupled Ph, uncoupled EO, and coupled P5.] Asseenin
Figure 9, the formation of the block interpolyroer appears as the “coupled PS” peak.
Triblock 2 (composition containing an ethylene/octene/styrene wiblock terpolymer)
was prepared according to the process for Triblock 2 as shown above, except for the changes
13 npoted in Table 7 below. Diblock 1 {composition containing an ethylone/octens/styreng
diblock terpolymer) was prepared according o the process for Triblock 2 as shown above
except THA (400 pmole) was used as the TS A, and except for the changes noted in Table 7
below. Diblock 2 {composition containing an ethyleng/octenelstyrene diblock terpolymer}
was propared according to the process for Triblock 2 as shown above, except DEZ (160
15 umole) was used as the U8 A, and except for the changes noted in Table 7 below.
Two in-reactor blends (IB-1 and 13-2), no CSA, cach of an cthylene/octene random
copolymer and a syndiotactic styrene-based polymer, were each propared using the same
process as used for Triblock 2 above, but without the ALDHCS A pre-injection, and except
for the changes noted in Table 7 below.
] Table 7: Polymerization Conditions and Compesition Properiies
Batch Keactor Run Conditions PO Dala D5C Data
OSA {2 Octene Styrenc Mw Mn PDY Te, | Tm,
- ioading, g | loading, g | leading, ¢ f Mol MWy °C i
Trivlock 2 Al EHHCSA 7.3 213 5l 3,027 2376 Hone
Triblock 3 ALDHCSA 8.1 44 40 ei.é’li} 23,687 348 -67 1264
fublock 11 400 pmol TEA 8.1 49 40 99,948 20,017 178 -H5 1252
Diblock 2 | 100 umol DEZ 3.1 4 40 t69.726 | 41,438 4.10 -G 239
iB-Z none 8.1 49 40 96,304 8,759 LOG L 72 2
Table &: 13C NMR Data on Polymer Compositons
Triblock Z | Triblock 3 | Diblock Dikblock 2 iB-2
Styrens (mol%y £3.2 14.4 270 267 19.3
Ootene (mo 13.2 281 278 21.% i2.4
Eihylene (mol%)y 717 §7.4 44.4 51.3 683
Styrene (wi%)” 31.2 24.9 39.7 41.7 R
Octeng {(wi 281 5.3 43.1 367 6.1
Ethyic 187 257 i7.1 216 361
3 4 Ratia of Block sivie L AR
Molar Ratio of Jh)(lf styreae (b-b e ARMo 118 53.0% 170.0% o3 1% 3
isolated styten

25

by} )}*el?tm o

=3 raonomer based on the &
styrene to isolaied s

tal

sfyrens =

weight of
(Iniegrals

g + Tasy niegral Tas.

snomer based on the total wanles of all polymerized monomers o the compositinn.
all polymerized monomers in the compositi
*admost no T detected.
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GPO Study
See the above GPC procedure in the Test Methods section. A Polymer Char
{Valencia, Spain) high teraperature Gel Permeation Chromatography system consisting of an
Tofrared concentration/composition detector (IR-3) was used for MW and MWD
5 determination. The carier solvent was 1,2 4-trichlorobenzens (TCB). The auto-sampler and
detector compartments were oparated al 160°C, and the column compariment was operated at
15G°C, Calibration of the GP{ coluran set was performed with 21 narrow molecular weight
distribution polystyrene standards. GPO profiles are shown in Figures 10a and 106, GPC
results are shown in Tables 7 and 9. For the molecular weight distributions of dual reactor
1y polymars, values are polystyrene equivalont maolecular weights,. As scem from Table 9, the
coraposifion containing the iriblock polymer has a broader MWD as compared to the in-
reacior blend 48-1).
Table 9: GPC (conv.) Resulis

[y
A

20

b
A

36

Composiiion

M (/o)

Mp (g/mol}

Mw {g/mol}

Mz {g/mol)

Trinlock 2

13,727

386,248

353624

1,092,614

iB-1

207,512

1,255,515

1,446,647

3,451,127

Tensile Testing Study
Mechanical properties of two polymer samples are shown in Table 18, See also
Figure 11, The samoples show elastic recovery hebavior.

Table 10: Tensile Testing Data.

Composiion | Permanent Set, % Strain | 1% Cycle Hysteresis 20 Cole Hysteregis
Triblock i 79 3% 53%
Trikdock 2 58 T0%

Yo

Y. Atactic Polystyrene (aFPSn CAT C

Polymerization Experiments: A glass vial was charged with toluene (final volume 3
mb}, styrene (1 mb), and a magnetic sty bar. CAT C (5 umol}, “amines, bis(hvdrogenated
taliow alkylpoethyl, femrakis{pentafivorophenyitborate(1-3 (1.2 equiv.}, and either TEA or
DPEZ (0, 25, or 130 umob) were sequentially added to the solution. This mixture was heated
at HHIPC for one howr, then allowed to cool, betore being guenched in methanol, Polymer
was coliected by filtration and dried under vacoum. Results are shown in Table 11, GPC
profiles are shown i Figure 12, These results indicate that a chain shutiling process takes
place, as mdicated by the decrease in molecular weight and decresse 1o MWD (Mw/Mu) n

the presence of DEX or TEA.L
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Table 11 Awctic polystyrene (aPS) Prepared with and without a Scandiurn Catabyst, and in

the Presenee of Hither Zine or Aluminge Chain Stwittling Agents

CAT | ©'SA. pmal :j;;fél) Ljfmn Mw/Ma (Tg; fgi ‘“&“}‘ (e }éﬁ;; o P%Sihj
aPs-1 | CATC None R E&51 | 100,584 2.59 100 - - 32,989 316
aFS-2 | None None 121,846 | 223,366 1.82 162 - - - 28.2
aPs-3 | CATC | DEZ 25 4,681 6,602 1AL a2 - - 23,518 4.0
aP8-4 | CATO | DEZ, 1 4035 3,759 1.43 78 - - 63,145 37.5
aPs-5 | CATC | TRa, 25 12,568 181,973 1448 59 263 14 25,185 15.8
aP8-6 | CATC | THA, 10D - - - 89 ey L7 2,002 1.3

Vi Ti Complexes

4

PPR Screening of T complexes (CAT D, CAT E, and CAT F)

The Paralle! Pressure Reactor (PPR} systern was employed in order to demonstrate the

vighiluy of styrene polvmerization scuivity and chain shuttling of cach polymerization
J J 7 S = P

catalyst as noted below. The activity and moleculay weight of a given styrene polymerization

catalyst candidate relative o the CSA loading was tnvestigated. The CUSAs studied were

10 diethylzine (DEZ, 25 pmoles or 100 yrooies) and triethylsturoimare (TEA, 25 poles or 100

pmotes) as models for polyroeryl alkyvizine or polyvmery! sluminur species, respectively.
PPR screening conditions were as follows: [ISOPAR-E + MMADG-3A + T1 4

+ “amings, bischydrogenated tallow alliybinethyl, tetcakis{pentativorophenyviiborate{1-} +

N

tyrene + £SA

Catalyst); Catalyst Loading = (.25 pmoles; MMAQ-3A Loading = 50 pmoles; T = 753°C and

15 105°C, = 15 mimstes, [Styrenel = 2.1 M {in toloene ).

CAT D was screened in the PPR for its ability 0 polymerize styrene in the presence

of the noted chain shuttling agent. Figure 13 demonstrates that the addition of C5A results in

# decrease in the molecular weight, indicating the catalyst participates in effective chain
shottling, CAT D exhibits a relatively low efficiency for styrene polymertzation. CATE

23 was screened in the PPR for iis ability to polymerize styrene in the prosence of the poted

chain shutthing agents, Figure 14 demonstrates that the addition of {8 A results in a decrease

in the roolecudar weight, indicating the catalyst pavticipates in effective chain shuttling. CAT

E exhibits a relatively low efficiency for styrene polymerizanon, CAT Fowas screened in the

PPR for its ability to polymurize styrene in the presence of the noted chain shstthing agents.

25 Higure 15 derponstrates that the addition of CRA results in a decrease in the molecular

weight, indicating the catalyst participates v effecdve chain shutthiog. CAT Fexhibis a

relatively low efficiency for styrene polymerizanon.

60
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CLAIMS

A process to form a composition comprising an ethylene/vinylarene diblock
oterpolvmer and/or an ethyvlene/vinylarene tniblock oterpolymer. said process coraprising at
least the following steps:

5 A} polymerizing in a reactor A, a mixture A comprising ethylene, and optionally an
alpha-olefin, and optionally a vinvlarene, 1o the presence of at least the following: a) a metal
complex 8 selected from the following: Formula 81, Formuda 82, Fornwla 83, Formula 84,
or Formula 85:

R‘:
VRN
3 M,

Ny
FEQ {(Formula 1),
10 wherein M! is a metal selected from titanivm (T, zircorium (Z1), or hafoium (HE):;
and wherein the metal is in a formal oxidation state of +2, +3, or +4;
each X is independently selected from a substituted or unsubstituted (C1-Cagdhydro-
carbyl, a substituted or unsubstituted (Cy-Cigtheterchvdrocarbyl, or ~H; and wherein each X

1s independently a monedentate ligand or 3 bidentate igand;

15 nis O, 1, or 2, and optionally when n is 1, X may be a bidentate ligand;

R'is a bridging group comprising from 2 to 41 aioms other than hydrogen, and
wherein, opticnally, the bond between R’ and Mis a pi bond;

R’ is selected from a substituted or an unsubstituted {C'1-Cothydrocarbyl group, or a
substituted or an unsubstituted (Ci-Csolheterohydrocarbyl group:

20 ¥ is a bridging group linking N and R', and comprising from 2 to 40 atoms other than
hvdrogen, and wherein, optionally, the bridging group comprises a N atorn that can interact
with the metal (M} via an electron donative bond; and

wherein the metal complex 1s overall charge-neuiral;
2 N
\’?/
e (Formula 82),
25 wherein M is a metal selected from titanium (T, zirconium (Zr), or hafhivm (Hf); and

where the metal is in a formal oxidation state of +2, +3, or +4;
each X is independently selected from a substituted or unsubstituted (Ci-Csodhydrocarbvl,

a substitided or unsubstitited {C1-Csodheterchydrocarbyl or ~H; and wherein each X is
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independently a monodentate or a bidentate higand;

nis {1, or 2, and optionally when n is 1, X may be a bidentate ligand,

each of RY and R* is independently selected from a substituted or an unsubstituted (Ce-
Cadaryl group, or a substituted or an unsubstituted (Cs-Cagthetercaryl group;

N and N are linked by a bridging group, F, which comprises from 2 to 40 atoms other
than hydrogen, and wherein, optionally, the bridging group comprises a N atom that can
interact with the metal via an electron donative bond; and

wherein the metal complex is overall charge-neutral;
=

\

N \\
R
wof

24

[
N
' {(Formula 83},
wherein M' is a metal selected from titanium (Ti), zirconium {(Zr), or hafniom (Hf); and
wherein the metal 13 in a formal oxadation state of +2, +3, or +4;
each X i3 ndependently selected from a substituied or unsubstituted (C1-Caghhydrocarbyl,
substituted, a unsubstituted (C1-Calheterchydrocarbyl, or —H; and wherein each X is
independently a monedentate ligand or a bidentate ligand;
nis {, 1, or 2, and optionally when n is 1, X may be a bidentate ligand;
R’ is a substituted or unsubstituted (C1-CaoYhvdrocarbyl group, or a substituted or
unsubstituted (C1-Caotheterchydrocarbvl group, —SiR ), or —H;
T is selected from —~O-, 8-, ~NR}-, or -P(RFy—;
tistor2;
and wherein T' and N are linked by a bridging group, dencted by I, which corprises
from 4 to 50 atoms other than hydrogen;
wherein each R®, RY, and R® in Formula §3 is independently a substituted or
unsubstitted {C1-Cagthydrocarbyl, a substituted or unsubstituted {C1~-Cxodheterchy drocarbyl,
or —H; and

wherein the metal complex 18 overall charge-neutral;
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g R (Forroula 84),
wherein M' is a metal selected from zirconium (Zr) or hafniur (H), and wherein the
metal is in a formal oxidation state of +2, +3, or +4;
each X i3 independently selected from a substituied or unsubstituted (Ci-Cagthydrocarbyl,
S asubstituted or unsubstituted (C1-Cagdheterohydrocarbyl, or —H: and wheremn each X is
mdependently a monodentate ligand or a bidentate ligand;
nis {, 1, or 2, and optionally when n is 1, X may be a bidentate ligand;
gach of -T2 and -T°- is independently selected from —0—, —8—, -N(RM~, or -P(R")—;
RS and R*' are each independently selected from the group consisting of —H, a substituted
10 or unsubstituted (C-Cipphydrocarbyl, a substituted or unsubstituted (C1-Ceotheterohy dro-
carbyl, ~SHRn, ~GeR ), PRy, ~N(R™),, ~ORC, ~SRE, ~NOy, ~CN, ~CFa, RES(0)-,
RES(O)—, (REpC=N-, RECOY0—, R°OC(0)-, RECIOWNR)I-, (RERNCO)-, halogen,

radicals having formula (), radicals having formula (1), and radicals having formula (1)

R31 RZSD R0

where each of R R and R¥ is independently selected from a substituted or

o
(¥

unsubstituted (C1-Cygthydrocarbyl, a substituted or unsubstituted (C1-Csodheterchvdrocarbyl,
=Si(R5y;, —Ge(R%), —P(RD)z, —N(RMy, ~-N=CHRE, —-ORE, -8R, -NO», -CN, —CF3,
RES(O), RES(ON—, (RYRC=N—, R°C(OY0—, REOC(0)— RECIOMNRY -, (R pNC(O)-,
halogen, or ~H;

each of R7 i independently selected from a substituted or unsubstituted (C1-Cagthy dro-
20 carbyl, a substituted or unsubstituted (Ci-Caotheterohydro-carbyl, —Si(R)s, —Ge(R .
—PR"). ~N(RMz, -N=CHR®, ~OR", ~SR", -NO,, -CN_ ~CFs, R°S(0)~, R“S§{0},
(ROLC=N-, REC{O)0-, RPOC(0)-, RECOWNRN)-, (RENC(O)-, halogen, or —H;

J* is a substituted or unsubstituted (€, —C  hydrocarbylene or a substituted or

unsubstituted (€ —C_ Sheterchydrocarbylene, wherein the substituted or unsubstituted

B
W

(C,-C,Jhydrocarbylene has a portion that comprises a 1-carbon atom to 10-carbon atom
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linker backbone, linking the groups T* and T° in Formula $4 (to which J* is bonded); or the
substituted or unsubstituted (C ~C Jheterohydrocarbylene has a portion that comprises a 1-
atom to 10-atom linker backbone, linking the groups T? and T° in Formula 84, wherein each
of the 1 to 10 atoms of the 1-atom to 10-atom linker backbone, independently, is a carbon
atom or a heteroatom of a heteroatom group, wherein each hetercatom group is independently
0, 8, 8(0), 8(0)y. Si(R")5, Ge(R%),, P(RY), or N(R), wherein each R is independently a
substituted or unsubstituted (C,~C, Jhydrocarbyl or a substituted or unsubstituted

{C,—C, Jheterohydrocarbyl; and wherein each R”, RN, and remaining R* in Formula $4 is
independently a substituted or unsubstituted (Ci-Ciodhydrocarbyl, a substituted or
ansubstituied (C1-Cagdheterchydrocarbyl, or ~H; and

wherein the metal complex is overall charge-neuiral; or

R {Formula 83),

wherein M is a metal selected from titanium (T1), zirconium {Zr), or hafniwm (HE); and
wherein the metal 1s in a formal oxidation state of +2, +3, or +4;

each X is independently selected from a substituted or unsubstituted (C1-Cagdhydrocarbyvl,
a substituted or unsubstituted (C-Caotheterohydrocarbyl, or —H; and wherein each X is
ndependently a monedentate ligand or a bidentate ligand;

nis 0, |, or 2, and optionally when nis 1, X may be a bidentate ligand;

R* are each independently selected from a substituted or unsubstituted (Ci-thyvdro-
carbyl, a substituted or unsubstituted {C-Cagtheterohydrocarbyl, ~SiR%, or -H; and
optionally two or more groups from B! are linked, such that that cyclopentadienyt group is
a substited or unsubstitited ndenvl group, or a substituted or unsubstituted fluoreny! group,
and wherein R® is independently selected from a substituted or unsubstituted (Cs-
Caoshvdrocarbyl, a substituted or unsubstituted (C-Crodheterobvdrocarbvl, or ~H;

O and O are Hinked by a bridging group, denoted by F°, which comprises from 1 to 30
atoms other than hydrogen; and

wherein the meial complex is overall charge-neutral;

B) polymerizing in a reactor B, a mixture B comprising ethylene, a vinylarene, and
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optionally an alpha-olefin, in the presence of af least the following: b) a metal complex H
selected from the following Formula H1 or Formmda H2:

RE

R2, R4

,,Ru

\Q%/ \)

2
(@ (Formuala H1},

wherein M2 is T4, Sc, Y. or an clement from the lanthanide series;
3 R R% R’ R* and R’ are each independently H or a substituted or unsubstituted

hydrocarbyl group, a substituted or unsubstituted heterchydrocarbyl group;

Q' Q% and @ are each independently a substituted or unsubstituted hydrocarbyl
group, a substituted or unsubstituted heterchydrocarbyl group, or a halogen;

L 1s a Lewis base; and each n is independently 0 or 1; and m 18 an integer from 010 3,

10 and

wherein optionally at least one L group and at least one Q group are connected, and
optionally at least one R group and at least one ( group are connected;

wherein the metal complex is overall charge-neutral;

R
2 No
L1,
&gy,
z b

“RT (Formula H2),

i
N

wherein M’ is a metal selected from titanium (T1), zirconium {(Z1), or hafnium (Hf);
and wherain the metal 15 in a formal oxidation state of +2, +3, or +4;
each O 15 mdependently selected from a substituted or unsubstituted (Cy-Csojhydro-
carbyl, a substituted or unsubstituted (C1-Caoheterchydrocarbyl, or —H; and wherein each Q

is independently a monodentate ligand or a bidentate ligand;

o]
Py
fow)

nis 0, 1, or 2, and optionally when nis 1,  may be a bidentate ligand;

R and R? are each independently a bridging group comprising from 2 to 41 atoms
other than hydrogen, and wherein, optionally. R and R’ each independently may be a
substituted or unsubstinded arylene group,

gach of -Z'- and -Z%- is independently selectad from ~0-, ~§-—, ~Se—, ~N{R™)-, or
25 -P®R"— and wherein each of -Z2'- and -2°- independently can optionally interact with the
metal via an electron donative bond;

7! and 7% ars linked by a bridging group. denoted by ', which comprises from 1 to 50
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atoms other than hydrogen;

wherein R” and RY, are each independently a substituted or unsubstituted (C1-Cso)-
hydrocarbyl, a substituted or unsubstituted (C1-Caotheterohydrocarbyl, or —H; and

wherein the metal complex is overall charge-neuiral; and

8 wherein step A occurs before step B, and at least 3 portion of the reactor product in

reactor A s transferred to reactor B; or step B occurs before step A, and at lzast a portion of
the reactor product in reactor B is transferred o reactor A; and

wherein if siep A oceurs before siep B, then at least one chain shutiling agent is fed
into the reactor A; and

10 wherein if step B occurs before step A, then at least one chain shutthing agent 1s fed

mto the reactor B; and

wherein the vinvlarene in step A = the vinylarens in step B; and the alpha-olefin in
step A = the alpha-olefin in step B.

2. The process of claim 1, wherein the metal complex 8 1s selected from Formula 81,

[oomy
L

and the metal complex H 1s selected from Formula HI
3. The process of claim 1 or claim 2, wherein, the metal complex S is selected from

structure slal or structure sla2:
ue e J\/D Me e ”\O
-~\ N o / '-\ N /‘/

%L \fk/
o / {sial} or 'P‘O (s1a2).

4, The process of any one of claims 1-3, wherein, the metal complex H is selected from
20 the following formulas hlal, hlaZ hia3, hibl, h1b2, h1b3, h2al or h2a2 (note: Bn = bensyl

group (Ph-CHy-))

v\/ )"*THF "N-""“"Tj ";é;i\_/j‘\ﬂ»ep Ay Q’Tg;‘m
o (hial), U S a2, Yl (hiad), /\/j\ (hib1),
~ S
,i { 'r;‘; “\
QJ\J > w@"j@/
o - \ 0 {0 r\’ -
{ Q,Tt:lu / 4 \ (\)ﬁ'(/\r /. L‘f‘\\ “\{T}
& g oy £
A (12 B (hib3), A (hzal), or A (),
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5. The process of any one of claims 1-4, wherein the at least one chain shuttling agent is
selected from the following: an alkyl zine compound, an alkyl aluminum compound, a dual

headed chain shutiling agent, or a corabination thercof.

6. The process of any one of claims 1-5, wherein step A occurs before step B.
5 7 The process of anv one of claims 1-5, wherein step B oceurs before step A
8. The process of any one of claims 1-7, wherein, for the ethylene/vinylarene diblock

iterpolviner or the ethylene/vinylarene triblock interpolvmer, the vinviarene is styrene.
9. The process of any one of claims 1-8, wherein the mixture A comprises the alpha-
olefin.

10 10, A coraposition formed from the process of any one of clawms -9,
L. A composition comprising an ethylene/vinylarene diblock mnterpolvmer or an
ethylene/vinylarene tnblock interpolymer, said diblock interpolymer comprising at least one
polymer structure selected from Structure 1, as shown below, and said tnblock interpolvmer

comprising at least one polymer structure selected from Structure 2 or Structure 3, each as

[oomy
L

shown below, where AR refers to vinylarene-rich and AP refers to vinylarene-poor:
(AR}(AP} (Structure 1),
{AR)-{AP)-{AR) (Structure 2).
{AP}-{ARAP) (Structure 3); and
wherein each (AR} segment independently comprises, in polvmerized form, ethvleng,
20 the vinylarene and optionally an alpha-olefin; and
wherein each {AP} segment independently conprises, in polymerized form, ethylene,
optionally the vinylarene and optionally the alpha-olefin: and
wherein each {AR) segient independently comprises, in polymerized form, > 10
muol% of the vinylarene, based on the total ruoles of polvmerized monomers in the (AR)
25 segment; and
wherein each (AP) segment independently comprises, in polvmerized form, <10
mol% of the vinylarene, based on the total moles of polymerized monormers in the (AP)
segmient.
12, The composition of claim 11, wherein, for the ethvlene/vinylarene diblock
30 nterpolymer or the ethylene/vinylarene triblock interpolyvmer, each (AR} segment
ndependently comprises, in polymerized form, from 15 mol% to < 100 mol% of the
vinylarene, based on the total moles of polymerized monomers in the (AR} segment.
i3, The composition of claim 11 or clatm 12, wherein, for the ethylene/vinylarene diblock

wterpolviner or the ethylene/vinylarene tnblock interpolymer, each (AP) segment
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independently comprises, in polymerized form, from 0 mol to 10 mol% of the vinylarene,

based on the total woles of polymerized monomers in the (AP} segment.

¥4, The composition of any one of clams 11-13, wherein, for the ethyiene/vinviarene

diblock mterpolymer or the ethvlene/vinylarene triblock interpolymer, each (AR} segment

5 independently comprises, in polvmerized form, from 2.0 mol% to 80 mol% of ethylene,

based on the total moles of polymernized monomers in the (AR) segment.

15, The composition of anv one of claims 11-14, wherein, for the ethylene/vinylarene

diblock interpolvmer or the ethylene/vinylarene miblock interpolymer, each (AP} segment

ndependently comprises, in polymerized form, from S0 mol% to 100 mol% of ethylene,
10 based on the total moles of polymerized monoraers in the (AP} segment.

16, The composition of any one of claims 11-15, wherein, for the ethyleng/vinviarene

diblock interpolvrmer or triblock interpolymer, > 20 mol% of the polymerized vinviarene in

each (AR} segment 15 present in a “back to back”™ configuration as shown below in

subsegment bb:

A A {subsegment bb); and wherein the mol% is based on the total moles of

fows
fo

polymerized vinylarene in the (AR) segment.

17 The composition of any one of claims 11-16, wherein, for the ethylene/vinylarene

diblock interpolymer or triblock interpolymer, = 20 mol% of the polymerized vinylarene in

each {AR) segment is present in a syndiotactic “back to back™ configuration as shown below
.ﬂgw\\: /\Eﬂg,

20 insubsegment shh: roA

{subsegment sbb); and wherein the mol% is based on the

total moles of polymerized vinylarene in the (AR} segment.

18.  The composition of anv one of elaims 11-17, wherein, for the ethylene/vinylarene

diblock mterpolymer or triblock interpolymer, none of the polymenized vinylarene in cach

{AP) segment 1s present n a “back to back” configuration as shown below in subsegment bb:
N

At A {subsegrment bb); and wherein the mol% is based on the total moles of

polvmerized vinylarene in the (AP} segment.

19, The composition of any one of claims 11-18, wherein, for the ethylene/vinylarene

diblock iterpolvmer or triblock interpolymer, the vinylarene 15 styrene.

20.  An article comprising at least one component formed from the composition of any

30 one of claims 10-19.
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CLAIMS

i A process to form a composition comprising an ethyvlene/vinytarene diblock
interpolymer and/or an ethylene/vinylarene friblock interpolyroer, said process comprising at
least the following steps:

Ay polymerizing in a reactor A, a mixtore A comprising sthylene, and optionally an
alpha-cletin, and optionally a vinviarene, in the presence of at least the following: a} a metal
complex S selected from the following: Forrula 81, Foronuada 82, Formula 53, Forroula 54,
or Formula §5:

VAN

[
{Formula $1),

wherein M! is 2 metal selected from dtaniom (Ti), zivconium (£r), or hafuiom (Hf:
and wharein the metal i3 10 a formal oxadation state of +2, +3, or +4;

cach ¥ is independenily selocted from a substituted or unsubstituted (U-Cagthvdro-
carbyl, a substituted or unsubstituted (C-Cagiheterohydrocarbyl, or —H; and wherein cach X
is independently a monedentate ligand or a bidentate Hgand;

nis 8, 1. or 2, and optionally when n i3 1, X may be a bidentate higand;

K’ is a bridging group comprising from 2 to 41 atons other than hydrogen, and
wherein, optionally, the bond between R and M is a pi bond;

R is selected from a substituted or an unsobstituted (C-Canthvdrocarhyi group, or a
substituted or an unsubstituted (1 -Cuntheterchydrocarbyl group:

3 is 2 bridging group linking N and R, and comprising from 2 o 40 atoms other than
hydrogen, and wheremn, optionally, the bridging group comprises a N atom that can inferact
with the metal (M) via an slectron donative bond: and

wharein the metal complex is overall charge-neutral;

7N
N/
E {Formula 82,
wherein M! is a metal selected from dtaniom (T1), zirconiom {2r), or hafniom (HD: and
where the metal is in a formal oxidation state of +2, +3, or +4:;
cach ¥ is independently selected from a substiivted or unsubstituted (U-Cagthydrocarbyl,

a substituted or vnsubstituted (O)-Capdbeterohydrocarbyl or —H: and wherein cach X is
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independently a roonodentate or 4 bidentate Hgand;

wis G, 1, or 2, and optionally when nis 1, X may be a bidentate Ligand;

cach of R and RY is independenily selected from a substituted o an unsubstituted (Cs-
Caparyl group, or a subsiituted or an unsubstinsted (Cs-Captheteroaryt group;

N and N are linked by a bridging group, I, which comprises from 2 to 40 atoms other
than hydrogen, and wherein, optionally, the bridging group comprises a N atom that can
interact with the metal via an electron donative bond; and

wherein the metal complex s overall charge-neutral;

{(Forouila 83,

wherein M is a metal selected from titanivm (T, zirconhem (29, or hafnium (H; and
wherein the metad 1s 10 a formal oxddation state of +2, +3, or +4;

cach X is independently selected from a substituied or nnsubstituted {Cr-Copdhydrocarbyl,
substituted, a ansubstituted (C-Cagtheterobydrocarbyl, or —H; and whercin sach X 15
independently a monodentate Hgand or a hidentate Hgand;

sy 1, or 2, and optionally when i is 1, X may be a bidentate ligand:

R is a substituted or unsubstituted (C-Canthydrocarbyl group, or a substitated or
unsubstituted (C-Capsheterohysdrocarbyl group, ~SIHRY ), or —H

T is selected from ~O0, 8-, ~NR"-, or -P(R")-;

tis forZ;

and wherein T' and N are linked by a bridging group, denoted by I, which comprises
from: 4 1o 50 atoms other than hydrogen;

wherein each RY, RN, and RY in Formula 83 is independently a substinited or
unsubsittuted (U-Cagihtydrocarbyl, a substituted or unsubsigutod (- Cagsheterohydrocarbyl,
or —H; and

wherein the metal complex 1s overall charge-neutral;
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(Formmila §4),

wherein M is a metal selecied from zirconiurn (Zr) or bafniun (Hf); snd wherein the
metal 18 in a formal oxidation state of +72, 43, or +4;

each X is independently selected from a substituted or unsubstituted (O -Caphivdrocarbyl,
2 substituied or vnsubstittied (C-Usodheterohydrocarbv, or ~H; and wherein cach X is
independently a roonadentate Hgand or a bidentate higand;

nis 0, 1, or 2, and optionally when nis 1, X may be a bidentate Ligand;

each of “T7- and -T™ is independentdy selected from 00, —5—, -N{RY1-, or -P{R";

R® and R™ are each independently selected from the group consisting of -H, a substituted
ot unsubstituted (C-Caothydrocarhyl, a substituied or unsubstitnted {C-Cantheterohydro-
carbyl, =8iR %, ~Ge(R %, —PED:, —NEMn, ~ORE, -8RY, -NO», ~ON, ~CFa, RES(0)-,
RUS{O)-, (RE)T=N~, RECCHT-. YOO, RECIOINR -, (R™)1NC{O-, halogen,

radicals having formounla (33, radicals baviag fornwita (1), and radicals baving formula (i

N 1&}_/ . P //j‘\,/~§ j\ P
17 (D, \—(j (In, I‘?’ w[\f/[ (I,

TN

o H
f A

where esch of BR22, g7 and RJ““’ is independently selected fron a substituted or
unsubstitoted (C-Cagdhydrocarbyl, a substituted or unsubstitoted (0-Caotheterchydrocarbyl,
~SH{R Y, ~GetR s, PR, -NEN, ~-N=UHRC, ~OR", -8R, -NO,, ~N, ~(Fs,
RES(O—, RUS(Oy—, (REpC=M—, RECION0-, RYOCO -, RECOMIERY—, (RN,
halogesn, or —H;

720

sach of R7™ i¢ independently selected from a substituted or unsubstitited (C-Cagdbydro-

carbyl, a substituted or unsubstituted (T 4031’1 eterobydro-carbyl, —8i{R%), —Ge(RY);,
—P(RPY, —N{ENy,, —N=CHRY, ~OR", | =N, ~ON, O, RES(O)-, RES(O)-,
(R 1uCaNe, RA(OY0-, REOCIC-, R(‘Cc(@‘;i RN, (ROLNC(O)-, halogen, or —H;
¥ is 2 sobsdiuted or ansebstituted (O - hydrocarbylene or a substituted or
unsubsiinted (C1—(‘40,\;‘06?@rt_‘»hydmcari)ylenc, wherein the substituted or unsubstifuted

(C ~C Jhydrocarbylene has a portion that comprises & 1-carbon atom to -carbon atom
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finker backbone, Hiking the groups 7 and T° in Formela 54 (o which §* is bonded); or the
substituted of unsubstitated (O heterohydrocarbylene has a portion that comprises a 1-
atom o+ 1 0-atoro linker backbone, Hoking the groups T and 1% in Formmla $4, whersin each
of the 1 to 10 atoms of the 1-atorp to 1¥-atom Hoker backbone, independently, is a carbon

5 atom or a heteroatom of a heteroatom group, wherein each heteroatom group is independently
G, 5, 50, 5(0y, Si{RC);;, Ge(R™)y, PRY), or N(RY), wherein each RY is independently a
substituted or vnsubstitared (C ~C_hydrocarhy! o a suhstitured or vasubstitarerd

{C ~C, Jheterohydrocarbyl; and wherein each R”, BN, and remaining R in Formula $4 is

tndependently a substitated or unsubstituted (C-Caahydrocarbyl, a substituted or
10 unsubstituted (O-Coygdheterohydrocarbyl, o ~H; and

whirein the metal complex is overall charge-neutral or

{Formagla 833,

wheretn M is a metal selected from titanium (TR), zisconium (), or hafnium (F); and

7

wherein the metal is in g formal oxidation state of +2, +3, or +4:

pt
4

cach X is independently selected from g substituted or vusshstituied (C-Csodbydrocarbyl,
a substituted or unsubstinuted {Cr-Captheterohvdrocarbyl, or —H: and wherein cach X i3
independently a monadentate ligand or a bidentate ligand;

nis iy, i, or 2, and optionally when n is 1, X may be a bidentate ligand;

R4S are each independently selecied from a substitoted or wnsubstituied (Ci-snphydro-
3y carbyl, a suhsttnied or wnsubstitoted (C-Cunbeterohydrocarbyd, 31 S, or ~H; and

optionaily twe or more groups from R4S

" are linked, such that that cyclopentadienyl group is
& substituted or unsubstinsted indenyl group, ot a substituted or unsubhstituted fluorenyl group;
and wherein R” is independently selected from a substituted or unsubstituted (Cs-

hY

H

Caphydrocarbyl, a substituted or unsubstingted (C-Cagtheterohydrocarbvl, or ~H;

3 and {0 are linked by a bridging eroup, dencted by I°, which conprises from 1 o 30

b2
W

stoms other than bydrogen; and
wherein the metal complex is overall charge-neutyal;

B) polymerizing in a reactor B, 2 mixtare B comprising ethylene, a vinylarene, and
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optionaily an aipha-olefin, in the presence of at feast the following: b} a roetal complex H

selected from the following Formula I or Formula H2:

e
[ v
[ S RN
SN AN
it
b ‘
v {(Forousia H1),
wheretn M2 is T4, Se. Y. or an element from the lanthanide series:
3 RYL R R, B, and B ave each independently H or a substinited or unsabstituted
hydrocarbyl group, a substituied or unsubstituied heterohydrocarbyl group;
Q' O, and 3 are cach independently a substituted or unsubstituted hydrocarbyt
group, a substiteted or unsubstituted beterohydrocarbyl group, or a halogen;
L is a Lewis base; and gach n is independently § or 1; and m {5 an infeger from §to 33
1 and
wherein optionally at feast ove L group and at east one @ group are connected, and
optionally at least one R groop and at least one Q group are connected;

wherein the metal complex is overall charge-neutral:

[N
- o N
{Formula H23,
15 wherein M is & metal selected from titanium (T1), zivconivm (Z1), or hafnium (45,

and wherein the moetal is in a formoal oxidation state of +2, +3, or +4;
each Q 1s fndependently selected from a substitoted or ynsuhstitoted (C-Capdhydro-
carbyl, a substitoted or unsubstituted (C-Caydheterohydrocarbyl, or ~H; and wheren each
iz independently a monodentate ligand or a bidentate Hgand;
20 nig 0, 1, or 2, and optionally when nis 1, Q may be a bidentate ligand;
R’ and R” are each independently a bridging groep comprising from 2 to 41 atoms
other than hydrogen, and wherein, optionally, B! and R each independently may be a
substituted or ynsubstituted arviene group,
cach of -2~ and <27 15 independently selected from —0O-, =8, =8¢~ ~N{RN-, or
35 —P(RY; and wherein each of <21 and -#%- independently can optionafly interact with the
metal via an electron donative hond:

#Y and Z° arc linked by a bridging zroup, denoted by P, which comprises from 1 to 50
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atoms other than bydrogen;
wherein RY and RY, are each independendy a substinited or onsobstituted (Ch-Can)-
bydrocarbyl, a substitated or nonsubstitited (Cr-Uspbeterohydrocarbyl, or ~H; and
wherein the roetal complex s overall charge-neutral; and
5 wherein step A occurs before step B, and at least a portion of the reactor product in
reactor A is transtorced to reactor B or step B occurs betore step A, and at least a portion of
the reactior product in reacior B is trapsferred (o reactor A; and
wherein if step A oceurs before step B, then af feast one chain shuttling agent is fed
into the reactor A; and
13 wherein if step B occwrs before step A, then at least one chain shuttling agent is fud
into the reactor B; and
wherein the vinylarene in step A = the vinviarene in step B; and the alpha-olefin jo
step A = the alpha-olefin in step B.
2. The process of claim |, wherein the metal complex 5 is selected from Formula 81,
15 and the metal complex H is selected from Foroala H1
3. The process of claim | or claim 2, wheretn, the metal coroplex 5 is selected from

siruciure s1al or structore sial:

NgP N f
s \l s /I\ |
N o SR ZE ~

PRYRY 1P
i o A (slal) or ~# AN (s1al)
4, The procoss of any one of claims 1-3, wharein, the metal compdex H is selected from

26 the following fornulas bial, bla2, blia3, hibl, bib2, hib3, h2s1 or hZaZ {(poie: Brn = benzyl

group (Ph-CHe- )

3
T Ty e /[ P
A *, H ; g - N
N A a4 N
(hial), S~ 77 (hia2y, /i {hla3), thibl,
\ 2 \ \ B
w\k\ ! ﬁ/\}
o b
/’r \ P _[l‘ ":: \L/
. - N
. s,
S OIS RS
\.;l;? B i ; L)
S Ty LN
\ ) T)
J\ P \-1 - gy ~</ \>
E/\ L , Q_y’f A k\(“ -
B i A
AN {h1b2), “7< {(hZ2al), or A {h2a2).
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5. The process of any one of claims 1-4, wherein the at least one chain shatthing agent is
selected from the following: an alkyl zine compound, an alkyl aluminum compound, a dual

headed chain shuttling agent, or 3 combination thereot,

6. The process of any one of claims 1-3, wherein step A occurs before siep B,
5 7 The process of any one of claims 1-5, wherein step B occuors before step A.
8. The process of any one of claims 1.7, wherein, for the ethylene/vinylarens diblock

interpolymer or the ethyvlene/vinyiarens triblock interpolyroer, the vinvlarene is styrene.
9. The process of any one of claims 1-8, wherein the mixiure A comprises the alpha-
olefin.
i 16 A compusttion formad from the process of any one of claims 1.9,
it A composition comprising an ethyvlene/vinylarene diblock interpolyraer or an
ethylene/vinylarene wiblock nterpolyroer, said diblock interpolymer comprising at teast one
solymer stuchive selected from Strueture 1, as shown below, and said triblock interpolyer
compising at icast one polymer structure selected from Siracture 2 or Structure 3, each as
15 shown below, where AR refers to vinylarene-tich and AF refers to vinylarcae-poor:
(ARIAPY (Strucoire 1),
{ARAPAR) (Structure 23,
{APY-{ARY-{AF}Y (Structure 3); and
wherein cach (AR segment independently comprises, in polymerized form, ethylene,
20 the vinylarene and optionally an alpha-olefin; and
wheretn each (APY segment independently comprises, in polymerized form, ethylene,
optionally the vinylarene and optionally the alpha-olefin: and
wherein cach {AR) segroent independently coroprises, in polymerized form, > 10
mol% of the vinvlarene, based on the rotal moles of polyioernized monomers in the (AR)
25 segment; and
wherein cach (AF) segmont independently comprises, in polymerized form, < 10
mad% of the vinvlarene, based on the wital rooles of polyvmerized monomers in the (AP)
segment.
iz, The composition of clatm 11, wherein, for the ethylenefvinylarene diblock
30 interpolymer or the cthylene/vinylarens friblock interpolymer, each (AR} segment
independently comprises, in polymerized form, from 13 mol% o < 100 mol% of the
vinylarene, based on the total moles of polymerized monomers in the (AR) segment.
13 The composition of claim 11 or claim 12, wherein, for the ethylene/vinylarene diblock

interpolymer ot the ethviene/vinylarene triblock interpolymer, cach (AP) segment
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independently comprises, in polymerized form, from 0 mol% to 10 ol% of the vinylarene,
based on the total wmoles of polymerized monomers in the (AP) segment.

14, The composition of any one of claims 11-13, wherein, for the ethylene/vinylarene
diblock interpolyroer or the ethylene/vinylarene aiblock interpolymer, each (AR) segment
wndependently comprises, in polymerized form, from 2.0 mol% to 88 mol% of ethylens,
hased on the total moles of polymerized monormers in the {AR) segment.

15. The coroposition of any one of claims 11-14, wheremn, for the ethylepe/vinylarene
diblock mterpolymer or the ethylens/vinviarene triblock interpolymer, each {AF) segment
independently comprises, in polymerized form, from 30 mol% to 100 mol% of ethylens,
based on the twial moles of polymerized meonomers in the {(AP) segment.

i6. The composition of any one of claimas 11-15, wherein, for the ethylene/vinylarene
diblock interpolyroer or iriblock interpolymer, 2 20 mol% of the polymerized vinylarene in
egch (AR) segment is present in a “back to bBack” configeration as shown below in
subsegment bb:

’“%"\ o~ “"%’

[

{subsegment bby; and wherein the mol% is based on the total moles of
polvimerized vinylarene in the (AR) segment.
i7. The composition of any one of claims 11-16, wherein, for the ethylene/vinylarene
diblock interpolyrner or iriblock interpolyimer, 2 20 mol% of the polymerized vinylarene in
each {AR) segment is present in a syndiotactic “back o back” configuration as shown below

rg‘\\a /Xg_

in subsegment shin ' {subsegment sbby and wherein the mol% is based on the
total moles of polymerized vinylarene in the (AR} segmoent.
i8. The composition of any one of clairs 11-17, wherein, for the ethylene/viaviarene
diblock mtevpolymer or riblock interpolymer, none of the polvmerized vinviavens in each
(AP} scgment 1s present in a “back 1o back”™ configuration as shown below in subsegnent bb:

,,’g-\

BN

{subsegment bb); and wherein the ol is based on the total ooles of
polymerized vinylarene in the (AP} segment.

i9. The composition of any one of claims 11-18, wherein, for the ethyleng/vinyviarene
diblock interpolymer or triblock interpolymer, the vinylarene is styrene.
268 Ax article comprising at least one component formed from the composifion of any

one of clams 18-19,



