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

CROSS-REFERENCE TO RELATED APPLICATIONS
The present apphication claims the benefit of prioity to ULS. Provisional Application Mo.
#3/127,350, filed on December 18, 2028, which is incorporated berein by reference i its

eptirety.

BACKGROUND OF THE INVENTION
The catalytic production of oletin block copolymers (OBC) via chain shuttling

technology bas resulted in differentiated materials, such as the INFUSE Olefin Block

Copolymers and the INTUNE Glefin Block Copolymers. Such copolymers ave typically
made from ethylene and an alpha-olefin. The use of chan shadtding technology to prodoce
styrenic block interpolymers offers an atractive route ¢ high value polvmers ssing a
continuous sciation polymerization process. High value styrenic polyvmers like SEBS
{styrene-ethyiens/butene-styrene} are produced in a batch process, via aniouic
polymerization, initiated by organolithium compounds. This costly polymerization consists
of the sequential addition of monomers, followed by an exponsive hydrogenation step. There
is a need for chain shuttling technology o produce ethylene/visyiarene diblock sad riblock
interpolymers using dual reactor, continuous sobition polymerization.

A Valente et al, Angew. Chem., Int. Ed. 2014, 53, 4638-4641, fsoprene-Styrene
Chain Shuttling Copolvmerization Mediaied by o Lanthanide Half-Sandwich Complex and o
Lanthanidocene: Straightforward Access 1o a New Type of Thermoplastic Elasiomers,
discioses an isoprene and styreve chain shutthing polymerization, osing with n-butylethyl-
magnestom, a lanthanide half-sandwich complex and a lanthanidocene. The resolting
multiblock structures have aliernating bard (styrene-tich) and soft (soprene-rich) segments.

U.S. Publicstion 2014/0088276 (Manufacturing Method for Multidimensional
Polymer, and Multidimensivaal Polvimer) discloses the polymerization of steres-controfled
{syndiotactic} block copolymers of a styrene-type monomer with a comugated diene, such as
isoprene or butadiene, by chain shuitling technology and coordinative chain fransfor
polymerization. The polymerization takes place in the presence of o first catalyst and a
second catalyst. Each of the first catalyst and the second catalyst, independently, contain the

following: a} a grovp 3 metal atom or 3 lanthanoid setal atom, and for example, 5¢, by a Cp-
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type Hgand containing a substinged or an unsubstiiuied cvclopentadienyi denvative, ¢
monoanion Hgands, and &) 3 nexttral Lewis base.

ULS. Patent 8,623,976 (Polvimerization Catalvst Compositions Containing
Metaliocene Complexes and the Polymers Produced by Ulsing the Same) discloses a catalyst
composifion comprising the following: a) metallocene complex containing the following:

iy a group 3 metal atom or a lanthanoid metal atom, and for example, Sc,

i} a {’p* ligand of a substituted or an unsubstifuted cyclopentadienyi dertvative,

i1} monoamionic ligand,

1v) « newtral Lewis base;

b} an ionic compound of a nen-Heand anion and a cation, and for exarmple, tetrakis{penta-
fluorophenybiborate. The catalyst composttion s used to polyrerize various polymers, such
as ethyleno/styrene copolymers (sce Examples 11-17). The polymerired styrene may be in
syndiotactic form

L. Pan et al., Angew. Chem, Int. Bd, 2011, 50, 12012-12015, Chain-Shuttling
Folymerization ai Twa Oifferent Scandinvm Sites: Regio- and Steveospecific “One-Pot” Block
Copolymerization of Styrene, {soprene, and Butadiens, discloses the chain-shuttling
polymerization of styrene, isoprene and butadiens, by two different catalysts and a chain
shuttling agent (iriisobutylalumimum, TIBA), The catalysts show different monomer
selectivity and stereoselectivity in the presence of TIBA, resuling in the regio- and
sterpospecific copolymerization of styrene, isoprene and butadiene.

5. 8. Park et al., Macromolecules 2017, 58, 6606-6616, Filaval Chain Growth of
Folyolefin ond Folystyrene from §,6-Hexanedivizine Species for Triblock Copolymers,
discloses the preparation of triblock copolymers, by nitiating (anionic) styrene
polvmerization from a polymeryl zincate speciss. A polyethylens/polypropyiene copolyrmer
is grown from a dual-headed zine species using coordinative chain transfer polymerization,
followed by addition of the anionic initiator (for exarnple, MesSiCHzLi-(pmdeta)) and styrene
monomer, The coordinative chain transfer polyroerization fakes place in the presence of a
transttdon metal Jor example, Zr or B} complex. Thus, anionic polymerization is used to
grow polystyrens end blocks, which do not exhibit any stereoregularity.

LS. Publication 201 8/0022852 ((rganic 2

: Compound Comprising Polyolefin-
Folystyrene Block Copolymer, and Method for Preparing the Same) discloses the preparation
of an organic zine compound, such as that of Formola |, as shown therein, and which
comprises a styrene-based polymer or a polyoletin-polystyrens block copelymer. This

weparation method comprises propar intermediaie by coordinstion polymerizing a
reparation method compri reparing an infermediate by coordination polymerizing an
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olefin roonomer using a fransition metal catalyst, and then inserting, in part, styrene
monomers into the intermmediate by anionic polymerization. Transition metal catalvsts
inclhude ¥ metal compounds represented by Formula 6A and Formula 68, each shown
therein {see pavagraphs [0076] and [0077]])

Y. Looet al, 1. Am. Chem Soc. 2004, 126, 13910-1381 1, Scandivm Half-
Metaliocene-Catalyzed Svndinspecific Styrene Polymerization and Stvrene-Etfiylene
Copolymerization: Unprecedenied fncorporation of Syndiotactic Styrene-Stvrene Sequences
in Styrene-Erhyiene Copolymers, discloses the polymerization of syndiospecific styrene-
cthylene copolymers, using a scandinn half-sandwich complex. The mehing temperatiure
{Trm} of the copolyrmer can be modified by adiustng the ethylene incorporation, where
cthyviene incorporation resulis in a decrease in the Tra. No chain-shutling was demonstated
with the 5c catalyst.

H. Hagihara et al,, Polymer Jownal 2012, 44, 147-1534, Svnthesis of Ethylene-Styrene
Copolymer Containing Syndiotactic Polystvrene Sequence by Trivadens Titanium Catalyst,
discloses the polyroerization of syndiotactic styrene-ethylene copolymers, using a trivalent
titaniin catalyst, fris(acetviacetonate) ttandum (Tiacack ). Different polymers were
produced by the Ti{acac): catalyst, which may be attributed to the presence of multiple
oxidation sites on this catalyst.

F. Lan et ab, Journal of Polymer Science, Part A: Polynier Chernistry 2017, 55, 1243
1248, Synthesis and Characierization of Crystalline Styvene-b-{ Etliviens-co-Butviene )-b-
Styrene Triblock Copolviners, discloses the synthesis and characterization of crystalline
styrene-b-(ethylene -co-butylene}-b-styrene (SEBSY, The cationic, rare carth metal complex,
P -Fle-CHo-PoHo{CHSIMe WTHE), was ased for a living polymerization of buradiens
and styrene. The sequential additon of styrene, butadiene and styrene monomers formed an
SBS wriblock. The SBS triblock consisted of elastic polybutadiens sequences with 1.4
regularity and erystalling syndiotactic polystyrene. The SBS wiblock was hydrogenated to
form: the SEBS.

B, Liu et al., Macromolecules 2016, 49, 6226-6231, Regioselective Chain Shuttling
FPolymerization of Isoprene: An Approach 1o Access New Materinly from Siagle Monamer,

discloses the chain transfer polymerization of soprene using a pyridyb-methyviene flaorenyl

scandium compiex, in combination with [FhaCiB{{Us s snd iBusAl. The polymerization
yielded high 1.4-selectivity of the tsoprene. Additional catalysts stractoves include “pryridyl-
methylene fonctionalived flooreny! ligated rare earth metal complexes 1-9, as shown therein,

and where the roetal is Sc¢, Y, Ly, Tm, Er, Ho, By, Tb or Gd (ses page 6227 (Chart 1)),

(ox)



WO 2022/133143 PCT/US2021/063915

VLR, Patent 8,710,143 ( Catalvst Composition Comprising Shuttling Agent for
Ethylene Multi-Block Copolymer Formarion) discloses the polymertzaton of multiblock
copolymers using the following: (A} a first metal complex oletin polymerization catalyst, (B}
2 second metal complex ofefin polymerization catalyst capable of preparing polymers
differivig in chernical or physical properties from the polymer prepared by catalyst (A), under
equivalent polymerization conditions, and (U} a chain shottling agent. Suitable monomers
include ethylene and one ot more addition polymenzable monomers, such as F-octene and
seyrene {see column 16, Hnes 3-32). Suitable catalysts inchide metal cormplexes, where the
metal is selected from Group 3-15, preferably Groups 3-10, more preferably Groups 4-8, and
most preferably Group 4 (T, Zr and HE). See, for example, column 19, ne 61, to column
20, kine 6. Ap cthylene/styrene multiblock polyimer was prepared using Cat. Al (HY) and Cat.
B Zn), each as shown therein (see colommn 83, Hoes 12-38; coluron 86, hnes 21-52; cobumn
115, hne 21, to column 116, Hine 23 and Tables 27 and 23

Additional olefin block copolymers (GBUs) and associated polymerizations are
disclose in the following references: US. Patent 7.915,192; U5, Fatent 8,124,709, U.S.
Patent 8,501,885, U.S. Patent 8,716,400; EP171619081; EPI1926762H1; and EP2SRIT4THI.

However, there remains a need for chain shuttling technology to prodace
cthylene/stercoreguiar vinylarene diblock and wiblock interpolymers, in dual reactors using

copdinuous sobution polymerization. This need has been roet by the following invention.

SUMMARY OF THE INVENTION
In a first aspect, a process 1o form a composition comprising an ethylene/vinviarene
diblock inferpolymer andfor an ethylene/vinylarene triblock interpolyroer, said process
comprising af feast the following steps:
Ay polvmerizing in a veactor A, a mixture A comprising ethylene, and optionally an
alpha-olefin, snd optionally a vinylarens, in the presence of af feast the following: a) a metal
coroplex 5 selected fromg the following: Formusia ST, Formoula 52, Formula 83, Forowda S4,

or Formula 55:

AN
N/
|

(Formasla S13,
wherein M is a metal selected from titanium (T1), rirconium (Zr). or hafnium 98

and wherein the oetal 1s in a formal oxadation state of +2, +3, or +4;
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each X is independently selected from a substitored or unsubstitated (C-Cadhydro-
carbyl, a substituted or unsubstiteted (Cr-Caosheterchydrocarbyl, or ~H; and wherein each X
s independently a monodentate igand or a bidentate Hgand;

wis €, 1, or 2, and optionally when nis 1, X may be a bidentate higand;

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

K7 is selecred from o substituted or an unsubstituted (Ci-Caolhydrocarbyl group, or a
sabstituted or an unsehsttuted (O -Canheterohyvdrocarbyt group;

T is 2 bridging group Heking N and RY, and comprising from 2 to 440 atoms other than
hydrogen, and wherein, optionally, the bridging group comprises a N atom that can infcract
with the metal (M) via an clectron donative bond; and

wheretn the metal complex is overall charge-neotral;

7 I N,
{Formula 52},

wherein M’ (s a metal selected front titaniurn (F1), zivconiom (¥1), or hafoium (H); and
where the metal is in a formal oxidation state of +2, +3, or +4;

cach X is independently selected from a spbstitated or unsubstitated (C)-Cathydrocarbyl,
a substituted or wnsubstinited (Cr-Caodheterohydrocarbyl or ~H; and wheretn each X s
independently a roonadentate or g bidentate Hgand;

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

each of R® and B is independently selected from a substitoted or an unsubstitoted {Jg-
Conparyl group, or a subsiituied or an unsubstituted (Us-Cootheteroaryl group,

P and N are linked by a hridging group, %, which comprises from 2 to 40 atoms other
than hydrogen, and wherein, optionally, the bridging group comprises a N atom that can
nteract with the metal via an electron donative bond; and

wheretn the metal complex is overall charge-neutral;

E
[ AL

{Formula 83),

A
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wherein M s a metal selected from titanium (T1), zirconium (21, or hafnivm (H6; and
wherein the metal is 1o 2 formal oxidation state of +2, +3, o +4;

gach X 13 independently selected from a substitnied or vusubstmted {C-Csodhydrocarbyl,
substituted, a onsebsututed (C-Cagtheterchydrocarbyl, or —H: and wherein cach X is
independently a monodentate ligand or a bidentate ligand;

s {3, 1, or 2, and optionally when p is 1, X may be a bidentate ligand;

R7 is a substituted or unsubstituted (C-Ciothyidrocarbyl group, a substituted or

unsubstituted (C-Cagsheterohyvdrocarbyl group, -SSR, or —H;

tis | or2;

and wherein T and N are Huoked by 2 bridging group, denoted by I, which comprises
from 4 to 30 atoms other than hydvogen:

wherein each RY, BY, and RY in Formula 83 is independently a substivited or an
unsubstiteted (U-Cagthvdrocarbyl, a substituted or an upsubstituted (O -Caodheterohydro-
carbyl, or —H; and

wherein the mwetal complex is overall charge-neotval;

AN
A _._E.. PN S
/ *®, J’
N~ s Pl P Nl N
\Jj’/ \i\// ~ \J/’/ l\[/
PSPy AR

(Forroula 5843,

wherein M is a metal selocted from zirconium (£0) or hafaiure (Hf): and wherein the
metal is in a formal oxedation state of 42, 43, or +4;

sach X i3 independently selected from a substinged o unsubstivsted {C-Cipthydrocarbyl,
a substituted or unsubstituted (- Cagiheterohvdrocarbyl, or —H: and wherein cach X is
independenily a monodentate ligand or a bidentate lgand;

nis{, |, or 2, and optionally whenn is 1, X may be a hidentate igand;

eack of T and -T°- is independently selected from ~O—, —8—, ~M{RN—, or PR}~

R and R®! are each independentiy selected from the group consisting of ~H, 3 substituted
or ensuhstituted (T -Cagthydrocarbyl, a substinuted o ansubstinsted (C-Copdheterobydio-

carbyl, ~SHRD, ~Ge(RYs, ~P(R, ~N(RY):, ~ORE, ~SRE, ~NO,, ~CN, ~CFs, RES(O)-,



WO 2022/133143 PCT/US2021/063915

REG((H—, (REpCaNe—, REC(OI0-, REOCO)—, RECININR)-, (RO:NCO)-, balogen,

radicals having formula (I}, radicals having formula (), and radicals having fornula (TH):

H i
i et " ;
Y ] «(M P! 1) S i
H { a3, . A - {3, T (K,
E ‘},J /‘i\\{”\ / %};/*\\44 NPT

~+ e
where gach of R70 RP7M and ¥ is independently selected from a substituted or
ansubatinited {C1-Capihydrocarbyl, a substinsted or unsubstituted (Cr-Caodheterohydrocarbyi,

~GHRDY, ~GeR%y, ~PRMy, ~N{RY), ~N=CHRS, ~ORC, ~SR", ~NCh, ~CN, ~CF,
RUS(O-, RES(O)-, (ROC=N-, RECIH0-, RIDC(O)-, RECIOINRM -, (RMNC(O)-,
balogen, or ~H;

each of R {5 independently sefected from a substituted or unsubstinuted (Cr-Cagjhydro-
carbyl, a substituted or unsubstivited (T - Cagpheterohydro-carbyl, ~SHR b, ~GeR%);,
~P(R s, ~NEM,, -N=CHR®, ~ORC, —8R", -NOy, ~OUN, ~CF;, RES(O1-, RYS$(0)—,
(REC=M—, RECEN0-, REOC(O)—, RECOMNIERN =, (RYNCI) -, halogen, or —H:

3 is 2 substitoied or unsubstituted (C € Jhydrocarbylene or a substituted or
wasubstituted (€ ~C, Dheterohydrocarbylene, wherein the substituted or unsubstituted
{C,—~C, phydrocarbylene has a portion that comptises 2 1-cathon atom to 1-carbon atom
finker backbone, linking the groups T7 and T* in Forroula 84 (fo which J* is bonded); or the
substituted or vasubstituted (€ ~C heterohydrocarbyiene has a portion that comprises a 1-
aton to Hi-atom Hoker backbone, Hinking the groups T and T° in Formula S$4, wherein sach
of the 1 to ) atorns of the 1-atom wo 10-atom linker backbone, independently, is a carbon
atom or heteroatorn of 8 heteroaton group, wherein cach heteroatont group is independently
0, 8, SO, S, SURDY, Ge(RE)n, PRY, or N(R®), wherein cach R” is independently a
substituted or snsubstituted {C ~C, Jhydrocarbyl or a substituted or unsubstinuted
(€ —C hererohydro-carhyls and wherein each RY, RY, and remaining R” in Forroula 54 i
idependently a sabstinited or unsabstituted (O -Candhydrocarbyl, a substituted or
gasubstituted (C1-Cagy-hoterohydrocarbvi, or —H; and

wherein the roetal complex is overall charge-neutral; or

-
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{
R~

()
> ~

N
——

N

{Formnda 833,
wherein MY s a metal selected front titaniurn (F1), ziveoniom (1), o hafniuro (H); and

wherein the moetal 18 in a formal oxidation state of 42, +3, or +4;

cach X is independently selected from a spbstitated or unsubstiteted (C)-Cashyvdrocarbyl,

3 substituicd or vusubstitted (C-Csohetcrobydrocarbyl, or —H; and wherein gach X i3
independently a roonadentate ligand or a bidentate higand;

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

R4 are each independently selected from a substituted o unsubstituted (Ci-sodhydro-

carbyl, a substituted or unsubstituted (C-Cugheterohydrocarbyl, -8Ry, or ~H: and

optionaily twe or more groups from R™ are linked, such that that cyclopentadienvl group is

2 substituted or unsubstinged indenyl group, or a substinited or unsoabsututed fhuorenyl group;

and wherein RY is selected from a substituted or unsubstituted (Ci-Cigthydrocarbyl, a
substituted or vasubstituied (C-Uspdheterobydrocarbyl, or ~H;
3 and (O are Hinked by a bridging group, denoted by £, which comprises from 1 to 30
gtoms other than bvdrogen; and
wherein the metal complex is overall charge-nexstral;
B) polymerizing in 3 reactor B, 3 mixture B comprising ethylene, a vinylarcne, and
optionally an sipha-olefin, in the presence of at least the following: b} a roetal conpley H

selected from the following Formula HY or Formuia H2:

I
i /Y
AL

/ {Formuala H,

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

R R R R, and RS are cach independantly M, or a substituted or unsubstituted
bydrocarbyl group, a substituted or unsubstituted heterchydrocarbyl group;

Q. 7, and Q7 are each independently a substituted or onsubstinited hydrocarbyl

group. a substituted or unsubstinated heterobydrocarbyl group, or a halogen;



WO 2022/133143 PCT/US2021/063915

113 a Lewis base; and cach v is independently O or 15 and m is an juteger from G 10 3;
wherein optionally at least one L group and at least one £ group are conpected, and
optionally at lcast one R group and af least one {§ group are conunected;

wheretn the metal complex is overall charge-neotral;

~

{Formula H2):

wherein WP is a metal selected from titaniun (T1), sirconiurn (Z1). or hafnium (HF);
and wherein the metal is in a formal oxidaton state of +2, 43, or +4;

cach {3 s independently selected from a substitited or vasubstituted {C-Cap)-
hydrocarbyl, a substituted or unsubstituted (C-Casheterchydrocarbyl, or —H: and wherein
cach @ is independently a monodeniate igand or a bidentate Hgand;

nis 6, 1, or 2, and optionally when nis 1, X may be a bidentate ligand:

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

gach of <70~ and -Z% is independentdy selected from ~O-, =5, -Se-, RS-, or
~P(RM—: and wherein cach of -Z'- and -77- independently can optionally inferact with the
metal via an electron donative bondd;

7! and Z° ave linked by a bridging group, denoted by P, which comprises from 1 to 50

atoms other than byvdrogen;

wherein RY and BY, are each independently a substituted or unsubstituted (C:-Cs
hyvdrocarbyl, g sehstituted or unsubstitored (O-Cspdbeterchydrocarhyl, or —H; and
wheretn the metal complex is overall chavge-nestral; and
wherein step A ocours before step B, and at least a portion of the veactor product in
reactor A s transtorred to reactor B; or step B occurs before step A, and at east a pottion of
the reactor product i reacior B is transferred to reactor A; and
whervein if step A ocours before step B, then at least one chain shuttling agent is fed
into the reactor Aj and
whersin if step B ovccurs before siep A, then at least one chain shutding agent is fed
wio the reactor B and
wherein the vinylavene in step A = the vinylarene in step B; and the alpha-olefin in step A

= the alpha-olefin in step B.



WO 2022/133143 PCT/US2021/063915

In a second aspect, a composition comprising an cthylene/vinylarene diblock
interpolymer or an ethylene/vinylarens triblock interpolymer, said diblock interpolymer
comprising at least one polymer structure selected from Structure 1. as shows below, and said
triblock interpolyoer comprising at least one polymer stractuere selected from Strocturs 2 or
Strocture 3, each as shown below, where AR vefers o vinylarene-rich and AP refers wo
vinviarene-poot:

{(AR-APY (Structsre 1),

{ARMAPHAR)Y (Structure 2},

(AP AR(APY (Structare 3); and

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

wheretn cach (AP) segment independently comprises, in polymerived forr, ethylene,

optionally the vinylarese and optionally the alpha-olefin; and

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

wherein each (AP) segment independently comprises. in polyimerized form, < 10
med% of the vinylarene, based on the total moles of polymerized monomers in the (AP}

segment.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a schematic depicting the formation of an ethylene/styrene diblock
interpolymer. Each black block represents an vinylarene-poor block comprising, in
polvmerized form, othylene, optionally an alphe-olefin and optionatly & vinviarene. FHach
grey {pink) block represents an vinylarene-rich block comprising. in polymerized form,
cthylene, a vinviarene and optionally an alpba-clefin,

Figure 1B is a schematic depicting the formation of an ethylene/styrene friblock
wterpolymer. See above for block descriptions.

Figure 2 depicts the TH NMR profile of CAT B.

Figure 3 depicts the 130 NMR profile of CAT B.

Figure 4 depicts PPR Data: Activity vs US8A Loading (prooles).

Figive 5 depicts PPR Data: PS Molecule Weight {Mw) ve CSA Loeading {umoles}.

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

3P0 profiles from left to right, starting at Log M = 3.00: “sPS 3 (100 DEZ polymer),” “sPS-

10
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5 {100 TEA polymer),” “sP8-2 (25 DEZ polymer),” “sPS-4 (25 TEA polymer),” “sPS-1 (no
CSA polymer).”

Figare 7 depieis the FH NMR profile of Teiblock 2 {coraposition containing an
ethviene/octenc/styrvene triblock).

Figare 8 depicts the 130 NMR profile of Triblock 2.

Figure 9 depicts the GPC profile of Triblock 1 {composition containing an
cthylene/octene/styrene triblock). & ARFUY dual detectors were used, GPC profiles from
feft to right, starting at Log M = 4.00: UV profile, BRI profile.

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

Figore 108 depicts the conventional GPC profiles of the samples as noted. GPC
profites from laft to vight, starting at Log M = 2.00: 1B-2 (In-Reactor Blend}, Triblock 3
{composition contfaining an ethylene/nctenc/styrene triblock), Eublock 1 (compesition
containing an ethylepe/octene/styrene diblock), Diblock 2 {compasition containing an
sthylene/octenelstyrene diblock) (see Table 7).

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

Figure 12 depicts conventional GPC profiles of atactic polystyrenes as noted. GPC
profifes from left fo right, starting at Log M = 2.00: “aPS-4 (100 DEZ polymer),” "aPs-5 (25
TEA” polyroer),” “aP8-3 (28 DEZ polymer),” “aP5-1 (CAT C ondy polyroer),” “aPS-2 (no
CSA C and no USA polymer).”

Figure 13 depicts CAT I3 PPR Data: Molecular Weight {(Mw} versus Polymerization

Hfficieney.

Figure 14 depicts CAT B PPR Data: Molecalar Weight (Mw) versus Polymenization
Efficiency.

Figure 15 depiets CAT F PPR Datar Molecular Weight (Mw) versus Polymerization

Efficiency.

DETAILED DRESCRIPTION GF THE INVENTION

Chain shuttling techoology bas been discovered 1o produce ethylene/vinylarsne
diblock and uiblock interpolymers, via dual catalysis in two reactors. For exampie, the
catalyst (metal complex) used to form vinylarene-poor segments {or blocks) in one reactor
meets the following criteria: a} high native molecalar weight. b) high chain shutling

comstanis, as determined by molecular weight reduction and narrowing of the roolecular
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weight distribution in the presence of CSA (chain shattling agent), and 3) high e-olefin
incorporation. The catalyst {metal complex} used for form vinylarene-rich segments {or
blocks) in the other reactor meets the following criteriar a) good activity toward the
vinylarene polymerization, b) lngh chain shuttling constants, as determined by mwolecualar
weight reduction and narvowing of the molecutar sweight distribution in the presence of a
CS5A, and ¢ compatibility with residual monomer carried over,

As discussed above, the invention provides, in a first aspect, a process 1o form a
composition comprising an ethylene/vinylarene diblock interpolymer and/or an
cthylene/vinylarene triblock interpolymer, as described above. Axn inventive process may
coaprise a conbination of two or piore embodiments, as described hersin. Each step or
comoponent of an inveniive process may comprise a conabinatton of two or more
ebodiments, each described berein.

As discussed above, the invention also provides, in a second aspect, a composition
comyprising an ethvlene/vinylarene diblock interpolymer or an ethylene/vinylarene triblock
interpolymer, as described sbove. An inventive composition roay comprise a combination of
bwo o more ernbodiments, as described berein, The diblock interpolymer and the wiblock
interpolymer smay each comprise a combinaton of two or more embodiments, as described
herein.

Note, as used herein, in reference to structures of a metal corplex, Arl = Art Ard =
art, At = A, and so forth. Also, as used herein, in reference o such siniciires, R1 = R/,
R2 =R R3= RY, and so forth. The notation R%-R™ where “a through n” represents
consecutive numbers, refers o RS, R¥H R, |, R® For examyple, R*-R7 refers to RY, R%, R,
RS, R, As used herein, in reforence to noted metal complexes, the notation - refers 1o 8
bond formed from a donating electron pair {electron dovative bond), Note, api (my bond is
shown hergin by a straight hine.

The following embodireents apply 1o an foventive process and/or an inventive
Coroposiion as appticablie.

In one embodiment, or a combination of two or more embodiments, each described

herein, the metal complex 8 is selected from structure slal or structare sia2:
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in one embodiment, ot a corsbination of fwo or move embodiments, each described
herein, metal complex 8 Is selected from Formuola 31, and further Formula Sa as described
herein; and the roeial comydex H is selected from Formwula HI, and further Forraula Hla or
Forowida Hib, each as described beretn

i1 one embodiment, or a combination of two or more embodiments, each described
herein, the metal complex H is selected from the following formoulas hial, hiaZ, hia3, hibl,
fib2, hib3, h2al or h2a2, cach as described horein,

In one embodiment, or a combination of two or more ernhodiments, each described
herein, the at least one chain shuttling agent is selected from the following: an alkyl zine
comapound, an alkyl aluminmun compound, a dual headed chain shuttling agent, or a
cornbination thereof,

in one emwbodiment, or g combinatton of two o more embodiments, each described
herein, step A ocours before step B.

Inone embodiment, or a combination of two or more cmbodiments, each described
hierein, step B occurs before step A.

In one embodiment, or a combination of two or more ernhodiments, each described
herein, for the ethylene/vinylarene diblock interpolymer or the ethylene/vinylavens triblock
interpoiymer, the vinylarene is styrena.

fn one embodiment, or & combination of two or more enbodiments, cach described
herein, the mixiure A comprises the alpha-olefin

1 one embodiment, or a combination of two or more embodiments, each described
herein, for the ethylene/vinylarene diblock interpolymer or the ethyleng/vinvlarene triblock

Pord

interpolymer, each (AR segment independently conmyprises, in polymerized foro, 2 15 %,

3 mwol%., or = 25 mot, or > 33 mol%, or = 35 mol%%, or > 40 moel%, or > 45 mol%, or
> S mol%, or 2 535 mol%. or = 60 mol %, of the vinvlarene. based on the total moles of
polyraerized monomers in the {AR) segment.  In one embodiment, ot a combination of two
ot raore entbodiments, cach described horein, cach (AR) segroent independently coroprises,
i polymerived form, < 108 mol%, or < 98 mol%h, or 96 mol%, or <94 mol%, or <42
molf, or <91 mol% of the vinylarene. based on the total moles of polymerized monomers in
the { AR segment.

in one embodiment, of a combination of two or more erghodiments, each described
herein, for the ethylene/vinylarene diblock interpolymer or the ethylene/vinylavene friblock
nterpolymer, each (AP) segment independently comprises, in polymerized form, > 0 mol%,

or > 3.2 mol%, or > 0.4 mol%, or > 8.6 mol%, or

> (.8 moi%e, or> 1.0 mol% of the

13



WO 2022/133143 PCT/US2021/063915

vinviarene, based on the total moles of polymerized roonomers in the (AP) segment.  Inone
embodiment, or a combination of two or more embodiments, each described herein, each
{AP) segment independently coraprises, in polymerized form, < 10 wol%, or < 9.0 molth, or

< &0 mel%, or 7.0 mol%, or 6.0 mol%, or < 5.0 mol% of the vinylarene, based on the
total moles of polymerized monomers in the (AP) segment.

Inone embodiment, or a combination of two or more cmbodiments, each described
herein, for the ethylene/vinyiarene diblock interpolymer or the ethylene/vinylarens friblock
interpolymer, each (AR} segment independently comprises, in polymerized form, = 2.0
el %, or = 4.0 mol%, or 2 6.0 mol%, or 2 8.4 mol%, or > 9.0 mold%, or > Hmol%, or > 11
%, or 2 12 moldh, or 2 13 mol%, o 2 14 moi% of ethylene, based on the txal moles of
polyroerized monomers in the (AR segment. In one eobodirpent, or a corgbination of two ot
more embodirnents, each described berein, each (AR) segment independently comprises, in

-7
J
b

polymerized form, < 80 molt%. or <77 mol%, or 275 mol, ¢ 2 mol%, or < 70 mol%, or

< 65 mol%, or <60 mol%, or < 55 mol%. or <58 mol%, or €45 mol%, or <40 mol%h of
sthylene, based on the tofal rooles of polvoerized mwononers in the (AR) segroent.

In one embodiment, or a combination of two or more ernhodiments, each described
herein, for the ethylene/vinylarene diblock interpolymer or the ethylene/vinylarens triblock

interpoiymer, each (AP} segment independently comprises, in polyrgrized form > 530 mol%,

> 532 molde, or 2 34 mol%, or > 56 mold%, or 2 38 mol%, or > 60 mold, or 2 62 molfe, or >

64 mol%, or 2 68 mol¥, or 2 68 mol%, or > 70 wol% of ethylere, based on the total moles
of polymerized monomers in the (AP segment. In one emmbodiment, or a4 combination of two
a7 more ernbodiments, each described herein, each (AP) segment independently comprises, in
podymedized form, < 100 mol%, or < 9% mol%, or <96 mal%, or <94 moi%, or <92 nwl%,
or <9 mol% of ethylene, based on the toial moles of polymerived monomers in the {AF)
segment.

in one cmbodiment, or g combination of two or more enbodiments, each described
berein, for the ethylens/vinylarene diblock nterpolymer or the ethylene/vinylarene triblock
intﬁrpoigy'mer, = 28 mol%, or 2 40 mol%. or 2 80 mol%, or 2 30 mol%. or = &5 mol%, or > 9
mol%, or > 92 mol%, or = 94 mol¥, or > 96 moel%, or = 98 mol%, or = 94 mol% of the
polymerized vinylarene in each (AR) segment is present in g “back to back” configuration as

shown below in subsegmesnt biy
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,’%—*\ P =
r 1
{subsegmend bb); and wherein the mol% is based on the fotal moles of
polymerized vinylarene in the (AR) segroent.

In one embodiument, or a combination of two or more emnbodiments, each deseribed
herein, for the ethylene/vinylatene diblock interpolymer or the ethylene/vinylarene triblock
interpolymer, 2 20 mol%, or = 40 mol%, or 2 60 mal%, or > 80 mol%, or 22 85 mai%, or> 90
m %, or > 92 mol%, or = 84 moldh, or = 96 wol%, or > 98 mwol%, or = 99 mol% of the
polymerized vinylarene in cach (AR) segment is present in a syndiotactic “hack to back”

configuration as shown below in subsegroent sbb:

»—%'“\?/'Tén
{subssegment sbb}; and wherein the rool?% is based on the toial moles
of polymerized vinylarene in the (AR) segroend.

In one embodiment, or a combination of two or more embodiments, each deseribed
herein, for the ethylene/vinylarene diblock interpolymer or the ethvlene/vinylarens triblock
mterpolymer, none of the polymerized vinylarene in each (AF) segment is present iz a "back
0 back” configuration as shown in subscgment bby

,é’\\[ /\r'g,

{subsegment bb}; and wherein the mol% is based on the total woles of
polymerized vinylarene in the {AP) segment.

Also provided is a composition formed from an inventive process as described herein.
Also provided is an article comprising st least one component formed from an inventive
COmMpPoRiiion.

Ethylene/Vinylarens Biblock and Triblock Inferpolymers

Examples of the formation of an cthylene/vinylarene diblock interpolymer and the
formation of an ethylene/vinylarene iriblock interpolyroers are schematically shown in Figure
14 and Figure 1B, respectively. According to these figures, an ethylene/alpha-olefin random
copotymer “block,” divectly boumd to an organometallic reagent, such as a ninc or aluminum-
hased chain-shuttling agent (TSA} or a dual-headed chain shuttling agent (DHCSA}L, is
generated in the fitst rosctor, using & frst fransition roetal catalyst, These resuliing polymeryl
sine or podvmeryl aluminur species of the fivst reactor are ransferred into the second
reactor. The lifetime of the first transition metal catalyst (metal complex) is spent by the time

the contents of the fiest reactor are transferred to the second reactor. In the second reactor,
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styrene, ethviene and optionally, the alpha-olefin, are polymerized in the presence of a second
transition metal catalyst, to produce a random styrene/ethylene interpolymer “block.” The
polvroeryl zine or polymeryl aluminum species from first reactor then undergoes chain
shuttling with the second reactor catalyst, to grow the styrene/ethylene random “block” onto
the ethylene/alpha-olefin polymeryl chain, vielding the desived diblock (Figuwre 14) or
triblock (Figure 18} interpolymer. The two types of random blocks (vinyiareng-rich or hard
block and vinviarenc-poor or soft block) differ in chemical or physical properties. Hach
block has two or move monomer types that are sabstantially randomiy distriboted within the
block.

Ag discussed, the ethylene/vinviarene diblock and triblock interpolymers comypnise
two chepucstly distinet regions {referred to as “blocks™), preferably joined in a Unecar roanuer.
Tn an embodiment, the blocks differ in the amount or type of ncorporated comonomer,
density, amount of crystallinity, type or degree of tacticity (isotactic or syndiotactic), or any
ather chemical or physical property. Compared fo conventional block interpolymers of the
art, including interpolymers produced by sequential monoroer addifion, fluxional catalysts, or
anionic polymerizanon techiigoes, the present ethylens/vinyviarene diblock and wiblock
inmterpolymers are chavacteniyed by unique distributions of both polymer polydispersity (PBI
or Mw/Man or MWD, block length distribution, andfor block number distribution, due o the
cifect of the shuttling agend(s) in combination with snitiple catalysis, used in thelr
preparation in dual reactors.

Vinylarene Monomers

Vinyiarcne monomers are aromatic monomers, and include, but are not laited to,
sronatic vinyt corpounsds such as mone- or poly-alkylstyrenes (jnctuding styrene, o-
methylstyrene, m-methylstyrene, p-methyistyrene, o p-dimethylstyrens, o-ethylstyrene, m-
cthylstyrene and p-ethylstyrene), and fonctional group-contaning derivatives, such as, o-
chiorostyrene, m-chiotostyrene, p-citorastyrens, divinvibenzene, 3-phenvipropene, 4-
phenylpropene and g-methyistyrene, provided the roonomer s polyioerizable under the
condidons employed.

Chatn shuttling apgent ({CH4)

The term, “chain shuttling agent (CSAY” refers o a compound or a mixture of
compounds that is capable of causing a polymeryi exchange between at feast two active
catalyat sites of the catalysts included in the conditions of the polymerization. That is,

transfer of a polyvmer fragment cocurs both to, and from, one or more of the active catalyst



WO 2022/133143 PCT/US2021/063915

sifes. The C3A is able to chain wansfer between, for example, the “AP (soft block) catalyst”
and the “AR thard block catalyst).”

Suitable shuitling agents include, bt arg not limited to, Group 1, 2, 12 or 13 metal
commpounds or complexes containing at least one substitoted or unsubstituted bydrocarbyl
group, preferably bydrocarbyl substinged alominum, gathom or zine compounds containing
from 1 to 12 carbons in each hydrocarbyl group, and reaction products thereof with a proton
sowrce. Preferred hydrocarbyl groups are alkyl groups, preferably Hnear or branched, C2-C¥
atkyl groups. Chain shutthing agents include, but are not imited to, mistkylahmminem and
diatkyl zine compounds, especially siethyisluminoem, tri(isopropylialomimm,
gi{isobuivhaturoinum, tei(n-hexyalvminum, oifn-cotyhaluminom, triethylgaliiom, or
diethvizine. See U.S. Patent 8,718,143 (incorporated herein by reference).

{nsal-beaded chain shettling agents (for example, an ALDHCS A and an AlZn-
DHCSA) are also suitable agents. Dual-headed chain shatthing agents include, but ace not
fimited o struciures of the following formula: RI-IM-R2-1,-M-R1 where R, R2 are each
independently a hydrocarbon containing between | and 20 carbons, n> 1, and M = Zn. See

also WO2018/0064546 and V.S, Patent 8,501 885 (each incorporated herein by reference).

DEFINITIONS

Unless stated to the confrary, mplictf from the context, or custorary in the at, all
parts gnd 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, includes 2 mixture of materials, which
comprise the composition, s well as resction byproducts and decorpposition products formerd
from the materials of the composition. Any reaction byproduct or decomposition product is
typically present in trace or residual amounts.

The termo "polvoier,” as used herein, refers o & polymeric compound prepared by
polyroerizing monomers, whether of the same or a different type. The gereric term polymer
thus tnclades the term homopolymer (emploved to vefer o polymers prepared from only one
type of monomer, with the understanding that trace amounts of imparities can be
inesrporated into the polymer sfracture ), and the term interpolymer as defined hereinafter.
Trace arpounts of vopurities, such as catalyst residues, can be tncorporated into and/or within

iz

the polymer. Typically, a polymer is stabtlized with very low amownts Cppm” amoants) of

4
\

one o more stabiiiraers.
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The term "inierpolymer,” as used herein, refers 1o g polymer prepared by the
polyvmerization of at Teast two different types of monomers. The term interpolyimer this
includes the term copolymer (employed to refer to polyvmers prepared from two ditferent
types of monomers) and polymers prepared from more than two different types of monomers.

The term “olefin-based polymer,” as used herein, refers wo a polymer that comyprises,
in polymerized form, 3¢ wi% or a majority weight percent of an olefin, such as ethylene or
propylene (based on the weight of the polymer), and optionslly may Coroprise one of more
COTMONOTETS.

The term "propylene-based polymer.” as used hevein, refers o a polymer that
coaprises, in polymerized form, a majority weight percent of propylene (based on the weight
of the polvier), and opticnally D8y COMPISE ONC OF INOKE COMONOMETS.

The term "ethylene-based polyvmer,” as used hevein, refers to a polymer that
comprises, in polymerized form, 58 wi% or a magority weight percent of ethylene (based on
the weight of the polymer), and optionally may coinprise One of MOre CoOMORoMers,

The term "vinviarcne-based polymer,” as used berein, refors to a polymer that
comprises, in polymerized form, 2 roajotity weight percent of the vinylarene (hased on the

verght of the polymer), and optionally may comprise one of More comonomers,

The term "styreng-based polymer,” as used herein, refers to a polymer that comprises,
in polyvmerized form, a majority weight pereont of styrene (based on the weight of the
polymen), and optionally may comprise one 07 MOTe COMONNINeTs.

The term "ethylene/aipha-olefin nterpolymer,” as used herein, refers to arandom
interpolymer that comprises, in polymerized form, 58 wt¥ or a majority weight percent of
cthyiene (based on the weight of the interpolyrer), and an alpha-olefin.

The term, “ethylenc/aipha-olefin copolymer.” as used herein, rofers to a random
copolymer that comprises, i polymerized form, SO wi% or a majority weight percent of
cthylene (hased on the weight of the copolymer), and an alpba-olefin, as the only two
DIMGMET {ypes.

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

The phrase “a majority weight percent.” as used herein, in reference 1o a polymer (or
mterpolymer, or tevpolymer or copolymer), vefers to the amoont of monomer present in the

greatest anount in the polyroer,
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The torm "ethylenefvinylarene diblock interpolymer,” as used herein, refers to g
diblock tnterpolymer that comprises a vinylarene-rich (AR) segment and a vinviarene-poor
{AP) segment. See, for cxample, Figure 1A, The AR segroent comprises, in polyroerized
form, > 10 mol’ of the vinvlarene. The AP segment comprises, in polymerized form, <10
mol% of the vinyvlarene. Each mol% is based on the total moles of polymenzed monomers in
the respective segment. The diblock interpolymer comprises, in polymerized form, ethylens,
the vinylarene, and may coroprises other mononer types. The term "ethylene/vinylarene
diblock copolymer,” as used herein, refers 1o a diblock copolyrver that comprises 4
vinyviarene-rich {AR) segment, as discussed above, and a vinylarene-poor (AP) segment. as
discussed above., The diblock coprlymer comprises, in polymerized formy, ethylene and the
vinylarene, as the ondy two raonomaer types.

The term "ethylene/alpha-olefin/vinylarene diblock interpolymer,” as used herein,
refers to a diblock interpolymer that comprises a vinylarene-rich (AR} segment and a
vinviarene-poor (AP} segment. See, for example, Figure 1A, The AR segment comprises, in
polvnerized form, > 10 00l% of the vinylarene., The AF segment coroprises, in polyrerized
form, < 10 mol% of the vinylarene, Each mol% 18 hased on the total moles of polymerized
mopomers i the respective segment. The diblock interpolymer comprises, in polyimerized
form, cthyilene, the alpha-olefin and the vinylarene, and may comprises other monomer types.
The terma "ethylens/slpha-olefi/vinylarene diblock terpolymer,” as used herein, refers toa
diblock terpolymer that comprises a vinvlarene-rich (AR} segment, as discussed above, and 2
vinylarene-poor {AP) segment, as discussed above. The diblock terpolymer comprises, in
polvmerized form, ethylene, the alpha-olefin, the vinylarene, as the only three monomer
types.

The term "ethylene/vinylarene triblock intorpolyimer,” as used hevein, refers to a
iriblock interpolymer that comprises either two vinylarene-rich (AR) segments and one
vinylarene-poor {AP} segment located between the AR segments, or two vinylamene-poor
{AF) segments and one vinylarene-rich {AR) segment, located between the AP scgroenis.
3ee. for example, Figure 1B. The AR segment comprises, in polymerized form, > 10 mol%
of the vinviarene. The AP segment comprises, in polyvmerized form, < 1 mol% of the
vinylarene. Bach mel% is based on the tofal nmwoles of polymerized monomers inthe
respective segmest. The friblock tnterpolyney coroprises, n polymerized form, ethylene, the
vinylarene, and may comprises other monomer types. The term “ethylene/vinylarene wiblock
copolymer,” as used herein, vefers to g wiblock copolymer that comprises either two

vinylarene-tich (AR) segroents and one vinylarene-poot {AF) segment, as discussed above, or

19



WO 2022/133143 PCT/US2021/063915

two vinviarene-poor (AP) segments and one vinylarene-rich {AR) segroent, as discussed
above. Each AR segment and AP segment are described above. The triblock copolymer
coraprises, in polymerized form, ethylene and the vinylarene, as the ondy two monomaer 1ypes.

The term "ethylene/alpha-olefindvinylarene imiblock interpolymer,” 48 used herein,
vefers to a triblock intevpolymer that compnses either two vinyvlareng-rich (AR} segments and
ane vinviareng-poor {AP) segment, focated between the AR segments, or two vinylarene-
poor (AP} segments and one vinylarene-rich (AR) segroent, located between the AP
segments. See, for exarople, Figure 1B, The AR segroent comprises, 1t polyroenized form, >
10 mol% of the vinviarene. The AP segiuent comprises, in polymerized form. < 10 wmol% of
the vinylarepe. Each mol% is based on the wital moles of polymerized monomers in the
respective segroent. The wiblock interpolyroer comyprises, in polymerized form, ethylene, the
alpha-clefin, the vinylarene, and may comprises other monomer types. The term
"ethylens/alpha-olefin/vinyiarene triblock terpolyimer.” as used hevein, refers to a triblock
terpolymer that coraprises, in polymerized form, cither two vinyiarene-rich (AR} segments
sud one vinylarcne-poor (AP} segment, as discussed above, of two vinylarene-poor (AP
segments and one vinviarene-rich (AR) segment, as discussed above. Hach AR segment and
AP segment are desentbed above. The wiblock terpolymer comprises, in polymerized form,
cthylene, the alpha-olefin and the vinvlarene, as the only three monomer types.

The rermo “vinylarene,” as used herein, xefers to a chenmical compound comprising a
“CR=(CHR' (where R and R are each independently H or an alkel)” bonded to an aromatic
ving structare, such as & monocyche, bicyelic or tricyclic ring structure. The aromatic ring
STUCTHNS N1y of may ni comprise one o more heferoatom groups, and may or may oot b
substituted with one ot roore heteroston: groups. Exaroples of vinylarenes include, but are
not Hmited to, styrene, 2-vinyl toloene and 4-vinyvitoluene, and alpha-methyl styrene.

The term “alkyisilane group,” as used herein, refers to a chemical group comprising at
least on -Si-R moiety, where R is ap alkyh, Some examoples of such groups include the
following: -CHa-SH{CH:), -CH-SHHYCHayz, ~CHe-Si(Hp(CH), -Si{CH2 ), -SiHEXCHsn,
~SHHR{CHs).

The term “heteroatom,” vefers to an atom other than hydrogen oy carbon {for example,
(O, MNor Py

The term “heteroatom group” wfers (o a beterostom of 1o 8 cheroical group containing

ong or more hetercatoms,
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The terms “hydrocarbog,” “hydrocarbyl group,” and sivilay ferros, as used berein,
refer i a respective compound or chemical group, ete., contaiming only carbon and hyvdrogen
atoms. A divalent “hydrocarbylene group” is defined fn sindlar manner.

The terms “heterohydrocarbon,” “heterohydrocarbyl group.” and similar terms, as
used hevein, refer to avespective hydrocarbon,” or “hydrocarbyl group, ete., in which at least
ane carbon atom is substituted with a betersatom group (for example, O, N or P). The
monovalent beterobydrocarbyi grotp may be bonded to the reraaizing conmypound of inferest
via a carbon atom or via a hetoroatom. A divalent “heterchydrocarbyiene group” is defined
i similar manner; and the divalent heterohydrocarbylene group may be bonded to the
remnaining compound of interest via two carbon atoms, or two hefcroatoms, or a carbon atont
and a heteroatont.

The termos “substituted hydrocarhon,” “substituted hydrocarbyl group,” and sinular
tevins, as nsed hevein, refer to a respective hydrocarbon or hyvdrocarbyt group, ete., in which
ane or moore hvdrogen atoms isfare independently substituted with a heteroatom group.

The terms “substituied beterohydrocarbon,” “substituted heterchydrocarbyl group,”
and similar terms, as used heretn, refer 1o 4 respective beterohydrocarbon or heterohydro-
carbyl group, etc., in which one or more hydrogen atoms is/are independently subsutoted
with a hetercaiont group.

EEINYS

The term “aryl,” “aryl group,” and siroilar toros used berein, refer 10 a monovalent

arornatic hydrocarbyl or aromatic hydrocarbyt group, e, COMPUiSing one oF 1ore 1ing

structures; for examnple, 4 monocyehic, a bicyehic or a wicyclic ring structure.

The term “heteroaryl,” “heteroaryl group,” and simifar terms used herein, refer o a
monovalent aryi o aryl group, eic., in which ove or more carbon atoras of the backbone ring
seructure(s} is/are independentdy replaced with a beteroatorn group.

The terms “substitoted aryl,” “substitoted ary group,” and simlar tevins, as used
berein, refer fo an aryl or aryl group, oic., in which one ot more hydrogen atoms is/are
independently substituied with a heteroaiom group.

The terms “substituted heteroaryl,” “sobstituted heteroaryl group,” and stimtlar terms,
as used herein, refer to a heteroavyl or beteroaryl group, ete., in which one or more hydrogen
stoms is/are independently substituted with a beternatorn group.

The term “arviene,” “arviene group,” and sinular ferros used herein, refer to a divalend
aromatic hydrocarbylene or aromatic hydrocarbylene growp, ete., comprising one or more

ring structures; for example, a monoceyclic, a bieyelic or a tricyclic ving stroctore.
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The terms “substituted arylene,” “substitoted arviene group,” and stmilar terms, 48
gsed herein, refer to an arvlene or arylens group, ete, in which one or more hydrogen atoms
isfare independently substimied with a heterocatom group.

The term “substituted or unsubstipited ({O—Capthydrocarbyl,” and other Hke termos, as
used herein, denoted the range of total carbon atoms (for example, 1t 30) that a sebsututed
o7 unsubstituted hvdrocarbyl radical may contain, Noty, other maonovalent chemical gromps
(for exammple, a substituted or unsubstituted (Cs-Cad aryl groupy with a noted carbon range
gre defined in like manner.

The term “subsututed or unsubstituted (U —Caodheterohydrocarbyl,” and other like
toems, as used herein, denoted the range of wial carbon atoms (for example, 1o 30 thata
“substituied or unsubstituted beterohydrocarbyl radical roay contain. MNote, other monovalent
chemical groups with a noted carbon range are defined in like manner,

The term “substituted or unsubstituted {(Ce-Con} arylene group.” and other hike terms,
as used herein, denote the range of wial carbon atoms {for example 2 o 6) that a substituted
ar unsubstituted arylene group may confain, Note, other divalent chemical grotps with a
noted carbon range are defined in ke manner.

The term “bridging group,” as used herein, in veference 1o a metal complex, refers to a
divalent organic group that is bonded to two atoms, located at different points in the
rernaining structure of the metal complex. For example, see the bridging groups of cach of
Formulas 51 (31, 82 (1%, 83 (1%, 84 (3%, 85 (F), H2 (P

The phrase “bridging group comprising from 2 to 40 atoms other than hydrogen,” and
simiiar phrases, as used hereln, in reference to a metal complex, deneote the range of total
stoms other than bydrogen (for example 2 t0 44 that an brdging 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, referstoa
chenucal comopound or chendeal group that can douate a pair of electrons fo form a bond with
a metsl or another chenucal group. Examples of Lewis bases mclude, but gre not Hmited 1o,
tetrabydrofuran (THE), diethvlether, dimethvlaniline, or rimethylphosphine.

The terms “syndiotacticity,” “svndiotactic,” and similar terms, as used herein, in
refercnoe to polyroerized vinyiarene units, refer o an alteraating stereochemical
configuration of two or more pendant aryt (for example, phenvl} groups. See for example,

subsegment sbh.
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The term “polymer stroctare,” 1 reference to Stractures 1, 2 and 3, refers fo the entire
molecule of the noted ethylene/vinylarene diblock interpolymer or ethylenefvinylarene
triblock interpolymer.

The notation “AR.” in reference to a diblock or triblock interpolyimer, refer to a
polymer segment of the respective interpolymer that comprises, in polymerize form. > 10
mol¥% of a vinylarene, This notation refers (o a “vinylarene rich” scgment,

The potation "AP.” in reference to a diblock or triblock inferpolymer, referto o
polvmer segment of the respective interpolyrner that comprises, in polymerize form, < 1)
mod% of a vinylavene, This notation refers to a “vinylarens-poor” segment.

The phirase “each segment,” in reference (o an AR segment {or block) or an AP
segmont {or block), refers to an AR segroent or an AP segment focated at the end of the
polymer molecule or within the polyvmer molecule. In reference o a diblock interpolymer, an
AR segrent is focated at one end of a polymer molecole, and an AP segment is located at the
ather end of the polymuer molecule. In reference to a triblock interpolymer, two AR segments
are located at cach end of a polyoer molecule and an AV segment s located between these
two AR segments, or two AP segments are located at each end of a polymer molecule and an
AR segment is located between these two AP segments.

The term “solution polymerization,” as used berein, refers to a polymerization process
i1 which the monomex(s), catalysi{s) and formed polyroer are alf solubie in the
polymenization solvent or solvent blend of two or more solvents.

The term “contimons solution polymerization,” as used heretn, refers to a solation
polymerization in which monomer(s) are continually fed to a reactor, and polymer is
continuaily removed from the reucior,

The term “metal complex,” as used hevein, refers 1o a chemical struchure comprising 2
metal or metal lon that is bonded and/or coordinated to one or more higands (ions or
madecules that contain one or more pairs of glectrong that can be shared with the metah). See
for exampic, the metal coroplexes of Forouidas 81, 82, 83, 84, 55, Hi and H2. The roetal
compdex s typically rendered catalyticatly active by the wse of one or more cocatalysis.

The term “scavenger,” as used herein, refers to a chemical compound added w a
polymerization reaction o remove or deactivate ropuritics or unwanted reaction products
{for exarmple, oxygen). Examples of some scavenger include aluminum alkyl compounds,
such as MMAD and MMAD-3A.

The term “reactor product,” as used herein, refers to the final polymerization mixoe

in a reacior, and which comprises one ot more polymer(s), and typically solvent,

23
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[IITH

The terms "comprising.” "inchuding,” "having,” and their derivatives, are not intended
to exclude the presence of any additional component, step or procadure, whether the same is
specifically disclosed. In order to aveld any doube, all compositions claimed through use of
the term “comprising” roay include any additional additive, adjuvant, or compound, whether
polymeric or otherwise, unless stated to the contravy. In contvast, the term, "consisting
essentially of " excludes from the scope of any succeeding recitation any other component,
step ot procedure, excepling those that are not exsential to operability. The term “consisting

of " exclodes any component, step or procedisre, not specifically delineated or listed.

Listing of Somse Processes and {ompositions
Al A process o form a composition comprising an ethviens/vinylarene diblock
interpolvimer and/or an ethylene/vinylarene wiblock interpolymoer, and forther
ethviene/vinylarene diblock interpolvmer or an ethylene/vinviarene triblock interpolyiner,
said process comprising at east the following steps:

A) polymenizing ip a reactor A, a roikiure A comprising ethylene, and optionally ag
gipha-olefin, and optionally a vinvlarene, 1o the presence of at least the following: a) a metal
complex S selected from the following: Formula 31, Formula 52, Pornndda 83, Formuda 54,

or Formula §5:

A \
NS
l

(Forowla $1), a5 described above (see Sunmary of the fovention (SO

{(Formula 52), as described above (see 3G0); and with respect to each of B®
and R* is independently selected from a substitted or an unsubstitated (Cs-Caoyaryl group, or
a substituted or an unsubstitoted (Cs-Coodheteroaryl gronp; further cach of R and RY s
independently selected from a substinited or an unsubstingted (Ce-Cijarvl group, ot a

substituted or an unsubstituted (Cs-Cytheteroaryl group:
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{Foramala 533, as doscribed above {see SO1);
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{(Formula 84, as described above (see SO

]
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~.
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B) polyiverizing in a resctor B, 2 mixture B comprising ethylene, a vinylarene, and

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

optionally an alpha-olefin, in the presence of at least the following:
wherein the metal complex is overall charge-neutral; or

Y a moetal complex H selected from the following Formula B or Formula H2:

(Formuia H1), as described above (see SO,

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

R? are zach independently a bridging group comprising from 2 o 41 atoms other than
N . . . P -1 B . p .
hydrogen, snd wherein, optionally, R* and R° each fndependentdy may be a substituted or
. 5 - | - .
unsubstitated arylene group; further R and R” each independently soay be an arviene group

(unsubstituted);
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wherein step A occurs before step B, and at feast a portion, and forther 2> SO wi%, or >
8 wi%, or = 90 witTh, or = 98 with, 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 2 50 wi%, or > 80
Wte, or = B wit, or > 98 wi%, of the reactor product in reactor B is wransforred to reactor
A and wherein each wi% is based on the total weight of the respective reactor produact; and

whirein if step A oocurs before step B, then at least one chain shutding agent is fed
into the reactor A; and

wherein if step B ocours before stop A, then at east one chain shuttling agent is fed
into the veactor Br 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.
B The process of Aj above, wheren, the metal complex 5 1 selected from the
following: Formula 51a or Formala 52a:

=

s
—

- 5 :
\\E, NN
P

wherein X* and X* are cach independently selected from a substituted or unsubstituted

{Fornmila Sia),

{C~-Capmbydrocarbyl, a substituted or unsubstituted (C-Capbeterohydrocarbyl, or —H, and
further a substituted or unsubstituted benzyl, or ~H: and wherein X and X° may optionaily
bie linked;

Ar' and Ar’ are each, fndependently, 4 substituted or unsubstitated aryl or 2 substinzted or
unsubstinited heteroaryl group,

R¥ is a substituted or unsubstituted arviens group;

/o

{Foroula S2a),
wherein X and X* are each independently selected from a sehstituted or unsubstitoted
{C1-Caodbydrocarbyl, a substituted or unsubstituted (O -Cagbeterohydrocarbyl, or —~H. and

further 3 substituted or unsubstituted benzyl, or ~H: and wherein ¥ and X may optionaily

be linked;
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R i selected from a substiteted or unsubstituted (C-Chotydrocarbyl, a substitured or
gnsgbativated {C1-Captheterohydrocarbyl, or —H, and further a sabstinited oy ansubstituted
benzyi, or ~H;

Art and Ar' are sach, independently, a substituted or unsubstinsted arvl or a substisuted or
unsubstituted hetercary! group.

] The process of A or Bi above, wherein, metal complex S selected from the following
structiires: sial, sla2, s1a3, slad, sial, s2al, 341, s3a2, s3a3, sdal or «5al, and further any

combination of two or more of these stnicnures:

- :I”f;‘} NP NN i
S s i}T ) ;;\vf}i\ /Iﬁf] \H\.{J\, /\i"l‘“l

f[\/E‘ ,T /E - H i ’L S
ORI tEd §

Pl ,
F ~F J\»// (slal) S = {gial). {s1a3d),
' b
; .
=y i o )\ o~ '
% . B AR
(™ IOR7 €.
(0 S TiCH (7
= - e
" Ti(CH =0 %
> Yo C(CH Y
, M - {
C(eH (s1ad), {s1as), {(s2ab).
:)::\ 3
- J=
/f” % . _(\ 4 C(CH Y ‘“‘\/\ 7
aa= Y
[ ="a e
..... z o 4
i~y C(CH v~y CHCH .
C(CH ( (s3aly, chen {s3a)
f /\/ ™ 7~ y
{HaT5C LA SN
HC,,«\¢> - kx{s'__;\, e
A AN T S SN VAN 2 )
RN L2y \)\ g 7N e [ :,2; N
#HCy—{  H—a fy4 iy *\m{/‘— = “\;)mj
» ;s TN
C(CH%}’K Y= O G 7 ) {
/ oo s <y . .
- {s3a3}, p— oo/ {sdallor
e

e {s3al).
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31 The process of any one of AJ-C} (A} thwough C1) above, wherein, the metal complex
Ss selected from structure stal or stracture siaZ:
s | NP
. /}:“\ P \7) PR /ﬂﬁ:‘\h P |

t 7

'\:f; : ‘J\v/jj

\9’;’: g y g ;
{staly or ~ 7 {shal).
Hi The process of AJ-D1 above, wherein, the metal complex H s selected from the

following: Forroula Hla, Forroula Hib, or Formula Hla:

(Formula Hla), wherein B, R7 RS R, and BRY are each independenily
H, a substitvted or unsubstituted hydrocarbyl group, a substittted or vnsubstituted
heterohydrocarhy] group; and further H, an alkyl group or an alkylsitvl group; and further an
alkyvl group or an atkylsilyl group;

Q' and Q7 are each independently a substituted or unsubstituted hydrocarbyl group; a
substituted or vnsubstituied heterohydrocarby] group; or a halogen; and further an aryl groug,
a0 alkylisilyt group, an alkoxy group, a halogen, or -NRR', wherein R and K are each
independently a hydrocarbyl or an SR, where R7 is an hydrocarbyl; and further an aryl
group, an alkylsilyl group or an alkoxy groop; and

L iz 3 Lewis base, cach n 5 independently O ot 1; and

wherein optionally af feast one L group and at least one  group are connecied, and

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

(Formula HibY, whersin RY, R B, RY and R are cach independently
H, a substituted or unsubstituted hydrocarbyl group, or a substitoted or wnsubstituted
heterchydrocarbyl group; and further H an alkyl group or an alkylsiiyi growup, and furthor an
stkyi group or an alkylsiyl group;
QY O and O are each independently a substinuted or snsubstituted hydrocarbyl
groups a substitnted or unsubstituled heterohydrocarbyl group; or a halogen: and further an

aryi group; an atkyisilvi group, an alkoxy group, 2 halogen, or -NRR’, wherein R and R’ are
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cach independentdy a bydrocarbyl or an 518”7, where R7 18 an hydrocarbyh; and further an aryl
group, an alkoxy group or a halogen; and

wherein optionally af kzast one R group and at least one (§ group are connected;

{Formuala FI2a), wherein M7 is Th Hf, or Zr, and further Zr or FIf, and
further Lo and wherein;

RS and R? are each independently selected from the group consisting of —H, a
substituted or unsubstituted {T-Candhydrocarbyl, a substituted or unsubstituted (Ch-
Cagsheterohydrocarbyl, ~SUR s, ~Ge(R%), ~PRD), -NRY ), ~OR", -8R, -NO», ~{N
—F5, RYS(O-, RES(0—, (RUn=N=—, RECIO0-, KOO0 —, RECUONNR)-,
(RONCH—, halogen, radicals having forouida (1}, radicals having formula (1), and radicals

having formada (IH):

)\ - }':; }::'-(/ \/"\. / Ny \‘\.
-~ 7

\:/ Y (. A Iy \(\ G, l /l D (D,
+ A

where cach of RV, RY% and RO {5 independently selected from a substituted or
unsihstitated (O -Cundbydrocarbyl, o substituted or unsubstitoted (O -Cuntheterohydrocarbyl,
~8iR%, ~GetR ), —PRD):, ~N{RYp. ~N=THR®, ~OR", -8R", -NO,, N, ~{F;,
RES{O—, BUS(O)z-, (R5nC=N—, RECIOYD-, REYOCIO—, RECOIMNEN -, (RE:NCH)-,
halogen, or —H;

each of RY and 87 is independently selected from a substitated or unsubstitueed (Ci-
Cagthvdrocarbyl, a substituted or unsubstituted (C-Cagdbeterohydrocarbyl, ~SiR ),
~e(R%, PR, ~N{RMy, —N=CHR", -OR", —§RY, =NOq, —CN, ~CFa, RE§(0)—,
RES(O3—, (RMpC=M—, RECIO0-, REOC0)—, RECIODR N, (REpNC{E)-, halogen, or
~H;

R'Cis optional, and if present is a substitnted or unsubstituted (Ci—-Capdhvdrocarbylene

o7 a suhstituted or unsubstituted (O ~Canthetorchydrocarbyione;
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R is optional, and if present is a sohstituted or snsebstituted (O ~Cyothydrocarbylene
or a substitpted or wnsubstituted (Ci-Catheterohydrocarbyiene:

31 and €22 arc cach independently a substituted or unsubstituted hydrocarbyl group or
2 halogen, and further an arvl group, an alkoxy group or a halogen;

L is a substituted or unsebsttuted (C-Cypthiydrocarbylene or a substibted oy
unsubstituted (O—Cagtheterobydrocarbvliene, wherein the substituted or unsubstiiuted
{C—Cupthydrocarbylene has a portion that coraprises ¢ i-carbon atom o 10-carbon atom
finker backbone, linking the two & groups i Structure H2a (to which L is bonded); ov the
substituted or unsubstituted (U -Cygtheterohydrocarbylene has a portion that comprises a 1-
atom t 13-atorn linker backbone, linking the twi 2 groups in Structure H2a, wherein each of
the ¥ o 10 atons of the 1-ator o 10-atom linker backbone of the substituted or unsubstituied
{(Ci~Captheterohydrocarbyiene, independently, is a carbon atom or heteroatom of a
beteroatom group, wherein each heleroatom group s independendy O, 5, 5{0), 5{0}s.
SHRYp, Ge(Rn, PRY), or N(RY), wherein, independenty, cach RY is a substituted or
ansubstinited (C-Canthydro-carbyl or a substituted or ansubstituted {C-Capheterohydro-
carbyl; and wherein cach BT, BY, and remaining RY in Formula H2a is independently a
substituted or unsubstituted (C1-Capthydrocarbyl, a substituted or unsubstituted
{Cy-Cspheterohydrocarbyl, or —H; and

and each of 2} and 27 is independently selected from —8, —=NR™), or =P(R), wherein
RN and RY are defined above.

i The process of Al-E} above, wherein, the metal coroplex H is selected fromm the
foillowing foroutias bial, bia2, bla3, hibi, b1b2, hib3, b2al or hZa? (vote: Be = benzyl

group (Ph-CHz- )

§ L
AR - / \E: o
g H/&r’ N 'L\T’
< {hial), S~ 17 (hla2), (iad), N {(h1b1),
N/
> o
. "F’>/,m\
Sy Y
- i A \\:.-/')
L
i AT
\\&é_}{"’ s TN, L’)
N Ty
J e \_T;.)/‘\)./ TN/
Ny b
' e L
- \41\ {hib2)}, {hib3), th2aly, or ’% ) {hZ2a2}y.
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{} The process of any one of Al-F] above, wherein the metal complex § is sefected from
Formuda 51, and forther Formula Sla

H} The process of any one of Al-F] above, wherein the maetal complox 5 18 selected from
Forpuiia S2, and firther Formuela $2a.

I The process of any one of AJ-F] above, whersin the metal complex § 15 selected from
Forrouia 83,

¥ The process of any one of Aj-Fi above, wherein the metal complex 8 is selected from
Forroula 54.

Kl The process of any one of Al-F] above, wherein the metal complex 5 is selected from
Fornula S5,

L] The process of any one of A]-K| above, wherein the metal complex H is seleciod from
Forouda HE, and further Formela Hia or Formola Hib.

M} The process of any one of ALK above, wherein the metal complex H is selected from
Formula HZ, and further Formula H2a.

M1 The provess of any one of A]-M] above, wherein the at least one chain shuttling agent
is selected frovo the following: an alkvl zine compound, an alky! aluminuem coropound, a deal
headed chain shuitting agent, or 3 combination thereot.

8} The process of any one of Al-Ni above, wherein the at least one chain shuttling agent
is selected from the following Po(CHAUH: ), AHCHCH:), an ADHCSA, a ZoAl-DHCSA
of a combination thereof, and further an ARDHCOSA, & ZnA-DHCS A or g combination
thereof.

Pi The process of any one of Al above, whergin the at least one chain shuttling agent
is added to reactor A

Q1 The process of any one of A}-GJ above, wherein the at least one chain shottling agent
is added to reactor B

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

is added to both reactor A and reactor B,

3] The process of any one of A]-R] above, wherein step A occurs before step B.
T} The process of 5] above, wherein woreacted monomer in reactor B is recycled back 1o

reactor A.

Uil The provess of any one of AJ-R] sbove, wherein step B occurs before siep A,
Vi The process of UJ above, whevein anveacted monomer in reactor A is recycled back to

reactor B
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Wl The process of any one of A}-V] above, wherein, the polymenization is a solution
polvmerization, and forther a continuons soludon polymertzation.

X} The process of any one of Al-Wi sbove, wherein, in reactor A, the polymerization
takes place at a teyoperapire 2 90°C, or 2 93°C, or 2 100°C, or 2 105°C, ov > HIOC, or >
115°C.

Yi The process of any one of Al-X] above, whergin, in reactin A, the polymerization
takes place at a renperature < 200°C, or < 190°C, or <8870, or <170°C, or < 160°C, or <

150°C, or < 145°C, Coor S F20°0, or S 123°C

o < 140°C, or € 1357
£} The process of any one of Al-Y] above, wherein, i reactor B, the polymerization
takes place at a temaperatire = 90°C, or 2 95°C, or = 100°C, or 2 105°C, or 2 110°C or =
115°C

A2 The process of any one of A]-Z2] sbove, wherein, in reactor B, the polymerization

,\

takes place at a temnperature < 200°C. or < 190°C, or < 1B0°C, or £ 170°C, or < 16070, or <

150°C, or <145°C, o < 140°C, or < 135°%, or < 130°C, or < 125°C.

BZi  The process of any one of A]-AZ] asbove, wherein the polymerization i reactor A

takes place at a pressure 2 90 psig, or > 100 paig, or > 0 psig, or > 120 psig, or 2 130 psig,
or > 140 paig, or 2 150 psig, or 2 160 psig, or = 170 psig, ov = 180 paig.

2% The process of any one of A]-B2] above, whergin the polymerization in reactor A

takes place at a pressure < 230 peig, or < 240 psig, or <230 psig, or < 220 psig, or S 210 psig,

or <200 psig.

D21 The process of any one of AJ-{C2] above, wherein the polymerization in reactor B

takes place at a pressure 2 90 psig, or 2 100 psig, or > 110 peig, or > 120 psig, or 2 130 psig,

ar > 140 peig, or = 150 psig, or 22 166 psig, or 22 170 psig, or 2 180 peig.

H21 The process of any one of AJ-D321 above, wherein the polymerization in reactor B

takes place at a pressure <250 psi, or £ 240 poi, or 230 pst, or <220 psi, or S 210 psi, or <

200 ps.

F21  The process of any one of A1-E?] sbove, wherein, for the ethylene/vinylarene dibfock

urterpolvmer or the ethylene/vinylarens triblock interpolymer, the vinylarene is styrene.

G2]  The process of any one of A]-F2] above, whersin the mixtore A comprises the alpha-

slefin.

H2]  The process of G2} above, wherein the alpba-olefin s a U3-C20 alpha-olefin, further

a C3-C10 alpha-olefin, further a C3-CE alpha-olefin, further propylene, -butene, I-hexene or

1-ootene, further propylene, E-butene ov T-octene, further 1-botene or -octene, further 1-

aCiene,

Lo
)
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i The process of any one of A]-H

above, wherein the mixiure B corprises the alpha-
olefin.

32} The process of 2] above, wherein the alpha-olefin is 2 €3-C20 alpba-olefin, further 2
C3-CH) aipha-olefin, further 2 C2-C8 alpha-olefin, further propylene, [-butene, {-hexene or
l-octene, further propylene, P-butene or f-octene, fuvther T-butene or l-octeng, further 1-
actene.

KZ]  The provess of any one of A]-12] above, whercin the mmolar ratio of “the roetal of
complex §” o “the metal of complex H s 2 003, or 2 0.1, or 2 0.5

L2] The process of any one of AJ-KZ21 above, wherein the molar vatio of “the metal of
comnplex 87 o Vthe metal of complex H” is < 1000, or < 500, or < 100

M2l The process of any one of A1-1L.2] sbove, whersin the roolar ratio of “the metal of the
chain shutthing agent” 1o “the suro of the metal of complex § and the metal of coroplex H s
228,00 > 50, or > 14, or 2 20, or = 40, or > 1

N2]  The process of any one of Al-MZ21 above, wherein the molar ratio of “the metal of the
chain shuttling ageet” (0 “the sum of the metal of coroplex S and the metal of coroplex H is
< 1000, or <800, or < S60.

021 The process of any one of AJ-M21 above, wherein metal complex S has 3 reactivity
LALED, Tehyloneivinylaone) = KlothyleneMethyloney Kietyvlone ivinylaeney, Tronn 503 1o 10K, further from 100
0 200,

P2 The process of any one of A]-021 ahove, wherein metal complex H has a reactivity

ratio, Tiethylenei(vinvlatene) ™ k(ethylene)( ethy]»:-ne}!’k{ etiyione {vinylarene): from 1 to 10

2] The process of any one of Al-P2] above, whercin composition finther comprises 2
polyethyiene homopolymer, an ethylene/vinviarene copolymer, an ethylene/alpba-olefin
copolymer, or a comnbination thereof.

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

A3l A composition conyprising an ethviene/vinylarene diblock interpolyroer or an
athylene/vinylarene triblock interpolymer, said diblock interpolymer comprising at least one
polymer structive sefected from Struetire 1, as shown below, and said triblock interpolymer
comprising af least one polymer structure selected from Sructure 2 or Structure 3, cach as
shown below, where AR refers to vinylarene-rich and AP refers to vinylareze-poor:

(ARIAPY (Strucowe 1),

(ARHAPHAR) (Stwucture 2},

{APHARWAYY (Structure 3); and
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wherein each (AR) segment independently comprises, in polymerized form, ethyvicne,
the vinylarene and optionally an alpha-olefin: and

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

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

wherein cach (AP} segment independently comprises, in polymerized foro, <10

mied% of the vinylarene, based on the total moles of polymerized monomers in the (AP)

Segment.
B3 The composition of A3] above, wherein, for the ethylene/vinylarene diblock

interpolymer or the ethylens/vinylarene triblock interpolymer, each (AR} segment
wndependently comprises, in polymerized form, 2 15 mol%. or = 20 mol%, or > 25 mol%, or
2 38 mol%, or > 35 mol%, or 2 40 mol%. or > 45 mol%, or 2 50 mol%, or > 55 mol¥h, or 2
43 mol%, of the vinylarene, based on the total rooles of polymerized novoners in the (AR)
segment.
31 The composifion of A3} ov B3] above, wherein for the ethyleng/vinylarene diblock
interpolymer or the ethylene/vinylarene triblock interpolymer, cach (AR) segment
independenily corprises, n polymerized form, < 10 mol%, or <98 mei%, or <96 ool%, or
<84 mot, or <92 mol%, or £ 91 mol% of the vinylarene, based on the total moles of
polymerized mongmers in the (AR) segment.
3] The composition of any one of A3}-3] above, wherein, for the ethylene/vinvlatene
diblock mterpolymer ot the ethyiene/vinylarene tiblock interpolymer, cach (AY) segment
independently comprises, in polymerized form, 2 0 mol%, or 2 0.2 mol%, or > 0.4 mol%, or
2416 mot%, or = 4.8 mol%. or = L mol% of the vinylarene, based on the total moles of
polymerized ponomers in the (AP) segment.
E3]  The composition of any one of A3J-133] above, for the ethylene/vinylarene diblock
urterpolvmer or the ethylene/vinylarens triblock interpolymer, each (AP) sepment
independently comprises, in poi»merued form, < 10 mol%. or <90 mol%, or < 8.0 mol%, or
< 7.8 mol%, or 6.6 mol%, or <5.0 mol% of the vinylarene, based on the total moles of
polynerized monommers n the (AP} segroent.
B3] The composition of any one of A3}-E2] above, wherein, for the ethylene/vinylarene
diblock tuerpolymer or the ethylene/vinylavene triblock intevpolymer, each (AR} segment

independently coraprises, in polymerized form, > 2.0 mol%, or > 4.0 meol%, or 2 6.0 mol%,
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> B0 molth, or 2 9.8 mol%, or 2> 10 mwol%, or > 11 mol%. or 2 12 mol%, or > 13 mol%,. or
> 14 mol% of ethylene, based on the total moles of polymerized monomers in the (AR}
segment.
53] The composition of any one of A3]-F31 above, wherein, for the sthylene/vinyiarene
diblock interpolymer or the ethylene/vinylarene wiblock interpolymer, each (AR) segment

independently comprises, in polymerized form, < 88 mad%, or < 77 molh, or €75 moi%, or

<73 maoi%, or <70 nol¥%, or <65 mol%, or <A mol¥%, or <53 mol%, or < 50 mol%, or <

45 moldh, or <40 mol% of sthylene, based on the wtal rooles of polvmerized monomers in
the (AR) segment.

H3] The composition of any one of A3]-G31 abave, wherein, for the ethyiene/vinylarcne
diblock interpolymer or the ethylene/vinviarene tiblock interpolymer, each (AP) segment
wdependently corpprises, in polymerized form, > 50 mwol%, = 52 mol%, or 2 54 mol%, or 2
36 mol%, or 2 538 mol%, or = 60 wmol%, or 2 62 mol%, or = 64 molth, or > 66 mol%, or 2 68
mol¥s, or 2 78 mol% of ethylene, hased on the total moles of pelymerized monomers in the
{AP) segmont.

133 The composition of any one of A3}-H31 above, wherein, for the ethylene/vinylarens
diblock interpolymer or the ethylene/vinylavens triblock intevpolymer, each (AP) segment
independently comprises, in polymerized form, < 100 rooi%h, or €98 mol%, or <96 mol%, or
<94 mol%, or <92 mol%, or £ 90 mol% of etbyiene, based on the total moles of
polymenized monomers in the (AP) segment,

I3} The composition of any one of A3]-13] above, wherein, for the ethylena/vinylarene
diblock interpolymer or the ethyviene/vinylarene wriblock interpolymer, cach (AR} segment
independently comprises, in polymerized foroy, 2 O mol%, > 1O mod %, or 2 2.8 mol%, or 2
3.0 mol%, or > 4.0 mol%, of the alpha-olefin, based on the total mooles of polvmerized
monomers i the (AR) segment.

K31 The composition of any one of A31-33] above, wherein, for the ethylense/vinylarene
diblock interpolymer or the ethylene/vinviarene triblock interpolymer, each (AR} segment
wndependently comprises, in polymerized form, < 1) mol%. < 9.0 mol%, or < 8.0 mol%, or <
7.8 mol%, or < 6.4 mwol%, of the alpha-olefin. based on the total moles of polymenized
monomers in the (AR) segraent.

L3 The coroposition of J3] or K3] above, wherein, the alpha-olefin is a U3-CZ0 alpba-
olefin, forther a C3-C1¢ alpha-olefin, further @ C3-C8 alpha-olefin, further propylens, 1-
butene, 1-hexene or 1-octene, further propylene, 1-butene or l-octene, forther $-butene or 1-

octene, further 1-octene.

L2
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M3} The composiiion of any one of A3}-L.2] above, wherein, for the cthylene/vinylarene
diblock interpolvmer or the ethylene/vinyiarene triblock interpolymer, each {AR) segment
dogs not comprises, in polymerized form, the alpha-olefin
N3] The composition of any one of A3]-M31 above, whevein, for the ethylene/vinylarene
diblock interpolymer or the ethylene/vinylarene wiblock interpolyimer, each (AP) segment
independently comprises, in polymerizad form, 2 0 mol%, > 1O mel%, or 2 2.0 mol%, or 2
3.0 mol%, or > 4.0 mol%, or 2 6.0 mol%e, or 2 8.0 mwol%, or 2 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}-N31 above. wherein, for the ethyvlene/vinylarene
ditlock inteepolymer or the ethylone/vinviarene triblock interpolymer, each (AP) segmend
ndependently coraprises, n polymerized form, < 40 wol%, or <35 mel%, or <30 moi%, or
<28 molY, or <26 mol%, or £ 24 mol, or 22 mol%, or < 20 mol% of the alpha-olefin,
hased on the total moles of polymerized monomers in the {AP) segment.
P3] The composition of N3] or (33] above, wherein, the alpba-olefin is 2 £3-C20 alpha-
slefin, further a ©3-01¢ alpha-olefin, further a C3-C8 alpha-olefin, further propylene, 1-
hutene, 1-hexene or L-octene, forther propylene, -butene or [-octene, further {-butene or 1-
octene, further l-octene.
331 The composition of any one of A3}-P3] above, wheretn, for the ethyienc'“my larenc

20 moi%, or > 40

diblock interpolyroer or the ethylene/vinyiarene tiblock interpolymer,
m %, or 2 60 mol%, or = 808 moldh, or 2 83 mol%, or = 80 mwol %, or 2> 92 mol%, or > 84
molf, or 2 96 mol%, or = 98 mol%, or > 99 mol% of the polymenzed vinylarene in each

{AR) segrent is presend in @ “back o back” configuration as shown belonw in subsegrent bb:

Yy

{subsezgmeni bb); and wherein the mol% is based on the fotal moles of

&

polymerized vinylarene in the (AR) segraent.

R3] The composition of any one of A3}-Q3] above, wherein, for the ethylene/vinyiarens
diblock inerpolvimer or the ethylene/vinyviarene triblock interpolymer, < 100 mol% of the
polymerized vinylarens in each {AR) segment is present in a “back to back” configuration as
shown below in subsegroent bb above,

331 The composition of any one of A3}R3] above, wherein, for the ethylene/vinvlarene
diblock interpolymer or the ethylene/vinylarene triblock interpolymer, = 20 mol%, or 2 40

mol, or 2> 60 maol %, or = 80 wol%, or > 85 mol%, or = 80 ol%, or = 82 mol%, or 2> 24

wol%, or 2 96 mol%, or 2 98 mwol%. or = 99 mwol’ of the polvmerized vinyvlarene in each

2
[
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{AR) segroent is present 1n a syndiotactic “back to back” contiguration as shown below in

subsegment sbi

<

2.
~3 \V_,/\. ?{
ET

{subsegment shh); and wherein the mol% is based on the total moles
of polyraerized vinviarene in the (AR} segment.
T3] The composition of any one of A3]-S3] above, wherein, for the sthvlene/vinylarene
diblock interpolymer or the ethylene/vinylarene tiblock interpolymer, < 100 mol% of the
polymerized vinylarene in each (AR) segment is present in a syndiotactic “back to back”
contiguration as shown in subsegment sbb above,
U3]  The composition of any one of A3]-T3] above, wherein, for the ethylene/vinviarene

diblock mterpolvimer or the ethylene/vinviarene wiblock interpolymer, > 0 and < 5.0 mol%,

or < 2.0 moi%, or < 1.8 mol%, or 8.5 mol%, or 0.2 mol%, or < 0.1 moi% of the
polyroerized vinylarene in each (AP} segment is present in 3 “back (o back” configuration as
shown below in subsegroent b
“‘%"\{ fﬁ\ri,
{(suhscgment bb}; and wherein the rol% is based on the total mwoles of
solymerized vinylarene in the (AP} segment.

/31 The composition of any one of A3}U3]1 above, whevein, for the ethyleng/vinylarene
diblock tntorpolyner or the ethylene/vinylarene wiblock interpolymer, none of the
polvmerized vinylarene iz esch (AF) segment is present iz a "back to back” configuration as
shown in subsegment bl above.

W31 The composition of any one of A3}-V3] above, wherein, for the ethyviene/vinylarene
diblock interpolymer or the ethylene/vinviarene triblock interpolymer, the vinylarene is
styrene.,

X31  The composition of any one of A31-W3] above, wherein the ethylene/vinylarene
diblock interpolymer s an ethylene/alpha-olefin/vinylarene diblock interpolyrasr and forther
s ferpolymer, of the cthylene/vinylarene iriblock interpolymer is an ethyiene/alpha-
slefin/vinylarene tiblock interpolymer and farther a terpolymer,

¥3]  The composition of any one of A3}-X31 above. wherein the ethylene/vinylarene

diblock interpolvmer, or the ethylens/vinylarene tiblock interpolymer has 3 Tmi = 50°C, or

= 35°C, or 2 60°C, or > 70°C, and a T2 > 120°C, or >

2O0°C, or > 210°C, or 2 228°C, or = 230°C.

2490, or 2 130°C or 2 17070, or 2

(58]
~d
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#£31  The comaposiiton of any ong of A3]-Y 3} above. wherein the ethylenefvinylarene
diblock interpolvmer, or the ethylene/vinylarene wiblock interpolyiver has a Tl < 120°C. or
SIESCC, or S HIOCC, or < 10570, and a TmZ2 < 270°C, or <265°C, or £ 268°C, or <255°C,
ot 25070, or < 245°C,

Ad]  The composition of any one of A3]-L3] above, wherein the ethylene/vinylarene
diblock interpolymer, o the ethylene/vinyiarene triblock interpelymer has a Tgl 2 -70°C, or
26800, or 2 -06°C, ot 2 -64°C, or 2 627 and a Tg2 > 2.0°C, or > 5.0°C, or = 10°C, or 2
15°C, or = 20°C, or > 30°C.

B4} The composition of any one of A3]-Ad4] above. wherein the ethylene/vinylarene
ditlock inteepolymer or the ethylone/vinyviarene triblock interpolymer has a Tyl <-30°C . or <

S32°0, or < -34°C, o <3600, or -38°C, o S$A40°C, or <-42°C, or <4470, or <-46°C, and

a Vgl <125°C, or £ 120°C, or T HI5°C, or < 10, or £ 105°C.

C41  The composition of any one of A3]-B4] above, wherein the composition has a
molecular weight distribmtion (MWD = Mw/Mn 2 30, 0r > 31, or 232, v 2 33, o0 3.4, or
236,002 3.8 or > 4.0

4] The composition of any one of A3}-C4] above, wherein the composition has a
molecalar weight distribution MWD S 8, or <45, or <448, or £ 38, or £ 36, or <34, or 232,
or <33, or <28, or <26,

H4i The composition of any one of A3}-1M] above, wherein the corgposition has a nurober
average molecutar weight distribution (M0 2> 4,000 g/mol, or > 6,000 gfrool, or > 8,000
ghmol or > 1000 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 o/mod or <50.000 g/mol, or < 80,000 giool, or 75,000 g/mal, or <7000 g/mol,
a7 65,000 gfool or < 6,000 g/mol, or < 55,000 gfmol, or <30,000 g/mol, or 43,000 g/mol.
4] The composition of any one of A3]-F4] above, wherein the composition has a weight
average mofecular weight distribution (Mw) > 5,000 m/mol, > 55,000 g/mol, > 60,006 o/maol,
2 65,000 gfrool, or 2 70,000 gfrool, or 2 75,000 g/mol, or 2 88,000 g/mol.

H4]  The composition of any one of A3]-034] above, wherein the composition has a Mw <
SOO,800 gfmol or < 450,000 g/mol, or < 400,000 gimeol, or < 380.000 gimol, or < 380,000
sfmad, or 370,000 g/mol, or £ 360,000 g/mal

$4 The corpposition of any one of A3}-H4} sbove, wherein the composition bas a mekt

index (32) > 0.5 dgfmin, or > 1.0 dgfmin, or > 2.8 dgfmin, or 2 5.0 dgfmin, or = 10 dgfmin.
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34} The cornposition of any one of A3}-14] above, wherein the composition has a melt

index (312 < 1,000 dg/min, or < 500 dgfimin, or < 258 dg/min, or < 10 dg/min. or <50

dg/rain, or <20 dg/min.

K4l The composition of any one of A31-J4] above, wherein the composition has a T 2
200°C, or > 235°C, or 2 210°C, or = 213°C, or > 220°C, or 2 228°C, or = 230°C, or > 235°C.

141  The comaposition of any one of A3}-E4] above, whersin the composition bas a Tm <

3G0°C, or <290°C, or <2850, or 28070, or S 27570, or SAT0°C, or < 265°C.

M4]  The coroposition of any one of A3}-L4] above, wherein the composition has a Tg >
SR07C, or = V7500, or 2 WTO°C, o 26970, or 2 <0870, or > -67°C.
N4} The composition of any one of A3]-M4] above, wherein the composition has a Tg <

S30°C, or < -35%C, o <4000, or < 5 o1 -50°C, or <-55°C, or <-GO°C.

{341 The composition of any one of A3]-MN4} above, whevein the composition comprises, in
polymerized form, 2 3.0 mol%, or 2 10 mol%. or = 12 wmol%, or 2 14 mol%, or = 16 mol% of
the vinylarene, based on the total moles of polymerized monomers in the composition.
P4} The composiiton of any one of A3]-041 sbove, wherein the conposition comprises, in
polvmerized form, < 530 100l%, or <45 mol%, or <44 mol%, or <35 mwol%, or <30 mol% of
the vinylarene, based on the total moles of polymerized monomers iy the composition.

] ¢ composition of ¢ of A3}-P4] above, wherein the composition comprises, in
34 The composition of any one of A3}-P4] above, wherein the coraposition comprises, in
polyroerized form = 30 mwol¥%, or 2 33 mol%, or = $ mol%, or 2 42 mol%, or > 44 mol, or
=46 mol, or 2 48 mol%, or > 50 mol% of ethviene, based on the total moles of
polymertzed monomers in composition.

R4} The composition of any one of A3]-(341 above, wherein the composition comprises, in
polynerized form, < 20 100i%. or < 85 mwl%, or <80 ool%, or <78 nwol%, or <76 mol%, or

< T4 mob%, or <72 mote, or LT0 mol%, or €68 mol? of ethylene, based on the oty

J

modes of polymerized monomers in the composition.
841 The composition of any one of A3}-R4] above, wherein the composition comprises, in
poiyaiaerézed form, = 2.0 mol%, > 5.0 molf, or > 10 mol%, or > 12 mol¥%, or > 14 mol%, or
216 mol%, or = 18 mol%, or 2 20 mol% of the alpha-olefin, based on the total moles of
polymerized mongmers in the composition.

T41  The coroposition of any one of A3]-54] above, wherein the compoesition comprises, in

w1, < 30 mol%, or <45 mol¥%, or <40 moi%, or <35 mol%, or <30 mol%, or

podynerized fo
< 28 mol% of the alpha-olefin, based on the total moles of polymerized monomers in the

COMPOsition.
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U4]  The coroposition of 541 or T4] above, wherein, the alpha-olefin is a O3-C20 alpha-
olefin, further a C3-C1{ alpha-olefin, forther @ U3-C8 alpha-olefin, further propylens, 1-
butens, 1-bexene or 1-ootene, further propylens, 1-buiens or 1-octeng, further 1-butene or |-
ociene, further {-octene.

Y4l The composition of any one of A31U4] above, wherein for the composition. the
molar ratio of biock styrene (b-b in AR) to isolated styrene is > 2.0 mol%, > 4.0 mol%, or 2
6.0 mol%, or > 8.0 mol%, or > 10 mol.

Wi The composiiton of any one of A3]-V4] sbove, wherein, for the composiiion, the
modar ratio of block styrene {b-b in AR) to isolated styrene i3 < 30 mol%. or <25 mol%, or <
20 mol%, or < 18 mol%, or < 16 mol%, or < 14 moldh, or < 12 mol%.

X41  The composition of any one of A3-W4] above, wherein the vinviarene is styrene.
Y4  The composition of any one of A3]-X41 above, wherein the composition comprises an
ethviene/vinylarene diblock interpolymer, and further an ethylene/vinylarene diblock
terpolymer.

41 The composiiton of any one of A3]-Y 4] sbove, wherein the conposition comprises
an ethyleno/vinylarene triblock interpolymer, and further an ethylene/vinylarene triblock
terpolymer,

A51  The composition of any one of A3}-Z4] above, wherein compaosition further
cooprises a poiyethyiene homopolymer, gn sthylene/vinviarene copolyiner, ag

athvlenelalpha-olefin copolymer, or 2 combination thereof,

B3} The composition of any one of A31-A5] above, wherein the composition further
comywises a thermoplastic polymer, different frorm the cthylene/vinylarene diblock
interpolymer o the ethylene/vinylarene triblock inferpolymer in one or more features, such as
monomer{s} types and/or amounts, Tro, Tg, Mn, Mhw, MWD, or any comibnation thercof,
and further, in one or more feanires, such as monomer{s) types and/or amounts, T, Tg, or
any combination theroof,
57 Anarticle comprising ot least one componend formed from the composition of any
ane of R2] or A31-B5] above.
DS A process o form the composition of any one of A3}-A3] above. said process
comprising the following

A} polyroerizing n a teacior A, a mixture A coroprising ethylene, and optionally an
alpha-olefin, and optionally a vinvlarene. in the presence of at least the following:

a} 3 metal complex 3 selected from the following: Formla S, Formda 52, Formala 33,

Forouiia S4, or PForouita S5, cach as described above;

40
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B) polymerizing o a resctor B, 2 mixture B comprising ethylene, a vinylarens, and
optionally an alpha-olefin, in the presence of at least the following:
b a rogtal complex H selected from the following Formula HI or Formula H2, cach
as described sbove;

wherein step A oceurs before step B, and at least a portion, and farther > 50 wi%, or > 8

wt7e, or = 9 wtth, or 2 98 wt%, of the reactor product in reactor A s transferred fo reactor

B, or siep B occurs before step A, and af legst a portion, and further 22 58 wt'%, or 2 80 wi%,
o7 2 9 wt%, or = 98 wi%, of the reactor product in reactor B is ransferred to reactor &; 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 least one chain shuttiing agent is fed
into the reactor A and

wheretn f step B occurs before siep A, then at least one chain shusttling agent is fed
ey the reactor B and

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

= the alpha-olefin in step B.

TEST METHODS
{xel Permeation Chromatography (Conventional)

The chromatographic system consisted of a PolvroerChar GPU-IR (Valencia, Spaing
high temperatore GPO chromatograph, equipped with an intornal RS wnfra-red detector
{IR3}). The agtosampler oven compartiment was set at 1640° Celsius, and the columy
comypartinent was sef at 150° Celsius. The columns were four AGILENT "Mixed A” 30 om,
Z20-micron linear reixed-bed colunins. The chromatographic solvent was 1,2,4-trichioro-
benzene, whach contained “200 ppm” of butylated hydroxvioluens (BHT). The solvent
sogrce was nitrogen sparged. The injection volume used was 2000 microliters, and the flow
rate was 1.0 pulliliters/minute.

Calibration of the GPC coluron set was performed with 21 narrow molecular weight
distribution polystyrene standards, with molecular weights ranging from 580 to 5,400,000,
and which were wranged o six “cocktail” mixowes, with at least a decade of separation
hetween individual molecular weights. The standards were purchased fromg Agilent
Techoologies. The polystyrene standards were prepared at 0025 grans in 50 milliliters” of
solvent, for molecular weights equal to, or greater than, LOOG000, and at “0.05 grams in 50
mtbtiliters” 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
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standard peak roolecular weights were converted o polyethylene molecuiar weights using
Byuation 1 {as described in Witliams and Ward, I Polym. Sci., Polvin. Let., 6, 627 {1968}
, B . . :

Muoiverngiene = & % { Mugivgiyran &,} {(FO ), where M is the molecular weiglht,
A has a value 0f $.4315 and B isequal to 1.8

A fifth order polynonual was used to §if the respective polyethylene-squivalent
caltbration points. A small adjustment to A (from approximately 0.375 to §.445) was made
tor correct for colommn resolotion and band-broadening effects, such that Hnear homopolymer
polyethylene standard is obtained at 128,800 Mw, The total plaie count of the GPC column
set was performed with decane (prepared at “0.04 g in SO milititers” of TCR, and dissolved
for 20 roimutes with gentle agitation). The plate count (Hquaton 2) and symeiry (Equation

3) were measured on a “200 microliter injection,” according to the following cguations:

{ RV e 2 . o L .
Plate Count = 5.54 * e B2 e \) (B2}, where RV is the retention volume
Peak Width at Ehecghz ; i

in roifiiliters, the peak widtdy is in millifiters, the peak max is the oaxinmm beight of the peak,
and ¥ height is ¥4 height of the peak mavimuoy and

i Rear el RV gnp ronth height skomax) .- .
Symmetry = ( CREIENIN S (BQA), where RV is the retention

- ~
4t Peak RV gme tentn el ’

it

volume to milhiliters, and the pesk width is 1 milliliters, Peak max is the maximuro position
of the peak, one tenth height 1s /10 height of the peak maxdmum, and where rear pealk refers
o the pealk tail at later retention voluroes than the peak max, and where front peak refers to
the peak front at eardier refention volumes than the pesk raax. The plate count for the
chromatographic system: should be greater than 18,000, and symumetry should be hetween
(.98 and 1.22.

Saraples were prepared in a semi-auiomatic manner with the PolyimerChar
“Tostruroent Control” Software, wherein the saroples (weight-targeted at "2 mg/mi”) and the
sofvent {contained 200 ppm BHT) were added to 2 pre nitrogen-sparged, septa-capped vial,
via the PolymerChar hugh temperature sutosampler. The samples were dissolved for two
hours at 160° Celsius under “low speed” shaking.

The calculations of Mneeo, Mwigro, and Mzeeey, were based on GPC resuits using
the internal RS detector (measurement channel) of the PolymerChar GPC-IR chromatograph
acoording o Eqguations 4-6, using the PolymerChar GPCOne™ Software, the baschine-
subtracted IR chromatogram at cach equaliy-spaced data collection point (3), and the
polvethylene equivalent molecular weight obtained from the narrow standard calibration

curve for the point (&) from Bouation | Equations 4-6 are as follows:
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In order fo monitor the deviations over time, a flowrate marker (decane} was
introduced into each sample, via a micropump controlied with the PolymerChar GPC-IR
systerm, This flowrate marker {FM) was used to linearly correct the pump flowrate
{Flowrate{pominaly) for each sample, by RV alignment of the respective decans peak within
the sarople (RV{FM Sarople}), to that of the decane peak within the narvow standards
calibration (RY (M Cabibratedy). Any changes in the time of the decane rmarker peak were
then assumed o be related to a linear-shift in flowrate (Flowrate(effective)) for the enting rm.
To facilitate the highest accuracy of a RY measurement of the Hlow marker peak, a beast-
squares fitting routine was used o fit the peak of the flow marker concentration
chromatogram o a quadratic equation. The first denvative of the quadratic equation was
then used (o solve for the true peak position. After calibrating the system, based on a flow
muarker peak, the effective flowrate (with respect to the narrow standards calibration) was
catoutated as Eguation 71 Flowrate(effective) = Flowrate(nominaly * (RV{EM Calibrated) /
RV{FM Sample)) (EQ7). Processing of the flow marker peak was done via the PolymerChar
GPCOne™ Software, Acceptable flowrate correction is such that the effective flowrate
should be within +/-0.7% of the zominal flowrate,

Meit Index

The melt index (123 of an ethylene-based polymer is measured by accordance with
ASTM 1238, condition 190°C/2.16 kg, The melt flow rate (MFR) of a propylene-hased
polyraer is measured in accordance with ASTM D-1238, condition 230°(/2.16 kg.

Drepsity

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 Scanning Calorimetry (I350)
Differential Scanning Calorimetry (DSC) 15 used to measore Tm, Te, Tg and

crystatlinity in ethylene-based (PE} polyrer samples and styrene-based (PS) polymer
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saroples. Abowut 3 to ¥ mg of polymer sample was weighed and placed in o DSC pan. The Hd
was crimped on the pan to ensure a closed atimosphere. Unless otherwise stated, the sample
pan was placed in a8 DBC cell, and then heated, at a rate of 18°Cloin, (o & temperature of
180°C for PE Q00°C for PS). The sample was kept at this tomperature for three minutes.
Then the sample was cooled at a rate of 10°C/min to -90°C for PE (-90°C for PS), and kept
isothermally at that teraperature for three minutes, The sarople was next heated at a rate of
1°Cimin, untl complete melting (second heat), Unless otherwise stated, roelting potnt (T}
gud the glass transition temperature (1) of each polymer were detervined from the second
heat curve, and the crystallization temperature (T2 was determined from the {fvst cooling
curve. The Tn (peak temperature) and the T, were recorded. The pereend crystallinity can be
caleulated by dividing the heat of fusion (He, determined from the second heat curve, by a
theoretical heat of fusion of 292 Vg for PE (32 Jg for syndiotactic PS), and multiplying this
quantity by HH {for example, % oryst. = (HE/ 292 Fg) » 100 (for PE)).

B MME

Fach sarople was prepared by adding approximately 2.7 g of stock solvent t0 0.2 g of
sarnple (polymer or polymer composition or metal complex) in a 10 oo NMR whe. The
stock solvent was tetrachlorethane-db contaimng 0025 M chvonuum acetylacetonate
{relaxation agent). The sample was capped and sealed with TEFLON tape. The sample was
dissolved and homogenized, by heating the tube and its contonds at 130-135°C. The daia
were collected using a Bruker 600 MH2 spectrometer equipped with a Bruker high-
temperature CryoProbe. The data were acqoired vsing a 7.3 seo pulse repetition delay (6 sec
delay + 1.3 sec acg. irme), 90 degree flip angles, and an inverse gated decoupling, with a
saraple teroperature of 120°C. Al measurements were made on non-spianing samples in
focked mode, Samples were homogenized omediately prior fo insertion into a beated
{125°C) NMR sample changer, and were allowed to thermally equilibrate in the probe for
seven rolmites priot to data acquisition.

For each sample {(polymer or polymer composition) analysis, 81 carbon (quaternary
carbon on the aromatic ring) signals from 145.0 to 147.7 ppm were used as styrens
contribution, and the molar amounts of polymerized monomers were calculated as follows (3
= giyrene, H = cthylene):

Sowol = Imtegral (145.0 -147.7 ppm)
Emol = (Integral (20.0 - 48.0 ppmt — 2% Smoly/2
S mol% = 100 ¥ Smol/(Smol+Emaol}

B omoi% = 100 - S mol%
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For gach sarople {polymer or composition) analysis, B1-4 ring carbon sigonals from
124.0 1o 148.0 ppro were used as styrene contribution, 286 (22.0 - 23.5 ppro), and 386 (318
- 32.7 ppm) signals were used as octene contribution, and the molar amounts of polymerized
rononiers were calculated as follows (S = styrene, E = ethylene, U = potene):
Smol = Integral (124.0 - 148.0 ppro)/
Omol = (ntegral (22.0 - 23.5 ppy) + Integral (31.5 - 32.7 ppm /2
Emol = (Integral (11.8 - 488 ppm) — 2¥5mol-8¥Omoli2
Smool% = 100 Smol/(Smol+Umol+Emal)
Omol% = HOmol/{Smal+Urool+Emal}

Emol% = HH - Smol% - Gmol%

L 4
s

4/

4

Average styrene block length = 2% (Integrals Tpp + Tpel ntegral Tps
The ratio of block styrene 1o isolated styrene = (ntegrais Tpp + Tas) Integral Tas
Tsp stgnals are methine siguals centered around 41.6 ppm, Tys signals are methine signals

centerad around 43.9 ppm, and Tss signals are methine signals centered around 46.4 ppm.

s
IH RMR

Fach sample was prepaved by adding 130 mg of sample (polvimer or polyier

o= 0% Entegral Tes/lndegral B1

composition or metal complex) w 3.25 g of tetrachlorsthane-d2 with 0081 M Cr{AcAci3 ina
19 mm MNMR tube. The saraple weas purged by bubbling N2 through the solvent, via a
pipetic inserted into the tube, for approximately 5 ninutes, to prevent oxidation. The samople
container was capped, and sealed with TEFLON tape. The samples was heated and vortexed

at 115°C to enswre homogeneity. 1H NMR was perforned on a Broker AVANCE 600 MHz
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spectrometer cquipped with a Bruker high-temperature CryoProbe, and at g sarople
temperatare of 120°C. TH NMR was run with Z4 pulse, 4 scans, SWH 13,000 Hz, A
1.64s, DT 14s.
Compression Molding

Each polymer composition was compression molded, using a Carver press, o a
plague for physical testing. Each compositions was compression mekded according to ASTM
34703 ot 190°C with controlled cooling at 15°C/oin,
Microtensile Test —~ Mechanical Properiies

Samples weve punched from compression motded plagues using the ASTM die

D1708. Specimens were tested according fo ASTM D70 at a test speed of 5 infmin

EXPHERIMENTAL
E. Catalysts and Chain Shuttling Sgents

. Ay
_/ \‘\-/ e
Ol
N CAT A {(Seo WOU3/M0195, WOUL/ 24740 and LS 8,301,885)

Syntheyis of (CsMepSc{ CHACeHyNMeo0 ), CAT B

in a nitrogen-filed glovebox, o THEF solution (3 o) of Se{CHCHqH:MNMer-01
{3.2300 g, 0.67 nwool) was added to a THE solotion {§ ml) of OsMesH (8105 mi, 6.67
mmol) i 2 20 mi vial, The solotion was beated at 70°C for 12 howrs. The solvent was
rernoved under reduced pressure, the rosidue was extracted with bexane, and then filtered. A
concentrated hexane solution was equilibrated at -30°C to give yellow crystals (8,33 g,
65.5% vieldy, The TH MMR and the 130 NMR spectra are conststent with Hicrature reports
{Chem. Commun. 2007, 40, 4137-4139). See Figure 2 {(1H NMR) and Figure 3 (13C NMR)
of the ¢ compley (CAT BY
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Symthesis of S CH2CGHANMe2-0)3, CAT O, Catalvst for Awctic Polvsityrene and Chain

Shuttiing with Zine

7
N "‘:\”//’ e
e \,l % aeci Me,N [ e,
5 % H g H
AL e N
NS BT, overmight S
he, PN

Nz (CATO)

Synthesis of Sc{CHCellMNMer-0)s: Anhydrous Sclls (1,938 g, 12,41 mmol) was
suspended in 10 ml THE., A THE solution {20 mL} of LICHCsHiNMe2-0 (5423 g, 28.43
mmol, 2 equiv.) was stowly added at room emperature.  After stivring this mixiure for 30
minates, the solvent was removed under reduced pressure. The residue was dissolved in 40
mi. of toliene, 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 g fine vellow solid. Yield = 217 g (38%). 1H NMR (400
Mz, Benzene-d6) 5 7.05 — 6.84 (m, 8H), 6.85 - 6.76 (m, 6H), 2.28 (3, 18H), 1.67 (3, 6H).
13 NMR (18] MHz, Benzene-d6) § 143,43, 143,15, 129.41, 126,67, 119.95, 117.85, 52.30
- 46.32 {m}, 45.04.

Svathesiz of Ti Complexes:

S aguiv CpTiCl . i

NN

/\vf;ﬁ\ overnight J/T RN
PN (CAT )

CAT B The following procedore was performed in a glove box under 4 nitrogen
atmosphere. In an oven-dricd, 40 mL vial, eguipped with a stix bar, Cp*TiCL; (300 mg, 1.37
mmol) was dissolved in 3.2 mL of anhydrous dicthyl ether. This solution was cooled in the
glove box freezer for 30 nunotes. Lithium 2,4.6-wunethoxy-phenoide (184 mg, 1.37 mmol)
was added to the CpTiCh solution with vigorous stiving. The reaction was allowed to warm
to room femperature, and the reaction was stirred overnight at room temperature, The
reaction was then filtered, and the solids were washed with 2 rol. of anhwydrous dicthyl ether,
The filtrate and washes were combined. The volatiles were removed under vacuun, and a
red solid was solated. This material was analyzed by FH NMR spectroseopy: the crude
matertal appeared to contain unreacted UpTiCls. The crude product was dissolved in a

mintmal smount of roethylene chloride, and this solution was then layered with ether. This
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sohution was placed in the freezer overnight. The destred complex was isolated as red
crystals (350 mg, 57%). The produce was analyzed by 1H NMR spectroscopy [(400 MHz,
6063 6 6.57 (3. 2H), 6.01 (5, 5H), 2.16 (s, 6H}, 2.08 (s, 3H)].

&d

equiv Cp*TiCl :

J\\\\ ” ~ gu“
/( I overnight f\.
P i

i

SN (CAT B

CAT E The following procedure was performed in a glove box wander a nitrogen
atmosphere. In an oven-dried, 44 mi. vial, equipped with a stir bar, Cp*TiCh (400 mg, 1.38
meed} was dissolved in 19 mL of anhyvdrous dicthyl ether. This solution was conled in the
glove box freezer for 30 minutes. Lithium 2,4,6-trimethoxy-phenoxide (196 myg, 1.38 mmod)
was added to the Cp¥TiCL solution with vigorous stitring. The reaction was allowed to warm
to room tomperature, and the reaction was stirred overnight af room temperature. The
reaction was then filtered, and the solids were washed with 5 mL of anhydrous diethyl ether.
The filirate and washes were combined. The velatiles were removed under vacuui, and a
ved solid was isolated. This material was analyzed by 1H NMR speciroscopy. The crude
product was dissolved 1o a minsmal arsount of roethyiene chloride, and this solution was then
layered with ether. This solution was placed in the freczer overnight. The desired complex
was isolated as red crystals (301 mg, 56%). The produce was analyzed by 1H NMR
spectroscopy [(400 MHz, C66) 5 6.61 {5, 2H), 2.29 (s, 6H), 2.10 (s, 3H), L9405, 1SHYL
Mote: This material contained some vnveacted CpTiCL that appeared o co-crystallize with

the destred compound.

/ {
N e i ~, T
Ty
EGERN

{CATE)

CATF: In an oven-dried vial, equipped with a stiv bar, Cp#TiCh (200 mg, 0.68
mmol) was dissolved in 7.5 mb of anhydrous ether. The solotion was placed in the glove box
freezer for 20 minutes. The vial was then removed from the freezer. To the cooled, stirred
sotution, a 2.0 M solution of benrylmagnesiam chloride (1.0 mi, 2.1 mmol) was added
dropwise. The reaction mixture was slowly warmed o room temperature, and was stivred for
ane hour at roorm teraperatuce. The reaction mixtire was filtered o remove the sofids, and

the yellow solution was reduced under vacuum A reddish, brown solid was isolated and

48



WO 2022/133143

PCT/US2021/063915

analyzed by TH NMR spectroscopy {TH NMR (400 MHz, Benzene-dS) 8693 {1, ¥ =73 Hx,
3HD, 683 - 6.78 (m, 5K, 274 (&, F = 2.7 Hy, 6H), 1.62 (4, I = 0.7 Hz, 13H).] Note: aromatic

protons sverlapped with benzene selvent peak,

Synthesis of Al-DHCSA

N

S |

IIVNE, pesgdons e vl i et
Idwmix e
XS, - wvbene SRR

3By

in a glass vial, AliBuy (300 ¢, 1513 mmol) and ENB 3.030 g, 25.21 mmaol) were

mixed with p-xylene (7 mb). This mixtive was heated to 130°C for 20 minutes. Venting of

the t-butene was permitted. The mixture of poan-divinvibenzene (Alfa Aesar 80:203y (13153 ¢

1008 puceh) was theo added, and the nuxture alfowed to equilibrate at 130°C for an

gddifional three hours, and then cooled to roorn ternperanive. Following the reaction period

{3 hrs), the temperature of the mikture was cooled to room temperature, and the vesulting

homogeneous sciution used as a DHICS AL

Other chain shuttliog azents (CSAs) used in experiments herein, include disthyf zine

{(3EXY and tricthyl ahiminum (TEA}

FouALDROSA (see WO2013/4064544)
ENB

e 2 o~
el i ENB =i N
= AR PR Al SRR I ENE
— R, R
ENE ﬁ}smpmm/ B .
ENR ENB

{* point of atiachinent to 2 metal; moxnre of isomers)

. Scresming Catalyst
PPR Screening of Se Complex {CAT B for Hard Blocks

A Parallel Pressurs Reactor (PPR) systems was eraployed, in ovder 1o demonsirate the

vighility of styrene polymerization activity and chain shuttling ability of the polymerization

catalyst. The activity and molecular weight of a given styrene polymerizaton catalyst

relative to the chain shuttling agent (U8 A} lnading was investigated. The chain shuttling

agenis studied were dicthyvizine (DEY) and gicthylslominure (TEA), as models for polymeryt
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alkyizine or polymeryl alkylaluminum species, respectively. Al-Zn DHCSA was also used.
PPR screening conditions were as follows: [ISOPAR-E+ MMAO-3A + T + Styrens + {£SA
+ “amines, bisdhydrogenated tallow alkylimethyl, tetrakis{pentativoro-phenylborate{i -} +
Catalysty; Catalyst Loading = G.25 pmotes; MMAO-3A Loading = 5 pmoles; T = H3°C v =
15 mimstes, [Styrene] = 2.1 M (in toloene).

CAT B was screened in the PPR for s ability to polymerize styrene in the prosence
of various model chain shuttling agents. Figure 4 demonstrates that CAT B exhibits bigh
gfficiency 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 3% and 4% circles from top
at C8A = 100 ymoles) or the Al-¥a DHUSA (apper two morged circles at CSA = 25 pmoles,
and upper two ciecles at £85A = 160 pmoles). For this particular study, the catalyst setivity
was fow in the presence of BEZ (two merged lower circles at OSA = 23 pmoles and two
merged lower civeles at C8A = 1} pumoles). The data in Figure 5 shows that the addition of
{5 A resulis in 3 decrease in the molecular weight, indicating the catalyst participates in
effective chain shuttling. Note, the Al-Zn DHCS A s represented by two upper circles at
TSA =25 yooles, and two upper cireles at CSA = 100 wooles. The TEA is represented by
two smerged lower circles at CSA = 25 umoles and two merged lower civeles at CSA = 100
groles,

Table 1 further depicis the effect of the addition of 100 pmoles of {C5A on a styrene
polymenization with CAT B ar 103°C. In addition, the polymerization of styrene by CAT B
was examined in the presence of f-octene. PPR sereemng conditions were as follows: T=
105°C, Catalyst Loading = (.25 umoles, [Styrene] = 2.1 M (in toloene), t = 15 minuws. As
shown in Table 1, the catalyst activity and moolecular weight were unaifected by the addition
of {-octene, which indicates that CAT B is cormpatible with residual alpha-olefin monomer,
transferved from the fivst reactor o the second reactor. This data demonstrates that catalyst
CAT B meets the desired socond reactor (R2) catalyst oriteria {a)-0)) described above (see
Detatied Description of the Invention).

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

CSA (100 wmndesy or 1-0ctens | (g Polvimer (P8 per g M) Mw {g/inol)
BONE 149 000 1,300,000
HiAL(CSAY 100,000 7,900
t-Ctene 151006 1,198 QU0

b= metal of ca

T
1 (8¢}

Chain Shusteling Experiments for S¢ Catalyst: CAT B

A glass vial was charged with toluene (final volurne 8 mL}, styrene (3 mb), and a
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magnetic stiv bar. CAT B (8 pmol), “amines. bisthydrogenated tallow alkylroethyl,

terrakis(pentafbuorophenyhborated1-) (1.2 equitv (equiv. to CAT BY), and etther TEA or DEZ

{8, 25 pmol, or 108 pmol) were sequentially added to the solution. This mixture was heated

at 106°C for one hour, then allowed 1o cool, before being quenched in methanol. Polyvmer

was collected by filation and dried under vacinnm. GPC results are showy in Figure 6

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

decrease in molecuiar weight and decrease in MWD (Mw/dMn) in the presence of DEZ or

TEA, as compared to sPS-1.

Table 2: Syndictactic Polystyrene (3PS) Prepared with and without Zine and Aluminum
Chain Shuttling Agents

{SA, Mn M Mw/Ma Tg Tm | AHm Activity Yiekd

2ot {g/mod} | {gfmol) ) GOy Oy RO | (g sPSimol Seyhey | sPS (%)
sPR-1 None P23,761 1 413,704 1 333 99 271 1 208 152,222 96
sPS-2 | DEZ 28 13,331 | 27,143 2.04 395 271 1 298 191.296 100
sPS-3 | DEZF, 100 | 3029 7,903 £.37 a7 287 1 2435 166,286 9G
sPR-4 | TEA,25 | 22289 | 54039 2.87 G 272 1 28.1 157,407 G4
sP5-5 1 TEA, 100 | 7433 16,790 ) 925 266 {292 147 407 HE

BE YVinviarene-Rich (Hard Bloek) Analysis and Vinylarens-Poor (Soft Bleck) Analysis

Batch Beactor Polymerization Set-Up

The batch reactor sei-up consisted of a 600 ml. Parr reactor controlled by a process

control system. The reactor was equipped with an electric heating jacker, an internal cooling

coil for temperature control, and electric beat traced transfer lines beeween the reactor and the

reactor dump pot. Three feeds were available, with the option to load solvenis or monomers

from a detachable one hter cyhinder (50 rol). This cylinder was loaded v an iwert (N2) glove

box, and its contenes transterred to the reactor via a mitrpgen injection. Catalyst components

and chatn shuitling agents were prepared in the inert glove box, and transterred from the 50

mi. cylinder, via a nitrogen transfer, to the reactor. The "1-octene eylinders” were filled from

purified plant feeds. Hthylene was supplied froro Asrgas, as high purity grade. For further

purification, the [-octene and ethylene were passed through inhine beds of activated alumina,

13X molecular sieves, and Q8 matertal. The high pressure nitrogesn, for the catalyst injection

snd purging, was ulira-i

Afa

ig] iy grade, Stvrene was degassed, and the inhibiior was
igh puriiy grade. Sy v

removed by passing the styrene supply through a plug of neutral alumina, just prior 1o

addition into the reactor.

Etlvlene, {-Octene, Styvene Polymerization: Reoctivity of CAT B (Vinylarene-Rich)

Degassed, anfiydrous toluens was added to the 80U ral. Parr reactor from a solvent

3

cylinder, pressurized with nitrogen, using 4 mass flow meter, and the reactor agitator was set
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to 450 pm. Styrene was injected via a eylinder pressurized with hugh pressure nitrogen.
When vsed, a preset amount of 1-octene was added to the reactor from a eylinder pressurized
with mitrogen, using a flow meter. Unee the reactor reached the starting tomperature set point
of 120°C, a preset arpount of ethylene was added 1o 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 tolusne solution of Cp™*SeRs (TAT B) (typical badings 22 pmol Sc, 0.006 M
sofution of “amines, bisthydrogenated tallow alkyUroethyl, tetrakis{pentafluoropbenyi)-
bovate( 1~} activator intoluene {1.0-1.2 equiv), and a 0.05 M solution of MMAG-34 i
tolaene (10 equiv.), Each “equiv” 1s relative to one equiv. of CAT B.

The flow of cthylene, at 200 rg/roin, was initiated, while the overall reactor pressure
was conirolfed at the prograpuoed set point, througbout the desired run time of oo minutes.
Foliowing the mixing tiree, the agitator was stopped, and the contents of veactor were
emptied into the dump pot. The pot contents were poured into methanol, and the mixowe

stirred. The polymer precipitate was filtered and dried at 130°C, in a vacuum oven for six
howrs, Polymerization conditions and polymer properties are shown in Table 3 below. See
also Table 4. The interpolymers ART-AR1Z, in Tables 3 and 4, are each representative of an
vinylarene-rich (hard block} (AR) segment of an ethylens/octene/-styrene diblock or triblock
interpolymer, in, for example, monomes composition, tacticity of the polyvmerized vinylarens,

T oand Tg.

L
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Erthylene, {-Octene, Styvene Polvmerization: Reactiviry of CAT A {Vinvigrene-Poor)

Degassed, anhydrous woleene was added to the 600 mL Parr resctor from a solvent
cvlinder pressurized with nitrogen using a mass flow mefer, and the reactor agifator was st fo
430 rpmv. Styrene was injected via a oylinder pressarized with high pressure nitrogen. A
preset amount of -octene was added to the reactor from a oylinder pressurized with nitrogen,
using a flow meter. Onee the reactor reached the starting temperature set point of 120°C, 2
preset amount of ethylene was added 1o the reactor using & flow meter, followed by the
addition of the active catalyst solution. The catalyst solution was prepared by adding a pre-
made toluene sohition of CAT A catalyst, 0.006 M solution of “amines, bisthydrogenated
tallow alkyhmethvl, tetrakis(pentafluorophenyl}-horate(1-)” activatiw in toluene (1.0-1.2
ogquaivy, and a G.05 M solution of MMAG-3A in toluene (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 controfled at the programmed setpoint throughout the desived yun time of ten minutes,
Following the puxing itme, the agitator was stopped, and the contents of reactor were
emptied into the dump pot. The pot contents were poured inte methanol, and the mixtere
stirred. The polymer precipitate was filtered and drfed at 130°C In a vacumnn oven for six
hours. Polymerization conditions and polymer properties are shown in Table 5 below. See
alse Table 6. The interpolymmers AP1-AP11, in Table 6, are each represeniative of an
vinylarene-poor (Soft Block) (AP segment of an ethylene/octens/styrene diblock or triblock
nterpolyimer, in, for example, monomer composition, tacticity of the polymerized vinylarene,

Tm and Tg.
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Y. Bual Catalysts Pelymerizations with Chain Shuitling Agesi
Batels Reactors Polymerization Set Up ( Dudl Parr Reactor) — Solution Polymerization

The polymerization sei-up consisted of two reactors, a 680 mL Parr reactor (Reactor
1, Ry and a 2.0 L. Parr reactor (Reactor 2, R2}, cach controlied by a process control systen.
Both reactors were equipped with an electnic heating jacket, an internal cooling coil for
temperature control, and electric heat waced transtor lines between the reactors and from each
reactor to the resctor dump pot. Three foeds were availsble for etther reactor, with the option
tos foad solvents or monomers from a detachable "1 L sample oylinder.” The “1 L cvlinder”
was loaded i an inevt (N2} glove box, and the contents transferred w either veactor viaa
nitrogen injection. Catalyst components and chain shuttling agents were prepared in the ingre
glove box, and transferred from a "58 ml evlinder,” via nitrogesn transfer, to the respeciive
reactor. ISOPAR-E and l-octene cyhindors were filled from purified plant feeds. Hibyiene
was supplied from Adrgas, as high purity grade. For further purification, the 1-octene and
ethyiene were passed theough indine beds of activated ahimina, 13X male sigves, and 5
material. The high pressure nifrogen, for catalyst injection and puxging, was ulira-hugh purity
grade.

Barch Reactors — Solution Polymerization — Composition comprising Triblock 2

The 680 mb Parr reactor (R (first reactor)) was charged with a solution of the Al
DHUSA (1.5 ral, 578 pool) in 4 mb. of ISOPAR-E via bigh pressure pitrogen injection.
ISOPAR-E (121.4 g) was added to R from a solvent oylinder pressurized with nitrogen,
using a mass flow meter, and the reactor agitator was set to 430 rpm. A preset amount of 1-
actene (20.4 ¢ was added 0 BRI from a evlinder pressurized with nitrogen, using a flow
meter. Cuoce e wwactor reached the sturting temperanure 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 sploion. The catalyst solution was prepared by adding .25 wmbL of a 0.005
M sohstion of CAT A in toluene, 8.25 mb of 3 8.006 M solution of “amings,
bis(hvdrogenated tallow alkyDmethyl, tetrakis(pentaflooro-phenyliborate(1-} in toluene, .25
mb of a .05 M sohution of MMAC-3A in toluene, to a vial containing 4 mL of tohuene,

The flow of ethylene, at 200 mg/roin, was initiated, while controlling the overall
reactor pressure at 192.7 psig throughout the desired vun tirse of 10 minutes (or K1) During
the R1 run tirge, the “2.0 L Pard™ reactor (R2, second reactor) was charged with 200 ml. of
tolaene, via a small eylinder pressurized with nitrogen. The B2 agitator was set to 430 rpm,
and the R2 starting tesnperanive set point to 120°C. When the nun fime (380 min) in R was

corpleted, the agitator was stopped in both reactors (R1 and B2}, RI was pressured with
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nitroges, in order o ranster the contents of R 1o R2 via preheated bues. CAT A (ifetime
Iess than 10 min) was spent, when this catalyst entered the second reactor.

Onee the contenis were transforred, the R2 agitator was resumed. S{ynene monomar
{5 i, 0.044 mob) was injected into R2, via g small ovlinder prossurized with nitrogen,
wunnediately tollowed by the addition of the active catalyst solation in 200 mb of twloene.
The catalyst solution was proepared by adding 45 pmod 5S¢ complex CAT B in tohiene, 8.083
ok, of a 4.006 M solution of “smines, bis(hydrogenaied tallow alkylimethyl, weirakis{penta-
fluorophenyhborate(1-) (0.5 ywmeol) in rohiene, 0,180 ol of a .05 ¥ solution of MMAG-34
{5 pmol) in tohiene, o a vial containing 4 ml. of toluene. After the addition of the catalyst,
an exotherm was observed. The RZ contents werg agitated for 3 run time of one hour (for
K23 at 120°C. Following the reaction time, the R2 agifaior was stopped, and the contents of
R2 were emptied into the dump pot. The pot contents were poured into methanol and stitred
gvermight. The polymer precipitate (Composition comprising an ethylens/octene/styrene
triblock terpolymer (Triblock 23 was filtered and dried at 138°C in a vacwum oven for six
hours (Yield 11.6 @), NMR profiles are shown in Figure 7 {1H NMR) and Figure 8 (13C
MNMR) Based on peak integration in Figure 7, the composition contained 30 wit%
polvmerized styrene, based on the weight of the composition. Peaks denoting the phenyl -1
{5 145,503, Saa (& 43.35), and TR (6 44.61) of the syndiotactic polystyrene block are shown
in Figure 8.

Additional Polymer Compaositions

Addidonal polymer compositions are described below. Polymerization conditons
and polymer compesition properties are Hsted in Tables 7 and 8.

Triblock 1 {composition containing an ethylene/ociens/styrene triblock 1 terpolyroery
was polymerived using the process above for Triblock 2, except for the following changes.
The 600 mL Parr veactor {R1) was charged with 3 solotion of the ALDHCSA {1.5 b, 650
proohy in 4 ol of ISOPAR-E, via high pressure nitrogen injection. The flow of ethyvlens, at
200 mg/min, was initiated, while controfling the overall resctor pressure at 192.7 psig
throughout the desived run tivoe of 30 minutes (for R1). Styrene monomer {5 mL, 0.690
msnod} was injected into R2 vis a small cyvlinder pressuvized with nitrogen, immediately
followed by the addition of the active catalyst solution in 200 b of toluene. The catalyst
sofution was prepared by adding 0.240 mil. of a 0.0021 M solution of Sc complex CAT B (0.5
pmol) in toluene, 0.083 mb of 4 §.006 M solution of “amines, bisthvdrogenated tallow
alkyDmethyl, tewakis(pentathiorophenyii-borate(1-) (8.5 ymel) in toluene, 100 ml of a

.63 M solution of MMAG-3A (5 yreol) in toluene, to a vial containing 4 ml. of toluese.

S
~3
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The polymer precipitate {corpposition containing the wiblock) was filtered and dried ar 130°C
i o vacwun oven for sig hours (Yield 13.0 g). In order to detect AR-AP coupling
{vinylarene-rich ¢hard block)-vinviarene-poor (soft block)S, a Malvern 385a HT GPC with

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

5 employed. GPC datais shown in Figure 8 [HT GPC dRVUY Dual Detector responses for
dual batch reactor run showing uncoupled P&, uncoupled BEO, and coupled PR} As seen in
Figure 9, the formation of the block interpolyroer appears a8 the “coupled PS” peak.
Triblock 2 (composition contaning an ethylene/octens/styrene triblock wrpolymer)
was prepared according to the process for Triblock 2 ax shown above, except for the changes
13 npoted in Table 7 below. Diblock | {composition containing an ethylene/octens/styrene
diblock terpolymer) was prepared according to the process for Triblock 2 as shown above,
except TEA {400 pmole) was used as the OSA, and except for the changes noted in Table 7
below. Diblock 2 {compostton containing an ethylene/octene/styrene diblock terpolymer)
was propared according to the process for Triblock 2 as shown above, except DEZ (160
15 pmoley was used as the U8 A, and except for the changes noted in Table 7 below.
Twes in-reactor blends (IB-1 and 18-23, no CSA, each of an ethyleng/octene random
copolymer and a syndiotactic styrene-based polymer, were cach prepared using the same
process as used for Triblock 2 above, bt without the AVDHCS A pre-injection, and exoept
for the changes noted in Table 7 below.
20 Table 7: Polymerization Conditions and Composition Properiies
Batch Reactor Run Conditions GPC Data DSC Dala
OSA 2 Uctene Styrene Mw PRI Te, | Tm,
- icading, g | loading, g | loading, g | {g/mol) MWDy ~C °C
Triblock 2 Al DBHCSA 73 213 5 b 333,624 2576 none
Triblock 3 ATDHC3A 8.1 44 40 71,6240 345 67 1264
Eublock 11 400 pmol TEA 8.3 44 40 99,948 375 55 1 252
Biblock 2 1 100 uaol DEZ #.1 4 40 169,726 4.10 -G 239
B2 RONE 8.1 44 44 936,304 PLOG | 72 1212
Table &: 13C NMR Data on Polymer Compostions
Triblock 2 | Triblock 3 | Biblock 1 | Diblock 2 iB-2
Styrens (mol%y 52 144 207 267 9.3
Cictene (mo} % i3.2 281 275 AR i2.4
Hihylene (mel%)y 7L7 57.4 44.4 513 68.3
Styrene (wi%)® 312 244 387 41,7 7.8
Quiene (wWidh) 281 30.3 431 6.7 261
Eihy 97 257 17.1 216 36.1
P ar Ratig of b K RIvEene i AR
Molar Ratie L.)E o]-x)(.!f styreae {(b-b o AR} 118 53,2+ 170 o3.1% )
isolated styren

25

s 0% polyme
by Fach wi% polym
o} The ratio of |

i styrene to isolated styrens = (Integrals Tys + Tag) Inegral Te *Almost no Tes detected.




WO 2022/133143 PCT/US2021/063915

GPO Study
See the above GPC procedure in the Test Methods section. A Polymer Char
{Valencta, Spain) high teraperatore Gel Permeation Chromatography system consisting of an
Tnfrared concentration/composition detecior (IR-5) was used for MW and MWD
5 determination. The carrier solvent was 1,2 4-wichlorobenzene (TCB). The auto-sampler and
detector compartments werg operated at 160°C, and the columa compariment was operated at
150°C. Calibration of the GPC coluron 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 dual reactor
1y polyroors, values are polystyrene cquivalent medecolar weights,. As seem from Table 9, the
copoposiiion containing the wiblock polymer has a broader MWD as compared 1o the in-
reacior blend (B-1).
Table 9: GPC (conv.) Resulis

Composition M {g/raod) Mp {g/mol} Mw {g/mol} Mz {s/mol} Mw/NMa
Trivlock 2 13,727 386,248 353,624 192,614 7576
iB-1 207,112 1,255,515 1,446,647 3451127 5.98
15 Tensile Testing Study
Mechanical properties of two polymer samples are shown in Table 10, Sec also
Figure 11. The samples show elastic recovery hebavior,
Table 10: Tensile Testing Data.
Composition | Permanent Set, % Swadn | 1 Cycle Hysteresis 28 Cuole Hysteresis
Triblock 1 749 3% 53%
Trilbock 2 58 T0% 36%
20 Y., Atactic Polystyrene (aPSn CAT C
Polymerization Experiments: A glass vial was charged with toluene (final volume 3
L), styrene (1 rol), and a magnetic sty bar. AT C (5 umol), “amines, bis(hydrogenated
tallow alkybpoethyvl, reirakis{pentafivorophenyiiborated1-3 (1.7 equiv.), and either TEA or
DEZA0, 25, or 100 urool) were sequentially added 1o the solution. This mixture was heated
25 at I for one hour. then allowed to cool, before being quenched in methanol. Polymer
was collected by filivation and dried vnder vacuum. Results are shown in Tabie 11, GPC
profiles are shown i Figure 12, These results indicate that a chain shuttling process takes
place, as mdicated by the decrease 1n molecular weight and decresse 1o MWD (Mw/Mu) in
the presence of DEX or TEA.
30
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Table 11 Atactic polvstyrene (aPS) Prepared with and withowt a Scandiurn Catalyst, and in

the Presence of Euber Zinc or Alumimue Chain Shuttling Agents

CAT | C'SA pmal ;{f;p ( ﬁ:m Wiw/bn (ng, ,Téj &C‘i‘ {2\}55;;; P!S f;j
aP5-1 | CATC None 38,851 | 100,584 2.59 100 - - 32,980 316
aFS-2 | None None 121,846 | 223,366 1.83 108 - - - 282
aPs-3 | CATC | pEZ, 23 4,681 6,602 141 a2 - - 23,510 14.0
a8 | CATO | DEZ 100 4,035 3,739 1.43% 78 - - 63,148 37.5
aPs-5 | CATC | THAa, 25 12,565 181,973 14.48 B 263 2.4 25,185 15.8
abs-e | CATC | THA, 1O - - - &3 2602 75 2202 3%

4

10

243

25

Y1 Ti Complexes
PPR Screening of T complexes (CAT D, CAT B, and CAT F)

The Paralle! Pressure Reactor (PPR) systern was employed in order to demonstrate the
vighifiy of styrene polvmerization activity and chain shutling of each polymerization
catalyst as noted below. The activity and molecudar weight of a given styrene polymerization
catalyst candidate relative o the CSA loading was tnvestigated., The CUSAs studied were
diethyizine (DEZ, 25 umoles or 100 prooles) and triethyisturmnimare (THA, 25 pmoles or 100
pmoles) as models for polymeryt alkvlzinge or polvimery! aluminurn species, respectively.
PPR screening conditions were as follows: [ISOPAR-E + MMADO-3A + T1 + (Styrene + CSA
+ “amings, bis(hydrogenated tallow alliylmethyl, tetrakis{pentafiuvorophenyhiborate(1-3 +
Catalysty; Catalyst Loading = 0.25 pmoles; MMAG-2A Loading = 50 pmwoles; T = 73°C and
165°C, t = 15 minutes, [Styrens] = 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 shuttiing agent. Figure 13 demonsirates that the addition of CSA rosults in
a decrease in the molecular weight, indicating the catalyst participates in effective chain
shottling. CAT D exhibits a relatively low efficiency for styrene polymerization. CATE
was soreened in the PPR for its ability to polymerize styrene in the presence of the noted
chain shutiling agents, Figure 14 demonstraies that the addition of USA results in a decrease
in the oofecutar weight, mdicating the catalyst participates in effective chain shatthing., CAT
E exhibits a velatively low efficiency for styrene polymerizanon, CAT Fwas sereened in the
PPR for its ability to polymurize styrene in the presence of the noted chain shisitling agents.
Figure 15 demonstrates that the addition of CSA results in a decrease in the molecular
weight, indicating the catalyst participates in effective chain shotthing., CAT Fexhibits a

relatively low etficiency for styrene polymerizanon.
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CLAIMES
1 A process to form a composttion comprising an ethylene/vinylarene diblock
interpolymer and/or an ethylene/vinylarene friblock interpolymer, said process comprising at
teast the following steps:

Ay polymertzing in a reactor A, a mixtare A comprising ethylene, and optionally an
alpha-olefin, and optionally a vinviarene, in the presence of at least the following: a a metal
complex S selecied from the following: Forrouda 81, Forouda 82, Formula 853, Forrouda 54,

or Formula §5;

|
{Formula $1),

wherein M! is a metal selected from dtaniom (T, ziveoninm (Zr), or hafniam ()
and wheretn the metal iz in a formal oxadation state of +2, +3, or +4;

each X is independenily selected from a substituted o unsubstitited (C-Cagthydro-
carbyl, a substituted or unsubstinsted (C-Cagtheterohydrocarbyl, or —H and wherein cach X
is independently a monodentate ligand or a bidentate ligand;

nia 0, 1 or 2, and optionally when n i3 1, X may be a bidentate higand;

R' is a bridging group comprising from 2 to 41 atoms other than hydrogen, and
wherein, optionally, the bond between RY and M is a pi bood,

R? iy selectad from a substituted or an easubstituted (Ch-Canlhydrocarbyi group, or a

substituted or an unsubstituted (- Caoheterchydrocarbyl group;

i trom 2 to 480 atons other than

I is a bridging group linking N and R, and comprising
bydrogen, snd wherein, optionally, the bridging group comprises a N atom that can inferact
with the metal (M) via an electron donative bond; and

whirein the metal complex is overall charge-neutral;

RN
N/
E {(Formula 82,
wherein M is a metal selected from dtaniom (T1), zircontam {Z0), or hafuiom (Hf):; and
where the metal is in a formal oxtdation state of +2, +3, or +4;
each X is independently selected from a substituted or unsubstimuted (-Canphydrocarbyl,

# suhstituted or nonsubstitated (O-Candheterohvdrocarby! or —H, and wherein cach X i3
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independently a monodentate or o bidentate ligand;

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

cach of R and RY is independently selected from a substituted or an unsubstituted (s
Caparyl group, ot a subaiibited or an unsubstinsted (Cs-Capjhoteroaryt group;

N and N are Hnked by a bridging group, ¥, 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;
AN
Y
{ .
L \
\ / P AN
{Foromala 53),
1 wherein M s a metal selected from titanium (T1), zirconium (Z), ot halfnium (H); and

vherein the metal is 1 2 formal oxddanion state of +2, +3, or +4;
cach X is independently selocted from a substituied or vnsubstitated {C1-Csodbydrocarbyl,

substituted, a unsubstituted (C-Usgheterohydrocarbyl, or —H, and wherein each X is
wdependently a2 monodentate lgand or a bidentate Hgand,;

stis ih, 1, or 2, and optionally when nis 1, X may be a bidentate lgand;

R is a substituted or unsubstitated (C1-Caothydrocarbyl group, of a substituted or

unsubstituted (C-Cagtheterohydrocarbyl group, ~SHRY ), or —H;

tis | or?2;
24 and wherein T and N are Hoked by a bridging group, denoted by J, which comprises
from: 4 to 50 atoms other than hydrogen:

wherein cach RY, BN, and R” in Formula 83 is independently a sobstinited or

unsubstitutod (O -Cagihydrocarbyl, a substituted or unsubstiiuted (-Cogtheterchydrocarbyl,

ar —H; and

wherein the metal complex is overall charge-neutral;
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(Formla $4),

wherein M’ (s a metal selected front zirconiuro (1) ot hafnion (HE); snd wherein the
metal 18 1n a formal oxidation state of 42, 43, or +4;

cach X is independently selected from a substituted or unsubstiteted (C-Cathyvdrocarbyl,
2 substituied or vnsubstitated (C-Usosheterohydrocarbyl, or —H; and wherein gach X is
independently a roonadentate ligand or a bidentate higand;

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

gach of T and - T is independenidy selectad from 0, —8—, ~N{R™-, or -P{R"

R® and R are each independently selected from the group consisting of ~H, a substituted
ot unsubstituted {C-Canhrydrocarhyl, a substituted or unsubstiinted (C-Copdbetershydro-
carbyl, =SHR Yy, ~Ge(RE, —PED:, —NERNy, —ORC, —8RE, -NO», ~ON, ~CFa, RSSO,
RES{O)-, (RV)pC=N~, RECH 0, RYDC{O -, RECIONIR -, (RV), N0, halogen,

radicals having forroula (3, radicals baving fornuita (1), and radicals baving formula (B

- /fi:\.}./ = { \-'-‘: ) =2 S /\\ )
Nl @, ,.7\ — }* i, ” D \[ Y am,
‘\\\,f;‘j\\ \),,,-L\ P L\‘ \T/ »\/ \f/

dan

where each of R222 R¥F34 and B35 15 independently selected from a sehstituted or
unsubstitated (C-Caghvdrocarbyl, & substituted or unsubstitoted (C-Cugtheterohydrocarbyl,
~SiR Y, ~Ge(R% s, PR Y, ~NBRM,, -N=CHRC, ~OR", -8R, -NO», —0N, —7Fs,
REGION—, RSO~ (REpC=DM—, REC{O—, REOC(O -, RECIOINER M-, (RY31NCHO)—,
halogen, or —H;

T
cach of 374

s independently selected from a substituted or unsubstitated (C-Cagdhivdro-
carbyl, a substituted or unsubstituted (C-Cuntheterohydro-carbyl, ~SHR), ~Ge(R%;,
~PRNY, —NENy, ~MN=CHRY, ~ORE, <8RY, =Ny, ~ON, —CFa, REG(O)-, RESO)—,
(REnC=N-, RECO0-, REGCIH—, RECIOMNEN~, (RONC(O)-, halogen, or ~H;

s a substituted or unsobstituted ( L -0 Jhydrocarbylens or 4 substituted or

unsubsiituted (Cl—(L‘,A.,),‘;heterc:hydmcariayle.nc:, wherein the substituted or unsubstituted

{C ~C Jhydrocarbylene has a portion that comprises a -carbon atom to 10-carbon atom
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finker backbone, linking the groups T7 and T° in Formula 84 (1o which 1* is bonded); or the
substituted o unsubstituted { ~C heterohydrocarbylene has a portion that comprises a -
atom o 10-atorn Hnker backbone, linking the groups 17 and T° in Formula 54, wherein sach
of the 1 to 10 atoms of the 1-atorn to 1{-arom Hnker backbone, independently, is a carhon
atom or a heteroatom of a heteroatom grouyps, wherein each heteroatom group s independently
O, 5, 5(03, 50019, 5H{R%)s, Ge(R%)y. PR, or N(R), wherein cach R” is independently a
substituted or vnsubstituted { ~C, jhydrocarbyl o a substituied or uosubstituted

{C -C, Jheterohydrocarbyl; and wherein cach R, BN, and remaining RY in Formula $4 is
independently a substituted or unsubstituted (C-Chphydrocarbyl, a substituied or
unsubstiteted (O -Cagiheterohydrocarbyl, or ~H; and

wherein the metal complex is overall charge-neutral: or

{Fornuida 833,
wherein M is a metal selected from titanmium (T1), zivconhim (Zr), or hafnium 50); and
wherein the metal is in 2 formal oxidation state of +2, +3, of +4;

cach X is independently selected fron a substituted or vosubsttued (C-Csodbydrocarbyl,
a substituted or unsubstindted (C-Cagtheterohydrocarbyl, or —H: and wherein cach X 13
independently a monndentate ligand or a bidentate ligand;

wis 8, 1, or 2, and opitonally when n is 1, X may be a bidentate ligand;

RS are each independently selected from a substiteted or wnsubstituted (Ci-sihydro-
carbyl, a substituted or unsubstituted (O -Canbeterohydrocarhyl, =B R, or —H: and
optionaily twe or more groups from R are linked, such that that cyclopentadienyl group is
a substituted or unsubstituted indenyl group, or o substitsted or unsubstituied Huorenyl group,
and wherein R” is independently selected from a substituted or unsubstituted (Cs-
Caphydrocarbyl, a substituted or unsubstinsted (C-Cagtheterobydrocarbyvl, or ~H:

3 and b are Hnked by a bridging group, denoted by J°, which comprises from 1 o 30
stoms other thaa bydrogen; and

wherein the metal complex is overall charge-neutral;

B) polymerizing in a reactor B, 2 mixiure B comprising ethylene, a vinylarene, and
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optionally an alpha-olefin, in the presence of at feast the following: bY a metal conplex H

sefected from the following Formula Hi or Formula H2:

b
=
S7Ae
()
v {Forousia Hij,
wheretn M2 is T4, Se. Y. or an element from the lanthanide series;
5 RY R RRY, and RO are each independently H or a substinited or unsabstituted
hydrocarbyl group, a substituted or unsubstituted beterohydrocarbyl group:
QY O, and € are cach independently a substituted or unsubstituted hvdrocarby
group, a substituted or unsubstituted beterohydrocarbyl group, or a halogen;
L ix a Lewis base; and vach n is independently @ or 1; and m 15 an infeger from ¢ 10 3;
I and
wheretn optionatly at feast one L group and at least one  group are connecied, and
optionally at least one R groap and at least one § group are connected;
whirein the metal cormplex is overall charge -neutral;
PN
™ {Formula F2).
15 wherein W is a metal selected from titaniur (T1), zircominm (Fo, or hafnium (Hf);
and wherein the roetal is in a formal oxidation state of +2, +3, or +4;
each Q18 independently selected from a substitoted or unsubstituted (C-Cagdhydro-
carbyl, a substitated or unsubstitoted (C-Cypbeterchydrocarbyl, or —H; and wherein each @
is independently a monodentate ligand or a bidentate Higand;
24 nis 8, 1, or Z, and optionally when nis 1, Q may be a budentate ligand;
R and R® are each independently a bridging groap comprising from 2 to 41 atoms
other than hydrogen, and wherein, optionally, B! and R* each independently may be a
substituted or vnsubstitited arviene group;
cach of -2~ and -2 is independently selected from ~O-, ~8—, ~8e—, ~ MR, or
25 —P(RM; and wherein each of -2 and -#%- independently can optionally inferact with the

metal via an electron donative hond:

#V and 27 are linked by a bridging group, denoted by I, which comprises from 1 to 30
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wherein R and RY, are each independendy a substinited or onsubstituted (C1-Can)-

hydrocarbyl, a substituted or vasubstitsted (Cr-Usodheterohydrocarbvl, or ~H; and

wheretn the moetal complex is 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 transtorred to yeactor B or step B occurs betore step A, and at icast a portion of

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

wherein if step A occurs before step B, then at feast one chain shuttling agent is fed

into the reactor A; and

19 wherein if step B occwrs before step A, then at least one chain shuttiing agent is fed

110 the reactor B and

wheretn the vinylarene in step A = the vinyviarene in step B; and the alpha-olefin in

step A = the alpha-olefin in step B.

2. The process of claim |, wherein the metal complex & is selected from Formula &1,

15 and the metal complex H is selected from Forpula H1

3. The process of claim | or claim 2, whereis, the metal complex 5 18 selected from

sirciire sial or structure sial:

N NN

N ‘5. /’Eﬁ:’n 2 * /I S E

P2 \/I[_.— ’f —~— v / E[,. 5T S

YOS MY
e SN A (s1al) or ~# N (sTal).

4, The process of any one of claims 1-3, wherein, the metal complex H is selected from

23 the following fornuias blal, bia2 bla3d, hihl, bib2, hib3, hZ2ai or hZa2 (note: Bn = henzyl

group (Ph-UHr- )

“f T O
,.:-(l;r\
Y
| X
- f‘i, { A
\ \,._.;&
Ry i Q‘ #
E . e
P \;fI\ (h 1 E’}?}). - ,7<:
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5. The process of any one of claims -4, wherein the at least one chain shuithing agent is
selected from the following: an alkyl zine compound, an alkyl ahuninum compound, a dual

headed chain shuitiing agent, or 3 combination thereot,

6. The process of any one of claims 1-5, wherein step A occurs before step B
5 7 The process of any one of claims 1-53, wherein step B oceuars before step A,

5. The process of any one of claims 1.7, wherein, for the ethylene/vinylarens diblack
interpolymer o the ethylene/vinylarene triblock interpolyroer, the vinyvlarene is styrene.
9. The process of any one of claims 1-8, wherein the mixne A comprises the alpha-
olefin.
14 A compaosition formed from the process of any one of claims 1.9,
il A composition comprising an ethylene/vinylarene diblock interpolyroer or an
athviene/vinylarene iriblock interpolyrer, said diblock interpolymer comprising at least one
polymer structie sefected from Struetire 1, as shown below, and said triblock interpolymer
comyprising at ieast one polymer structure selocted from Stracture 2 or Structure 3, each as
15 shown below, where AR refers to vinylarene-rich and AP refers to vinylarese-poor:
(ARMAPy (Strucome 1),
{(ARIAPAR) (Stwucture 2},
{AP{ARY- (AP} {(Stroctore 3); and
wheretn cach (AR segment independently comprises, in polymerized form, ethylene,
20 the vinylarene and optionally an alpha-olefin; and
wheretn each (AP) segment independently comprises, in polymerized form, ethylene,
aptionally the vinylarene and optionally the alpha-olefing and
wherein cach (AR) segroent independently coroprises, in polymerized forr, > 14
mol% of the vinylarene, based on the total moles of polymenzed monomers in the (AR)
25 segment; and
whersin cach (AP segment independenily comprises, in polymerized forrg, < 10
mid% of the vinylarene, based on the total rooles of polyvmerized monomers in the (AP}
segment.
i2. The composition of claim 11, wherein, for the ethyvlene/vinylarene diblock
3G interpolymer or the ethylene/vinylarene triblock interpolymer, each (AR} segment
independently comprises, in polymerized form, from 13 mol% 0 < 1) nwol% of the
vinylarene, based on the wial moles of polymerized monomers in the (AR} segment.
15 The composition of claim 11 ov claim 12, wherein, for the ethylene/vinylarene diblock

interpoiymer or the ethylene/vinylarene triblock interpolymer, each (AP} segment
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independently comprises, in polymerized form, from O mol% to 10 mol% of the vinylarene,
based on the total moles of polymerized monomers in the (AP) segment.
14. The composition of any one of claims 11-13, wherein, for the ethylene/vinylarene
diblock interpolymer or the ethylene/vinylarene wiblock interpolymer, cach (AR) segment
wndependently comprises, in polymerived form, from 2.0 mol% to 80 mol% of ethylens,
hased on the total moles of polymerized roonomers tn the (AR) segmaont,
15. The coroposition of any one of claime $1-14, wherein, for the ethyiooe/vinylarene
diblock muerpolvimer or the ethylene/vinylarene wiblock interpolymer, each (AP) segment
independently comprises, in polymerized form, from 30 mol% to 100 mol% of ethylens,
based on the total moles of polymuarized monomers in the (AP) segment.
6. The composition of any one of claires F1-15, wherein, for the sthylene/vinylarene
diblock imterpolyroer or aiblock interpolymer, 2 20 mol% of the polymerized vinylarene in
each {AR) segment is present in a “back to back” configuration as shown below in
subsegment bbe
,é\r"\_?_g‘

{subsegment bb}; and wherein the mol% is based on the total moles of
polyvmerized vinvlarene in the {AR) segment.
i7. The composition of any one of claims 11-16, wherein, for the ethylene/vinylarene
diblock interpolymer or riblock interpolymer, 2 20 mol% of the polymerized vinylarene in
each {AR) segment i3 present in a syndistactic “back to back” configuration as shown below
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N
in spbsegment sbiy (subsegment sbby and wherein the mol9% is based on the
total moles of polymarized vinviarene in the (AR) segment.
i8. The compoesition of any one of clairas 11-17, wherein, for the ethylene/vinyiarene
diblock interpolymer or griblock interpolymer, none of the polvmerized vinylarens in each
{AP}) segmoent is present in a “back to back™ configuration as shown below in subsegment bl
-ﬂ'g“\'/'\r-g_»

{subisegment bb}; and whersin the mol% is based on the total moles of
polyroerized vinylarene in the {AF) segment.
i, The composition of any one of claims 1115, wherein, for the ethylengfvinyiarene
diblock interpolymer or triblock interpolymer, the vinylarene is styrene.
26, Axn article comprising at least one compotent formed from the composifion of any

one of clavms 10-149.



