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ANIONIC PRLYMERIZATION METHODS FOR PRODBUCING PUNCTIONALIZED POLYMERS

o1y This application claims the hepefiy of UL Provisions! Application Serial N,

61/264279 filed November 25, 200%, which i incorporated hereln by veferonce.

& INVENTION

(D00 Embudiments of the irvention are directed toward asonio polymerization
methods that preduce polyvmer compositions having o high percentage of functiongl end

groups d Bm‘.&»‘ing from funcoional indtaters,

H063] Amivnlc polymerization technigues have been used to synthesize polymers

that are uselul tn the manufacture of dres, These methods advaniagecusly allow for

of 3 furctional group at the snuds of the polymer chatns, Thess functional

groups have had @ beneficial img an the performuncs of tres. For wmmply,

¥

stersction helwaan functional group and fllers has sllowed for the production of U

hihiting reduced hysteretin logs,

pH

UHINY When praparing thege polvmers, i indtiators can npart @ function

s

group to the hesd of the polymer (e an end of the polymer where the Initiator regidus

resides) Terminating agentz have also beey pmploved o mpart & functional groug to

the rail end of the sndonically-polymertzed polvmer {(£e, an end nsare
where the flval monemer unit has been added to the polvner),

THEKSY, Where functional polymery are desived, i1 s sdvantagsous o prepare
polymeric compeositions wherein 3 high percentage of the polvmer molecules Include the
desired functional group, Where the functional group iz obtained Grreugh o terminating
TEAReRT, ths iiﬁ‘s‘ii:iztg, factor ms 3y be the ahi E:ag to maintain Hye fief reactive
sndfor the reaction efficlsncy betwesn the wrminating agent and the live pelymer
Where the functional group devives from an inftiator, the Imiting factor is often the
ability of the peolymer to retain the head group. In other words, while the functionad

nftiatar may prapagate a lving polymer, the head group (fe. the functiona! group

tocated at L‘rze head of the polvmer) may be Yorn the polyiner ¢
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higher polvinerivgticn tlemperatures {eg, above 100°Q), which temperatursy are typical
for many comumercial adfonie polymerization processes.  For exsmiple, polydienyd

polymers having 3 functdonal head group can be represented by the formula

Gl
%,
(e ”/ \‘L, Peby -w-';‘e%‘
‘1‘(\“*‘“‘ {,{' « L3 F LR b3
1(( “'e" & r‘\

where o fs o YuncBonal group and B ave allvlic hydrogses, Uis balleved that the allvlic
widrogens oan be displaced by a polymer anton, and this displacement can lead to o
reverse Michasl Addition reactivn that olesves the functionsl group {&) from ths
polymer chatit, The same sequence oan also oocnr where o aper unit deviving from

X

styrens s gdjacent to the functional ¢ mes;};a}{ because the benvylic hydrogen of the mer
unit can be displaced and slzo lsad to & reaction that cleaves the functions! group (i)
from the polymer chain

(000&] For example, 1L Patent No. 7,153,936 tsaches the formstion of g heads

by
b

e}

%

functionalized polvmer by vltiating the polymerization of tonjugeted diens {optiena
together with styrena) with a lithiated thicacetal such ax a dithiana, Thess fanctional
polymers have proven o be technologivelly useful in the manufacture of tive tresds

sinee the head group exhibdts degirable filler sndfor polymer luteraction thersby

providing tire weads with advantageously low hvsteretic foss. While these nitiarors

wers used o prepare polvmer with high yields of functional head groups, the

oor

solvmerization tomperatures were malntained  relatively low. Where  highor

77

polvmerization temperatures are maintained, which are often desivable or necessary in
cormumnercial operations, the foss of head group functionality can ooour.
0071 Becange pobymeric composittons with a greater percentage of functional

head groups would he advantageous, there i3 3 dasira to solve the problems of the priar

N

IR

SUMMARY OF THE INVENTION
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g

o0} Embodiments of the present invention provide a process for groducing

fenctional ;:'.@Ejgn’sﬁf‘z: the process comprising the steps of reacting an snicnic Initiator

e

inciucdi unctienal group with a stabilizing raonomer to produce 2 stabilized initiato

fe of heing anlonically pmenw

reacting the stabllized initiator with wonomer caps
o praduce o palymer, and terminating the pelymer.

]

[G0091 Stll othsr smbuodiments of the present lnvention provide & prog

forming a Gwctional polymer, the process comprising the steps of rss::ze:i‘iz';g- an anionic

initiator defined by the formuls

;’
7
f““«a.. o
f e 'f 7\‘ Li

where RY includes & monpvalent organic group logsther with & L1-diphenylethylene o

forme a stabilized initlator, and resciing the stabilized hodiater with aniunicadly

polyvaicrizable monomer,

5

[ao1ay Stilt cther embodiments of the present invention provide s procass far

iﬁ::z‘méng 8 functivnal pelymer, the process comprizing the ateps of reacting an arianic

E8Y

itiator defined by the formuls

/h“"\“‘"-‘:?“ “_,,.75
L \Li

where RY includes a monovalent organic gronp together with s 1,1-diphenviethylone 1o
form & stabilized initiator, and reacting the stabilized inftlator with anienically-
pelymerizable monomer.

M1 Sull other embuodiments of the present isvention provide s polyoer dafined

vy the formuda
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T irem L te &,

whers ¢ s a functionsl head greap, § {5 a stebilizing merunit, x s an integ

1 ds an eniontcally-polymecized polymer chain, and o s o termibnal unlt cluding a
R R
proton, & functional group, or & coupling melety tethered to ong or miore additiony]

polymer chaing

00131 sull other embuodiments of the present nvention provide o tive companant

COMIpris

fred residus of & puly

3y ey

where o iy g functional head group, 4 is 2 stebilizing srerunit, ¥ i an nteger from L te &,
w is an anfonically-polymerized poelymer chain, snd o {5 g termingd unll twluding @

proton, 8 functional group, or a coupling melety tethered oo one or swore additionad

BRIEF DESCRIPTION OF THE DRAWINGE

[e013] The figure s a geaphical representation of the amount of coupling ob:

STVER

as a function of

Eand

ime after exotherm for samples reported in the Example section of this

specification,

DETAILED DESCRIFTION OF [LLUSTRATIVE EMBODMMENTSR
j014] One ar more smbodiments of the present invention gre based, at leagt in
part, on the discovery thal polymeric compositions with a greater percentage of the
palvier melecules ncluding & functlonal bead group can be obtained by Incorporating

one oF mare stabilising seeuntts oy & lecation adjacent W the heed group. It is belioved,

and without being boand by any particular theory, that Being polvmers 1

.3

hydrogan gtoms near the hunctional head group, aod the anlon generated andergoss a
& ;

3‘ o3

veverss Michase! sddition reaction thet cleaves the head group from the polymer chain,
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This undesirable sidy veactlon alze resuits in undesirabde coupling and prematurs
palymer termination, which inhibity the ability to ond functionalize the polyvmer. s

1 invention reduge

beligved that practics of ene or more smbodiments of the pre

\

koan or nesr the head group and thereby reduces undesivable loss of the

amonic atts

1ead group, undesirable coupling, and undesirable loss of Hve ends. Advan

S
£, geously,

practice of the present invention sllows fur the production of anforisslly-polymenized

polyimers with a high percentage of functional head groups, even at higher, commercially

tpleal poelymerization temperatures,

5

[BOLE] sccordingly, one or more embodiments of the present invention s divecized

~~~~~~

iz reacted with s

teeward 2 pelymenization process whereby ¢ functions! initiato

stabilizing monamer 0 vield an indermediary organometallic compound capable of

further initiathig the polymerization of conjugate andfor vinyt gromatic

moncmer. The process adventageously provides for g polymer composition having a

e of podymers having 2 functions! head group than was reg

v L v el
prier avt,

{0016} In one or more embodiments, the polymer molecules preparad by the

«v

3 this irvvention may be delined by the formda

-
a

pracaesses of one or embodiments

A
i

H

£ »

Simnranndanmnnd

where o 5 @ functional head group, § is @ stabiliving srerund, z iz an Uileger from 110 5,
i3 an anfonicalbepolymerized polymer chain, and © i3 2 termingl awmt oluding a
protorn, 3 functions] group, or 8 coupling molety Setherssd fo one or mors additionsd
palymer chains.

N

0017 It one or wore embodiments, the head gronp {e) is the residug of a
functional initialor snd therefore incdudes ong or more functional substituenis. In ong
gr more embodiments, these functional subztituenis may include one or mors
heteroatomz, Exemplary heteroatoms include silicon, sulfur, nitrogen. oxygen, tin,
phosphorus, sand beran. I one or more smbodiments, the functional substituents
inctude these groups that reduce the S O hysteresis loss of carboneblack flled
vuleawizates prepared from polymery containing the fimctional group gz compared &

similar carbon-black filled volcanizates preparved from o similar polymer that doss nat

&
P
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aants, thix reduction in the 50°C hvsterssis loss coours within carbo

nd i other smbodiments the reduction socurs in vulcang

irrchude g Blend of silice snd varbon hlack as fllere

oAy The stabilizing mee anit (8) dorives from & stabilizing moromer. In one or

mere smbadiments, the stabilizing merunit (& devold of hydrogen stoms that are prone

te A reaction with a carbanion resulting from solonic polvmsrization of the wionomer, In
ong or moere pmbediments, these hydeogen atomy nduds thoss with a pEa of lsss than

&

30, invother embodimants less thea 28, and In other embadiments less than 25,

"5.6..

(00191 Ine one o more embodimenty, x5 i an integer froon 1 ko 4 in other

ernbodiments g i@ an integer from 1 10 3, fo cther embadiments x i3 o nteger from 11

£oand in other embodiments wis 1.

28] e one or morg snthodiments, the polymer chain () contains

by these or other embodiments, the polyiner chaly s vulcanizable. In one or miore

‘,P ,‘ "

embodiments, the pobamer chatn (1) can have & glass ransition smperature

%

tess than $°C, In gther embociaments less than -207C, and in other embadimen

S30°C In eng smbodiment, the polymers may exhibit a singls glass

j0821] I one or more smbodiments, the polymer chadn {w) s & madium or low o

(A,

polydiene {or polydiene copolymer). These polydienss can have ¢ o content of from

o

W, In other embodiments from about 15% w 55%, and in other
gnthodiments from sbout 20%  about 50%, whers the perosntages are based opon the

pamnber of disne gzer onily in the ofz configuratinn versus the ! muarher of disne wer

units, These peolydiensy ey alsp have & 1,3-Hnkagy content {is

about 109% to about 90%, i other

sembodbnents from about 15% 0o about 589, and in other embodineants from abou

to abeut 45%, where the percentages are based upon the number of diene mer
arits in the vinyl configuration versus the tatal nombey of diene mmer nuits Ths balance

of the dieng wdty may be o the uns L4k
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[0022] In partioalar embodiments, the polymer chain (/) & a

btadione, styrens, and optionslly isoprene. These copolymers may bwlids rondom
cepolymers, In other embodimsnts, the polvmers ars block copolymers of
polvimtadiens, polystvrens, and optionally polvisoprens.  In particular smbodiments,
the polymers are ydrogenated o partially hydrogengtad,

3

0233 In gne or move smbodiments, the po

vmer chain [} is a polymer selects

from the group cunsisting of polvbutadlene, polvisopreny, pulyisiyrens vo-butadivng?,

poly{styrens-co-butadieng -co-lsoprene), poly{isoprene-co-styrenel, and
noly{butedisns -comizsaprane).
f024d fy e or more smbodiments, the number averags molecudar weight Gyl of

]

the pelymer chain () may be froxn about 1 kgfmole 1 gbout L0G0 kg/male, in other

i

embodiments from about 5 kg/mols te alout L0000 kedmole, in other smbodiments
fran aboat SO kgfmaola 1o aboat 500 ke/fwnds, and in other einboditeents from ahout
ahout N0 kg/mole, as determined by using gel permestion

i

TGP oalibrated with polysterens standards and Mark-Howednk

constants for the polvmer in question. The polvdispersity {ape/mMpd of the polymer

3

chain may he from sbhoot 1O to abont 38, and iy ather embodiments from about 11 o
aheut 2.0,

HUIAY i those embodiments where the tsrminal sroap (g} i3 a functional groug,

<

the group may be referred to az g terminal end group or terminsl functional group,

which refors tw the fact that the grovp derives from a terminating reaction. In one or

vors embodimants, the terminal unctional group may nclude 3 heteroatom. In ene or
more embodimants, the termingl Runctional group may |

© -—V\

mare smbodiments, the eominsl funectional group reduces the 50°C hyst

Y'

BT

vulcanizates including the terminal functional group as compared to similar vulcanixates
u{.} polyvmer nut including the termingl functioral group. In ons or more sahodbments,
this reduction in hysteresis foss {s vt least 5%, In other embodimoents at least 1%, and
in other embodimants ab feast 188, 1o cortnin embodiments, this seducting Loy the 50°%0
hysterasis loss socurs within carbon black flled vadoantiates, in other endwdbnents the

2

reduction arours w valeaniates, and in other smbodiments the

redaction ocours i vulcanizates that inchude a blend of silics and serbon black as filler,
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[DU2ad o one or more sraboediments, the terminal funciional group s a hetervatom-

bearing substituent that includes an slectron rich species or metel-containing ep
these or other embodiments, the functional preup rescrs or interacts with rubber or
rabber Hllers or othepwise has a desirable impact on flled rubber compositions or

vitleanizates,

o

[T iy those embodiments where the terminal group is » coupling modety (g, the
termingl group includes @ coupling moiety that may betertherad to one or mors polymer
chaing and therefors way be deflned by the forewds -40m)y, where 8 & & coupling

maolety such as to or silica, wis a polymer chatn, and y is an inreger egual to the valence

of & less 1,

r,u

[Q{?ZE%] As noted above, the process of the present vsntion indudes reacting a
functional initlator with a stabilizing monemer 1o form g stabilized-functional initiator,

and the bitized-functionsl  initiator v then used to polymerize andonically

pelymerizable monomer in & manner conventional in the art. The polymerization
prastuces 3 living polymer that can be gquenched with o proton, temideally
functionalized, or coupled using techrigues known in the art.

HUSERL I one ar more enibodiments, the functional initiater nclndes 8 matal atow
bonded to g carbon stom In a manner conventionally understosd in the art. In one ar
maore embodiments, the metal that is boaded 1 the carboen atom is an alkali or alkaline

o

sarth mstal. Specific exampdes of thase metals includs lithium, sodium, petas

ium, and
magnesium.
HE The initator Jd 50 inclodes at least pue functicnal group or substitusnt. The

description set forth above for the functional group applies Lo the deseription of the
initiator.

[ats} In one or more embodiments, useful functional initiators Include thase that
will add to a tahii?mﬂ‘ monomer {eg, L1-diphenylethvlens). 4s thoss skillest in the art

3 A stabilizing monemer can bs

appraciate, the ability of a functional init
determined from the hasicity of the functiong nitator-stabilized monomer adduct as
compared to the basicity of the fuactional initigtor. In other words, if the fenctionsl
initiater-stabilized monomer adduct s appreciahly less basic than the functionsl

inftiator, the reaction will proceed to fovm the stubilized initistor. IF the fetional
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inftiator-stabilized monomer adduct s appreciably meore basie thun the functionad

initiator, then the siabilized initiator will not be formed. In one or more embadiments,

the sdduct is appreciably more hasic than the inttlator when the pBa of the sddunt s »

&

jra—

(“r

d P o § s i d
S pla polins

gast Z, i other embodiments af least 3, and in other embodiments at feas

gragter than the pia of the Runctionsl nitiatar,

223 i one or more embodiments, the funcdonal initaior includes o Mihiated
thicacetsd such a3 a hihdated dithisne, Lithigte are known and inclads thogs

gdesoribed in LS Patent Nos 7,183,814, 7.4 and 7.618,144, which are

incorporated bereln by reference.
HERRY In one or more embodiments, the thivacetsl inttiatory ewmploysd in this

invention can be defined by the formula

o
TR 3

where each Y independently indudes hyitrogen or a monevalent ergaric geoup, RY
inchudes a monovalent organic group, z s an eger from 1 o aboat 8, s incladay sulfur,
auygen, or tertiary amiag (MK where R is an argante grouny, and M is 2 metal, Inwoe or
more emboediments, the metal oy include Hthivm, sodiun, polassium, or magnesing,

[Q%S»{%} in one or more embaodimenty, the functional inltators may be defined by the

)ﬁu“&w‘ o J,,w-"; .
L f
w"\k-...\_\_“ﬁ K

et

= RY includes a monovaleat organic group.

”
<
o
o
L4
4
Y

!

G
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jB035] anples of functions] Indtlators include  2-lithio-d-phenyi-1,3-

dithiang, dithie-2-(4-dimethlaminophenyly-13-dithiane,  and S-hte-2- {4

“x

dibutvlaminophenyl-1,3-dithiane, E*Eii‘hiijk{‘f%*f;‘?*miéﬁ't}?'ﬁ?ifg}ﬁi‘iiEilli)}}}f}ﬁs’;’-'iljfx-=1_;5*

£y

dithiang, -ithio-[Z-{ d-methvipiperazing) jphenyt-1,3-dithiane, d-lithio-{ 2~

morphalino}phenyl-i-dithlane,  2-lHthio-[4-morpholinetyt] phenyl-1,3-dithlane, 3~

s

Hthio-| 2- mmph‘*;EiinJ}-j;‘E«:wz‘igim&»i FL3-dithianeg, 2-Hthio-{e-morpholinet-pyridine3}-

3 dithdane,  A-thio-[4-methyl-d A-dibydro-2B-14-beasoaazine T1-1,3-dithiane,  and

fi36] b one or more embodiments, & stabiliding monomer inclundes @ moleculs that
veacts with and adds to an andonic nitiator to produce a stabilized antonlc

oolymerization initiator £e, I produces an ntermedizry melecule capable of initiating

the polymerization of anlonically-polymerizable monomer.

{0837 b1 ane or more embodiments, the stabilizivg monoemer 13 an unsalurated

-

molecple that s Incapable or has a reduced tendency v homapalyine upon regoting

<t

with the functional ndtlator, In particular smbodiments, less than 3 monomer, it other

embodiments less than @ monomer, and i other embodiments only 1 stabilising
monorner reacts with and adds 1o the fynctional mithator melecule
(0381 i one or mors embodiments, the stabilizing monomer may be represented

by the formula
fpitRIC=CHy

whers R is ¢ hydrocarbyl group and @ {5 an aryl or substituted aryl grovp. Inoone oy
more ewrbodiments, hydrocarbvl groups incude, but not Hmited to, alkyl, cvcloallvd,
substitnied oyeloathyl, alhenyl, cyeloalkenyl, xubstituted oycloalkenyl, aryl, substituted
aryl, aralkyl, alkaryl, and aliyl groups.

[asyl Iy particular ewbodiments, R s o bhydrocarby! group that contribures o 3
gverall xteric hindrance within the moleculs. In one or more smbodinsnts, hedeooarbyd
gronps that copteihate to an overgll sterle hindrance include those groups whers the o

of the group (e, the carbon atow divectly attached o the ethylens group}

£
‘;L

3
s
&
5
o

5

includes fosy than ® hyvdrogen stoms divectly bondsd the

3, 10 gther embadimes

-Hk

2
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than ¢ hvdrogen atens directly bonded thereto, or in other embodiinents n

atoms honded dirsctly thereto. o paviicalar embodiments, these groups may be
referved to as branched hydrocarbyl groups.

(048] For example, B may he defined by the formuda ~CfR
cavbon and R {2 a hydrogen atemt or & hydrocarbyl geoup with the proviso that at least 2

R" are independently hydrocarbyl groups.  In other embodiments, sach B I8 a

hydroacarhyl group. In thess or other oobodiments, each R includes ot least 8

%

ments atieast 3, and i other smbeetiments at leasr 4 carbon atoms.

foedil In other embodiments, hydrocarbyl groups that contribule tooan overall
steviv hindrancs include oyclic hydracarbyl groups and substituted oyele hydrocarhyl
groups. Iy other embadiments, hydrocarbyd grouges that contritmie to an ovarall xtevie

hindrance include aryl and substituted aryl groups. In these or other ambodiments,

hydrocarbyl groups thal contributs W an everall sterie hindrance include

hydrocarbyl groups. In yat other embodinsents, hydrocarbyl groups thet contributs to

an overall steric hindrance include heterogrematic groups,

{042} Specific examples of branched hydrocarbyl groups foclude, but
Hipted to, an Bopropyl group, 2 tertiary babd group, and 3 negpentyl group,

Fa044] Examples of oyclic hydrocarbyl groups include 3 a::y{ﬁ@peﬁ;t_‘;f} garoup, @
cyciohexyl group, 8 owoloheptyt grovn, a cyclooctyl group, and sabstituted species

thereaf

j0044] Exsnples of aryl or substitute

aryl groups inclods & phewyl group and
substituted speciss thereof such as Z-methyiphenyl, F-nwthviphenyl, dsmethyiphenyl,
23«@%é;}'zetﬁyi@?henyi, Ei%ndfmgthy}g‘ sryd, 2.5 dz>'§‘{=<rxiv¥;3§w3'§s} L-dimethyiphenyd, 24,6+
E{EBQ%S] erri\;%E of he iercjf};‘s:ﬁﬂ Erouns mm’phﬁfiny& thiomearpholingd, piperiding,
N-hydrocarbyl-piperazinyl, and pereclidingt groups.

[0046] Esgmples of hetersaromatic groups include Z-flryd, 3-Turyl, Nemethyl-2-
pyreolvl, Nemethel-3-pyreayl pyrazingl, Zpyrimitingl, 3-pyridacinyl, 3-sothiazolyl, and
-triasingl proups.

EQG@?i I oome or more embodiments, types stabilizing wonnmer include 13-

3.,

diaryiethylenes or 8 Toaryl, Lhydrocarbylathylanes.

“1i-
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a

¢ mnonomer iclude 1 3-diphenylethylens, -

butylstyrene, wise-propylstyrens, and Tsmethyl-I-mesityl z‘}t‘nylﬁm‘g o

phenylethylens, T-naphthyl- Taphenyiathylens, and L-pyrralidingl-1-phenylet

10049 I ome or more embodiments, monomer that can be polymerized by anlonic

r

potymerization technigues (£a anlonically-polvmerizabls monomer) include sonjugated
dicnss and vinyl sromatica. Examples of conjugated diene monomer include
L3-butadivoe, ioprene, 13-pentadiens, 1 S-hexadiens, 23-dimethyl-13-butadiene,
Zeuthvll3-butadisne, Z-methyl- 1, 3-pentadiens, Z-methel-13-pentadiens, s%-»rs‘zfzi}z}fi-
1.3 pentadisne, and 2.4-hexadiens. Miures of fwo or more conjugated disnes may o

b utilived in copolymerization,  Examples of vinyl aromatic monomer include vingd-
substituted aromatic compounds such as styrene, pmethylatyrene, s-methyelstyrens,
and vinylnaphthalens,

{O050] In one o more embodimenss, the living polymer can be protonated or

&

subsequently fanctonalized or coupled. Frotenation can evour by the addition of sny

compaund that can donate @ proton to the living ead. Examples incdlude water, isnpropy

afcohol, and methy! aloohol.

051 in ane or more embodiments, the Hving polyimer can be terminated with a
compound that will impart a functional group to the terminus of the polymer, Usaful

B

functionalizing agents include those conventionally swmployed in the art, Types of

carmpounds that have been used to end-functionalize fiving polvmers include carhon

dioxide, benzoghsnonss, benzaldehydes, imidazoiidones, pyrrolidinones, carbodilondas,

urens, isooyanates, and Sebif baser including those disclozed In US. Fatent Nos
3199871 3.1435,716, 5,332,810, 5,169,907, 5,210,145, 8237 431, 5329005, 5,935,893,
which are §ncorporated herein by reference.  Specific evamples include tristhyltin
nalides such ax tributylitin chloride, ac disclossd in US Patent Noo 4519431, 4,540,744
4,603,722, 5248723, 5340034, 5502 12Y%, and 5H77.336, which ave imfm*;‘zm*atﬁd

herein by reference.  Cther gxamples include oyclic amino compoundsy such as

rexamnethyleneiming alkyd ohloride, as disclosed In US Patent Nos, 8,786,441, 5,318,870

73, which are incorporated herein by refersnce, Other examples inchude 8-

aminekatones, N-substituted thisanmingketgnes, N-substitured

ehydas, and  Mesubstiinted  thioaminesldehydes,  including  Nemethyll-



WO 2011/066405 PCT/US2010/058027

perrolidons oy dimethylimidazolidinone

ELE Pavent Nos, 4677165, 5219842,
8,358,167, which are incorporated hersds

r-pankaining or GEVEER contatr

Mo, 2006/0074197 AL, U5 Publication Nu, 20060178447 A1 and WA

Favent Nao 6,590,798, which sre incorporeted hemsin by refergnce. Other sxamples

inclnde boranscontaining eeminators such as disclosed in S Patent Mo, 7598322,
foc
which is incorpersted harein by refarsnce. SHl other sxamples include geelic siivranes

such as hexsmethyloyelotrizsiiosane, foduding those disdoesed in sopending U

P

Fablication No, 2007 /0149744 A1, which is incorporated herein by refersnon. Further,

other examples include
weamine  alkenes,  sueh sz L{G-bromopropyl)-2.2,5.5 tetramethyl-

including those disclosed in copending US Publication Noa

SHOT/ORUEA20 AT and 2007 /0293620 A1, which are Incorpurated herstn by valerenes,

frosy fa ore or more embodiments, the living polymer can be eoupled o nk twe

ar more living polymer chaing together. n certain embodiments, the lving polymer can
be treated with both couplivg and funcilonalising sgsnts, which serve 1o couple some
chains and functionalize other chains.  The combination of coupling agent and
functionalizing agent can be used 21 various mokr raties, Although the terms coupling
ard functicnalizing agenty have been smploved in this specification, thoze skilled in the

sl approviste that cerlsin compounds waey serve both functions. That iz cortais

compounds may both coupls and provide the polym dth a functional group,

Those skilled in the art aleo appreciate that the ability tw couple polymer chains may
depend upon the amonnt of coupling agent reacted with the polymer chains. For
eample, advantageous coupling may be achieved where the coupling agent s added In g
oie to one ratio betweesn the squivalents of ithiuu va the indtiator and squivalents of
feaving groups {ag, halogen atoms} ou the coupling ageat.

{T’EGSE} Exemplary coupling agents inchade metal halides, metalindd halides,

M
-,/

sysHanes, and alkoxysi

3

2, useful metal hatides or roetallold balides may

be selected from the

LS
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RE MUy the formula £2) M, and ¢ £ MEXy, whers RY 35 the sams or

differant and represents & manovalent organic group with carbon munber of 1 to about

26, MY i the fermulas {1} and {2} represents 3 Ho atom, stlicon atons, ov genmanium

SN
- o) o i N .
atomy, Mé represents a phosphovous stem, X represents @ halogen atom, awl n

goresents an integer of 0-3.

wed by ghe foramils (1) nchude balogenaed

s

{00551 Exemplary compounds sypres

£
g
.
:.;)
s
e
£
s

arganic metal compounds, and the compounds expressed by the formueds
inchide halogenated matal compounds.

[(5356] i the case wheve M! represents a tin ator, the compounds expressaed by the
vl

formauda (1Y can be, for oxample, triphenyitin chlovide,  fribut chilorids,

prepyitin chloride, trihexvitin chlnoide, trioctyitin chloride, diphenyitin dichloride,

dilwatvltin dichloride, diboolin dichloride, diseyyltn dickioride, phenvite trichloride,

atyition wichieride, votvltdn tichloride and the e Furthermors, n enackloride, tn

&3

tetrabiroraide and the lke cary be sxemplified as the compounds sxpressed by

[(57] In the caze where M represents a silicen atom, the compounds exp
e formula (13 osn be, for sxample, tiphesyichlorosilane, tribexvidhioresiiang,
wrioctyichlorosilane, ributylchlorsailans, trimethvichiorosilane, diphenyldichlorositang,
dihexyldichiorosilans, dinctyidichloroasiiane, dibutyldichiorosilang,
dimsthyldichioresilane, methyltricklorosilane, phenyitrichiorosilaneg,

hexvivichlorostang,  ocvliichlorosilane,  bugylivichlveosiiane, methylirichdorosilane

angt the like. Furthermeore, stlicon tetrachloride, silicon tetrabrommide and the Bie o be
&

exemplified as the compouuds expressed by the formula (81 In the case wheve M2
represents g germanium aton, the compounds expressed by the formuls {1} can be, far
examply, tripher dibutyigernaninm dichlorid

dighenvigermanium dic vaniwm wichlioride and the Hks Furthermors,

germantum etachiorids narium tetrabromide and the lde can be ssemplified as

the compounds expressed by the formuly {8} Phosphorous wrichlorids, phosphorous

tribramide and the Hke can be exemplified as the compoumls expressad by the formmla
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(31 In one or more embodiments, mbures of metal halides and

LANGAENeR may

fO0s8] In one or more embodiments, nseful slhogysifanes or alke
be selected from the gronp comprising compounds expressed by the formuls (1)

R MEOR 4, where BY is the same or different and represents a monevalent orgenie

rasenis a tn atugy, siliven swom, or

3%
s}
-
Serd
Prss
Yo

s
PR
jros
S
&
o~

]
&
=
&
i
g
Me
jese
9%
o
=
s
Frer
&
.
o
Pt
Y
Fas
-~
tasd
X
pndi
=
uu
.-m
oo
R
o
frev3
]
7

o
ot
poss
s
ks

germanivm aton, OR represents sn alboxy group where R rapresents 3 monovalsnt

organic group, snd n represents an integer of €
120591 Ezemplary comipounds expressed by the formula {4) ndude tetvasthy

grihosifcate, tetramethyl orthoediieate, tetrupropyl orthosiiicate, tatvasthoxy  tin,

tetramethogy Un, and tebrapraposy tn

e
pe

(D060 According to one or more embodimoents of the present inventlon, e
veaction hetwean the anionic fanctional initiator and the stebilining monomer causes the
stabilbeing monomer to add to the infddator and thereby form o stebiliged inttiator. In

ane or more ehodiments, the stabilized Inltiator may be defined by the formula

where o is the residue of a functional inftiator, ¢ I8 an aryl o substituled arvl group, R is
a bydrovarbyl group, ¥ is an {nteger from 1t 5, and M s & rostal zuch as Hthiwm,

a1} This stabilized Initlator is then uzed o polymertse monomer capalie of heing
polymertzed by antenic polymertzation techniguses, which may be conduoted using
conventional anionic polymerization technigues, to produce a living polymer that has 3

stabilized merunit sdipcent o the funciional group such as that deflped by the llowing

el
ndad

B

&3 &:
Fostymer ka

oy,

,,.....”..._...

[

A
S

-

T prnnrnote LT

P
Sadnd
,
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ins

D

where o ie the residue of @ nnctional Inltistar, @ is an arvl or substtuted eyl group, R iz

a hydrocarbyl proup, ¥ ix an integer from 1 to 5, and M is 3 metal such a lithinm. The

polymer snion (Ze, polymer ™ ) may be consistent with the polymer {7} desoribed

above,
(D082} Upon gqueaching, functionalization, andfor coupling, the resulting polymer

may be defined by the formuls

where o is a functions! bead group, & Is 1 stabilizing merwdt, x 65 an ntsger from 1w §,
o I8 @0 anlenicaliv-polymerized polymer chain, and o i & terminsl wait incduding 2
proton, a munctional group, or a cougling medety tetherad o one o more sdditional
pulyner chains,
[Oe3} In one or more embodiments, the stabilized imtiator may be praparsd prier
to introducing the initlator to the mopamer,  In ather embodiments, the stubilized
initiator may be prepaved r-size The reaction between the functional indtistor gnd the
stabilizing moenomer may take place with a solvent, such ax those solvents ewmplayed in
the pelymerization reaction {eg. aliphatic solvents such as mixtorex of hexsnes). The
initiator and the stabilizing monomer can be charged ssquentially or sinniltansousiy to
the resctor in which the stahilived initiator i3 prepared, which may include the reactor In
wehich the palymer is synthesized, The reaction between the functional faitiator and the
stabilizing monomer ¢an ooour under inert atimospheric pressure at a iempa"ﬂmr@ of
from about -B0 to about 100°C oy iy other embodiments from about 20 to sbout 30°C, In
one or more embodiments, from ghout 05 to about 5.0 mole, or In other embodimenis
from about 1.0 to about 40 mole of the stabilicing wunormer is charged per mole of
wetal eg, lithium) on the functional inifiator {which is tantamount to the moles of

o1 for a mono-lithiated nitiator).

%,

Onee the monomer to be polymerized is combined with the stabilized
initiator, the polymerization praceeds as is generally known in the art. As is generally

Kyna, b‘\’ resct };»,3 anionic initfators with certain ungaturated monomers, gn gobive

P BN 8 1 N T T T R A . \ - R i O
potyrmer having g metal catfon is produced. Thiz active polymer may ba vod buoas

& - &
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iving, A new batch of menpaer subsequently added to the rescton can add t the
active ends of the existing chains and incrsuse the degree of polymenization. A living
polymer, therstore, iludes 8 polymeric segment baving a lving or reactive epd

\

Anionic polymerization is  further desoribed in strgt Odlan, Frsciples of

Folvmerizaion o 5 (3¢ Bd 19910, or Panek, 24§ An, Chen which

gre incorporated heveln by reference.

{0065] The polvnwczation processes of this Inventicn may be conducted i non-

] .
Wi SOIVENLS

polar sebventy and mixlures of norpolar selvents with polar-spdvents. Th

may include aliphatic selvents such as gpentane, s-hiexang, o-heplene, soctang, o

nenang, .-f'k"*ﬁiii‘.t":{ﬂ‘f{i,. PSR AT isohexanss, !"“Ui‘lilﬁjl’li‘ 5, IBOGUIanes,

petrolewn ether, kerosens, petoleurn spivits, and mintures
representative examples of suitable cyclorliphatic solvents inchade cydlepentane,
evclohexgne, methylepslopentane, methylopelohexane, and mixtures therent Mintures of
sliphatie and cwclosliphatic solvents may be emploved.  In other embodiments, the

{THRY, tetrabydropyran, dighme, 1,3+

dimethoxyethene,  L&-dimethosyhorane,  13-dioxane, L4-diogane,  anisole,
ethosyhenzene, and mixtures thereaf

[E66] inn other embodiments, e polymernization procese of this invenkion van b

orducted in 8 bulk system,

(067 i arder o promote randomization in copadymerization and o control vinyl
contsnd, A polar courdinator may be added to the polymerization ingredients. Amounts
may rangs between 0 and 90 or more sguivalents per squivalent of Uthinm, The amewnt
may depend on the amount of vinyl desired, the level of styrene amploved and the

X,

temperature of the polymerization, s well as the ngture of the specific polar

&

coprdinater (modifier) employed. Suitable polyserization medifiers incdude ethers or

amines to provide the desired microstructure and randemization of the comonoemey

HTIRS

EGG{E){%} When elastomeric  copolymers  contaiining  mrer units  deriving  Tom
anjugated dishe monomer and vinvl-substitured aromatic monomer are desirsd, the

conjugatad disne monomers zad vinyl-suhstitoted aromadc nmanomers may be wsed st a

shi ratio of 955 to 585, ar in other embodims




WO 2011/066405 PCT/US2010/058027

JOO69] Compounds useful as polar ceprdinators loclude thos

pitrogen hetersatom and & non-bonded psir of electrons, Emm\im ix
gthers of moms and olign alkylene glyooly “ceown” sthers; tertiary smines such as
tetramethylethylens diamine (TMEDAY, Hnear THF oligomers; and the Hke. Specific

3 ™,

examples of compounds useful as podar ceordinators include tetrabyrdrofuran (THEY,

fing

voand oyelic oligomeric oxelanyl alkanes such as 2,3-H&8-tetrahydrofuryd}

propane, di-piperidyl ethane, dipiperidy]l methane, hexamethylphosphon

sinte, diagabiovelvactane, dimetlyt ether, diethy! ether, tributvlumins and

dimethylpipe
the e, The linear and opddic oligomeric oxelany] alkane modifiers are desoribed w US

Pat, No, 4,429,091, Incorporated herein by refevence,

(7o) The amount of randomizer 1o e swployed may sdepend on varteus factars
such gz the desired micrpstructure of the polvmer, the ratio of moenomer to comonomer,

the polymerzation temperstirg, as well as the paturs of the speaific randamizer

fn one or more smbediments, the amonnt of randomizer smploved may

§ anad 100 modes pee maole of the andonic initiaten
[E7 1] Anjonically polymerieed lving polyimers can be prepared by either batch or

continnous methods, In one or more smbodiments, 3 batch pelymerization Is bagun by
charging a hlend of z‘m:ma‘;rz@&r{s} and aptionally a aolvent such as & normal alkans
sobvent, ta a suitable reaction vessel, followed by tie addition of the polar conrdinater GF
emplayed) and the stabilized inltistor. The reavtants may be beated to 8 temperaturs of

\

from about 20 w about 13070 (g, greater than 60 *C, in other embodiments graater

thawn B0 %, or in other smbodiments greater than 85 °C and the polymseization may be
allowed to proceed for from about 8.1 to about 24 hours,

oot fn gne of more embodiments, the stabilized initlator and the rendoemizer can
be troduved to the polymerization system by various mstheds, In ong or morg
smbodiments, the staldlized nitiater snd the rendomizer may be added separately
e monomer o be polymerized i edther a stepwise or simultaneous manner, In othey

£

smbotiments, the stabilized nitletor and the randomizer may be pre-mixed sutside the

&

polyinerization systern sfther in the absence of any monomsy or i the presence of 8
small amoant of monemer, and the ré-s..uii:ing mixture may be gged, i desired, and then
astded to the monowmer that is to be polyinsrized,
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[ﬁj}iﬁ}’}"i%] This reaction produces a reactive polymer having a active or Hving end. In

A %]

ove or more embodiments, at least about 20% of the pelymer melecules sontain a living
end, in other embadiments at least about 56% of the pelymer molecules contain g living
gnd, and v other embodiments af least sbout 83% contain a Hving ensd,

FHI74] I one embodiment, the fusctionalizing sgent may be gdded to the living
polyoier coment {2a, polymer and solvent} once g peak polymerizstion twpersture,

which i indicative of nearly complete monomey conversion, is observed. Beoause Hve

ands wxay selfterminate, the functionalizing agent way he added within sbout 25 o ¢

ation tempecatur

minutes of the peak pobymerd
[0075] The amount of fonctionalizing agent emploved to prepare the functionalized
polymers is best described with respect to the equivalents of lithinm or metal cation

associnted with the inltiator. For example, the moles of functionalizing agent per mole of

lthium may be sbout (1.3 to abeut 2, in other embodiments from abrut 0.8 to about 1.5,

in other embodiments from about 9.7 to about 1.3, fn other embodiments from about 0.8

I

to about 1.1, and in ather embadinients Hom about $.9 ta ahout 1.4,

{0076} After formation of the polymer, @ processing aid and other opticaal additives

such as oil can be added tn the polymsr vement The polymsr and othse optional

2

ingredients may then be isolated from the solvent amd optionatly dried, Conventional
procedures for desolventization snd drying may be employed. In ong embodiment, the
polymer may be olated from the solvent by steam desclventization or hot water
ceagulation of the solvent fullowed by filtration. Hesidual solvent may be removed by
using conventional drying techniques such ss owen drying or drum  drying
Alternatively, the coment may be directly drum dried.

[6677]7  The functional polymers of this invention are particularly usefud in preparing
tire components. These fire components can be prepared by using the functional

N

polymers of this invention alone or together with other rubbery polymers. Othey
rubbery polyimers that may be used incude naturad and synthetic elagtomers, The
synthetic elostomers typically derive from the polymerization of conjugated diene

moenomers,  These conjugsted diene monomers may be oopolymerized with other

monomers such a5 vinyd aromatic mopomers, (Xher subbsry slastomsrs may derive
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from the polymerization of ethylens together with one or mare s-olefing and optionaliy

I3
ane Or more disns Monnmers.
6078} Useful  elastomers  include  maturel  rubber,  svuthetic

polvbutadiens, polyisobutyvlens-co-isoprens, nsoprene, poly{ethyl

polv(styrene-co-butadiens), poly(styrene-corisopreng), and pole(s

co-hutadiens), piﬁ.}’{i&é}pramr-s:*&%zutas‘:?iﬁnﬁ}, pelv{ethylene-ro-propylene-coedisng),
polvsulfide rubber, sovylic vabber, urethane rubber, silicone rubber, spichlorabydrin
ribrber, and mixtures thereol, Thess elastomers can have a savriad of macromolecular
structures Incleding linear, vanched and star shaped.  Other ingredients that are
typicaliy employed in rabber compounding mray also be added,

[O079] Thee rubler

tions may inchide filers such as inorganiv and avganic

fitlers,  Rednforcing fillers may sdvantageously be ussd,  The arpanic filflers include

carben hlack and atarch. The igz»:srgam{: fiders may inclode silien, sluminnen hvdroxids,

magnesium hydroxide, clays (hydrared shumdnom sillcates), and minturss thersof

30801 n gne or more embodiments, silics (silicon dioxide) ineludes wet-proo

o

hydrated silica produced by a chemical reaction Iy water, and precipitated as ultra-fine

sphevical particles, In one smsbodiment, the sitica has a surface area of shout 32 w about
400 s /g, in anvther embediment about 180 to about 250 m?/g and in yvet another

embodiment, about 150 to shout

The pH of the zilice fHer In one
grnbodiment s about 5.5 to about 7 and in another embodiment ahout 8.5 o ahout &8,
Comrercially avail ,,&ie silfcay include HESIP™ 215, HESIT™ 233, Hi-5i0" 25500, and M-
SiFT 120 (PPG Industrisy; Pittsburgh, Pennsyivania), Zeosil™ 1165MP and 1750RPlus

» AGY, Ultrasil™ YNZ, VNI {Degussal, and HuberSiP® 8745

»d &
{Huberh
[081] In gne or more smbodiments, the carbon blacks may include any of the
commaondy available, commerdially-produced carbon blacks. These include those having

€3

& surface area (EMSA) of at least 20 wmd fgram and s other smbodiments &t least 35

gp to 200 ms fpram or higher, Surface seea values include thuse determinud

by ASTM tost D-1765 using the cetltrimethyl-umonivm bromids (CTAB) wohnigus.

el More

Among the uselul carbon blacks are furnace black, chanmsd blacks and tlamp bl

;8
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speifically, examples of the carbon blacks inclug rasion furnave {54 bladks,

figh abrasicn furnace (HAF) blacks, tast extrosion furnace

}
(FFy blacks, intermediate super shrasion furnsce (ISA&F) blacks, sewmi-reinforcing
furnace (SRPY blacks, medium precessing channe! blacks, hard processt

B

Blacks and conducting chayme! blacks, (Gther carbon blacks that may be uti

acerylene blacks, Mixtures of twe or more of the above backs can be wsed in }’}’:?Jail"&

beearing ASTM designation {181

and N-6080 In gne or miore emchodiments, the carbon black may includs exidized carbon

[Q0E2 i one smbodiment, silica may be used frean amount of from about ¥ o abiout
100 parts by welght parts per hundred rubber (phr), iy another embodiment frow about
10t ghout 90 parts by weight phe, in vet ancther embodiment from about 15 tw about

B parts by welght phy, and o still another embodiment from sheout &5 to about 75 parts

.

s oweight ph

[«

-y

g083] A multitude of rubber curing agants may be emploved, Incuding sulfur or
perovide-based curing systems,  Curing agents are described o And-Celmern
ENCYCLOPEDLS 0F CHEMICAL TRCHNOLOGY, Vol 20, pgs. 365488, (30 BEd, 1988%, particudarly

Vidoanizafion Asenss gad Auxilisey and AY. Coran,

G, {200 B, 198, which
ars hcorporated herein by reference. Vulcanizing agents may be used slone or in
combination. In one or more embodiments, the preparation of vulcanizable
eornpositions and the construction and curing of the tire is pot affected by the practics of
this invention.

[oos4i Qther Ingredients that may be emploved indlude 3@?&?&1&3"&18?& oils, waxes,
scarch inhikdting agents, processing atds, zine oxide, tackifying resing, reinforcing resing,
farty acids such ag stearie acld, peptizers, and one or move addigional rubbers. Examples
of oily include paraffinic oils, aromatic oils, naphthenic oils, vegetable oils other than

castar oils, and low FCA oils including MES, TDAE, SRAE, heavy naphthenic sils, and

,,,,4
",
o
.
prait
o

black

5y
R
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[GUB5] These stocks are useful for g;iﬂz':is'zg gire components such as

subtreads, black sidewalls, body ply sking, bead filler, and the like.

functienal polymers are emploved in tresd formulations. bt one or more smboediments,

om abaut 19 o about 100%; by weight, in sther

these fread formulativns may includs

¥ hy weight, and in other embodiments §

embodiments from about 35 to showt 9
about 5 o S0% by waight of the tunetional polviner based on the totgl waight of the
rubber within the forroalation.
[QG86] In one o more embodineents, the valcanizable rubber comprsition may be
prepared by formung an indtlal mesterbateh that includes the rubber componeat and
filler {the rubber component optionaily including the functional pelymer of thig
inventiony, This indtial masterbateh may he mized at 3 starting temperatues of from
about 25°C te about 1T25%C with @ discharge temperaturs of about 135°C 1o abour 180°C,

known as scorchl, this initdal masterbateh

To provent premature vidcanization (also
way exclude valognizing agenty, Once the batial masterbateh I8 processed, the

< .
N 2oyt Vawaas
£y ugwu 20U 1OW

canizing sgants may be intoduced and blended inte the initial mas
temperatures in a final mix stage, which preferably doees not initiate the velraniestion
process,  Optionally, additional mising stages, sometimes called remills, can be
eraploved betwesn the masterbatch mix stape and the final miy stage. Various
ingredients including the fanctionel polymer of this Invention can be added during these
ramilis.  Rubber compounding techniques and the additives smployed thersln are

¥ Hubber in

generally known as oisclosed In e £

oy v B, 1973),

i’u‘zﬁ)@g“ ?E{lﬂ‘f’j ) 3&'{3(
3 ; L

s

f0a7] The mizing cenditions and provedures applicable to silice-filled  tirs
formulations are also well knewrs a5 deseribed in US. Patent Kos, 5,237,445,
reference. In one or more embodiments, whers silica is emploved a9 a fller {slons or in

combination with other fillers), 2 coupling and/or shislding sgent may be added {0 the

rebber formudation daring mizing. Useful coupling and shielding agents sre disclosed In

U3 Patent Nos. 3842011, 3,872,489, 3.978,103, 3997581, 4002594, 3580919,

"

1
LR

AN
3& ;;1‘3

657,949,

£ p
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herein by reference.  In one embodiment, the initial masterbatch is prepared by
including the functional polymer of this fnvention and silica in the substantial Abseuce of

coupling and shielding agents. It {5 beligved that this precedwrs will snhance the

&

opportunity that the functionsl pelymer will resct or interact with silice befors

competing with coupling or shiselding sgents, which can be addad later curing remills,

ro0as] Where the vulcanizable rubber composition: are smploved in the

manufacture of tires, these compositions can be processed info Uirg components

= 1

acvording to ordinary tire manufactaring technigues including standard rubiber shaping,

salding and curing technigues, 4oy of the various rubber tire componsnts ¢an be
fabricated including, but not Himited to, treads, sidewsls, belt skims, and carcass,

1

Typically, vulcanization iz effected by heating the vulcanizeble composition in s mold;

&g, it may be heated to about 14U to about 1B0°C. Cured ov srosslinked rubber

compositiony may be referred o ag wilcy og, which generally contain thyee-
dimensienal polymerie petworks that are thermoses. The other ingredients, such as
g abdes and GHers, may be eveuly dfﬁ;}iﬁ:‘i"s&d throgghout the vulcanized

T Nos, 5,868,170

—
P

- f\

Poeymatic tires can be made as discussed in 1.5, Pate

7T,5931,210, and 5,871,048, which are incorporated herein by reference.
{(}38‘5}} In order to demonstrate the practice of the present invention, the fullowing
examples have been prepared and tested, The examplss should nof, however, be viewed

as limdting the scope of the brvention. The claims will serve to define the invention,

EXAMPLES
[Goga] The stahility of the headgroup may be maonitored by examining the aunount
of voupling present aftey termination of the polymer chain with Z-propavel  As the
polvmers react in the reverse Michael addition, butadienyt endgroups are formed at the
head of the polymer that are reactive twweaard sdditional polymeric lthiun, Thus, an

fe amount of headgroup functionality that bas undergone the reverss

L3

indication of
Michae! sddition reaction may be estimated from the percent coupling, This technigue

L 43

was used in the following samples to assesys the stahility of the headgraup.

Samples 1-3

5 -
s
s
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Iy

0081} Te & 7.52 L veactor veas addsd 1.54 kg L 038 Ky of 33 wsighy percent

styrens In hexsnes, and 253 kg of 22.0 wsight pereent 1,3-hutadiens in hexanss, 4

sotution of 11.66 mb 0.5M Z-{4-dimethylaminophenyl)-1,3-dithane in steabydrofuran

{THEF), 286 b of 1.0M griethylamine in hexanes, and 485 mL a-butyilithium in hesanes

i

3

was  added to the rascter at 13.3°C Then, L2060 mb of 18 M 232-
diftetrahydrofurylipropane o hexane was added. The reactor was heated and the pesk
exuther temmperature was noted, Sampies were then taken from the reactor at 14, 24,

i, 40, 50, 60 ard 90 wiinutes after exotherm and terminated with 2-propuanl. Gel

g
.\n

rnestion chromatography was used to determine the area percent of the coupled
peak compared 1o the base ;af;-’ak Ay shown i the Figurs, sample 1 was run 12 a peak
palymerization teraparature of B3.3%C {#), sample ¥ was run 1o a peak polymerizatinon

pelynerwazation

e

temperative of 7A3°C (&) snd sample ¥ was vun 0 8 peak

Fa

temperatare of S8.8%C (=)
Samples 47
FO0821To a .52 L veactor was added 1.54 kg of hexane, (.38 kz of 33 weighti peroent

styrene in hexanes, and 2.5% kg of 22.0 weight percent 1, 3-butadiene in haxangs, &

hY

selution of 1186 mb 0.5M 2-{¢-dimethyiaptinaphenyh-1 3-dithane in tetrahydeofuran

rethylamins in hexanes, and 405 mb z-butyllithium in hexanss

I

was formed and to this added 114 mL of 5.68M 1,1 -diphenylethylene hefore addition to
the reactor at 13.2°C, Then, L20 mb of L6 M 2 2-Mstrabydrofurylipropane in hexane
was added. The reactor was hsated and the peak exotherm temperature was noted.
Samples were then taken from the reactor at 10, 29, 30, 40, 50, 60 and %0 minvtes after
exotherm and terminated with Z-prepanal, Gel perosation chromatography was usad
te determine the ares percent of the coupled peak compured to the bage peak, As shown
{n the Figure, samples 4 and § were run to 2 peak polymerization temperaturs of 93.3°0
(&), sample & was run to @ peak polymerization tempearature of 73.3%C {4}, and sample 7
was T te a peak polymsrization temperature of 58.87°C (o).

[B093] As can be seen in the Figure, the amount of coupled polymer decreasss by 35% at

9F°C, 12.2% at 73.3°C and 10.7% at 58.5°C when 1,1-diphenylethylene is added to the

rigtor selution prior to polvmerization
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nab to be duly Bmited to the ilostratbes embodiments set forth hersin,

e

=k
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CLAIMS

What is clalmed is:

e

& provess for producing functional polvmer, the procesy comprising the

L reacting an anbonie intdater incloding & funcdonal group with g

stabiliving monomer to produce a sk
#. reacting the stabilized initiator with moenomer capable of heing
solonically polymerized 1o produce 2 polymes; and

Hio terodnating the polyoer,

2. The provesy of dalm 1, where said step of reacting an anionic initiatuy
ncluding & functional group with 8 stablliding monoemer tekay place in the
presence of at least a portion of the  monomer capable of being anionically
polymerized,

3. The process of claim 1, where said step of reacting an andonic indtiator
nclugding & functiona! group with g stabilizing monpmer takes place in the
abzence of monger capable of being antonically podvmerized,

%, The process of vlabm 1, where the antenie inititator {s defined by the foroads

R
S f{‘r
R'I ){,«"ﬂm i‘} /
! N/
>C, ¥
~ g
r? i\ 7 S
’\w“_r. F
where zach 83 mdependently includes }i}f‘{ii’{,‘*gi’,}‘ﬂ or & monovalent o

frwcludes 3 monovalent o

suifur, oxvgen, or tertlary sniine, and M is a metal.
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™

5. The grocess of claim 1, where the anionically-pebvmsrizables monomer is

selected from the group consisting of canjugated dienes and vinyl arcmatics

& The prov

sz of claim 1, where said step of reacting includes reacting from

about 0.5 to ahout 5.0 moles stabilizing monomey per male of ardonie nitistorn

7. The procsss of claim 1, where the stabilizing monomer iy definsd by the

formwla

whare ¢ s an ary! or substituted aryl group and R is g hydrocarbyl group.

8. The provess of claime 1, wheve the stabilbdng moenomey {8 ssiected rom the

group consisting of 1, 1lighenviethvlene, e-thutvlstvrene, a-iso-propyistyrens, and

)
i (g

Lrmethyl-$omesityl ethylene,  Lovdlopentyl-Lphenylethylene,  Lonapduhyl-i-

vhenvlethylens, and 1- gwrmiui inyl-Lphenyiethylene.

ﬂr
y
josd
%
(.m

3, The process of claim 1, where sald stey nating includes protonating,

gnd-functionalizing, or coupling.

160, cess for forming & functicnal polymesr, the process comprising the steps

o
o
”’?

x

of:
f. reacting an aptenle initfator defined by the formula

-5

where BY incudes a monovalent organic group fogether with a L3

diphenvlethylene to furm a stabilized inltiator; and

oy
L
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H. regcting the gabilived initiator with anionically-polyoerable

Enlks

GREINEr

of clatim 10, whers the andonioally-polymerizabls monomer i3

iL The prog

e divnes and vinyl aromatios.

selectad from the groap consizting of conjug

aprs selectad from the

1% The process of claim 11, whers thy confuagated di

teng,  13-hevadiens,

group  consisting of 1L3-butadiens, leoprene,
2 d-dimethyl- 13- butadisne, 2—'*1‘11_‘;‘«'5»~L3»-batad‘ié’fne,, d-raethyd-13-pentadiane,

Tomethyhd Sopentadiens, d-methyl- 13 pentadiens, st 2 4-hexadiens.

geess of claim VL whers the vinyl aromatic monomear i@

g of vinyl-substituted aromatic compaunds such as styrene, &

methylatyrene, wmethylstyrens, and vinvinaplahalene

14 & process of claim 10, where the fonctional anfenic initator i selscted
from the group consisting of 2-lthio-F-methvl- L 3-dithiang, -Hhike-2-phenyl-1,3-
& : & 3 £ 3

dithiang, Z-Hihio-2-{$-dimethylamingphenyl-1, 3-dithiang, 24ithin-Strimarhylaiiyis

1,3-dithiane, and initiators selected from the group consisting of 2-Htho-d-phenyi-
1,3~dithians, E?.“iit"ma‘wz*{‘_fimdiz‘rz,ﬁtl*zy‘lrﬁmirx@‘;;vifs,eswi 1. 3-dithigne, and  Nithio-2-{4-

dibutylaminophend - L3-dithians, 2-ithia-[4-(bmethylplperazinophonyl-1,3-

dithiane, Z-ithio [2-{d-methylpiperazine) phenyl- 1,3 dithiane, 2-lichio-{2-

morpholingdphenyld, 3-dithiane, 2-lithis-[d-marpgholive-4-iphenyl-1.3-diduang, 3-

lithio~[Z-morpholin-d-ylpyridine -3 1 3 dithiane, 2-lithio-[H-morphalin-d-pyridinn-

x M T I I LTS TR
e e Ti-1,3-dithdane,

311, 3-dithiane,  -dithic-[d-methel 3 d-dihydre-3H-1. & henrg

and mibxtures therent

15 A polymer defined by the formulda

|
£ &4 k3 @
| i
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wherg 18 8 funstional head group, 8 {s a

te 5, w s an anionically-polymerized polymer

fuchuding a proton, & fanetionsl group, or 3

£

additional polymer chains,

16, The polymer of cladm 15, where the functional bead group reducss the 50°¢

hysteresis Joss of carbonrblack filled vuleanizates prepared from the polymer as

R

.4-,
o

ampared o similar carbon-black flled vuleanizates prepared from 2 shndlar

polviner that does not include the functional group.

i7. & tire component comprising the vuleanized residug of a polymer defined by

where ¢ 15 g functional head groug, § iv a stabilieing foer unit, ¥ is an integsy from 1§

5w i an eninaically- ;ul}.nmuﬂ} polymer chain, and © is 8 terminal uni
sl

P3

group, or s coupling molety tethered o one or more
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