DESCRI PTI ON METHOD OF PRODUCI NG MODI FI ED CONJUGATED DI ENE RUBBER,
MODI FI ED CONJUGATED DI ENE RUBBER, AND RUBBER COWVPCSI TI ON TECHNI CAL

FI ELD [ 0001] The present invention relates to a nethod of producing a
nodi fi ed conjugated di ene rubber, a nodified conjugated di ene rubber,
and a rubber conposition. Mre pgrétgtpbatdhy, the present invention
.relates to a nmethod of producing a nmodified conjugated di ene rubber

t hat h%l%T%De)b‘%e:ﬂ%iﬁygcﬁtlﬁ}%ﬁﬁdﬁtﬁ@ﬂ ihﬁlﬁdAWE@%%Nﬁ%P%U%@%%,C@DIFIED

produce a crossl er that ex its an excellent tensile

strength, wear _resi e (l.e. io esi ce)., skid
resi st ance an&%ﬁ%é‘%@ﬁﬁeﬁ&$§mﬁﬁ€é@f egj}”é H‘S“'é‘gé‘?%eﬁ@%?@gfﬂ@ﬁa
nodi fi ed conjugated di ene rubber obtained by the production nethod;
to a rubber conposition containing the nodified conjugated diene
rubber; and to a crosslinked rubber conposition (vul canized rubber
conposi tion) obtained by the cFBSENLGRELnHIEEBr exanpl e,

vul cani zati on) of the rubber conposition. BACKGROUND ART

[ 0002] Conpugat ed Ttiee peesebbernsvehtrocax arphéesstyr enaetbotadifene
copol yners) obtained by enul sion polynerization nethods are known as
r ubber prbancauvyoaDove fikHe cappligadicidodd end vabbety af meddjfugdt ed
di ene rubbers that can realize an excellent fuel efficiency

per f or pRAGEGARKE BeRR el RLLBARSednidn af @e@Blry edhgoRitdohhe More

expectations for inproved autonotive fuel efficiencies. As an
exanpl e, i%ﬁﬂla%??,e%%' %Ir%fs'eﬂt( G ANRPIeY BB r%ﬁlal%%rs Wot B thenbal bew ng
characteristics ) to (3) has been proposed: (1) it is a (co)polyner

rubber _of .a conjugated . diolefin aor.a conjugated.diolefin d_an

ar omat PEOIRRIT e SnBEand.L sC2y Py A o] oHetar y SRR Ro "GrSup and an

al koxysi |l yl._group bonded in the (co)pol yner chain; and (3) an at

| east &?*Fﬁ%&%%né#“%&n&ﬁ&ﬁrﬁt&o&%’&’%;pﬁé Sh6E PR ﬁéazﬁc&)aﬁ}o En&i n,
and/or, at l|least a portion of the (co)polyner chain is coupled with
an at [c&ass ldinkesctishar aid i v iieht T et Pt bPRt ReFRFbAReSEYength,
I n anot her exanple, a nodified diene polymer rubber is proposed that

i S obt aicped rey is tstee 1l iofe -olebaiasivog aresdcttianeepol s Wedviskg dan

al kali metal term nal by polynerizing a conjugated di ene nononer or a
conj ugateed sdizee mRbREY o ldrendr drmat ihg/swWenyes imoioer hehaarior; to a
hydrocarbon sol vent in the presence of an alkali netal catalyst, and
a st epdaffiekt Aoy g difdred MG HHIbRId By e tdrgiidie on
active polymer with a conmpound that has a specific formula (see

Pat ent .HB%fh%rd%ng;_% 2) rubber AMINAG RAS M BesR RHRPeRRd Fidly
producing a nodified polyner that has an i1 ncreased interaction with
silica c%?ﬁs%\%@%‘%i‘ gk r’ﬁ‘ﬂa%e@atan%f‘”coogaovdx%%él@ﬁ&‘éﬁﬁ%fw dire

charact®e cS and Wear TE€sistance and an | nprove eat
composition (wvulcanized rubber composition) obtained by the

crosslinking (for example, vulcanization) of the rubber

composition.

BACKGROUND ART

[0002] Conjugated diene rubbers (for example, styrene-
butadiene copolymers} obtained by emulsion polymerization
methods are known as rubbers for automotive tire applications.

A variety of conjugated diene rubbers that can realize an



bui | d-up performance. This nethod proceeds through a primry

nodi fication reaction, in which a hydrocarbyl oxysilane conpound is
reacted wwth the active site of a polyner that has an organonet al
active site in the nolecule, and through a subsequent secondary
nodi fi gatEONehEaEhbDNe FENCWBhEDR Be FYEFREAEBYHO¥Y Shéah el SOPPQERE] | Sn
reacted via a condensation reaction between hydrocar byl oxysilyl

groups{s ﬁtP?QQP% §8r€H89e§%ec£§€£§£§df§£tiﬁﬁ%@é@@c§§ioﬁé£§ée°f

Pat ent References 0003] Pat ent Reference Japanese Pat ent

Application i d:open No. 2004-18795 - Pat ent Reference 2:
Japaneg ega?gﬁ%ciﬁg FEati on Lai d- open No. 2005-290355 Pat ent

Ref erence 3; WD 03/048216 Al SUMVARY éF THE L NVENTI ON iPRCBLENB TO BE
SOLVED BY THE PRVEKATRAE [ B0BATALIADEEdIAB0FEI"a (GAt PRI YREF Fubber
conj ugat ed di ene rubbers have been introduced that can realize an
excel | ¥athathenbellevingl CBpEpreFahtFLHEEf o hmhee (3HoWeGPeerddi ti onal
i nprovenents in autonotive fuel efficiency are anticipated in view of
econonbtoponsiderd at i dhsisush (as) phéysesepubhereaseai aogasokiae prices
and in view of environnmental considerations starting with carbon

di oxi ddiefre§shons. aAnonbjigaetedf dibéepinasent anvendtmenicsvihetefore to
provide a nethod of producing a nodified conjugated diene rubber

capabl ecfbolgting (usedtasaa st prinBgynahenbabrbop anar @sshirkedsiubber
that can be used in applications such as autonotive tires and that

can ray$gubhgohHeh ?Bf%ﬁEeQE¥6E81yﬁ8E exanpleanguti omolhl g8. 1ENEANS
FOR SCLVI THE PROBLEMS] [0005]AS a result of intensive

i nvesti i [.n,0 r.t | ve  t I descri t he
| nvent B8 HE EeahaF A R R SRRy e Hh el T B Hain,
hysteresis | oss behavior are_ inparted by using_an onium generator_and
v, SpEBFAP ey BEs L0 Sk RoRYEET AReCCompauide) PR AR FOA folg coub18d
conj ugat ed di ene Rolyner_having an_al kali, netal active term nal, and
that, #d4tR pesdlt leaShodifiregdtdonpdg&PEldrenédrnbbdFegaRabempr oduced
that has the ability to provide an excellent fuel efficiency when
used i Refeoeneranpl-e, autonotive tires. The present invention was
achi eved based on these discoveri es.

In another example, a modified diene polymer rubber is

proposed that is obtained by a step 1 of obtaining an active
polymer having an alkali metal terminal by polymerizing a
conjugated diene monomer or a conjugated diene monomer and an
aromatic vinyl monomer in a hydrocarbon solvent in the
presence of an alkali metal catalyst, and a step 2 of
obtaining a modified polymer rubber by reacting the active
polymer with a compound that has a specific formula (see
Patent Reference 2}.

A method has also been proposed for producing a modified
polymer that has an increased interaction with silica and
carbon black and that can provide improved failure

characteristics and wear resistance and an improved low heat



Thus, the present invention provides the following [1] to [10].

[1] A nmethod of producing a nodified conjugated diene rubber,

conpri si ng: (a) a step of reacting a first al koxysil ane
conpound having in a nolecule at |east one group convertible to onium
by an gpi vAL@gNgEAtOFmaRdeat tRAStmONEoAl kPXYsEhY! tHFOUPh t Habr DRs: at

| east two al koxy groups, with a conjugated di ene pol yner having an

al kal |08t 81 -0 1 hkaLLALIBAr t BnihAkn ALt hYSrLEL D DRby e ghL al ned by

pol ynerizing a conjugated di ene conpound or a conjugated di ene
conpound and _an.argmatic .vin npoupd, thereby_to obtain a nodified
con uoBPBRCHR NS EpaPRrERSy HAEPhE8ST REC oY BB T EanVEr fi BF bPHGE RN G Eh
t he al koxysilyl group; and ) (b) a step of mxing the nodified
conjugapearaﬁéﬁ@eﬁsﬂyﬁﬁFlHStaﬁﬁ@dlpntgﬁeﬁ055$U%ﬁthaPﬁet%ﬁ?ﬁﬁv a
generator and a second al koxysil ane conpound having in a nol ecul e at
| east enksghkerysskgbngasypraddacareast renctgpbuploonbeehidle to
oni um by the onium generator. [0006][2] The nethod of producing a
modi f i egdeonpubgiedydiiéneer ubbhppuadcosdirngeted| ¥l.a whepedanshtignoup
convertible to oniumin the first al koxysilane conpound is at | east
one typeasehoeat edtieem hargraupytorRyssliyNgg@bupkt egenpyg8egtoups
obt ai ned by substituting two hydrogen atons on a primary amne with
two pral.eetlue-.0reUPS, nitrogenous groups obtained by substituting
one hydrogen atom on a secondary am ne with one protective group,

tertiaﬁﬁeﬁgkgg g&gyg@ie&ghggsgroups, pyridyl groups,

phosphaor us-cont al ni ng groups oObt ai ned by substituting two hydrogen

at ons .a prijmr hosphi ne with two protective groups,
phosph3&ﬁ§ﬁc8ﬁggF%F§6 %F%&ﬁ?ngﬁﬁ i ned by substituting one hydrogen
atom of a secondar hosphine with one protective group, .tertiary
phosphﬂﬁ@o&ﬂoupsPaiﬁ ts@@ﬁﬁFﬁ@Gﬁt&ﬁnﬂﬁ&aﬁﬁéﬁpgaGEng%@516§atlon
substituti ng one hydrogen atomon a thiol with one protective group.
[3] Théadstivsgnofiopr é@¥dir$ 7€5modi fi ed conj ugated di ene rubber
according to [1] or [2], wherein the oniumgenerator is at |east one
type sel ect @k tememRelfe nprogp 2codsipstiesg &k tsint dopligkitdenc dapeungen
tin halide conpounds, alum num halide conpounds, titanium halide
conpounds, 20osc@wiodmshal i de conpounds, germani um hal i de conpounds,
gal l'i um hal i de conpounds, zinc halide conpounds, sulfate esters,
phosphat e estflst GAHRAJL Acixds 03 suld eni ¢ aci ds. [ 4]
The net hod of producing a nodified conjugated di ene rubber according
to any of [1] to [3], wherein the group convertible to oniumin the
second al koxysi |l ane conmpound is at |east one type selected fromthe

group consi sting of prinargm@@AQQ GF OHPS 1 gdaky am no groups,

tertiary am no groups, im ; S, primry

phosphi nQ _groups,  seco I j tertiary phosphino
groups,{hﬁé#%ﬂﬂéﬂqtbgghggﬁ“XHqu§%FE? fﬂ&gﬁgﬁﬁgd of producing a
nodi fi ed conjugated di ene rubber according to any. of [1] to [4],
furtherl risi g noted ahqve s &t&F Gt hdiHy Wahsd fE ot ai ned
in step (b) into contact with water. [6] The nethod of

pr oducimipe rmdidve dasom] bgaatieididatubigr TRk 4R i tFGEHLBIL [ 1]
to [5], wherein the nodified conjugated di ene rubber contains the

af or ement i eoneetdl wrep dif |f 6 Je d £f0ing Leyat v p et FEmenguot e rjovdnes raf grdshigritdronled
second al koxysi | ane conmpound, and a hydrol ysis and condensati on

pr oduct; ¥ drieeh 1@ diif | L0k @edi Ligat Btk 1di el o ryde ra e cari thiec igecosd] 1n
al koxysi | ane conpound, and has onium structures formed by these three

materi &l fow of economic considerations such as the steep increase in
gasoline prices and in view of environmental considerations

starting with carbon dioxide emissions. BAn object of the

present invention is therefore to provide a method of



[ 7] A nodified conjugated di ene rubber obtained by the nethod of
produci ng a nodi fi ed conjugated di ene rubber according to any of [1]
to [6]. [ 8] A rubber conposition conprising the nodified

conj ugat ed di ene rubber according to [7], a silica and/or a carbon

bl ack, eeéuelﬁgoashbaEfmgdaesﬂgugated b She rﬁ59§§lt95§91éugﬁeﬁelng
conp05|t|on obt'ai ned by crosslinking the rubber conposition according

to [8] 1 t

conp05| ?8n33c%0959§53 Fg?gPEEiFE%% Q ?%%E? k@%ﬁﬁféﬁFQFOB%eTTﬁ
oo g S e et v s R £,
conposition that exhibits an excellent |ow hysteresis | oss behavior.
At thersife theefuehecpiogiepryninet K69 BKamRéepr 8BEARCPAYEALI on can
provi de a nodified conjugated diene rubber that exhibits an excellent
shape AMEANGI OARABOLYANGpIEYLI BROBLAMEIf i ed conj ugat ed di ene rubber
that can produce a crosslinked rubber that exhibits an excellent

t ensi | gos0BENQL hAsweatresaditsbdndetrcasd veeti nskisd igasishanda. order tdhe
crosslinked rubber conposition produced using this nodified

conj ugabededir@re piruBhemnsc ak ske ivead abbok, exarpliavehebrautorebirkeed
tires, and can raise the fuel efficiency of, for exanple,

aut omobies roEMBERLNENT B HFOR %RBch@&El% oG 'nWEMleg‘ils[ 90Q8] The

met hod of t he present invention for pro ucing a nodified conjugated
di ene %%%o“r%%“ i‘ﬁ%&(x%)e B3t %El;l 6A0H 0% FehliSlkod! 58:’@ yglbane
conpound having in a ecul e "at dstone group convertibl'e to oni um

by an oni um gener at or st one alkox |IyI r. t hat _has at
bact SRS R Roby oo B  NEH 1201 GOIPRITrerE FOTYmaPThad fg.an

al kali metal or alkaline-earth netal active term nal and obtalned by
pol ymeFoFngad efo fiEgst &9 LaTete Peompeuid 6l kg ldometgdt 84 tdivene
conpound and an aromatic vinyl conpound, to thereby obtain a nmodified
conj ugdtegdhidiadne ayel yvert t B ahé@&qiéfgraoa]@dééﬁ\?@r CoBelgad egniddmrgnd
t he al koxysilyl group; and (b) a step of mi xing the nodified

conj ugatédbedi erer e wredussditied hessttdye @)1 Mittyh toherovilga an
generator and a second al koxysi |l ane conpound having in a nol ecul e at

| east enecalikoxysidell «grfiup aand, athdreasfedona , griaup ecampdrd,i bl e to
oni um by the onium generator. [0009][1] The method of producing a

nodi fi e e UgAt ad diene THbhgle deshasi dvldowh Wad eRHidhed based on
these discoveries.

Thus, the present invention provides the following [1] to
[10]7.

[1] A method of producing a modified conjugated diene
rubber, comprising:

(a) a step of reacting a first alkoxysilane compound
having in a molecule at least one group convertible to onium
by an onium generator and at least one alkoxysilyl group that
has at least two alkoxy groups, with a conjugated diene
polymer having an alkali metal or alkaline-earth metal active

terminal and obtained by polymerizing a conjugated diene



Step (a) is a step of reacting a first al koxysilane conpound havi ng
in a nolecule at | east one group convertible to onium by an onium
generator and at | east one al koxysilyl group that has at |east two

al koxy groups, with a conjugated di ene polyner having an al kali netal

or al kabihpenear b Bekahjaghitwe bekienabmpBdnabhaknad BYopAkY e ziNg
a conjugated diene conpound or a conjugated di ene conmpound and an

ti ol b . g 1 ted
R L S e e
al koxysi

Lyl aroqup. The conj ugat ed, di ene pol yner havi ng an
alkalipﬁé$HF o%%ngE@anpgaﬁfﬁuﬁéngvngi et&BnPﬁéPmiépdf Sexanpl e,
an ani oni.c polyner obtained by the honopol ynerization of a conjugated
di ene EIFPFYFd L7 BFOURE @&PFol ymeri zation of a conjugated di ene
conpound and an aromatic vinyl conpound. [0010] The net hod for
produci ng t H&lcanjsiiga ef dlenadpdihpmmoddidgdd coagigaged gdacani onic
pol yneri zati on nmedi ated by an al kali netal or al kaline-earth netal
(al so meflemead oot aieleaiv ias sttee (@0 wikdh zdtel omium geateartp ragnmoted
above, but is not otherwi se particularly limted. For exanple, the
pol ynergezainidon IRidied 1cak ke ngoielditHael nRoliyimer nédtbcen emetthqédast one
gas- phase pol yneri zati on nmethod, or bul k polynerization nethod. Anong
these nat 1180 Wi Rely RY 1izaldondetieds i mRaltietlaliley onium
preferred. The polynerization reginme may be either batch or

cpntin%ﬁp%héT@%qgﬁ el dilg active site present in the conjugated
di ene polyner nolecule 1s an alkali netal or alkaline-earth netal.

Anong t l'ithium,.,sodi ot.assi um _.magnesi um..and bar.i um.ar
oo or QBT 11 A s Aach i Pl Pedo el RRLMIRRL,
and al kaline-earth netals all have the _sane fynctionality in ter of
enabl i ity e FGP IS dohj lidat SHSe P8 R R0 REd LS
metal active termnal that is reactive with the first al koxysilane
conmpourid® AHd Hgs &l elci st gtk s dragte iGPmBRaIngk drfplads Assisdw ogkn

al so be used in the present invention. In addition, it is also
ef f ect ity d Iresdreebriataen & Heurnptdupn atorgricaipi-rop it faimi thgp greoreoree rg rangb st 0
activate the functional group in the polyner using an al kal

met al - tofpeadindd imE Grub FairteXiamp|l evo atydcidare Sidmes ean depreffact iandine
generated by lithiating the functional group noiety of a copol yner
that capt@l nswd Recd ieahitwd efe il t n Raraneidiyd dodgne diidinandy

par a- hal onet hyl styrene unit. [0011] The foll owi ng conpounds, for

exanpl esu@gﬁtﬁmitégalaw%agd@&gérbeawj&gag ed di.ene- JONOIR! with one

1,3-Eutad|ene, I soprene, 2,3-dinethyl-1, 3- but adi ene, 1,3-pent?diene,
1, 3- ' T ' X 3-di i e - -1,.
3- but :?}ﬁgén%@%%‘%%t%%q%?s-%%ﬁ%%@ eanng%x{%ﬁ%lg#%?%@qﬁout% I ne’?/ paf?dl dsyo:L

forth. A single . one of these may be used or t or re be used
0 conti TR o, DI THES RO asTr e (e riad Y it e oo
i soprene, or 2,3-dinethyl-1, 3-butadiene is ' particularly suitable.
These o) PHEAERPLR eHeDiofed PET2 RaRhHRh e ¥t ctrQ g gL e
terms of enabling the production of a conjugated diene pol yner that
has a nEtalpaictpivesrpiemsaton tatning reaeibyocbiainedhery iswpstituting
al koxysi | ane conpound, and those species not explored in the exanples
bel ow cate dtgbrdgenseidon nof he P esedd ry pierdploime [Q0HR2] Guwe trbdteective
aromatic vinyl conpounds are, for exanple, styrene, 2-nethylstyrene,
3- met hyd sdib £ Nee r it 4B SV BRE, gPoup®) hyh @ty BR€r—containing groups
2,4-di met hyl styrene, 2,4-diisopropylstyrene, 4- tert-butylstyrene,

5-1-but e 27 0% Y SV 8Py uting one hydrogen atom on a thiol with one
protective group.
[3] The method of producing a modified conjugated diene

rubber according to [1] or [2], wherein the onium generator is



vi nyl et hyl benzene, divinyl benzene, trivinyl benzene,

di vi nyl napht hal ene, tert-butoxystyrene, vinylbenzyldi nmethylam ne,
(4-vinyl benzyl) di net hyl am noet hyl et her,

N, N- di met hyl am noet hyl styrene, N, Ndi et hyl am nonet hyl st yrene,
2-ethylgt yegge, odeet bsggneaeed4fr@hhxhétgﬁ@as,cgngiaaiﬁ?85frene,
3-t-butyl styrene, 4-tbutylstyrene, vinylxylene, vinylnaphthalene,
vinyl tolyepsn ¥LoyheyEbbBEnad) PReAYhel MukeempdLRRENY Lebiyhene
containing a tertiary antno group, and so forth. A single one of

t hese .he used or two. 0L r . j.h.compi.nation. Styrene
< par FEVARE, PoREeBhabr et haBRyf MRta 8o raBhnkbasTneL othEin, BT LAY
compounds all have the same functionality in te of _enahling the

P OB EPBROBPAR. cBRFUGHLEH. BRdnaepoPPREr iRt TAGL LH nBaA Set Lve
termnal that is reactive with the first al koxysilane conpound, and

t hose SpBPPESdfot 2aRF1 BRedden CORPOERERpl 65 1BBLBWSELRTEN sBRBEPDNSER i n
the present invention. [0013] When a copol ynerization is carried out
usi ng estempugabebodivéne mondser aand sad fenematicédei-nyl conpound, 1, 3-
but adi ene and styrene are preferably used, respectively. These
nononer s ar g 4¢asthet actadi b€ prddarengXxechbaified tenfagatehadiagea
high living activity in anionic polynerization. Wien a sol ution

pol ymert,paki-0R ceBt-hed 4 $cerphoyed.[1tjhe mrgnepheersanthat ngBuipn t he

d
sol vent, when vi ewed ?ron1the perspective of maintaining a bal ance

bet wee 2t W a c | i ; I LAaN; <
%o@%%g%ﬁbl% (5% @B%u%aﬁg @h € QR agggk?glﬁghﬁn%% é@hhﬁ/&smﬁgn

preferably to 50 mass% nore prefera to 30" mass%
conj ugat ed di.e

a copol.ynerization is _ruyn usi_n n r..and.an
B et e R oG SRS T ST chr gt RS Ry Ee SES S a0 anp e e
charged nononer m xture - when viewed fromthe perspective of

i ntaPAIRG & BAPS1cELOPAEEY PO BZORRT r SeF AT de S0t HEPBi/
hysteresis | oss behavior, of the resulting crosslinked rubber
conposiiid® ILoDSy e PFAIN FHBISS RELER I PIRSPE 1P ECHFSy is 5 to
50 mass% [0014] The conmpound used as the alkali netal or alkaline-
earth merandaxivt pdosphdary gy caysyp et tdd tyy palcephlinchignpupes, and

al kyl enedi lithium [lithium al kyl eneimde, |ithiumdialkylanm de,
phenyl ldHtikilumrostpid .benel i t hi um it hi um napht hal ene, sodi um
napht hal ene, potassi um napht hal ene, n-butyl magnesi um

nhexyl magnesisymrret kel @ UM Rl Girdmas reatidtied tduHiogssiecd it
et hoxybari um i sopropoxybarium ethyl mercapto barium t-butoxybarium
phenoxyhagidim, HRNHARNQRAId M1 Pard U St e8nalfer kRhHMafiindm
sodi um bi phenyl, potassi unt etrahydrof uran conpl ex, potassi um

di et hoxyeth 0 , : i R - [ e etraner,
and so fortﬂ(%A%D%e?ﬁgsfe%%&ﬁ%gLu dsa,sqli)lrxgtgj;lro it |a}l})r4n{e($::%)ynlﬁlo%§? s(l]JD?h as
aIkyIILtQ%fns,tgng:ILt iunhgnide conpounds such as lithium

al kyl erfdi'fi F&& %t 46" Forth Sre preferred exanpl es. Wen the forner

(i.e. organolithium conpound) is used, a conjugated diene po]yner
that has a hyRdr o&% B‘Sﬂt%@p‘g AL WE g W@aﬁ%ﬁ q%jt‘}gffttlped;n diene
term nal and a polynerization active site at the other termnal is
obt ai nedibbAfrerrader digtd gro @ne.of i thi dm aflde whegigiduridle impdisded a
conj ugat ed di ene polyner that has a nitrogenous group at the

pol ynerdazatigatddidieata aniidlermm amlt ainds alpola/fMerenzat ti iomeat tiodsl Siietde
at the other termnal is obtained. These alkali netal initiators and
al kal i nereptddt aetdl erienigd oS, atihe hefer doven tSiaomed uneddmanal ity in
ternms of enabling the production of a conjugated di ene pol yner that
has a nehalxaetl Mt tRIBAAat htla 1S HEdedl we Mddn tdhdddsdtion

al koxysi | ane conpound, and those species not explored in the exanpl es

bel ow [ . pre ' td IQQ%E;
organolit %%@c%%pngﬁge pnlﬁbec%i;la yéﬁgjsu%&é{c?zdo%%g ocdr b%l/?e%r}%utphe(i . e.

second alkoxysilane compound, and has onium structures formed

by these three materials.



[ 0016] The lithium am de conpound can be exenplified by |ithium
hexanet hyl enei m de, lithiumpyrrolidide, lithiumpiperidide, l[ithium
hept anet hyl enei m de, |ithium dodecanet hyl eneimde, |ithium

nor phol i de, lithiumdinethylamde, |ithiumdiethylamde, |ithium

di butyl am de7] | AthbanEdigr epyl aghded 8itheupnebésopsopyhadi ¥¢, the

l'i thi um di heptyl am de, |ithium di hexylam de, |ithiumdioctylam de,

l'i thi L=d-8kh i deyolih Ehi j ' i 1
Nrret hy p?%%§a§?d%%8§?¥%?ghge?%§%%?%g;?§%?§g¥£€€lﬁ?ﬁ%%e%ﬁ??gﬁtyIanide,

lithiu zyl agide, <l it hi hyl phenet hyl am de,
3-[N, mﬁ‘ngigg%l{i?ﬁﬁeﬂ%yg}s‘% oD fETE%} g%;” i t hi um

-[N, N-bis(tgineth ilyD]-2-methyl-.1- propyl!ljthium,.
TEN N bi o(EPY B Ry PEPEY T TRS5 S kP er iR SBp o BRI 1ER ke
NN DFSTSRIREERYHLPRS 1} D ReBeRFgPFRERRURD (1), @ silica and/ox a

[N, Noi s(trinethylsilyl)]-1-octyllithium 3-(2,2,5,5-tetranmethyl-

, 5- di sRFRon- Azaeyel apentaficPsslpnbpybl pEAREM 2- net hyl - 3( 2, 2, 5,
tetranmet hyl-2,5-disila-1-azacycl opentane)-1- propyllithium

2, 2-di met hy193- A2¢2p5shihkedamebhyt- 2phpdssiliah- apaeynkdpent ane) - 1- pr
opyllithium 4-(2,2,5,5-tetranethyl-

2, 5-di girbasliakrasyckapentBney- tohpby¥hkibhl HEzo2A8n6- €8, 28%. 5-
tetramethyl-2, 5-disila-1-azacycl opentane)-1-hexYllithium Among the -
preceding, ¢yehig Lithi uppamidesgsuel asokkhhhuashexspethybapssM - den
lithiumpyrrolidide, |ithium pipéridide, |ithium heptanethylenei m de,
lithiu - yl.gnei m de, and so forth, are preferred for their
poIyneg%gggggﬁgfﬁptﬁggron activity and their interaction with carbon

bl ack §§?g§%&§ﬁ§F|ﬁgﬁnnggﬁ§§0Nhithiun1hexanethy|eneinide, l'i thium

pyrroli iampiperidide are particularly preferred.

[ 0017] l'ithium am de compoun re frequentl repared. by using
T AR g dmpouncaRa R CE ORIy Ta R FHag0aREEE SRTeRtdotsEa™ o
t he polynerization, but may al so be prepared in the polynerization
syst enPEPii8et @) MoPRd 1efp FREIBEAGSE eIk FUPSRYMERRZatRBNPIRFEFSL 8r
is preferably selected fromthe range of 0.2 to 20 mIlinoles per 100
g of nomosedinkedl8lbbex spepobicimpt hbdtf exbpbdddciengeacednpngat ew
di ene pol ynmer by anionic polynerization using a |ithium conpound as
descri bgdtahewe sad oske bpblayterri.zakiton hienistanat afmef, othexarpkdectdoane
nononer, or, diene nononmer and aromatic vinyl conpound is subjected

to ani gRritecRObLYMRhieZ plrie@Rn tPABFRItY oinh dahe pReserce abda fiaadoni zer,
in an organic solvent inert to the reaction, e.g., a hydrocarbon

SO'Venkg%gﬁga%%daai%hgpQ%hb%r,%hh%y%&mgbiQ@ ALORRLILG 13%Er Qgapkon

conmpoun using the aforenentioned |ithium conpound as the

pol ynmer.| [ i nity r esi . ' iene be
Dbt &1 né8 By CRFng Eh e BERIE T GBI ra St o e a ey SesERs,
sol vent__preferably has from3 ta carbons, and.can.he .exenplified by
B opancTat BEraRs PAEan R S0 S BAEaT Ao deitta P I e AR,

cycl ohexane, propene, _1-butene, isobutene, trans-2-butene, ,

Ci s- 2- BfCEd et femSyide SELSERne WeRh eSS L apfax @RE Wedn S&re

tol uene, xyl ene, ethyl benzene, heptane, cycl opentane,

met hyl oyrsdiggemcane, net hyl cycl ohexane, 1-pentene, 2-pentene,

cycl ohexene, and so forth. A single one of these nay be used or a

m xture of thhe erossldnked hebbsed.cdn@@d]tilte ramdomezenstimgt thsisused
on an optional basis is a conpound that functions to control the

M Cr oStfodGtiulel Qortjhrya0@R Whaied rdivgre: poly MRy nde@, exanp@ndle, for
i ncrease the vinyl bonds (i.e. 1,2-bonding) in the butadi ene noiety

in a byhadi@re~al Wiene CoRRl Wl Qi ddaiRasedine Aditle RGNS, (158
1, 2-bondi ng and 3, 4-bonding) in an isoprene polyner, or to control

3
3
4
[

8
2

example, automobiles.



di phenyl ether, anisole, tripropylamne, tributylam ne,

N, Ndi et hyl ani line, quinoline, and so forth. A single one of these
random zers may be used by itself or a conbination of two or nore may
be used. [0021] A potassi um conpound may be added in combination with
the pol yneri zati gnBonIMEatrer FURECARRYIING ©@%€e TiR therKeaoki vity of
the aforenentionéd polynerization initrator 1s sought or when a

' andomy g h3ROeNeat ¢ Ohe kA3 8MBAL Cp ¥EBYh COMROHRLRNEEE LS hidl enkhe
pol ymer 1s Sought or en a single unit chain/long chal n of the
aromatijc

Loyl i b i ded. Th i d

Addea PR OREPnSCTORURBH RGO RoF JREFF 2SO FBR-FRELi Al of LeROREL
lified by potassium al koxi typified b i

" Sopr OFBRFIENYpBt SEr b BT SxT 0 PGP AECITh P2ipPokf s, MpbeSULPUAF

n- hept oxi de, potassi um benzyl oxi de, and_ potassi um phenoxi de;

pot assigasheRexpgeurt RenygetasbilanteaPniBh, b¥. gn opsvpaperehnteraand,
caprylic acid, lauric acid, palmtic acid, stearic acid, oleic acid,

| i nol ekt aekdf berzeil&ocawsdlyphthahbctheitdhal- ast hphhtxhnoi elHokH,
and so forth; the potassiumsalts of organosul fonic acids such as
dodecyklrenpenestlhoni coagudateet Hadeeypbbépmenebakfiogi enagilédlali metal
hexadecyl benzenesul foni ¢ aci d, octadecyl benzenesul fonic acid, and so
forth; candithe ipetassicummeakls aek ioeggaephasphihe epteinami B/ es such
as di ethyl phosphite, diisopropyl phosphite, diphenyl phosphite,

di but yl,ARQSRRIZE 8y di Lauseyk trRoSRBLES cofBdusa BthhcongQBBELEha§§ne
pot assi um conpounds are preferably added at 0.005 to 0.5 nole per 1
gram at. om equi,val ent. _of | kal.i | kali ne- h LN
Phe porymepitay 2R en’ e bRgs YRl Bl “ B’ REeE®pkisBE ghs"
nol e, the addition.of the potassium conpoun as no effect in
enhanc@&dﬁgéépi?PPQuﬂﬁEFﬁed&@Pﬁn@Pﬁ%@?Fo%%F%iEﬁgtgg? PafitSni zati on of
the aromatic vinyl conpound or generation of a single unit chain/long
chai n 6PM§E tdPdRatirc ORIt &&n @ 1 Ky 1tliils 9ZrbEnt 2re dbdve §L5P
mol e, on the other hand, the polynerization activity is reduced and

t he predudtixingy the medd fdelds camtivglitedr 6deded Poddeln CREAB RS iLdn
with these, the nodification efficiency in the nodification reaction
with theep rist) alikdxysid ans uromgpoerd ey abel redecetdd pAGR3YFRdane
tenperature in this polynerization reaction is preferably from-20 to
150C anrgénpieddneianabliy iss dolesl « @tlARGs tTheepellminiszatilogroup
reaction can be carried out under the spontaneously generated

pressurgyg Ut 1354 QeRETA IR 8 OGRS S itmP el @hdblyifen at a
pressure sufficient to substantially maintain the nononer in the

quuidﬁgﬁ%ﬁ%tdghus, the pressure will also depend on the substance(s)
ol yneri ze

bei ng d, the polynerization medi umused, and the
pol ymeri zatj.on t erature, .an desj red ressu. J i_gher
than t h'ieozozopdc}nt ang[roiﬂsl@egénnéetrhé:’t ec?af; éséjéﬁlrcé‘n@:néaﬁné)dﬁ%%.& %g%ﬂ u}a@eg:p

pressure i s obtained by a itabl e nethod, for exanple, by
pr essurdA0Ry TP Sedd G° v&'sotliﬁoé“’sgas that is inert to the

pol ymeri zation reaction. [0024]All of the starting materials supplied
to thisl§dn@lilzati on such as the polynerization initiator, solvent,
nononer, and so forth, are desirably used in this polynerization
after the rehmpal (af isubstsrare ft hatacduimgal soir oy d eyl iane
reaction such as water, oxygen, carbon dioxide, protic conmpounds, and
so fortdordgcmd heasitray timga medleydudl es . a tWiera dtheomobt@aigngd quolvwardrikilse an
el astoner, the glass-transition tenperature (Tg) of the obtained

pol yNere OrorCaReIMeIn @si et findmed byart fferendd alortal oniomtgiiic i
analysis, i1s preferably -90Cto OC. It is difficult to obtain a

pol yﬁergﬁégfg ek hH ans-1dANS1 4PN HRIMErAM LS ofy i85S (il ug A

When t he ass-transition tenperature exceeds 0C, the viscosity in

diene polymer having an alkali metal or alkaline-earth metal

active terminal and obtained by polymerizing a conjugated



[ 0025] The al koxysilyl group in the first al koxysilane conpound has at
| east two al koxy groups based on a consideration of the reactivity
with the conjugated di ene polyner having an al kali netal or

al kaline-earth nmetal active term nal. Suitable exanples of the al koxy
group aienal kexypoahaups hhabnhayetad@idleabkibo@hQUENAr aRNaBSNATic
group. Wien two or nore al koxy groups are present, they may be the

same ag;{a¢n-8hBsLNne! Be¥hgﬁ¥b9' bbehihr QM98 204t 98{13 gated %:(‘g&ﬁe

regard to thé group convertib to oniumin the first oxyS|

conpound, . this ecul e ho Id contajn east one rou hat is a
ot or eoPERYRPE B RFofider bhCr e EneoRrRarthEr B SPTufi R LREL,
net al ive t nal s of the conjugated di ene polyner and that,
after BEBPEVE&EVngr8Hﬁ be converted to onium by the action of an
oni um generator. This group convertible to onium can be exenplified
by nltrogen8h§ QPBDHgag§ﬁaﬁhéaeb?0§ME§FlPGVFHQ Boahyal bgeatat o on
a primary amine with two protective groups, nitrogenous groups

obt ai nedkbyisgbstictht nrgadnechydrogennanom on, afsscondapyeanine wth
one protective group, tertiary am no groups, imno groups, pyridyl

gr oups anpbasphebusmeentaicaingdgbgupieohbabpedyhygrdubst bhubtng t wo
hydr ogen atons of a primary phosphine with two protective groups,

phosphebugugata Aieaegowpsuabt ai-ned byesubpbilitbi-rgaenenhydr ggen
atom of a secondary phosphine with one protective group, tertiary

phosphi-ae ;9La%RS: d%'&ﬁes ehhpbueantauning aQBﬁHE% coht gine gofﬂ?ound .
subst|tut|ng one hydrogen atomon a thi w th one protective group.

A oel Pio%8s of &pgfﬁekheatf%&kggxahkaﬂa EREPEUAga 6208, UREd by

itself sing re can-be usé n-co |nat|on.

0026] Th ollo are exa s of conmpound . n_ ..
2|koxig.ﬁywegréﬁbuiﬁdcgrﬁﬁtgﬁ eﬁguendpgﬁﬁussﬁaﬂﬁéaZB?lgabgﬁﬁﬁaFﬁﬂgby
two hydrogen atons on a i_mary am ne protective groups, a

n|trogéﬁo&ék@réuﬂeﬁﬁﬂapﬁeé1$€1§@@sﬁﬁﬁﬁplW&téﬁe(ﬁ9§Po§§§e§F891BH a
secondary amine with one protective group, or a tertiary amno group:
N, N biedowr e ttingl SioioiyrgFiidopiopy Lasth wteirfet Box poitednebove, but

N, Nbi s(trimethyl silyl)am nopropyl trimethoxysil ane, :

N, Nbi s (itsr nmet lychsiriyilskamardioodylrtly atimdxesi.| afer example, the

N, Nbi s(trimethyl silyl)am nopropylnethyl di et hoxysil ane,

N, Nbi s (dorivifeiriylagiilopl ranrheeetdayl el reitshaxtiivhanel ymerization method,
N, Nbi s(trimethylsilyl)am noethyltriethoxysilane,

N, Nbi s (far=i-pi-h $id Wmearti astidy Ineinbd d'd@’%\%ﬂ%&ﬁﬁﬁerization nethod.
N,Nbls(trlnethyI5|IyI)anlnoethyInethyldlethoxy5| ane

N, Nbi s pr. OXMS|

N, Nbi ?&{I ? ty{ EJI H#ﬁ%prﬁﬁ%ﬁﬂﬁ%%ﬁl ane, orfifethods is

N, Nbi s(tri eth |SI| ropyl.triet S|Ia

N Nbi o B G FE BT On by T Ry GRS Fafggime may be

N, Nbi s(trieth S|IyI anlnoeth | trimethox |Ian

N, Nb|s€¥3#6¥h§1 arf W%letkﬁkﬁéipén % the active site

N, Nbls(trlethyIS|IyI)anlnoethyInethyIdlnethoxy5|lane N, N-

bi s(t r iREERET 11 )t sesoMgaischidng meodsiaamelecile is an alkali
tris(trinmethylsilyl)-N-(2-am noethyl)-3- am nopropyltriethoxysil ane,
N, W W tre tsa(t rimetlisd lsinerBadh( Zretal . Among these, lithium, sodium,
am noet hyl ) - 3- am nopr opyl net hyl di et hoxysi | ane,

tris(trdogteisyisd,! wiboneg(idmgmanrek tdad JunB-a rmmprefeamdd rarmetlhdatyisid drse,
N, WWtris(trinmethylsilyl)-N(2-

am noetdydy)i-3rap @?ﬁ%@ﬂ%&yl diethaxys lian@talrd 3md alkaline-
trlethoxyS|IyIpropy 5,5-tetranet hyl - 1-aza- 2, 5-

di si | acy. ﬁp%ﬂles a1 %ar'\fé el axys lﬂirﬁﬂ%l@t}z’ﬁl Serms of

t et ranet | -aza -di si |l acycl opent ane, 1-

enabling the production of a conjugated diene polymer that has

a metal active terminal that is reactive with the first



(et hyl di met hoxysi |l yl) propyl] - N, Wdiethyl -Wtrinethylsilylethane-1, 2-
diam ne, N [3-

(ni ethyl diiaethoxysilyl)propylj-N, N diethyl-N -triiriethylsilyl-p-phe
nyl enedi am ne, N-[ 3-

(tf'etQ?§¥§Pr¥h£HEOEMhPoLnH MéﬂaekﬁxgeV%ﬁébqsghxbﬁlg¥518998“¥569ﬁ9i6”1

i ne i met hyl'si f yl et hyl'ami no) - 1-
| | | h
E)%/” nerhy é%%%%ggﬁa%%ﬁng;g%-Bgﬁlro G naPF oS PRF SERERG P ane,

N ( 3-
(d.ethoxyneﬁﬁyﬁgﬁﬁ§ﬁfaroﬁ§1PSN§éﬁﬁyPfﬁfe§l¥€hBQyéPﬁ9Fy0£¢F%.ﬁethy|s.1
yl et hane-1, 2-diamne, N-[3
(tr|préﬁaﬁyéppyﬂ)ﬁﬁéyyrFoNtaﬁaﬁyg nepometrhertetRy RFLWREEt BYESi | yI - p-
phenyl enedi am ne, N-[2-(di et hoxynethylsilyl)-

1- met hylbatchydhall gtchyb- Wa( 2hdi ephyhenr neénbyah- Wl kiaéthpesalyktgphane- 1
2-diamne, N-[3-(triethoxysilyl)propyl]-
thyﬁﬂmtdatdkethwbanbmaaph¢L)anhtkebbybstbybahhaaeeffactdbamyne,
4-trinmethyl silyl-1- piperazino)propyl net hyl di net hoxysi lane,

-t GefiAyksl bylilthiptRayazhBO¥RheRYbhhilehhexysibaBey of a
trlnethyIS|Iy1 1- piperazino)propyltributoxysilane,

-t B8 %%E%'Eﬁ%tlcoﬁkgﬁhézkﬂ%)E%%B%k?@%ﬂ%‘ﬁh@%ho yshlane,
-trimethylsilyl-1 plpera2|no propyl |nethoxyS| ane,
it ch&re%% bipale dagolLiding.) prapyl etk digt hgxysi I ane,

3-trime azoFrdinyf propy OXYSI ane,

3- tr| yIs :
ahy r| i d}fﬁf? )jfﬁrl&ﬁwlﬁéft ﬁ;?F“@PHEEiﬁc)x@H §K@TpP3eegare suitably
nethyI5|I 1- 1- hexahydr opyri m di nyl ) propYl tri et hoxYsil ane,

4- tPﬁﬁ@tﬁ?l§Pﬁyf9EJﬂﬁﬁéﬁ§zﬁﬁ?PFb@PFPPﬁFetHoﬁy§ﬂ¢&ﬂéenﬁk[2soprener
met hoxysi |l yfl ethyl]-N, WWtrinet hyl et hane- 1, 2-di am ne, N

di e Bhodyeshmi-di I3y-eré:ta|qi>ilepem- ét By[pevxﬁ‘aﬁdiemt, hytl St-hapediene,

1, 2-di am ne,

[ 3- (tlr, i3matepdoeyidielyl, ) @r, GpyijreNhMMviteti kylepr Gpahend,13-1di3abiunediNnp3-
(di met hoxymet hyl si |l yl) propyl] - N-et hyl - W W di net hYl pr opane-
1, 3- di amimReh 133 einethidensi,| YHoprepyl- N-Bibsdkicelehy knd- so forth.

t
2
d

z-
whhbh

-~ 0

'_'A-bﬁjwwwwwwww
=~ XAA/-\AA/—\/-\A(D

Nr—F
~

N-

met hylpropane-1, 3-di am ne, N-[3-(di net hoxynethylsilyl)propyl]-

N W W tetrarethy prropareel mdndidmnied N 2wo or more may be us
i met hyl am noet hyl ) - W[ 2- (trlnethoxYS|nyIethyI] N, lenetgylethane 1,

2-di amsne,. N2 (t‘i' gl.ho sy T g%lr%f th 1,3-

111- (3-'et ﬁ:c?xyﬁr Spy 1) @l{% %gxh%l St han di amenélse o2

(trimethox fleth %%& W et h met.hyl = N Vle thane :

o G R e 2l(5t enow’s?f}gf TR TN SRR 3.

trlnethyIS|I | et etha ?fanlne N[ 2-

artl ular y sulta e These conjugated diene monomers all

have the same functionality in terms of enabling the
production of a conjugated diene polymer that has a metal
active terminal that is reactive with the first zlkoxysilane
conpound, and those species not explored in the examples below

can also be used in the present invention.

[0012] Suitable aromatic vinyl compounds are, for example,
styrene, 2-methylstyrene, 3-methylstyrene, 4-methylstyrene, o-

methylstyrene, 2,4-dimethylstyrene, 2,4-diisopropylstyrene, 4-

10



(triethoxysilyflethyl]-N, Wdiethyl-W(2-

di but yl met hoxysi |l yl et hyl ) et hane- 1, 2-di am ne, 1-(3-

(triethoxysilyl)propyll-4-nethyl pi perazine, 1-[3-

(dlethoxyethyIS|IyI)propyl] 4- et hyl pi perazi ne, 1-[3-

(trimefDoxysyi d) - 4= Eebyy PLpeRaZh pEs thz Ede,
SR ERAE

(di et hoxynet ropyl - 4- net hyl pi per azi ne,
(di met hox ro iIp - [ 3-
(trlneYﬁgigE%F§#§propy€] ?ﬁlﬁgﬁg%ggol?é?ﬁ%ﬂﬁi?%%ggne’
(di et hox eth | si ] ropyl]-3:-e | i m dazolidine, 1-[3-
(Fr1 ot ROy SV D REBL BBy TRes #@Fﬁﬁﬂﬁ%ﬁ@ﬂ%ﬁwrm dine, 1-[3-
(dlnethoxynethyIS|IyI% ropy1l] - 3- net hyl hexahydr opYri m di ne,
[ 3- (t r VBBYSRGBEVYH}BE gyiflminﬁet ﬁ§1V1nzl§eaZY%—é@%ﬁﬁ%%ﬁ%}ﬁl%@?%
3-[3-(di net hoxynet hyl sil yl ) propyl]-1-
t hyl- &-Re8, 4Nt Bt dahgthypypninpdthglstygenet hBxyet hyl ) - 3-[ 3-
trimethoxysilyl)propyl]imdazolidine, 2-{3-]3-
tri nedhaxysivliyhiponpyhletyabyd; opyechytsnytenyl | 8thyhdilatyhyham de,
(trimethoxysilyl)-1,3- dinethylimdazolidine,
(di Etetﬁﬁwgftwbﬁbl Y@—tlbﬁt%rdls@.fyméhbm dazohidiyNetyrene, 4-t-
(trlethoxy5| 4-di et Iplpera2|ne
(

dl g)ilgllgggfgyl%y lv%i]% 8;1” ﬂﬂemﬂih LRhRBh&ALAGNE?” vinyltoluene,

grleL s exahy ronglnldlne 5-
1efelRoh?aini
i ot PSR AR 2 5@%’%53& ot F@?‘%g‘gﬁﬁlgﬁﬁ- ohtaining 2

yl ] et hyl di net hyl am ne, 5-(tri_nethox 1)

et hox FEiy B RaRG: G5giein aﬂﬁie%ﬁ#ﬁy et R PPg1pE tyese may
blstrlnethyI5|IyIhexahydropyrlnldlne 2-(3-

di et ho®fetifprs PPfy[tHPoWH“OfeSH@Yeﬁ’?yleﬁiddé?oFPH‘Pﬁé‘atle% Styrene is
triethoxysilylpropyl)-1, 4-diethyl pi perazi ne, 2-(3-
dineth@wyﬁépwyﬁgﬂWypgﬁﬁﬁyrﬁdlamo@@néﬁﬁ§ﬁpﬁ9@9@@ﬁﬁé 5Ihgse aromatic
triethoxysilyl propyl)-1, 3-di propyl hexahydropyri m di ne, 5-(3-

di et hoxyietyly lcsinpplpdep yl)l- ha3~editéteh slaimex dupdritdpyriliitdi ne, t2xms of

[ 3- (2-di met hyl am noet hyl ) - 2- ( 3-

et hyl digrethaxysithel preryldtisidazola domjlopyliteet RileticTeichytmam neéat has
5- (3-trinmethoxysilylpropyl)-1, 3-bis(2-

net hoxyetiarnhexanydr ephiiHAl 8atd-ilSreactive with the first

et hyl di met hoxysi |yl propyl)-1, 3-bi s(2-

di met hy anléxiropy tr?ﬁgh oxyg%{aﬁg #%?Sﬁ%Cles not explored in the

dlethylanln pr.o Itrlnetho S|Iane
di net h ;1 EJY i e@tnf'léa Xe Iban liseécl in the present invention.

dlethylanlnoprop | triethoxysilane, 3- _ , .
et hy 1net44Hni no 1% 1S mqa}.}@n 4.s carried out using a

et hyl met hyl am nopr opyl tri et hoxysi | ane, 3-
di met hwca?ﬁlqﬁﬁﬁét% l@%%%%%ﬂ%l%&ﬁon@tlc vinyl compound, 1,3-

di et hyl am nopr opyl net hyl di et hoxYsi | ane, 3-

di met hydwtredicre mrde st i tdiox i eifgrab13r used, respectively.

di et hyl am nopr opyl et hYl di net hoxYsi | ane, 3-

di net hylrardenopramd i retdhydamet hox ¥siduaines &hxd are excellent in terms
di et hyl am nopr opyl di et hyl net hoxysi | ane, 3-

di et hylammopnep diingt hyl vethaxisi+ieng, iB-anionic polymerization.
diethylaninopropyldlethylnethoxy5|lane 3-

e
(
(
2-
2-
2-
2-
(

et hyl ng} @ff@éﬂ%\{%&é% B nEiddyed, the monomer
ethylanlnoprop Idlne oxysi | ane, 3-

di met hyl am nc I

di et hylcaoﬁcneog::’)roag“p Jg %Oxym aﬁzg'?eré?vlewed from the perspective

of maintaining a balance between productivity and ease of

controlling the polymerization, is preferably 5 to 50 mass%

11



(trinmethoxysilyl) ethyl] -N,WNr-trinethyl ethane-1, 2-diamne, 1-
[3-(triethoxysilyl)propyl]-4-nmnethyl pi perazine, 2-
(trimethoxysilyl)-1, 3-di methylim dazolidine, 2-(3-

trimet hoxysilyl propyl)-1, 3-di met hylim dazolidi ne, 3-

di met hyl @i nopropyEd Fi hoxysh | 89€30 3nasss. When a
di et hyl am nopropyl tri net oxy5|lane 3-

dlﬁEth%%%?k@ﬂQ{P@%%{éﬁ?% ﬁn§3%§%[3_conjugated diene monomer

di et hy propylfrie

(trietho yS|I tri th SI| | a and

(111 methit %%%fﬁ%yﬁw. vt B i S B P T
gggﬁpﬁ;‘@g,'éggggw oSLRLP sgdmggo;ag; 10,9109 o1, R111 ], 85 g, be
di net hyl butyl i dene)-3-(triethoxysilY1)-1-propanam ne, N-(1, 3-

met hy| ReA§PEEERES - BF (RALREADRYRY| §1ha tepespankiiese, the wet skid

Net hyl i dene- 3- (triethoxysilYl)-1-Propanam ne, N-(1-

met hyl peopytadeneind- thei botiokYsieyayis- propanahaneor of the

N- (4- N, Ndi et hyl am nobenzyl i dene) - 3- (tri et hoxYsil Y1) -1- propanam ne,
and N-teyclobergytidese)nBedt rubbhoxysinpdyi) tlepropanapraterantytheto
trimet hoxysilyl conpounds, nethyldiethoxysilyl conpounds, and

et hyl dspehhgxyshhil méeapprBdsrepLyespondtagsbonbbese triethoxysilyl
conmpounds, as well as trinmethoxysilylpropyl)-4,5-di hydroi m dazol e,

N-(3- Rbb?ﬁTOXySTh¥l §8ﬂ¥&ﬁd4u§eg'?¥dﬁﬁé”hg§£9ieme%5i3or alkaline-

trlnethoxy5| yl propy -1 mdazo

trlethox ? é,g{9p¥11t1F?Okn] 28|e Fé

hexane?ﬁy nopropylrtri ne ox srfan

hexamet nei | tri.et hoxysi.l 3- . s , .
noxanet gy REFnORPORPY it P T Qﬁiellgﬁéiefs lithiun dialkylanide,
hexanet hyl enei m nopr opyl et hYl di net hoxYsi, | ane,

hexam?ﬁ?PgﬁéFﬁPhHﬁroﬁ i heRRYLALBAHBXy it L RART aﬁahﬁhalener sodium
hexanet hyl enei m nopr opyl et hyl di et hoxYsi | ane. The follow ng are

pr ef er neBhtNal eng. dPAERRPE Bt PRPEERE) e3e( t PrBURBAPSPNGE UM, n-

1- propanam ne, N-(1-nethyl propylidene)-3-(triethoxysilyl)-1-

. pr opanarkgénagndshuf3- ethoeybeXgdity| prdpYik- 4E6ardihydtoi m dazol e,
N-(3-triethoxysilyl propyl)-4,5- dihydroimdazol e,

N- ( 3-t putBkhexyshkylipr, opyhbx4bariitindaieberopoxybarium, ethylmercapto
N-(3-triethoxysilyl propyl)-4,5-imdazole. [0028] The follow ng are

exanpl %ﬁrcitmco@9&@@%yba%&umavgh@ﬂo%&k)gﬂﬁml yhigkayRaaldodbarium,
phosphor us- cont ai ni ng~ gr oup obt ai ned by substltutlng two hydrogen

at onms ri 0S t ou
phosph%rﬁgu@Oﬁgg%%Fﬁg g%%&%gbgkgpﬁégggg sﬁb F%P ﬁ %gaﬁﬁérogen
aton1of r hos hi.ne wi_th _an r [ i a
phosphlﬁ%rﬁﬁ O%8¥ E GFxeo Pgﬁﬁﬁﬁa%g%OU%ko§§§gh%§g Bnbfel, Atke
substituting one hydrogen atomon a thiol with one protectlve roup
P, Pbi s@Eedilgt Bplsi fl PoHesPmlesprepd methaneitme eRex P8 IFF&R -P,

bi s(trimethyl silyl)phosphi nopropyl trinethoxYsil ane, P, P-
bis(trkma@hybﬂmgwnmhnsMﬁganmmnnﬁmndakmmquﬁdanauﬂlas alkyliithiums,
P, Pbi s(trinmet hyl silyl)phosphi nopropyl net hyl di et hoxysi | ane,

P, Pbi sl metdhyhsi layli Hieh espiioneeishyhidh BBt haxysukaag kyleneimides and
P, Pbi s(trimethylsilyl)phosphinoethYltriethoxYsilane,

P, Pbis (St IRy i B@Ir)elf@mw RIS Nyt AMREROXYSHaNg;i . e.
P, Pbi s(trimethylsilyl) phosphi noet hYl met hyl di et hoxYsi | ane, 3-

di met h IEQ hi 0 t.h e,

dlethy% gphl%@gg%p%ﬁbkohgﬁﬁogég§¥%%g aB%onjugated diene polymer
di met hyl phosphi nopr | triethoxysil ane,

dletth 2 Sn Oﬁ@,%{hoggéUpaﬁg p§e polymerization initiation

terminal and a polymerization active site at the other

gllg}ed by alkyllithium,

terminal is obtained. When the latter (i.e. lithium amide
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[ 0029] The reaction of the first al koxysilane conpound and the

conj ugat ed di ene pol yner having an al kali nmetal or alkaline-earth
netal active termnal results in bonding between the al kali netal or
al kaline-earth netal active termnal noiety and one noiety (i.e. one

al koxy. groumaPfid Nes@d, | £a8n4Wa Bl Qe tlt QiPSymd hanely Hyoduci ng a

nodi fi ed ‘conj ugat ed di ene pol ynmer that has the group convertible to

oni um and _t he remaini i1yl o] o) T :

o or erioht T SRa T T ro 0P By B el P OrRe n PP (I torminal
functionality jn ternms_of their reactivity with the conju ed di ene
pol ymeRnhadi Pyt WRekt 57 E 5o i e BT nthiat dF “Hikat et ST 2t s

al kaline-earth nmetal, their reaction or interaction with the carbon
bl ack elpbrbred;|iThessedlhalh Petat obl b boEht 2R el fhEl poibdRF th
conposition is fornulated, and their ability to provide an excell ent
| ow hyse¢kaksisitbasobehall ohavacehe heawe oSeh¢ kel k Libhekn composiefon
has been produced, and those species not explored in the exanples
bel ow easbalsg beeuseddiotibe Pfesendninyentdodiefh®030] diher that has
nodi fication reaction - in which the first al koxysilane conpound is
introdycgdtal hbeidbkebimmehal tpatal katbaereast hitet ehe acitye
termnal of the conjugated diene polyner - can be run, for exanple,

as a sghibiQni i8Rt LORpohRda 8RHULHGBT 886LE A8, nbheel ¥EEQNi HBYhe
contai n unreacted nonomner mh!ch has been used for the polynerization.
The regliRat b bReopdLh GakhoBer gack! o tﬁengkggéﬁ£'fﬁb@ﬁ£¥oﬁl”1ted1

and thé nodifircafion reaction may De run usin atch reactor or

may be in a nt i nuous.regine usi ng._equi nt ch_as, _faor

exanpl 4208501 {1 Baqe"GaRPL RGBT, BAELOFiGr PARLFRTPAS MRReR. CTF s
nodi fication reaction is preferably run grior to carrying_ out, for
exanpl BYJ58FEERY L 65BVEI (1t BeaBnBHETRFRRA MétEF?UHeQ@VgP%a%nEﬂt?Oand
operations required for isolation of the polyner and the |ike, and
after ccﬁbbetﬁbnméﬂ-th@OpoEyﬁ@pﬂgatm@ﬁhyégét onn, [ 00BY] W-EhivegaRd to
t he amount of use of the first al koxysilane conmpound in this

nmodi f i pabpghliehdtinonisbtherbprydfidhkorysntbnéyddapbind, i seadded in an
anount that is preferably at |east 0.1 nol e-equival ent and nore

pref er ghlcy1at theas, @3 twle+aquithdhent middrylafiarenee tghdiel Bicth e,
site of the conjugated di ene pol ynmer obtained by the anionic

pol ere'?'—B@thﬁyl\M%Hihﬁ?l anmpuRl;1bsehess ithanm). I-pakayegutyahenhiukhe

nodi fication reaction will not proceed adequately and the

di sper ehBhbhikyeh 11REuhE! RHQ' €8 08N bratulngle under go a
satisfactory |¥provenent, resulting 1n"a deterioration for the
crosslinked. rubber -conpositi i i.lLe.streng .esi stance,
wet skﬁ&lﬁggfgpgﬁ %%eg%gnﬁo%&%ysEgﬁggﬁékﬁéég’pgr%QF Tﬁgépﬁﬁﬁ, h There
are no particular limtatiQns.qn the netg d, for adding,the. first

2] Koy BeRAHd S EbBuN B ei2ad AL o PPFPIG Jag Rt afl L PeRg) L6 ided
all at once or may be added in portions or may be added conti nuously.
Anong thdseiddthdedutene ndr Fod ¢ ldddibdioderngiencat thfc&pr§tHPEf erred.
Moreover, the first al koxysilane conpound may be added in the form of
a sol gtrioghicitn ohincirutydrl ighdmpl @ ithhé ,Bolbludwidignies ansed as t he

sol vent: the conjugated di ene nononer as described in paragraph
nunber di@Qh]l bek zichies $hec irfeacatiionn prichiecar efati-buriyiyli tbdmpoand a
descri bed in paragraph nunber [0012], the hydrocarbon sol vent

descri Bed vialk Rai1agied R moReT, [4%&%]1,orpérntty*1q1rtaﬂd@m 2¢r-described in
par agraph nunber [0020]. The polynerization tenperature for the

conj ugyf;ad (;1eRR tRANITEN  MRY 38 disedhuMdiout allenatiap-as the
tenperature of the nodifi'cation reaction. In'specific terms, the

range %&Q&Qﬁ}@;%ﬁ%géﬁé"%ﬁﬁfﬁﬁg%égQﬁiﬁﬁéﬂi&H&K%%gh”g%ﬁgﬁg fyfﬁﬂium

The vi sc0 € pdl yner 't 0 i'ncrease

and sec-butyllithium are preferred among the preceding.
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Thus, the coupling agent that is used in conbination with the first

al koxysi | ane conpound and that reacts with the polynerization active
termnal can be exenplified by at |east one conpound sel ected from
the group consisting of (a) isocyanate conpounds and/or

I sot hi te cQIPOUNGS:; Dn Al demGmRaUNds, and/Ofedg de Loppunds,
(c) py@ﬁyy substituted é%onénconpounds and/ or pyrié@ﬁgghGEtigﬁfed

vi nyl conpounds d),.sidi.c C . I .G ngds:, . (f)

et onct barpotnay e ATk i B S ey
phosphat e ester co unds,. (j)_conpounds. t hat tain an acid
anhy driP IRSGFSH (Kt Wh%%%%r&?ﬁ?%ﬁe%m@%néﬁu S tand (1)
conpounds that contain a_hal ogenated carbon group, [0033] Anong t hese
conpouﬁﬂé?c¢@ﬁ%ﬁ¥&ﬁ%@%&%ﬂ%de%l%ﬁl¥%ém%Eﬂﬁﬁﬁ&§%'(igtéﬁ%%yanate
conpounds and i sothi ocyanate conpounds are 2, 4-tolyl enediisocyanate,
2, 6- tolyeemebansdeyahatieluni pherlyy hndnedl } shyarndtutylamice,

pol yneri c-type di phenyl net hanedi i socyanate (C M),

i sophol bt séTyamay Eamhéxankt tiyl emedli i socyamat @nide 3, Bithium
benzenetriisocyanate, and phenyl -1, 4-dii sot hi ocyanat e. Favor abl e

exanpl gsheft{ encaaponerhi () dane2e1 seIPeHNUsT RN | &1 et ghapounds are
am de conpounds such as succi nam de, phthal am de,

N, N, Ny Ihiﬁﬂlr&m§h¥#ﬂyiﬁé£§ﬂﬂ§deij"f‘m:quuma@gdecylamide, lithium N-
N, N, N, Nr-tetranet hyl oxam de and | m de conpounds such as succi ni m de,

e EEHERTE el 5 T ST FRMEE ORI 15 P
o di BRSORHEYITaLHE: " O BCoEyF )V APREY SHatl i nGRAUR o nee T
[ 0034] Favor abl e exanpl es of the conponent d% §Lll 03 io pounds are
di but yratBKLBR8BEFEK ?mﬁﬁﬁhy?fﬁwcﬂpgﬁééFFé gth Fﬁ;y ! Rt or osi | ane,

:eprachlorosi[ang, triethoxynethilsilane, trigheggf%ne£h¥Lfllane,

ri met hospsiLanbiumet By [Ny NebhsxysimgRBy lsilyl) ] ethy

4, 5- epoxyhept yl net hyl di net hoxysi | ane, and

bi s(trpebhgkysithybps ogylNi Btbaslttinethylsilyl) -2, 2-dimethyl-1-
propyllithium, 4-[N,N-bis(trimethylsilyl)]-1-butyllithium, 5-
[N,N-bis(trimethylsilyl}]-1-pentyllithium, 8-[N,N-
bis{trimethylsilyl)]-1l-octyllithium, 3-(2,2,5,5-tetramethyl-
2,5-disila-l-azacyclopentane)-l-propyllithium, 2Z-methyl-3-
(2,2,5,5-tetramethyl-2, 5-disila-1-azacyclopentane)-1-
propyllithium, 2,2-dimethyl-3-(2,2,5,5-tetramethyl-2,5-disila-
l-azacyclopentane)-1-propyllithium, 4-(2,2,5,5-tetramethyl-
2,5-disila-l-azacyclopentane)-1-butyllithium, and 6-(2,2,5,5-
tetramethyl-2,5-disila-1-azacyclopentane)-1-hexyllithium.
Among the preceding, cyclic lithium amides such as lithium
hexamethyleneimide, lithium pyrrolidide, lithium piperidide,

lithium heptamethyleneimide, lithium dodecamethyleneimide, and

so forth, are preferred for their polymerization initiation
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Favor abl e exanpl es of the conponent (e) ester conpounds are diethyl
adi pate, diethyl malonate, diethyl phthalate, diethyl glutarate, and
di et hyl nal eate. Favor abl e specific exanples of the conponent
(f) ketone compounds are

N, N, W 1]
é’c\f\l{ te@f&cﬁﬂ%ltheflr fir'a A NOPENZ APNENONLybon black and silica.

N, N, N I am nobenzophenone, N, N-di nmet hy1-1-

am nobgenzogui.,none, Wt etr

dlaﬁlﬁﬁ%%%g ?%%hefﬁFP$B%l ﬁquigﬁééﬁgﬁ%ﬁrégﬂ??&Fm Pyrrplidide,
N,NNN ,N -tetranethyl-1, 4- |an1noanthra i none. 035] Favor abl e
exanpl @24 o$l¥%%u%dﬂ%6%ﬁh@l %)a¥?rP%Bﬁb%%ﬁﬂ% ¥UQ¥%£§¥%%£}orotin
tetrabronotin, trichlorobutyltin, trichloronethyltin,

trichl 6P@bét yl t i Bheds bt bhpHieahyde | GOMBP RIS  FF nEE e eT Ly

di chl orodi butyltin, dichlorodioctyltin,

1, 2- bi stepachtioppstaing| el hiheym 1¢ompound and a secondary amine in
bi s(met hyl di chl orost annyl ) et hane, 1,4- bis(trichlorostannyl)butane,
1, 4- bigtartdyl dhaéhhoeostadnyh) biut apel yethytsthoty ilsteanayealso be
butyltin trisoctanoate, butyltin tristearate, butyltin trislaurate,
di but ybtEpabbgochannat gol ghbHt Yhtisnbigstear ai g, sand) di buhy! dhdunt

bi sl aur ate. Favor abl e exanpl es of the conponent (h) epoxy
CONPOUR@ESy, h r yhydrice abe9hol Sse Beted
ethyleﬁg g yco gpggy%gg¥ﬁég%%%ﬁigﬁd§89§égggl tglg §C|dy %tﬁ%re %

lygl ycid
Bﬁeﬁ& ‘—‘Sboﬁ%d?t ?gﬁaz liaPS?.aé fa?c’l@?%;f%?%ﬁé%% E\Pf‘b Py Bty CBeEnds
1,4 5
pol yepsRPafled’l ﬁhaésg%?é%ﬂ%mﬁﬁsg B B BoRt SPAPHES L8P ar y

am nes such as _4,4' - diglycidyl di phenyl net hyl am ne and_4, 4’ -
d|gIycﬁé?PélB@hi??ﬁepﬁyﬁaﬁpﬁéc 5P5§W8§Féﬁ?h8nc8ﬁﬁ89nas1§EEHUES

di gl ycidyl aniline, diglycidyl orthotoluidine, tetraglycidyl

met axykenpdiiadi as, dﬁé?ﬁ&@ﬁ?cﬁb?ﬁénﬁﬁo@hﬁhéﬁYNﬁéﬁhéﬁglon initiator,
tetragl yci dyl - p- phenyl enedi am ne, di gl yci dyl am nonet hYl cYcl ohexane,
and t etfpagkyeingyt, 1d3enki sanbnemet byl c¢deokexanemeandndoapouadsct hat
contain the epoxy group and anot her functional group, e.g., 3-

gl yci dexyipnopphpbunEt hexysihaaesd3toghyidbdaxy pbogyktizathoxrysi | ane,
3- glycidoxypropyltributoxysilane, epoxy-nodified silicones,

epoxidpé%@1§q% 9hl tnangrerexidi 2edal raseediokl:, hﬁ036]5§¢Qh§E|e
exanpl es of the conponent (i) phosphate ester conpounds are

p0|yha%%a%%%EeQnQQ%sQ%O%ﬂﬁ QQQEQHB%§ %Q%h, a hydrocarbon solvent
such as an aliphatic, alicyclic, or aromatic hydrocarbon
compound, using the aforementioned lithium compound as the
polymerization initiator. The desired conjugated diene
polymer can be obtained by using this method.
[0019] The aforementioned hydrocarbon solvent preferably
has from 3 to 8 carbons, and can be exemplified by propane, n-
butane, isobutane, n-pentane, isopentane, n-hexane,
cyclohexane, propene, l-butene, isobutene, trans-2-butene,
cis-2-butene, l-pentyne, 2-pentyne, l-hexene, 2-hexene,

benzene, toluene, xylene, ethylbenzene, heptane, cyclopentane,
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as trichl orophosphi ne and tri bronophosphi ne; phosphite ester
conpounds such as trisnonyl phenyl phosphite, trinmethyl phosphite, and
triethyl phosphite; as well as trinmethyl phosphate and tri et hyl
phosphat e. Favor abl e exanpl es of the conponent (j) acid

anhydr} 48, 9f OUPr SOMMOUNIS (Rl €, PYERIRIN ditdife MY e AN —pentene,

styrene-nmal eic anhydri de copolynmers. [0037] Favorabl e exanpl es of the

el e anhydri de’ copol yner s ©
A b i A AR S S o

exanpl es of the co nent (1) conpounds that  contain a hal ogenated
carggnoﬁr%u%l%F%r?ggﬁh?%?o ?g%%ﬁggm?¥f%ﬁo%%%?bpane, and )

t et rachl or obut ane. A single one of these conpounds for co-use
with theoEPtst aTkexyanfanbzebnpothdlandseeeli ¥ WEHPIHe basis 1s
pol yneri zation active termnal nmay be used by itself or two or nore
may beausempoundonbihativont 109389 Thentoupl they Bigenesisucikere i of aphe
anount of not nore than 1 nole, and preferably of from0.1 to 0.5
mol e, asnttigaBsBudicné solpheabpl Eosubsimplent toé nitbeesse ptheagvageht
per 1 gramatom equivalent of the alkali nmetal or alkaline-earth

et al anBQe(EQéynﬁltzﬁéh@ﬂn?ﬂiihatﬁé-bﬂﬁﬁﬂiéﬂ@ agoepy is &ore than 1
nol e, the conversion of the first al koxysilane conpound declines and,

for ex ; _ n t er.esi avi i )
oo yEIRP G TR EXFELLE LN AU EcahsLoss bSbaVLBlL onet 110

2 _ inl _ composi ti _ |
t ep (?>2Lﬁoﬁggﬁspg§& §‘éLBg3&gﬁggggh L lgegkgggtggé gpe popl yger

obtai ned”in step( wfh t generato cond

al koxysi | ane. c ound _havi ng .i.n, a. ecul e a% | east one al koxysi

ot oup. ShacacLs EHB: CORRORFBln B rosPRERFE 5 bAPuAr By EReBRrHEh the

generator . Any of the follomjng thrﬁe enbodingnts caghbe used

for stEpniByatefneipPpsPOLNBSHr neRt] E¥amPleTnie EARGRBAEEeSPE step

(b-1) of mxing the nodified conjugated diene polyner obtained in

step (&1tadirnehends&sontdabkykgsrl BRéteorPoanBULREL SR&SSIMTE Rl ecul e

at least one al koxysilyl group and at |east one group convertible to

oni um kypai yorirum gJorecatoe andparstieplab- 2)imotafiirnggonhghisxt ure

obtained in step (b-1) with an onium generator. [The second

enbodi reAkbmizer, and any randomizer can be used selected as
appropriate from the known compounds heretofore generally
known as a randomizer. Specific examples are ethers and
tertiary amines such as dimethoxybenzene, tetrahydrofuran,
dimethoxyethane, diethylene glyceol dibutyl ether, diethylene
glycol dimethyl ether, 2,2-di(tetrahydrofuryl)propane, 2-(2-
ethoxyethoxy)-2-methylpropane, triethylamine, pyridine, N-
nethylmorpholine, N,N,N’,N'-tetramethylethylenediamine, 1,2-
dipiperidinoethane, ethylene glycol dibutyl ether, ethylene
glycol dimethyl ether, diethyl ether, dioxane, trimethylamine,
gquinuclidine, potassium t-amylate, potassium t-butylate,

triphenylphosphine, tetrahydropyran, dibutyl ether, ethylene

glycol diethyl ether, diethylene glycol diethyl ether,
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Thi s enconpasses a step (b-3) of mxing the nodified conjugated diene
pol ymer obtained in step (a) with an onium generator and a step (b-4)
of mxing the m xture obtained in step (b-3) with the second

al koxysi | ane conpound that has in a nolecule at |east one al koxysilyl

group @af n r C ni MO -
ga%earfyrjh%ﬁﬁp e QU Wﬁ;ﬁdﬂ}leaﬁlqlé) UMM AR N, N

gener at r'd enbodlnent] Thi s enconpasses a step

(b 5) e nDdl ] e ene co in
step ( egﬁ#é?%ﬁn{ﬁﬁbe eracﬂﬁ%I L£%ﬁ%ﬁ%)g%econd’ aﬁgoxgﬁq%ane conpound
that has in a nolecule at |east o 0X rou at_ | east
one griotRP e orRRIYT b &F 3 d“%l%‘b@e Jﬂiﬁ#%%e %rr ﬁgo‘?o lrleadﬁ Hterti xed
all at the same tine. [0040]Each of the conponents used in step (b)
Wil rievp ber deees i be usedhe al koxysilyl group in the second

al koxysi | ane conpound can.be exenplified by the same al koxysi|yl
groups[@@21h t hehfpesesal Waxgampard deampdemdadded in HEnPn

al koxysi | ane conpound contains at |east one al koxysilyl group, but,
vi ewedwitionthéeppkyseectaveonf inhel zeactwioen eff | ieneyse prefidrabl y
has two or three and nore preferably has three. The group
convertibteiyoronbamha iherseenntonds oxysyhantz somound coatde is
exenplified by primry am no groups, secondary am no-groups, tertiary

am no groups, ok MyNen 95 OHPSdoRYEE Hih g 8RONPSe £ PEhERS YoRROSE Y 9y O oups,
secondary” phosphi no groups, tertlary phosphi no groups, and thi ol

groups,. a.81ng! €,5€ eegsglgléexxﬁb QPDPQ”%%&q‘IJ@t bsr Usgdn by k156]4

or two or nDre can e I'n co tron The conpound havi ng
| k . h
an ket Lyl 9/ DUR oD, Lavies, oLty o, g g SggoTEery .
h hi d h h t
PhosphbROVaRBp, BHetDbES 3t Ot CHADBAICRANP 1 eloByERECPY et th

al koxysi | ane conpounds provi ded above as exanpl es in connection wth
step (ahe bolymaniapsdopeliektiplpEi 6anphe exemplified by potassium

3-am nopropyl tri net hoxysil ane, 3- am nopropyltriethoxysil ane,

3- nercamkoxedhylaslhﬁphéxydlbaneotasﬁéﬂ@apﬁ@ﬁﬁ@ﬁ?ﬁ@ﬂ?etE@¥9§E%§ﬁet 3-
mer capt opr opyl tri met hoxysi | ane, 3- nercaptopropyltriethoxysil ane,

am nopberykt Henepbexygsibane - aayilbapbhenybbteeshoxysi-hapepxide,

3- (Nret hyl am no) propyl tri nmet hoxysi | ane,

3- (Nmephyhagling) Beaamb&uebhomﬁl b@ﬂessmuﬁlzpa@hageaeyl poBassium
am nopropyl trinethoxysilane, 2-(6-

an ”Ohgg;%%%@d@p%ﬂeyFb&%@%&ﬂ%%&lﬂt&% ehe rreaee%qe&heﬂecceemeunds

provid as exa apanese Patent I'i cation Lai d- open

2006- 249069, . 3- Lapyl I

3- egC|§8fyBﬁgp%F{§’e? é%%%l%ghe ngga%ﬁééld%%?ﬁfoﬁ?ﬁ?fﬁﬁu?gigélP%ﬁéc
epoxy-nodi fi ed si.li.cones, B

(3, 4- e RSy drEReERHO) eFHﬁ'tPef?&or}&xfElFané’hté‘allc acid, 2
glycidoégb;opylnethyldlethoxy5|Iane -

i socyafAeBREHANCLCe BFdHy s &© 301G o \FRRaPOFASSY T SetoRfsi | ane,
and 3- isocyanat opropyl met hyl di et hoxysi | ane. [0042]The second

al koxy sirlgame ssdrfisodisd aaridst Isalcdy Rer A&RNS enrE IEeaHs éCithe

nodi fi ed conjugated di ene polyner obtained in step (a)) can be m xed,
for exagyredddyisentenes fidiomi cTheriel , ahe xaclggarlitiesirdeare sulfiordid exws don
the m xing regine, and m xing nay be perforned using a batch m xer or

may be Lalddd 19n ARRHNUHESIY dsidg ahdled @ rach sasl they pexanpliem

a nultlstage continuous mxer or an inline mxer. This m xing

reacti Qi el AR HIP R Ole QL HUIENE OUuch as diethyl
phosphite, diisopropyl phosphite, diphenyl phosphite, dibutyl

phosphite, dilauroyl phosphite, and so forth.
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solvent renoval, treatnment with water, heat treatnment, operations
required for isolation of the polyner and the like, and after
conpletion of the polynerization reaction. [0043] The anount of use of
t he second al koxysi | ane compound in this mXxing step is preferably at

| east Jol e- eq %@ﬁ@a%&%ﬂ&n el ably Ble 88801 P added at

nol e-e urvalent W t erence to the active site of the conjugated

di ene r p b an|0n| 0 |z fd 0 t anmount
is | ess 4%an éqﬂﬂ? d%lvgfeﬁi, é“?ﬁ% rpoHa |oﬁﬂhﬁl gﬂggﬁ%nd

al koxysi | ane co und with ac yi oni u neratlon\MII

i nadedi@it®! £d @ ]d]i%epe‘?ﬁta?lrﬂ‘? ag L g%h HgEht R §42 E%r‘fb‘i

undergo a satisfactory inprovenent, resultln |n a deterloratlon for
the criveet|Hkies audber tonbows tikanif- Qehdle ke st qadivien of the
resi stance, wet skid resistance, and | ow hysteresis |oss perfornmance.
The sagmhﬂhaikqusmp@mmdC@m@dmndeﬁémcalE@ dreharsezt t o2t hier1 W thy ttHee
first al koxysilane conmpound. In this case, the first al koxysil ane
conpouss ghetl ga beonsei t hatsr anpamdohhadticn abf | Bastado@atic vinyl
nol e-equi val ents with reference to the active site of the conjugated

di ene pOLYHBRA PSPAYEESr DY i bheo ANk 08i Gy PO WiBE | @8d1®Nong chaihese are
no particular limtations on the nethod for adding the second

al koxygi} a&foﬁgﬁ?euggngggg%ﬁaoanavd'rwréﬂgtagenamoa@@l i aByvden agded

all at “once or n portlons or be added conti nuously,

wherein additio aII t_once |s e econd

alkoxyg?fﬁhe %o %U%Eﬁe H Y £85§ﬁ%r1%%§§§%f£%téoft?i%% in

whi ch, for exanple,. the h car on so| vent des l ar,a rgph

nunber TEEBESE B hRe eﬁaéw SREPEniS AR ruRmoRn oL hEsERRRSE!

par agraph nunber [0020] of this Specification is the solvent

[ 0044] ¥hé pbl gaBPinatien vekperhedre FBP eﬁélébﬁﬁﬁgaeeafH%%h%nﬁﬁr9%er

may be used without alteration for the tenperature during m xing of

the setbadmafkbiystianereanpdandwahl the &ihek eblporentgnef eprpound

exanpl e, the nodified conjugated diene polyner obtained in step (a)).

I n spetili bet eedacetlhe range of 0 to 120C is preferred and 20 to 100C

is nore preferred. The viscosity of the polyner tends to increase

when arbopen tenpaeatumpeirstusedinwihie pbeypekymetizat reacatbhves
terninals are prone to undergo deactivation when the tenperature is

' higher ratu t si-de~t i ndi ve

is thu§ avogng% %he5§1g?n35§|%egﬁﬁqg$§%é§ﬁ%f fy Qn?ﬁ%?g)?§95

hour s and nnre preferably is from2 mnutes to 1 hour 0045] The

oni um 38RSE at oFhe amo bEmexbaApLi- N eHe byt el aFahabt dear 5ief @St sirdedn

hal i de conpounds, tin halide conpounds, alum num halide conpounds,

titani gtiehabode acenpelydgenzireten prekaiirde bomrpesnds gegermaninafter

hal i de conpounds, gallium halide conpounds, zinc halide conpounds,

and so +h@r bhockR@r ganipe Feirdpast efs such asesehifrat gugstiensntphosphat e
esters, carbonate esters, nitrate esters, and so forth; inorganic

aci ds g @t%%tg%QE&f %95&%1%95%@ 9%%&9%&19&!%h%CUQquHﬂdbﬁg%%”‘CTﬁ%bd
hydroro C aci uric acid, nitric acid,
the pressure will also depend on the substance(s) being
polymerized, the polymerization medium used, and the
polymerization temperature, and as desired a pressure that is

higher than the spontaneously generated pressure can be used.

Such a pressure is obtained by a suitable method, for example,
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carbonic acid, phosphoric acid, and so forth; inorganic acid salts
such as potassium fluoride, tetramethyl ammoni um fl uori de,
tetra-n-butyl anmoni um fl uoride, and so forth; and organic acids such
as carbonic acid, sulfonic acid, and so forth. The followi ng are nore
prefer ; qggp i £ase of S i anhd-

handl iﬂr?gg)é%ﬁoﬂ%lnhﬁhrg#i e ?oér}&p%tu%s, t naohgaafsicgdéia?orrlpsgtr}nds, gﬁﬁ%ﬁm
hal i de gﬂgpounds .titagiqgkgglide conpounds, zirconium halide

conpo 4 ?ﬁﬁ%ﬁﬁﬁ?ﬂnﬁmﬁ?d@ conpounds, gallium halide conpounds, zinc
hal i de conpounds, sulfate esters, phosphate esters,. carbonic, acid,
and sUlfORTE aciAtl Of i gt RGNy S H-T HISHE G Heh Lo
exenplified by silicon tetrachloride, tin tetrachloride,

tri methgd $ne iz o | PECh B Freling | RP EATF bed kgfe, initiator, solvent,
met hyltrichlorosilane, nethyldichlorosilane, diethylal um num

chl or inenomre hy | @hdingmufe sigsquach| des teabky hysed uim ntim @i chl ori de,
zinc chloride, titaniumtetrachl oride, titanocene dichloride,

zi r conpoinyhett achioni getezi tlconoersea i chl sub steanoes mem uncan poison
tetrachloride, galliumtrichloride, diethyl sulfate, dinethyl

sul fatgy RGNSt Uphd abtgthisHl §adR, ak riaBé Ry | oPh@sSPhat Lxbdr | @tdwide,
phosphate, tributyl phosphate, 2-ethyl hexyl phosphate, triphenyl

PhoSPNAL G 3 LT LGHESKhaBNOSRAALE. £OLBR! B¥bn CRADODA £r 1.y GOV 1a1s

car bonat e, et hyl'ene carbonate, propylene carbonate, nitrocell ul ose,
ni troglycer] 1 froglyc ] [ ' L d, ic acid,
naleic%éﬁ?d#ﬂéi??%%lg%gdgé%%%gén%%i%ﬁ ghﬁ%ﬁ?%égtﬁgﬁgn%f%%%c aci d,
acrylic acid, . crotonic acid, uccini ¢. aci |utaric acid, itaconic
Soi . Earnar FeShotnbsERtere ATG o PeFapnp R PRehcPtVREE A hat s
aci d, pmercaptopropionic acid, benzenesul fonic acid, .p- . .
toIuen@@HPiﬁﬁ?Efaé?dgeﬁ?6W6PPGoﬁﬂ:@%ﬁﬁﬁrQﬂF%Q;ﬂﬂQ%Qquﬁﬁﬁic analysis,
hydr obrom ¢ acid, hydroiodic acid, sulfuric acid, nitric acid,
carboniie pek@erphdgphontc taci@C .potlassisumififienilde to obtain a

t et ranmet hyl ammoni um f |l uori de, and tetra-n-butyl anmoni um fl uori de.

These gpiypegepgrat ahs al h1havetthassamenf uesbeenahirkyokn1besmeheh -
being able to generate oniumfromthe group convertible to onium and

t hose gcies._not explored in the. exanples below can als S in
the-pr DS bR P, O G56T THAS bt i GETRT ot G1 € ot Beft o it
the other conponents (for exanple, the m xture of the nodified

conj ugdt.egodiiéiie 1poltPRer OBt AFRBE RS USEep CPaPIWLEh tPRe A ER0ART

al koxysi | ane conpound), for exanple, in the formof a solution. The
m xi ngheediliegi sanobepaetiycpiablymaitiict.ed, and ni xi ng may be carri ed
out using a batch m xer or may be carried out in a continuous regine
usi ng gguipnent Shehadkpxfyed letangpoep anmihei Stagé edfbkyasbsnm xer
or an inline mxer. The oni um generator is used in an anount
that i gcppehadabhy at heast @wb mOlkosguigralest basedrone apr ef erably at
| east 1.0 nol -equivalent with reference to the active site of the

conj ugated ;.ene iRel Yk nabtained vy it HE tANitaRl GoRghiyREzZ atikar. Wen
the amount is less than 0.5 nol e-
polymer having an alkali metal or alkaline-earth metal active
terminal. Suitable examples of the alkoxy group are alkoxy
groups that have a Ci—z¢ alkyl group or an aryl group. When

two or more alkoxy groups are present, they may be the same as

each other or they may differ from one another.

19



equi val ent, onium generation does not proceed adequately and the
shape retention behavior of the rubber may deteriorate. There
are no particular limtations on the nethod for adding the onium
generator, and it nmay be added all at once or may be added in
portions or._. e ti I ‘éﬂgg t e . e

met hod of gﬁgﬁyf%ﬁﬁgﬁ?qg%q%%%éﬂggﬁgf%?érre gﬂﬁ%§%b§g§%af%§'§%%hm
generator may be added in the form.ggf. a sol ution i.n j ch, .far

exanpl &% the iRyt Bon %oﬂRPéJrﬂJ’de 15 &t efChulpearsal{lé)ru\a%;{;dn S O Ee)
of this Specification or the randonizer described in paragraph nunber
[ 0020]1 st HRe SHeUR ittt orF i Hrﬁét%ﬁ%rﬁm{rocﬂmtﬁ%%%ﬁ?& i% i on
tenperature for the conjugated di ene polyner may be used w t hout

al ter atllonlf anettdie arrpbrat ure ehnrtithgnetiad mrioive Herdninghgafertdicor
and the other conponents (for exanple, the m xture of the nodified
conj ugadetugh ene giokryereso bipteat e | thast e {iar iddrdttectsiegondan be

al koxysi | ane conpound). In specific terns, the range of 0 to 120C is
pr ef er el @t 20t ¢ A DO be 1 eapt efrerd Bdan Thelwh spoasdtataf. t ehis
pol ymer tends to increase when a | ower tenperature is used, while the
pol ynegig@h | O RCLE V81 4 eF 1 Nl §in &k £n PEONEx difb LNEHRE YO ¥ gacH # Ypdl Al
when the tenperature is higher, and a tenperature outside the

o o T e e B P R B B e A R L oo
' 1 h . . I h hod_ of ' ' f
or 0duCP R Kot 1B LB iyt B G GRETT LBRRI 1 HBL SR T O or T He

oni um generator_ can be foll owed by recovery of the nodified

conj ugaPEALREENRY pdPyFEt L BYL AT SORG eRYCF RABY af LPF of ™ eX afpF &3t ¥am
stripping) and drying operation known for the production of .
conj ugamededvéhle PoRyREPSCCTOVABYTREPe BRELHBT Ya? Tl GFOYRH t HE¥Ps
on the nmethod of form ng an onium structure by contact between water
and t hgronpam genédal ogroapd; PoeseRanpseconhalhbhy ovik pigP freehbaitned e
preferred: (i) a nmethod in which water is added directly to the

pol ymepysehbttonualher tebepy(bpgandatbxsngfi 8 peiharpedho$phina with
met hod in which a solution is prepared by dissolving water in an

or gani Ew%OF}_‘@@ECEhﬁé l;§o_ﬁglswb%aﬁosﬁhbghb—ebgaamiﬁgl yeptipandbvai ged
e.g., an alcohol, and this solution is added to the pol yner solution
after g egu%gg;iepgﬂwbﬂe haPsEEAr B 8Rda(5bEbn8alPt PAYsHALNEI ch,

after ste e water 15 mXxed with the polyner solution and/or
t he pol r at the [ S ; e a Strlippi ng
st ep. ﬂﬁgﬁgopﬁeggoﬁéﬁgggs,8%8§§6d9%¥??%r& EﬁgakFgﬁan?é§B§¥e%£ b) the
water is_mxed with the pol yner | utign. and/or the, polyner at .the
st Pa LS “Solvent PanBoalPEy o et bst Lo PERFhY S age, org RbakbEen
particularly preferred fromthe standpoint of efficient onium
st r uct Btemf epnat LoA01[ Wo4H) PRE PEREECGAVEeRBEMRrur & F%nﬁigf 8P&LPY 30
to 150C and nore preferably is 80 to 120C. The nodified |
conj ugahedediféme tpellyeeysidanei gompPyngsepanake PaRE PHelfseiiofl it Re
pol ymer sol ution yielded by production of the nodified conjugated
di ene pdhgiwn amd twsedrasoseckan bleoutsesbliverombémaabn .
Alternatively, this polynmer solution may be subjected to sol vent
removal[gpe1f or @xangoa.lostiegmaster eppimpdesand ichepooandsgahad deerean
pol ymer obtained by additional drying nmay then be redissolved in a
sol Vemaik%x@zs’il@icgﬂﬁfnaﬁﬁd Qnﬁitclﬂbéeﬁg%?b%rbb%@dob[:Q@ﬁ@]:l[ 8y The

er

nodi fi ed conj ugated di ene rubb e nodi fied conjugated di ene

e sSnsi R IO e Ay deb ol IR (8] LoMgR e dydeng i gt

obt ai néd" y ‘the conj’uga iener uction net hod

descri bed abgve. This nodified _conjugated diene.rubber has a high
Mooney RRGESSIRF X8 ecel® élrﬁ%ré)fg %Sst SR )?%tzfﬂ“alegn Pexcel | ent

substituting one hydrogen atom on a secondary amine with one

protective group, or a tertiary amino group: N,N-
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(M.1+4, 100C) is less than 30. Wen, on the other hand, the Money
viscosity (M1+4, 100C) exceeds 150, the processability is poor and
m xi ng/ kneadi ng wi t h conpoundi ng i ngredi ents becones very
problenatic When the Mooney viscosity is too high, it my be brought

Icnnt[ 0 t&?\l aL On’B.n?I C oﬁaﬂgﬁp%ﬁhr%ré c&y]] #ﬁf“l; ni c c}ﬁlcﬂag%r grl\gif;t‘;telng_er

substltut oj | av. PCA no ter t s%b e | P346
nethodjt% ¢hﬁ% %dg%kﬁ%%ﬁoqék r 0| ne¥% aﬁ%&ﬂt of use of

t he extender 0|I may. be freel eIected but typically is 10 to SO
mass paks Sbpimethpliily W&R%ﬁﬁﬁp%kﬁ YRS s ot he nodi fi ed
conjugated di ene rubber. When an extender oil is used, it is often

used ﬂhl%ht%#mﬁﬁhY¥ﬁllﬁkb@%kﬁ%&#QﬁVkﬂﬁﬁﬁ%ﬂq%ﬁ?ﬁo%xﬁ%%ﬁn§% NS s
parts. In addition, using classification based on the oil production
processtsﬂtxwheﬂhyﬁﬁiiwljamim¢%mkykvxﬁmﬂﬁhpﬁyﬁikﬁngr 1IN~ T- RAE
(Treated Residual Aromatic Extract) oil, MES (MIld Extract Sol vate)
oi |, ands %m&eﬁyﬂyﬁlyﬂrmmﬂmatﬁxlttmﬁhmysmmswN,&bJr y used.
[0051][3] The rubber conposition I n one enbodi nent of the

r UbberbfgweﬁétwtQiltbﬁaﬁt@é@e&ytxﬁw&mﬁtlﬁmet £eVvaraisly, iescri bed
nodi fi ed conjugated diene polyner IS |ncorporate as a rubber

ggggg@g{;(tmfeg@%@ tf Se il 1@f9t1f9@t3gg\i1t§e 1]y Rpe rubber

conj gate di 'ene rubber incorporated in
t he rubber, co t reyiously
descri eﬁ(ﬁnﬁn? %S%g l %H%EE gﬁﬂﬂé gidf&gﬁﬁ6£%e%2%%¥ag%Igontent
of the podified conj ed, di ene i n_the nodifj conj ugat ed
di ene Pub EFl?Eh§f§#gggL?Wlﬁ?pt%%gf{%ﬁmﬁﬁg%@¥Sﬁ%?%epr%?grabIy at
| east 30 mass% and particularly preferably at_ |east 40 mass% A
percenbéaétéeﬁﬁbﬁtSeEYhiaWEQgPrQEykﬁﬁkgﬁﬁ%%Y%%%@Pﬂe B8h better
mechani cal properties for the crosslinked rubber conposition, e.g.,
tensiIbisﬁtemgthylahbyteﬁmihepebpmgaetbﬁldéﬁﬂheﬁyeteﬂneetNeN—crack
growt h resi stance and wear resistance. [0052] The nodi fied conjugated
di ene phbberisayvtenlal hamisbaghelspineeksonfsmbdnéi ed, 8onj ugat ed
di ene polyner or may contain two or nore species of nodified
conj ugpt eq-dienByPetiy ey smihBedHdl tk08thaxysbbaneconpraent ot her than
the nodified conjugated diene polynmer may al so be present in the

nDd'f'BgsqQQhEQﬁ&@Ql@F?Wﬁm&ﬂ@Q@ﬁylﬁ@tﬁy@&hﬁéth@ﬁ?@ﬁIQQQPON?NL can be
exenplified by natural rubber, synthetic isoprene rubber, butadi ene

Gt yr onb:BArA0PERATFaRB) SedT R BNAT SR BT F PR R ARSIy RRF r NoBer — | o

et hyl ene- a- ol efi n-di ene copolyner rubber, acrylonitrile-butadi ene
copol y i slsbBethyArslypd ele ( ?UBEépoeﬁawééeﬁated butyl rubber,
styrene-i soprene copol yner rubber, butadiene-isoprene copolyner
rubber amiasgedpyllyreaehuvkgdicnae) SUpNENE-topsl( yremethpbsi]lyl) ~N- (2-
styrene-acrylonitril ebutadi ene copol yner rubber,

acrylonltrll rON—
polystﬁpeﬁg SEWHE S ﬁgﬁ§%%§%§qﬁﬁFéﬁegg%thﬁx gﬁ%?&ﬁéry’gﬁdqnixtures
of the precedlng A _crosslinked rubber an excellent |ow
hyst er &3ii$ (tadEehdnavidy 1d aNHe 6@68@@5& iﬁ “anot her rubber

conponent known to be usable for rubber conmpositions for tire

appl i catriioes rop yaltsd netboxyaridoed, NOO53F8r2f (Orhmetbygipdhyhi sN-(2-

(carbon bl ack, silica)
aminoethyl)-3-aminopropylmethyldimethoxysilane, 1-(3-
triethoxysilylpropyl)-2,2,5, 5-tetramethyl-l-aza-2, 5=
disilacyclopentane, 1-{(3-trimethoxysilylpropyl)-2,2,5,5-

tetramethyl-l-aza-2,5-disilacyclopentane, 1-{(3-
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The rubber conposition of this enbodi nent preferably al so contains
carbon bl ack and/or silica. The carbon black can be specifically
exenplified by various grades of carbon black such as furnace bl acks
as typified by SRF, GPF, FEE , HAF, |SAF, SAF, | SAF-HS, | SAF-LS,
IISAFntaﬁ ME )§;t,ch HARs o3y 18¢8t W ene hlacksie tharal, Al-acks.

e r]Iac hi t'e; ﬂé%yé% i

chann graphlte fiber; fullerenes, and so forth. A

car bon,.bl. ck h V|n t 60 i ¢_and
a d|mﬂ%ﬁ [ﬁﬁ Eﬁ é%égﬁﬁﬁ b@%réigéﬂéﬁﬁéﬁmﬁ%%s1§§?¢§£@do§§2r§ 3-
preferred. The use of carhbon, bl ack provides a |ar ro

Phe ortie) iRt Qe g Bt S A P HSR R dr HO S SRed
rubber conposition. HAF, | SAF, and SAF, which provide an excellent
wear rosisiidiRidoniel a1 MY prasterrase s Aslidigl e carbon bl ack
can be used or two or nore carbon blacks may be used in conbination.

[ 0054] (thei ise tt h avay ciedy biepspecd F-eal’ i exepbl- Ni-ited meyt hwdtsd Lydt-eathane-
silica (hydrated silicic acid), dry-nmethod silica (anhydrous silicic
aC|d) Si £ <! il cal ghrum: si-i.i,¢ate, and
alunlnuhtsl% éﬁﬁ #&ngﬁg'ﬁiéééﬁg%ig%#kﬁméﬁﬁég%t ?gg&aggégbg%e$red
because t he prOV|de t nost Signifjcant rovenment in the

resi st%’hjdee%/lbylf%ﬁ]rﬂe g‘?‘@?ﬁ]e' bedtapaends ggt ween the wet grip
behavior and the low rolling resistance performance. In addition, the
use of(methgﬂdiﬁe¢hmxﬁ$ﬁkylmeD§Y1]d@dfsdabSbybrEtfhnkmtﬁhMiﬁﬂﬂﬂi"
standpoi nt of providing a good dispersibility in the rubber and from
the standpoint of OPQL |4 ey &k, 5 @@ﬁ@,g, 11y I_qq,q\'erica
can be usedéoir ?m%i%{r%lrﬁ%rg@sﬁl ﬁrgts can J([:)Hg use %n %on@fén%

[ 0055] The rubber conposition of this enbodi nent preferably contalns
f r om 20l ¢ BN TEEd mgahyd sdavBoRnBhaaN LeREroAMIPEY cH-péFr 100 mass
parts of the rubber conponent (the sum of the nodified conjugated

di ene [ubberhandsihel pbhepy HHeR -cdrpbye AN’ -orr oospoyient )1 -pwher ei n
25 to 110 mass parts is even nore preferred when viewed fromthe

per Spegtéﬂglgﬁeabgmtﬁgr Oyet@ﬂttwmgeeytett\ypé@wgaxﬁfﬁ& prymnce and the
i nprovenent I n various properties thereby generated At a | ow

per conk g FRRL L g Doy B o andhay sijyce. ch

i mpr ov ex anp reésistance ure, will tend to
be inadequate. At. arge percen e content for the carbon bl ack
and/or?E?t?Eghyfﬁef§L ggggﬁ?t?? —gf the rubber composition will tend
to be reduced. For these_reasons the_percentage content is preferably
mnthlnpvﬁéobt@%FE&éP?OPMdFEéFEEOﬁMﬁétFE%t Naﬁg The incorporation of
a carbon-silica dual phase filler in the copolyner rubber of the
presenfdiayroakimatipkesliyl) pospiybl eNt otbbl allr {(Zhe tdanwy «ftdnyor) abl e
advant ages as for the co-use of carbon black with silica.

Car bont gi hbegyddahl yphaagnbil| erghi smansp-galfbed silica-coated carbon
bl ack in MhICK silicais chenlcally bonded on the carbon bl ack

surface,and is co | | ai.l abl e under 0 2002 and
CR2008 B BHEP S ATBS L PERPY RS RaBEPSEh or G oo e g

i ncorporation_of carbon-silica dual phase filler |sﬁgreferabl¥ m 1
to 100twasshpaptdvana- Hﬁ?@yléeeﬁéﬁ-aﬁwefrttm[% fglgthpgymepayisil

each case per 100 mass parts for the total rubber conponent.

[ 0056] YWaga Bl EcayiS-NreahphrNt-efl -akl et Hrydlianfioros trigy ldge¥it in the
rubber conposition of this enbodi nent, a silane coupling agent is
prefer%QEEtﬁ&i%lﬂ%@%EHQh@tgd2La1%h§ﬁé tR- QBLQQri@@be@@QH§&®ﬁ@bpyl

i nprovenents™in the relnforC|ng effect. This silane coupl i ng agent
can be xe I|f e 3- triethoxy trasulfide, . _

by o( 3. NEPEBVRGRYSl 1T TSP T RE 1Y e Bl Pt RYL L Y A8EHaht OF; 2
triethoxysilylpropyl)disul fide, bis(2-

tri et hggpsiingl eBhy I4)‘ﬁ3é‘ﬂm§§bh/flr5ééylbl s( 3-

piperazino)propylmethyldimethoxysilane, 3-(4-trimethylsilyl-1-
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mer capt osi | ane conpounds provi ded as exanpl es in Japanese Patent
Application Laid-open No. 2006-249069. Commerci ally avail abl e
products can be exenplified by the products "NXT Silane", "NXT Z
Silane", "NXT-LowV Silane", and "NXT Utra LowV Silane" from

Monent J. r:f.ar ‘efid [1AG e t I 1 133 -from
Degus al,ﬁ%arﬁglt %é lg‘}S‘Ljr?% &CI\{E_,I 1%56{1%' %%%&N&é%[?’%iﬁl\}é%h X\?gll%%Né" from
Cel est,, I nc. . The .f.all qQwi ar ref erred.. recedi ng
fron1ﬁﬁ?%ﬁ%ﬁhﬂ%ﬁﬂﬁ?ﬂﬁiﬁﬁ%?éﬁ%)od§ﬁ§ﬁ$ f%%ﬁhggFg?ﬁ?%?%ﬁﬁaﬁ 1
performance: bis(3-triethoxysj.lyl proPYl)pol Ysul fide,. 3- .

tri mtm@afﬁqlﬂodmwﬁtg’[ 'dzize%]/:ll{%’é‘tyls H&rde” (ﬁg%%}@d‘d‘ty&sﬁll_ane
conpounds provi ded as exanpl es in Japanese Patent Application

Lai d- aiere Mg irg0ee-orppddeaimet it id ife of hddd ngthade idatipiling
agents can be used or two or nore can be used in conbination. The
anmpuntinoifd asd Jairdl roolupd 1oy Jeegsnit ] d ireddrqparssitliagve v & s e me thurd etdilor -
of, for exanple, the type of silane coupling agent, but is preferably
1 to 20 imeisE Al tcbiayid) pisey o ef erradt ye i Isarde t B8 -8 nasisngdarntlsilivi-dach
case per 100 nmass parts of the silica. When the anpbunt is |less than 1

nMass padtanydrdndsni@ibel dbfddeuhd i @ra trecredfgetisamas, a-c@ipl ing

agent to be adequately mani fested. \Wen, on the other hand, when the

ty ] 20 r L tands t
anmount, | %%g%ﬁ%hp?ﬁ%1Téﬁﬂﬂﬁﬂ&ﬂﬁf&%m%ﬁ%mﬂﬁﬁkﬁws 0

be prone here are no particular limtations on

the co ndi ng_. di ent : %@ﬁgg it 1 f e nt
i nvent{cgﬁy_ J%\rlcrgerr% |%}Jf§iz1ejfs ér%e%%]g%ﬂ e ad%g%g%ﬁ%%%%n%?%%'/ kbg-(ra%—ieng
in order to inprove the processability during mxing/kneading or in
order {®rbreweapoityhuetRy bhal - ¥ wﬁrﬁﬂéﬁﬁﬁ@%%%%ﬂc@" Y4ve Niet
skid resistance, |ow hysteresis |oss behavior, and wear resistance.

Pref er [ 2d( gonPeh b Lihé 2189 Bs A1 @1 P& LAl T-Toapioyneds’, siet@nleith f Tethapoxy
group- cont ai ni ng conpounds, carboxylic acid conmpounds, carboxyl ate

ester co unds, keto ounds, ether, co ds, -ahdehyde
CormouhGe SHFa % T gL SubL EORE MK LML St AR o
group-cont ai ni ng conpounds, or are silicone conpounds selected from
al koxy5rinaeh ¢ bApoRAEs L sProkanereonioliAds, and ani nosil ane
conpounds. The foll ow ng conpounds are specific exanples of the

or gani ¢atesphuRgmebhpati biyl) zeopyl &pBxyt oy bul- dond Bat mgl porpounds :
butyl glycidyl ether, diglycidyl ether, propyl ene oxide, neopentyl

gl ycol ,diglyci dyl efher, LE ol OYq Of } 5 =
T o S TR v
acid, octylic acid, and nethacrylic acid. carboxylate. este
CorrpouF}§§¥YéEF9P5P§‘és?égé?mﬂpﬁt hvréﬁé @&Wﬁé&’éﬁ%ﬁ%sﬁi?ﬁ\éﬁ OPYuEL;
ort hoacetate esters, ethyl acetoacetate, butyl acetate, isopropyl
acet at e, NgdNhet Ayt tcambbhgl propahgdi pRyphanyhe ackt 42e, pol yester-type
pl asticizers, and stearic acid-type plasticizers. ketone conpounds:

et Nyl 6y eLERSXANeNscRAGI FCRLYIACALONR IRLAA; GANRAYIS:- N, 3pRT 0D

et her utyl ether. al dehyde conpourids: "undecyl ene al dehyde,

decyl al.dehyde, vanillin, 3,4-dimethoxybenz _
cuninaE&@ﬁ§§¥ie£ﬁﬁﬁ8‘ér2u8}§8ﬁP§rn%ﬁ3§c3§68gh§§9¥?§8 ?gg%Vé%$ﬁ£¥l]
di i sopropyl am ne, triethylam ne, 3-ethoxypropylam ne, 2-

et hyl h&ky{ 3ms Hex ymor vhabl Mrilhacthvéeh ﬁé@hir énedpBifAe, N-[2-

et hyl enei m ne, hexanet hyl enedi am ne, 3-1auryl oxypropyl am ne,

ani nophenal o +aRkhisne 13 «itsQRN CROXYEhd tﬁﬁﬂF—VN’JI@nadiﬂé%QQethane—
aninopgﬁidiﬁe, N?Eet yﬁgiegﬁénolanine, %ﬁ%ﬁt yl et hanol am ne,

3-am no- | - proopanol , et hyl am.ne hydrochl qride, .and n;butyl amine., ,.,_
hydr ocRl gridd@m™iRgdr &zjlzxdrt&&ﬂ‘-eéglﬁt"éﬁ% 3)@%&3&% i@%%‘?@“p@? - (2
al cohol , butanol, octanol, octanediol, ethylene %chol,

met hy| dydiretidydsdly 124wl spheastrdn &-diamisehy 13 2met hoxy- | but anol ,

(triethoxysilyl)ethyl]-N,N'-diethyl-N-{2-
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Epoxy group-contai ni ng conpounds, am no group-containi ng conpounds,
and hydroxyl group-containing conpounds are preferred anong the

pr ecedi ng. The foll ow ng conpounds are specific exanples of the
silicone compound conpatibilizers. al koxysilane conpounds:

tfi”Et_qu tﬁ"@%ﬁ'é§§¥i¥féﬂ hindeiexysil rghine, 1-13-

di met oxy5|lan yItr|e oXysi

nethyltrlp noxysi_| tetrae si.l ane, oxysi | ane, and
vi nyl t Yk SERY: pr%ﬁx%&a g‘ Fe-2 & é?loxane
oligoner, silicone oil, anno-nopdified silicone 0|I epoxy-nodi fied
si | T cotfl adittox aiththa Lo FqRat 1514 10y 1 iPe nidi et hélr - nbdli i ed
silicone oil, alkyl-nodified silicone oil, higher aliphatic acid
ester- ﬁmcbmta@dawﬂlhdrﬂepl’cﬁnyl]m‘b'h@ﬁrtfa‘!kbbﬁﬁﬁﬁ)@lﬁqred‘s 31 cone oil, and
hi gher aliphatic acid-containing silicone oil. am nosilane conpounds:

hexametdiy tth st yrazidnel, s inlonbnet dpy t Ir+ Sinhaidaniay i mavid 4 mod,r i ety | si | ane,
bi s(di met hyl am no) di net hyl si | ane, bi s(di et hyl am no) di net hyl si | ane,
and tr @il esn nest e 1 8 | gzahgl cormpestites] @ifsbrazine, 1-[3-

bi s(di met hyl am no) di net hyl sil ane are preferred anong the preceding.

[ 0058] Mar | Qus, S c@ B ARk, addi L @ﬁXFHﬁH&E&éiM¢M§§d inpi-he rubber

i ndustry nay be added on an optional basis to the r ubber conposition
of thi  1h therobjects of
t he pr sethg%ﬁg@%Y f%ﬁéﬁrigﬁgf séﬁﬁéﬁ%ﬁkﬁ%%%%s t %I ca% be added

to the r ubber co tion can be e i by
crossl f ikt %*QEO%&th$ ¥QI%E¥F TS éﬁ€%1c%n zati on
ai ds, proceSS|ng alds vul cani zat j on accelerators rocess. 0il s,

agei ng(9HA? BReBYRe ¢hy b5 1 bk BRPRRht 557 “IEERY LR P B P RS Wb e
stearic acid, and so forth. [00591The vulcan|2|ng agent can be
exenplI$Té@rbbu§@$Y@¥lY%UP¥%PthT desthpt gandpér xi des,

gui nonedi oxi nes, organi c pol yval ent am ne conpounds, and net hyl ol
group-tenrahmdngparkmi@heﬁol3ré§fm@imethOXYQﬁthmlsi%YQEme¢EYly—hsed
anong these vul cani zing agents. It is used at preferably fromO0.1 to
5 massepAylsland3mreeprehedabbyrindtifed Lo (3-atlssxpathgl peB- 180
mass parts of the nodified conjugated di ene rubber (starting rubber;

rPbbeféEQEHQEHBQ§%11§ﬁ?ﬁibﬁyﬁ?hﬂlaezgeme&ﬁély2U$9d[as a vul cani zat i on
aid and processing aid.” The anount of use for the vul canization aid

and prg?e?ﬁbeﬂog¥€ glgggggghb gﬁggﬁygrgpgglﬁlggﬁslparts per 100 naess

parts iene ru There are no

h I dth
ul cant Yarrou HbEH BV Lp nban 2 g AP R E P Bl P do- tye

i our BAPE§ P BABERAL LS Phr nF ?§9e§8§§%§%§§3%éivl?9Tp99”ds

di t hi ocar bamat e-t ype_conpounds, and xanthic_acjid-typ qu
Preferﬁéétéﬁéﬁﬁﬂé§zéﬂlgﬁéewul%ah?%%%?%%xﬁﬁkeye¥a} ¥ éﬁ%ﬁ plperaZlne’
2- mer capt obenzot hi azol e, di benzot hi azyl di sul fide, N-cycl ohexyl-2-
benzot B-dZyhetihbayantie 1 sNlylhaly A-pibekhal piasshed 0t eRani de,

N- oxyet hyl ene- 2- benzot hi azol esul f enam de, N oxyet hyl ene- 2-
benZOthhai@hh&ub%émaﬂﬁd&”3Ndmpdbpgdpeapyyd20pyrimidine, 5-

benzot hi azol esul f enam de, di phenyl guani di ne, di ort hot ol yl guani di ne,
and Orteeeehﬁkgb%ggaeudyae ~1The M eheanheahgarapeeliendtioe, i 9-used2-

generally at from
dimethylaminoethyl)-2-{ethyldimethoxysilyl)imidazolidin-1-
yllethyldimethylamine, 5-(trimethoxysilyl)-1,3-bis{(2-
methoxyethyl)hexahydropyrimidine, 5-{ethyldimethoxysilyl)-1,3-
bistrimethylsilylhexahydropyrimidine, 2-(3-

diethoxyethylsilylpropyl)~1, 3~-diethylimidazolidine, 2-(3-
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mass parts and preferably at fromO0.4 to 4 mass parts per 100 nass
parts of the nodified conjugated di ene rubber. [0060] The rubber
conposition of the present .invention can be produced by m xing (i.e.
kneadi ng) using a mxer (i.e. kneader), e.g., an open mxer (or open
kneader)., QA1 8 1,04 10513, i xerL (qar cl osed
knead%ﬁ%ét%%%&nggﬂ#ﬁgﬁ%ﬁé g'éaﬁﬁ&?&y%?Qg%&%%%nghd?t”gn, t he rubber
conposj tion of t resent inventi.on can sed for .vari Qus .rubber
produé%%?qg?qﬁﬁﬂéﬁ %§i§1§F6§§ﬁﬂﬁﬁvgﬁfﬁ€ﬁ$§1ﬁ*%&FFE%fngrt§r%§ nol di ng
process. The crosslinked rubber conposition (the rubber ,conpgsition
af t er tErieORUG NG RBPRW s lebGdiFRsmY e X drepypt-8d 9tge use Pa
tire applications as, for exanple, a tire tread, undertread, carcass,
si dewad il tveats thard isloy Froray 1 lard 3sliedhy lasssied oy rappidicsri en as
a vi bration-danpi ng rubber, marine fender material, belt, hose, and
ot her [hdistdined thpricduictssthfhe -¢rolss1 | nked rubber conposition of this
enbodi nent is particularly well adapted for use as a tire tread

r ubbere t H PGk sHites prifef tp eso yof ) trhied anaodi i d derd- loo) Juegatyad igkiedriey Jzal iyvear
(yielded by step (a)), the nodified conjugated di ene rubber (yielded
by step (P)9riddiend:upderygomesitiomn-wingd(d-he crosslinked rubber
conposition in the present invention are as foll ows. Vi ewed from

t he pgﬁént%?dﬁl%%%%) mgﬁﬂ%ﬁnﬁﬁgc%bgmen t he shape stability

of th nj ugate ne rubber and the processability during
productj.o f the rubber. co sition,. »_conj ugat ed di ene pol yner,
prior ?Eﬁiiéh??{hﬁ¥¥ﬁéT?&EF%P ig 1?2%%% ge nol ecul ar wei ght as

pol ystyrene and determ ned b e erneat i on chr omat ogr aphy (GPC) of
pr ef er %H@Yb@bl%etll}%bg}%%@%‘#ﬁ%yﬁ%ﬁﬂ%ﬂ 50, 000 to 1, 000, 000,

and particularly preferably 100,000 to 800, 000. Vi ewed fromthe
per spedingeh vl abrer BeRY het Hdapercel betdweeh t he | ow hysteresis | oss
behavi or of the resulting crosslinked rubber conposition and its wet
ski d réseshabaeinepecnyhssinetingky$bhanenpérature of the nodified
conj ugat ed di ene rubber is preferably I ess than or equal to 0C, nore
pr ef erabhythessnihapropyetnaéthoxysClamad particul arly preferably

| ess than or equal to -10C. Viewed fromthe perspective of

mai Nt aj Pk pgy 8aRdhaPESp PEL WeethbRes shape, sgabi lity of the nodified

conj ugat ed di ene
ethylmethylaminopropyltrimethoxysilane, 3-
ethylmethylaminopropyltriethoxysilane, 3-
dimethylaminopropylmethyldimethoxysilane, 3-
diethylaminopropylmethyldimethoxysilane, 3-
dimethylaminopropylethyldimethoxysilane, 3-
diethylaminopropylethyldimethoxysilane, 3-
dimethylaminopropyldimethylmethoxysilane, 3-
dimethylaminopropyldiethylmethoxysilane, 3-
diethylaminopropyldimethylmethoxysilane, 3-
diethylaminopropyldiethylmethoxysilane, 3-

ethylmethylaminopropylmethyldimethoxysilane, 3-methyl-3-

ethylaminopropylethyldimethoxysilane, 3-
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rubber and the processability during production of the rubber
conposition, the Money viscosity (M1+4, 100C) of the nodified

conj ugat ed di ene rubber is preferably from30 to 150 and nore
preferably is fron140 to 120. Vi ewed fromthe perspective of the

shape | i i ene rubber, the cold
flom1 35( Q§¥3%§E& 3% l%%?b%%%gggfgéa?ed di ene rubber is
preferab ot .nore th 5 I r ef. ably not nore than 1.0, and
parti Q# %55%}%%%&%%%%13ﬂﬁﬁﬁﬂ%§3§ %§ Vi ewed fromthe
perspective of the processability durln tire fabrication, the Money
V|sco§hﬂ¢Uﬁmi@m@nQHﬂRBYLﬂthM%§%QP99§yﬁﬁiﬁ%%nf#bn is preferably from
20 to 150, nore preferably from30 to 130, and particularly
prefeniﬂﬁthhammnﬂpnapyﬁﬁlhyldietﬁnﬂyﬂﬂiﬁﬁq;e3§trength (JI'S K 6301,

300% nodul us) index for the crosslinked rubber is preferably at |east

100 ardimatey pmefreymdlpy i mttHydasthdkd&ilane, 3Fhe index for tan 5 at
OC of the crosslinked rubber is preferably at |east 125 and nore

pr ef erghlet vl A1 dRedp iidD.ethylethbig/dindge f @- tan 6 at 70C of the
crossllnked rubber is preferably at least 130 and nore preferably is

t 4 4,510 N load, 25C) ind
a 2 %ed ru%fc?ﬁﬁe% C@cl{o])i% K £764.3 oa ) index

for the T ber 1s prefera y at | east 105, nore

pref er | eas qng erably at |east 109.
EXANF’%%?%&iiﬁﬁﬁiéérép ld% rgﬁg%ﬂéggﬁ S specQ%icaIIy descri bed bel ow
based o | es, but the pre vention is Iinited to these
exanpl s’ é%ﬁ%i%ﬁ&ﬂﬂﬁ%ﬂ? éhé#ﬁﬂéﬁ %gga ?es "parts" and "%
are on a mass basis (i.e. ht_ basi s) unless speC|f|caIIy st at ed
othermﬁ%&ylm¢ﬁﬁY%ﬁm%ﬂﬁﬁﬁPﬁﬁﬁ?1 e? 1R Y F $reatur e the vari ous

property val ues. [bonded styrene content (%]:. determ ned by 11I-NVA
at 5000 Muze flybryhe oyt barmiqopop vkt eime Heek B3 hahawrBat 500 Mz

di (methoxyethyl)aminopropyltrimethoxysilane, 3-

di (methoxymethyl) aminopropyltriethoxysilane, 3-
'di(methoxyethyl)aminopropyltriethoxysilane, 3-

di (ethoxyethyl) aminopropyltrimethoxysilane, 3-

di (ethoxymethyl) aminopropyltrimethoxysilane, 3-

di (ethoxyethyl) aminopropyltriethoxysilane, 3-

di (ethoxymethyl) aminopropyltriethoxysilane, 3-

di {trimethylsilyl)aminopropyltrimethoxysilane, 3-

di (trimethylsilyl)aminopropyltriethoxysilane, 3-di (t-
butyldimethylsilyl)aminopropyltrimethoxysilane, 3-di{t-
butyldimethylsilyl)amninopropyltriethoxysilane, 3~
di(trimethylsilyl)aminopropylmethyldimethoxysilane, 3-

di (trimethylsilyl)aminopropylmethyldiethoxysilane, 3-di (t-
butyldimethylsilyl)aminopropylmethyldimethoxysilane, 3-di(t-

butyldimethylsilyl)aninopropylmethyldiethoxysilane, 3-
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[gl ass-transition tenperature (c1C)]: neasured according to ASTM D
3418 [pre-nodification nolecular weight]: This was determ ned as
pol ystyrene fromthe retention tinme corresponding to the top of the
maxi num peak in the GPO curve obtained by gel perneation

h i i ! xyish h
ch TR ROt RS oIS

condi tions HXL" ( product

, g .Tosoh .Co i | o i h
name, i TS AN QAR A LT - RARALAL & 1400 T L (Rha

se:
uran ow e-concentration: 10

ng/ 20 nl. [ Nboney vi.scasity (M1+4, 100 . This was .determ ned, based
on 31 S BETAUTHG D TS RRY LSS BR G o dr D gner A 1t
preheating for 1 mnute, rotor running tinme - 4 mnuytes, tenperature
= 100&QutYleEme HYoh Mal i neRg o@yis WS IR&YE 14 T% 1t iper at ur e
of 50C and was extruded froma 6.35 nmorifice at a pressure

condi ticarphefl i pr &pel t et oxwitlensrom t he start of  extrusion
(after the extrusion rate had becone constant), the anmount (ng) of

copol ywerprexitimes rayp wiets: inedswyesd learar,y B0 minutes for 90 m nutes. The
aver age val ue was taken to be the cold flow value (ng/mnute). A

b b i o Tk A
morpholinopropylethyldimethoxysilane, 3-
morpholinopropylmethyldiethoxysilane, 3-
morpholinopropylethyldiethoxysilane, 3-
piperidinopropyltrimethoxysilane, 3-
piperidinopropyltriethoxysilane, 3-
piperidinopropylmethyldimethoxysilane, 3-
piperidinopropylethyldimetﬁoxysilane, 3-
piperidinopropylmethyldiethoxysilane, 3-
piperidinopropylethyldiethoxysilane, bis[3-
(triethoxysilyl)propylltrimethylsilylamine, and bis[3-
(trimethoxysilyl)propylltrimethylsilylamine. The following
are preferred: N,N-
bis(triethylsilyl)aminopropylmethyldimethoxysilane, N,N-
bis(trimethylsilyl)aminppropylmethyldimethoxysilane, N, N-
bis (trimethylsilyl)aminopropylmethyldiethoxysilane, N,N-
bis (trimethylsilyl)aminopropyltriethoxysilane, 1-(3-
triethoxysilylpropyl)-2,2,5,5~-tetramethyl-1-aza-2, 5-
disilacyclopentane, N,N',N-tris(trimethylsilyl)-N-(2-

aminoethyl}-3-aminopropyltriethoxysilane, l-trimethylsilyl-

27



[ Synt hesi s and eval uation of nodified conjugated di ene rubber A]
2,750 g of cycl ohexane, 50.0 g of tetrahydrofuran, 125 g of styrene,
and 365 g of 1, 3-butadiene were charged to a 5 L autocl ave reactor

t hat had been substituted with nitrogen. The tenperature of the

reactor »c S -adjausted 1tevEa6pkakhawednby sthe addition of a
cyclo%é%a%ghggﬁéf&gn coﬁtaining A~ bu yIIithiun1%5.80 mmol) to

initiate polynerizatiqon. The.p yerj zati mas . run, adiabatically and
L WO g a1 oBYa s et r ety YO8 A WRERT L Re Ly e e

pol ynmeri zati on conversion had reached 99% a supplenental addition of
10 g af butiadiiere W 3vede: it oxolsyiierli) patoogrl. Jwals NF-tubi & thry JariN’ -
additional 5 mnutes, after which 10 g of the pol yner solution was

sanmpl gd. ;44 A OndAre taRert, or-mithe HEe asur @vent reft Hiyne imgliequl ar
wei ght pre-nodification. A cycl ohexane solution containing

N,Nbi%%ﬁééf§gpﬂéﬂ4%§$g%?gygy éyygﬂg,dkﬂqkhpxysilane (4.96 Mol ) was

added a reac S run r 15 mnutes. After this reaction, a

cycl ohexane sol ution containing 3- _am nopropyltciethoxysil.ane (4.96
ol ) RO HE GOt Sb N Tto R G R et SrABa For 5
m nutes; a cycl ohexane sol ution containing silicon tetrachloride

(3. 93 [3Imbit)ietasox e aalk trorddedt ~raid i Dd IRy A Subsequent | y
performed for 5 mnutes. 2.0 g of 2,6-di-tert-butyl-p-cresol was then
added tior inhe:iesyd 11 g b 3bmestal it inpirda Zkhi isd vees, 2t {wed by sol vent
removal by steam stripping using hot water adjusted to pH =9 with
sodi ung ks 1oph s 1 T ¥ SPEY - Wes- @l tth Wi e dedo Iiaddnd he3-nost at ted to
110C to yield nodified conjugated di ene rubber A The

pol ynet i i i pedfh e, compgated di ene rubber Ais given
in Tab %ﬁ%ﬁﬁégﬁﬁgﬁééi?%f%%erti%s of the obtained nodified conjugated
di ene rubber. A I i . i ngztf he nodi fied conjugated
~di ene h%% l%TP%EQ%@%ggt%%ﬁ%%ﬁ%%Y%ﬁﬁég%'g%epared in accordance with
t he conpoundi recipe given in Table 3 and was vul cani zed and
proper¢ %Q%yﬁ%T}%ﬁp§%g9L5¥+%#%%ﬁys%ﬁ%ﬂ?@s%|ts are shown in Table 4.

[ 0065] Exanple 2, [Synthesis, and eval uation g% nodi fi ed conj ugat ed

di ene FupbeylapinopropilipirFhegyebhitgat RSP ene rubber B was
obt ai ned using the sanme nethod as in Exanple 1, but in this case

usi ng Newekhexysilyt) peehylsFrimethyhed hpbanyng, -apd bisi3-

am nopropyltriethoxysilane in place of the _

N, Nbi s(trimthibsiybylyanpnopybdpytmehyytsrbyharysel ane used in Exanpl e
1 and changing the 3.93 mmol anmount of silicon tetrachloride addition
used i nobxagpl e &okpPobndé GHAL. have an alkoxysilyl group and an

imino group or pyridyl group can be exemplified by N-(1,3-
dimethylbutylidene)—3—(triethoxysilyl)—l—propanamine, N-(1,3-
methylethylidene)—B—(triethoxysilyl)—l—propanamine, N-
ethylidene-3- (triethoxysilyl)-1l-propanamine, N- (1~
methylpropylidene)—3—(triethoxysilyl)—1—propanamine, N-({4-N,N-
dimethylaminobenzylidene)—3—(triethoxysilyl)—1—propanamine,
and N—(cyclohexylidene)~3—(triethoxysilyl)—l—propanamine, and
the trimethoxysilyl compounds, methyldiethoxysilyl compounds,

and ethyldimethoxysilyl compounds corresponding to these
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The pol ynerization recipe for nodified conjugated diene rubber B is
given in Table 1, while the properties of the obtained nodified
conj ugat ed di ene rubber B are given in Table 2. Using the nodified
conj ugat ed di ene rubber B, a rubber conposition was prepared in

aCCOf@%@%@h@& iﬁ%ﬁ COmRaURALNg Jseqlkpe gisven (ko Table 3 and was
vul cani zed ‘and property eval uation was perforned. The results are

hown in Table 4. .[0066 le 3. hasi dyeval uat i f
choun 2,130 4, L0SLEXTL o 3, LoUTLIgS B andeaLuall on of
10.3 g of tetrahydrof . 50 tyrene, and 440 g of

1, 3- b eéiryx%éfyiéfrl%ﬁ§5°§’gd o 5%@%%@%3%&&2’ PealidPthat had been

substituted with nitrogen.. The tenperature of the reactor contents
was adjnigeddopy side psiorsded 4oy tife SRd@ilE oN dFa cycl ohexane
solution containing n-butyllithium (5.80 nol) to initiate

pol y memiizethicory.s Ifha. ppwlppe ridzdt-iiav dges leun 3adi abatical |y and a

maxi mum t enperature of 90C was reached. [0067] When the pol yneri zati on

conv emnsixeidad; readhecth @8%p v 1o sinppiremgntidlaneddi- on of 10 g of
but adi ene was made and pol ynerization was run for an additional 5

M NUt gk A 181y W il iHO 1 Sy 11he sy 1seleyt i was sanpl ed out in

order to performthe neasurenent of the nol ecul ar wei ght

pre- mydi.f1 cat ‘ iR A g B 3-
triepﬁ%§%%§$§ ?%E$%§¥%%2, ,5?§3§?%%§ihyl-I-aza-é?%-

di sil acycl opentane (2.4 %?? qgﬁ% : ctiyon was run for
15 m %ﬁ%}%a&éﬁw%r%?%lﬁsnoﬁpe%%en, c?::Lyc ohe anlgiaggt%ut% on cont ai ni ng
3-am nopropyl.trjethoxysilane (2.48 | ). was_.added t > pol yrer
SM|ﬂiQé%a$?%ﬁ %ﬁ&@%ﬁﬁ??ﬁ@%ipﬁéhyéggﬁQﬁﬂ%ﬁff%?%%%f%ﬁ%gine sol uti on
containing silicon Ielrachlorid%6§2.69 nng%g.mas thereagg r. added;
and mib&FRISERY LeRRUHRIR TGP Pk Hioy HEte tRp X ¥ W aif s 1B @J&Wlng

2,6-di-tertbutyl-p-cresol was then added to the resulting polyner

sol ut imre ThtSemesd f dfit blwed dimsoh yEtyeidrag) by Stekai ey Piphwy ~
usi ng hot water adjusted to pH =5 with sulfuric acid. The rubber was
dri ed DRopopahandhé, tiet haseahy bor ooy 11dch¢ o- 3+ et digoebfyedlyl) -1-
conj ugat ed di ene rubber C. The pol ynerization recipe for

modi f i egosoRhMORE pdaklh ene (Bubbeke Ehbsy gl VehpiopThbt £, 35 while the
properties of the obtained nodified conjugated di ene rubber C are

gi ven jiy, Jablen2aaklsi89 frhesmpdi bigdxgoni yuptegdydj empssubber C, a
rubber conposition was prepared in accordance with the conpoundi ng

recl PeaPhyaPa ki dabbee 3 ANG3uRs;XULRaRLZed fﬁgoﬁy[PPem—m&a@éi@n

was perto e'restits are shown 1h Table 4. [ 0068] Exanpl e 4

Synt hesi nd eval uati on_of ified. I ed di ene rubber D
k ﬁodiﬁré3"36ﬁF§88§881%Vgﬁéonggé?'%fﬁgga%ggg%hed usi ng the sanL

met hod as _in Exanple 2, but in this ca i N[ 3-

(trimef Ha%l% Lyl %?059&}91%}&%%?@5?&5.??%?'Prg? ﬁ?ﬁ“éi’}”ﬁfiét kaRk. haye an
2-diamne in place of the NWNr-tris (trinmethylsilyl) -N gz-,
aninoeﬁh#b%ysléﬁﬂngﬁpéﬁyﬁﬂﬁiétHB??QPP&H@‘E@BHaFHlE%aﬁ%PBPZQ tained

by substituting two hydrogen atoms of a primary phosphine with
two protective groups, a phosphorus-containing group obtained
by substituting ohe hydrogen atom of a secondary phosphine
with one protective group, a tertiary phosphino group, or a
sulfur-containing group obtained by substituting one hydrogen
atom on a thiol with one protective group: P,P-

bis (trimethylsilyl)phosphinopropylmethyldimethoxysilane, P,P-
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The pol ynerization recipe for nodified conjugated diene rubber Dis
given in Table 1, while the properties of the obtained nodified
conj ugat ed di ene rubber D are given in Table 2. Using the nodified
conj ugat ed di ene rubber D, a rubber conposition was prepared in

accor dan M_t . i gl [ [ hena apdpua
Rt I TR AL S S e S B O T
shown_i.n Tahle 4. .[QQ06 a e 5 Synt hesi s_and,eval uation of

modi f P (&6 5&%&@1@1\5@3&%@&@@”&’%“1 %&B@’Filé&“@én?ulgat ed diene

rubber E was obtained using the sane netho%_ s..in Example 2, %y% in
this @a§éqﬁﬁmﬁ§q§%§¢lyl)phosphlnopropylmet yldiethoxyslilane, P,P-
trimethylsilyl-1-piperazino)propyltriethoxysilane in place of the

N, W Nbitsr (te ifertibypdtstiyli veli ) Iopp)s ehninqerhat tid @reiox vs3.lane, P, P-

am nopropyl tri ethoxysilane used in Exanple 2. The

pol y meérii sz(ety iore thedli soid vild e inede tdon) g attéwxdisddeeubfe®E i s gi ven
in Table 1, while the properties of the obtained nodified conjugated
di ene yiwbfarire @fyel i Man pio skahilres sk h Wsdatth ke rmaddhichd ved. 1eor, u gatked

di ene rubber E, a rubber conposition was prepared in accordance with
the caopmoundiNg LI P8, 9 I dHE nkadd 16 130N, MBI tHY:GAT 1281k ars-

property evaluati'on was performed. The results are shown in Table 4.

[ 0070] i eumal i f di fi ed conjugated
di ene $¥ﬁ§g§§1§%054ﬁ%ggé¥§§i}égiil coﬁ#&%ﬁ%ﬁﬁgdfgﬁe rubber F was
obt ai ned using the same nethod. as _.in Ex | e but in this case

usi ng %ﬁ%¥l 9?&%%ﬂ8&&93¥4§?ﬁ?ﬁﬁﬂ3%¥?$§§ﬁ$VIi?lylanine (2.48 ol )
in place of the N, N. , i

bi s(t re- By EHPRE RN MRS et A vt W3S sitane (4. 96 mol ) used
in Exanple 1 and changing the 3.93 mmol|_ anount of silicon

t et r achl Fh Weokeerp j ppreRdl Rl Ekepy el 1219 3231 mol . The

pol ymeri zation recipe for nodified conjugated diene rubber F is given
i n Tabéehylnehhykohdephtoperopebtoimne Heowps bl #eel nddi fi ed conj ugat ed
di ene rubber F are given in Table 2. Using the nodified conjugated

di ene ¢tibpene thy Bphobbei nconpogl trdatwasypi bpae ed3+n accordance with
t he conpoundi ng reci pe given in Table 3 and was vul cani zed and

pr Oper&i’mstf@i;ygﬁb%hmp?@ﬂggﬁ@eﬂylabﬁemwygslam@, sfiewn in Tabl e 4.
[ 0071] Exanpl e [ Synt hesis and eval uati on of nodified conjugated

L ene SUBEL oz inoooushLieg: donbuald: disap subber G vas

HER A T SR
diethylphosphinopropylethyldimethoxysilane, 3-
dimethylphosphinopropyldimethylmethoxysilane, 3-
dimethylphosphinopropyldiethylmethoxysilane, 3-
diethylphosphinopropyldimethylmethoxysilane, 3-—
diethylphosphinopropyldiethylmethoxysilane, 3-
ethylmethylphosphinopropylmethyldimethoxysilane, 3-
ethylmethylphosphinopropylethyldimethoxysilane, 3-
dimethylphosphinopropylmethyldiethoxysilane, 3-
diethylphosphinopropylmethyldiethoxysilane, 3-

dimethylphosphinopropylethyldiethoxysilane, 3-
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Exampl e 1. The pol yneri zation recipe for nodified conjugated
di ene rubber Gis given in Table 1, while the properties of the
obt ai ned nodi fi ed conjugated di ene rubber G are given in Table 2.
Usi ng the nodified conjugated di ene rubber G a rubber conposition

was p&%@%hggpheSgﬁggegﬁggg1%5913@&%@;@99@%@9 geci pe given in Table

3 and was canfi ze roperty evaluation was perforned. The

results ar hown in_Table 4...[0 . Syat hesi s and
evalugﬂpﬁﬁﬁgﬁpﬁﬁépbﬁgﬁp58ﬁ'é&é&ggﬁgﬁgﬁgggggﬁe?n%ﬂ L A modi fi ed
conj ugat ed diene ruhber H w%s ,o% ai n%% usi ngq t he sane met hod as in
ExanplFénethydPhos PRAROPERRY L &jlyle oxysilane,
Strimethyl silyl mercaptopropyltriethoxysilane in place of the

N, N- bidsf(etthiyéphwsmiwommyd@wm@wﬁowﬁétlﬁ@ﬁys Brane used in
Exampl e 1. The pol yneri zation recipe for nodified conjugated
di ene diuhiherl pHasphginegnrdpy 1 Bdlsitd yie Dhieixives itllsaepr Sperti es of the
obt ai ned nodi fi ed conjugated di ene rubber H are given in Table 2.
Usi ng Jtrsy 1raedinfyi1eoh oo ingatre ydinerté yidhilearh oty sd Lemlghe3—conposi ti on
was prepared in accordance with the conpoundi ng recipe given in Table

3 and was, 1w GANIAR ANt Y RRS et IeMal iuaii iy siasines T f3er med. The
results are shown inéﬁiﬂiy4u [00%§¥Exanple 9 [Synthesis and

S s S Y L

E?SHg#aéhﬁéﬁiﬁdé;ﬁéﬁﬁhéﬁ§§%$§¥£g%n-ﬁﬁﬁ}%%P%ﬂéié of the N, N

bis(tri ety o] Lyl dam nopr opvl et L IELDQysI 1 ans used Tn Bxample 1.
diphenylphosphinopropylmethyldiethoxysilane, 5=
trimethylsilylmercaptopropylmethyldimethoxysilane, S-
trimethylsilylmercaptopropyltrimethoxysilane, S-
trimethylsilylmercaptopropyltriethoxysilane, S-
trimethylsilylmercaptopropylmethyldiethoxysilane, S5-
trimethylsilylmercaptoethyltrimethoxysilane, S-
trimethylsilylmercaptoethyltriethoxysilane, S-
trimethylsilylmercaptoethylmethyldimethoxysilane, and S-
trimethylsilylmercaptoethylmethyldiethoxysilane. The
following are preferred: 3-
diphenylphosphinopropyltrimethoxysilane, 3-
diphenylphosphinopropyltriethoxysilane, S5-
trimethyl5ilylmercaptopropylmethyldimethoxysilane, S-
trimethylsilylmercaptopropyltrimethoxysilane, S5-
trimethylsilylmercaptopropyltrietﬂoxysilane, and S-

trimethylsilylmercaptopropylmethyldiethoxysilane.
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The pol ynerization recipe for nodified conjugated diene rubber | is
given in Table 1, while the properties of the obtained nodified
conj ugat ed di ene rubber |- are given in Table 2. Using the nodified
conj ugat ed di ene rubber |, a rubber conposition was prepared in

acCor 4gRce W  hohae comRIURdLRO heckR2 S8l ¥eRoklsTalhe SoRBdukasand
vul cani'zed "and property eval uation was perforned. The results are

shown in Tabl.e 4. [.0074] Exanpl 0 Sy nt hesi ati.on of
rodi 1158 €8Hjjb1&5’tt§%1 %ileelrﬁléa P%@F%Jraﬂf§¥l'& Igg %&??L?e%gg%% E";‘q’at ed diene
rubber J was obtained using the sane nethod as.in Example.l, but in
thi's Gdda lasrent Tt A5enr GETITR SERBRY S R8T oM BoeoBr e 3-
am nopropyl tri ethoxysil ane used in_Exanple 1. The .
pol ymiretaieinorthee éilye lomatrsdi Pire@dlderjingatsd ti 85¢3 uBFEL VS i s given
in Table 1, while the properties of the obtained nodified conjugated
di ene treutnbiera 1) merieetyi verd iomeTawliety. (Usieng onite aibdinhi €FoEdn| edat
di ene rubber J, a rubber conposition was prepared in accordance with
t he compawxHtg:Weet gl waroups , Tablear edbvapd-adass iy @amozed isdd
property evaluation was performed. The results are shown in Table 4.
[ 0075]@@3}&&—5&# ainthesinse andh A alamtimn gloupdidrived w@ejeugat ed
di ene rubber K] cycl ohexane sol ution containing 2,750 g of
cyclo : vt (dBLd-anydnef Wdahrap 5 arHf
styr enkbg?&a"g(gsargd g@%,%%gultrglﬁenée, and lpisfole;blr di&r%:g (4.770 ULrﬁl.]*?znl ) was
charged_to a 5 I auto At Re[TT Sty ed, ML

£ r%ee%le Al fi}?élt? ﬁ?c%efgllaﬂ‘?é SUDS T i e

nitrod%(? erature o reactor contents was adjusted to 10C
foll owed by the addition of a cycl ohexane solution ,cont.ai ning

n- but yFFRE A SE 8O oty oofni?c}i‘?Jatf & T et %a‘fjit%lnrghﬁeé&%ugated
pol ynerization was run adi abatically and a nmaxj t rature of. 85C
was r edcrel. P9 DoreT iR ithe? m%ler%%%%nt%ﬁﬂmﬂi%ﬁ% oAt
99% a suppl enental addition of 10 g of butadi ene was nade and,

pol yneot zat kohimeseanbh foetah ki iy ored cBLoR ek esnteraeriqthivtht-o g
of the polymer solution was sanpled out in order to performthe

measur enenta oot hiel avk esnd Ao r wel hhta pueedoas f & caglnfor Aley cd@diek ane
sol uti on cont ai ni ng

N, Nbi st 6hethy! shbyt ) agbRes OPYbEL ByEhaRl Abxysi drdetdi H6amidl §y was
added and a reaction was run for 15 mnutes. After this reaction, a

cycl oh tLQN-£08% 8bRk NYoN Ry6a8tasekhybss behavior once the
3-aningé?%ggﬁﬁégnéﬁh%xgsiIane (%.96ynﬂ0|) was ad%edet% t he pol yner

S01 L1 QRes Ui XLgavamBELT QLABDS Lot oR LOUBESH BroygLobexane eabut on

contai Arng sSilTico rac I de .34 mmol ) was thereafter added;

2.'6- i PEFLCBUPST- BEy GEB WhsCLRcH ABAS T BLRE FaCulltTRoP Bol Fagr

solution. This was followed by solvent renoval by steam stripping
usi ng kBe REEERNTadPYEPEdCPo pH = 10 with sodi um hydroxi de. The

rubber was . _ _ . _
[0030] The modification reaction — in which the first

alkoxysilane compound is introduced at the alkali metal or
alkaline—earth metal active terminal of the conjugated diene
polymer — can be run, for example, as a solution reaction. In
a solution reaction, the solution may contain unreacted
monomer which has been used for the polymerization. The
regime for the modification reaction is not particularly

limited, and the modification reaction may be run using a
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dried on a hot roll thernostatted to 110C to yield nodified

conj ugat ed di ene rubber K The pol ynerization recipe for
nodi fi ed conjugated diene rubber Kis given in Table 1, while the
properties of the obtained nodified conjugated diene rubber K are
gi ven,in Jable 2. Using ke medif ied ceshuqatedsdi-eaemeubbengk, a
rubber conposition was prepared in accordance with the conmpoundi ng
reci pe qgi.ven _iin Table 3 |_cani roperntyngyakuati on
was p@ﬁ%&ﬁﬂﬁﬁﬁzf%%§¥§§ﬁlﬁggé%%§%¥%ﬁh %n ggﬁg%ige[%§7%%ﬁxanple 12

[ Synt hesi s and eval yat.i.on of. nodified conjugated.di ene_rubber . A
modi f FER ST PFattdd ‘e MdBter LT\%éé Hﬁltd&%ﬁé:&%t}ginnﬁ Sffié *Sane Smet hod
as in Exanmple 11, but in this case using 3

ani nofrredATak et oy Anigie H00 @XTHintY) Ut pifade SFETRE NS Vent

(am noet hyl ) - 3-am nopropyl tri net hoxysil ane (4.96 nmmol) used in
Exanpleeniival , treatmergolvindy iwediglon headi fe spdinatddi Fired cpeaakdared

di ene rubber L is given in Table 1, while the properties of the

obt ai nestnockd i R ciong legateed afi ere mulharerd vk t@ievdiiken Paigl @fxer
Usi ng the nodified conjugated di ene rubber L, a rubber conposition
was prefdd et idh ace oftanss ywdhi 44t cconpigtdiong reci pe given in Table
3 and was vul cani zed and property evaluation was perforned. The

resul tf?@if] showp; i Jabl &3 4o [Q07 8kl &r dke dSWHAESI@and

eval uati on of nodified conjugated di ene rubber M A nodified
conj ugat,ed di u Jes, [ ned usi 1o 14e Sae: it hadyaseiivst
Exanpﬁ%iﬁﬂfy?£X§#%1%%ﬁé?%%se ug?%g%3- 5ﬁ§%opf%pyltriefhoxysiIané'in

pl ace of, the Z-éaninoeth I%-S- i, Nopropyl tri tgw Si 1

B carmpl S G 428 PRI 47 R TR gt T, iy HRRaa

the silicon tetrachloride 45.34 nnq%é used in Egaqgéf 11% 1 th

pol ymedt zhe#oh ¢ ebipRl $oRINbER TR ¥ Tyat S ot Bne Hinbert§3s Given

in Table 1, while the properties of the obtained nodjfied conjugated

di ene mobbeeap vrkeyt vehthnrghprence tRi Hye t Aethodi $1%8 %%h?ﬁ%ated

di ene rubber M a rubber conposition was prepared in accordance wth

t he cooponjndahgdreétepe govenei noFadieed bvdthasawiPehdi zed and

property eval uation was perfornmed. The results are shown in Table 4.

[ 0079] Exagmbei24tibdynt Wrehsthadaryvahtal sohes$ hbanf el mobhgugat ed

di ene rubber
equivalent, the modification reaction will not proceed
adequately and the dispersibility of the reinforcing agent
will not undergo a satisfactory improvement, resulting in a
deterioration for the crosslinked rubber composition in
tensile strength, wear resistance, wet skid resistance, and
low hysteresls loss performance.

There are no particular limitations on the method for
adding the first alkoxysilane compound used as a modifying
agent, and it may be added all at once or may be added in
portions or may be added continuously. Among these methods,

the method of addition all at once is preferred. Moreover,

the first alkoxysilane compound may be added in the form of a
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A nodi fi ed conjugated di ene rubber N was obtai ned using the sane
method as in Exanple 13, but in this case using titanium
tetrachloride (5.10 nmml) in place of the diethylalum num chloride

(20.4 mol ) used in Exanple 13. The pol ynerization recipe for
nodi fie onj ugat ed .dien u N_i S+gi.V i l .1 [
propeFPgB * gﬁew F%Vngggn%%?&Pég’cgg%ugg%ggwgﬁgngsrHgggrE% E?g

given in Table 2. Using the modified conjugated diene rubber N, a
rubbeﬁ018@ﬁ§dsﬁpﬁoﬁoﬂéggﬁFﬁgaPéﬁnﬁnmﬁ@@@%ﬁaﬁge%ﬁfgﬁlgﬁg conmpoundi ng
recipe given in Table 3 and was vul cani zed and prope%%y evalugtion
was peefrecre®h Tvabess JI00d 1dr @ SsHEWs SR efabieak 1oPo 08O PERANPES 1E5
[ Synt hesi s and eval uati on of nodified conjugated di ene rubber 0]
A nodiviiingd comjpegetde dedicaridadubive P ad aggapdbaiwed USi0ig lvhéhsane
method as in Exanple 13, but in this case using isopropyl acid
phosphaide dckdeh malveritn ddsaoei befd tifve pdivetgnyapdd wwminemn dP0dSi]de of20. 4
nmol ) used in Exanple 13. The pol yneri zation recipe for
modi f ived conidigatad diane itbem QGdmdgriaen durbEabli@aolwhil e the -
properties of the obtained nodified conjugated di ene rubber 0 are
given in Table 2,100 diiedudflad Gan ugh atdlieng iyl e
rubber conposition was prepared 1'n accordance with the conpoundi ng
reci pe_gjiven in Tabl : i i
wos parToriED et Gt D g A & R SR Y
[ Synthesi s and eval uati on of, nodi fjed conjugated die er P
2, 750 oMl bk, Taet 1Py ofiq et 91qbftu an.’ ?@bé '(jgib%fgrestdyfr ehe,
and 310 g of 1, 3-butadiene were charged to a 5 L autocl ave reactor
that hiad b2@AC Susbetrefisraedsi it dged O0TRelsepEraPtipéebrehe The
reactor contents was adjusted to 20C foll owed by the addition of a
cycl ohexades 50} U £ oth€ opd Bjmé gt dndst iyd | 1tdi ems € 491660 narol Qwe 0
initiate polymerization. The polynerization was run adi abatically
and a gaﬁﬁgyﬂtﬁfgpféaﬁgég,Oﬁhﬁﬁg:M@édﬁﬁﬁﬁﬂ@ﬂiziﬂﬂﬁﬁ]N%EﬂvéhEe;minals
pol ymer i zati on conversion had reached 99% a supplenental addition of
10 g of _butadien hZgheQn A {&hp@Pature is
additi%ﬁ%lpgg%§n§ :@?dg?ggrég ?gﬁb%gggboﬁﬁ%ﬁeagﬁfaﬁgr sol%tion was
sanpled oyt ip order to performih S t I

&: nohirfpEatraly A cSEMBRESSHECSUREPEDE Ehny AfnPRLCAY! Binge

wei ght “p¥ exane so on contai ni ng

N, Nbi s(triethylsilyl)am nopropyl nethyl di.nmet hoxysil ape (3 I S
added éﬁ@lEaF@QCPPéﬁemé§ FﬁHsfé?gﬁgvﬁFﬂﬁtes?giff%?cpﬁPé Fﬁﬁg??%n%hﬁa
cycl ohexane sol ution containing 3- aninop%$p¥l Eie%hoxy ilanet%B 935
ol ) pasmagdedotdfinatpory FBACESPHt LENPLRLR ﬁé YesrBBr foPiBRtRoFO5

m nutes; a cycl ohexane sol ution containing silicon tetrachloride
(3.12 hooky wad tmheeenfederabdedisafdom Xi B§NWESSsGBséqBeREly
performed for 5 mnutes. 2.0 g of 2,6-di-tert-butyl-p-cresol was then
added tooshe resml tbonglpakyagensomali edso182. Bddedf andphskeniis oi
(trademark: SNH46, from Sankyo Yuka Kogyo Kabushi ki Kai sha) was

t her eathghiaddedn adnnikengivas penberaedaher componudesn Thes was
foll owed by sol vent renoval by steam stripping using hot water

ﬁg{ufg$%O%%CQw°i QMR %%%B%EbQﬁ@r@ﬁE%%-pgh%mb&bbeEPW@ifdbi@Qa@@lés
of this coupling agent have already been provided above. The
coupling agent is added in the stage in which the conjugated
diene polymer is modified by the aforementioned first
alkoxysilane compound.

Thus, the coupling agent that is used in combination with

the first alkoxysilane compound and that reacts with the
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thernostatted to 110C to yield nodified conjugated di ene rubber P.
The pol ynerization recipe for nodified conjugated diene rubber P is
given in Table 1, while the properties of the obtained nodified
conj ugat ed di ene rubber P are given in Table 2. Using the nodified

conj ugat ed di.ene.rubber .P I I i ti . RLepar I
accorgﬁhégeﬁﬁfﬁ%ﬁﬁg 88§6§Engﬁﬁégggéi%%gggée%&%ﬁp$ggﬁgd382nngggaSt
vul cani zed and property eval uati was perforned., .The results are
shown o1 ?QBPQUEd-F@é§§FEFaﬁEP@'%%e Pé?ﬁph§§P§l§ﬁ&n€V8Fujépon of
nodi fi ed conj ugat ed di ene rubber 4] A nodified conjugated diene
r ubberi sQoyas adlst FIOHES UBSisn GHE Is dif® TdORy@nad & FOmes :3,PBut in
this case adding the silicon tetrachloride used in Exanple 3 firstly
and t hemisle aminpopralsy land/etrthaxyisid amapseeeisd| yic) pyridie

pol ynmeri zation recipe for nodified conjugated di ene rubber Qis given
in TabheskitMide Ry apetiduesiofaridye roltyad e ~reodisftiied teoh jwigatled
di ene rubber Q are given in Table 2. Using the nodified conjugated

di ene JgRemdR, &dukber capesidd amsas r epafead dohpreseisjand® wi th
t he conpoundi ng reci pe given in Table 3 and was vul cani zed and

pr oper}{g:té)%ﬁagéb?‘gjoqﬂl S ﬁge)r fiored i dLs ulidys @ﬁfﬁaﬁdﬁd‘g@blﬁﬁ.

[ 0084] ynt hesis and eval uation of conj ugat ed

di ene rubber R A ified nj i yhher R as acid

obt ai F&tP %ﬁ%t%&?%%ﬁ%“ﬂ%ﬁﬁ%%gas&ﬁn‘%ggﬁgﬂgﬂ%, EJ{ i this case

addi ng the 3-am nopropyltriethoxysilane and the silicaon

t et r acHH¥ e TP YRy Eﬁé)rrp‘fjemgl?i ORYRLILHNE %H@E.Compoundﬁfe and (1]

pol yneri zation recipe for nodified conjugated di ene rubber R is given

i n TabteuEQungs | Ehathecon bl t3 32 BPIPREGDt A TRRP iR ed conj ugat ed

di ene rubber R are given in Table 2. Using the nodified conjugated

di ene FUbBRY R, Zmoendbehes®npoape it waba T edake e FFHRED refane® wi t h

t he conpoundi ng reci pe given in Table 3 and was vul cani zed and

pr oper ¢ymevadniat { N ivesc pend oe nednedimeds esud t ssatleictpwwmete Tabl e 4.

[ 0085] Conparative Exanple 1 [Synthesis and eval uation of nodified

conj ugaseeoehenea rabbel - Sh1ylened Al sodyinete cohj Ggat ed di ene rubber S

was obtained using the same nethod as in Exanple 1, but in this case

wi t hout , pddi Ngq 1 Neo 3y 2L POPT QPYhEh | ehbEXYSEEANSoEGEEat 8, Exarpherdc-
type diphenylmethanediisocyanate (C-MDTI},
isophoronediisocyanate, hexamethylenediisocyanate, 1,3,5-
benzenetriisocyanate, and phenyl-1,4-diisothiocyanate.

Favorable examples of the component (b} amide compounds

and imide compounds are amide compounds such as succinamide,

phthalamide, N,N,N’,N'-tetramethylphthalamide, oxamide, and

N,N, N, N'-tetramethyloxamide and imide compounds such as
succinimide, N-methylsuccinimide, maleimide, N-methylmaleimide,
phthalimide, and N-methylphthalimide.

Favorable examples of the component {c) pyridyl-

substituted ketone compounds and pyridyl-substituted vinyl
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The pol ynerization recipe for nodified conjugated diene rubber Sis
given in Table 1, while the properties of the obtained nodified
conj ugat ed di ene rubber S are given in Table 2. Using the nodified
conj ugat ed di ene rubber S, a rubber conposition was prepared in

accordance wi.ith the ¢ oundi ng. necLpe 9l ! 3 was

vul caRPZBEYEAT ﬁF%pg?$§ 593%2? %ggﬁ\%\ésd%%%gﬁgﬁgﬁ%ﬁge?egﬁlgts are
shown in Table 4. [0086] Conparative Exanple 2 [Synthesis and

eval ugtVéRYSPY#HBELPPed conj ugat ed di ene rubber T] A nodified
conj ugat ed di ene rubber T was obtained using the samgl method as in
Conpar@0B¥é ExafpiverablpuexpRAPLResofasBecRANEPREPENEIGuantEY of
silicon tetrachloride addition of 3.93 mmol used in Conparative
Exanpkemboiind2. 62emitbutyldichteopdlpmeri rathyhtréchperPrsilabarfi ed
conj ugated diene rubber T is given in Table 1, while the properties
of t hgebhaidnet 1RGisfiilethe;ong eiged el alf @siel anehbet x Te thex gheehy | 91 Tk e
2. Using the nodified conjugated di ene rubber T, a rubber conposition

vas prt%&%rh%‘i‘\& 1danGe oy tdy iiha rearrdundieng reci pe given in Tabl e
3 and was vul cani zed and property eval uation was performed. The

results are.shown | : 4.4 [ U:W tioe, MRlt@okysilane,

[ Synt s éﬁécﬁ:dle\g\?lﬁ)ﬁ’ast-&ﬁ%r?eedf 4rﬁ)diqef%i e conjy&g;te di ene rubber U

A nodi fied conjugated diene r r MAS aj.ned using the sane
met hoc?ne%%lﬁs %&%@’?S]&ﬁﬁ n%ﬁll)st%case %%ﬁioét}t addi ng the silicon
tetrachloride used in Exanple 1 The | yneri I | or
modi fi ed cdif RFRRAE o e reber &RS sCOdTRPerheDer‘n s %érox%hﬂy“ﬁgdu?ﬁeg
properties of the obtained nodified conjugated diene ruhber U are
gi ven dre Tl agimate nelhdriy} é@%%ﬁ%at%&h@né’ﬁ%art%, a
rubber conposition was prepared in accordance with the conpoundi ng
reci pedigd eyl i gl Tadot &t S, aand whse Vv kdang ke@itand property eval uati on
was performed. The results are shown in Table 4. [0088] Conparative

Exanpl e 4 ri-ayrahesi spanilf by adxatp bas o £ ok f ¢epees ughf kdkeff @i
rubber V] A nodi fi ed conjugated di ene rubber V was obtai ned

using the s Sy, Ry BX PPl ge dify1 bUf 4'LR1 Bhi Bobaseophthoett,
addi ngc?%o‘gl-q(g?ﬁn%%%?gb@ftr'?]eﬁﬁoxysi?%{ﬁ% used in Exanpl e 16.

N,N,NUIV-tetraethyl—4,&—diaminobenzophenone, N,N-dimethyl-1-
aminobenzogquinone, N,N,N,N'-tetramethyl-1,3-
diaminobenzogquinone, N,N-dimethyl-l-aminoanthraquinone, and
N,N,Nﬂlr—tetramethyl—l,4—diaminoanthraquinone.

f0035] Favorable examples oflthe component (g) tin
compounds are tetrachlorotin, tetrabromotin, trichlofobutyltin,
trichloromethyltin, trichlorooctyltin, dibromodimethyltin,
dichlorodimethyltin, dichlorodibutyltin, dichlorodioctyltin,
1,2-bis (trichlorostannyl) ethane, 1,2~
bis(methyldichlorostannyl)ethane, 1,4-
bis(trichlorostannyl)butane, 1,4-

bis{methyldichlorostannyl)butane, ethyltin tristearate,
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The pol ynerization recipe for nodified conjugated diene rubber Vis
given in Table 1, while the properties of the obtained nodified
conj ugat ed di ene rubber V-are given in Table 2. Using the nodified
conj ugat ed di ene rubber V, a rubber conposition was prepared in

accor gﬁeggtwnt ﬁeg&@,scegﬂegbaedi BgthEEHet9&¥?@aEth?%ﬁt§lﬁﬂﬁ was

vul cani z and property evaluation was perforned. The results are

cval USERENS0F Shai PLEA CONT BoBLEaCaPBRE Papher by Lt oS xPRdnRFee

conj ugat ed di ene rubber Wwas obtai ned using the same nethod as in
ExanpPed1 dipyt vilk iPhPd sda8&aG§i-ng tetraet hoxysil ane in place of the
N, Nbi s(triethylsilyl)am nopropyl met hyl di met hoxysi | ane used i n Exanpl e
1 and chandiagrehd eqesamly soP Isithiec 6RTPEDEEENI (B | §BOZHdFPMBRVPPSM
the 3.93 mmol used in Exanple 1 to 2.69 muol . The

pol ymeriez atieoporlecilye ifdorl midietrise ¢ fc pojlvdarded cdiedgehpdBber -W-irs gi ven
in Table 1, while the properties of the obtained nodified conjugated
di ene gtibhenaMdreodi e live italll et2erUsinag diveenrodi tired lyondydat ed

di ene rubber W a rubber conposition was prepared in accordance with

the cumRundithe JAGIPE GIMAN dihckabloF 3 rant tias cetpoanidsed hand have
property evaluation was performed. The results are shown in Table 4.

0090 i i Sy ' - i1f ingd
Lonj u]gaa efl%aarﬁe H:\én%r ?gagée}}rgh)quﬁmu;{s?y@.@&s,l 113N QR 1o n iabreediif ing

A nodi fi ed conjugated di ene rubber X

bt ai d i t t 3 i, .n | 5_1 but
N el R SR T A e ST TR S

annous xamoate 1'n ace of the silicon

tetrachl oride used in Conparative Exanple 5, .. .. Th ol.yngerization
Foc! pe TGO S AR b P R TR 2 ieig) PR o
while the properties of the obtained nodified conjugated di ene rubber
X are epoen drodabtant® iiugsiqdg ate amdidiiae conjdyased di'ene rubber X,
a rubber conposition was prepared in accordance with the conmpoundi ng

reci peygiven: i 1ch Yasn il G zedirand property eval uation
was pecrh?%lrﬁ@eldd. ﬂﬁ?ﬁ&@l Y

e results are shown in Table 4. [0091] Conparati.ve
Exanpl e, 7 S Si s d .eval uation of conj { i Y]
2,750 ‘gl%ny‘Ich%ﬁ) %rhzey?f%%&byaiga%%n%’et@a%@l rof ur arﬁc,gj éidég g I{)#@%fs{ﬁhenaesz
and 365 g of 1, 3-butadi ene, were, rged to 5.1 autoclave rea r
hat  tai BeGHOLARY | L ect W LT HOCT dgerns T Pamir stre Gy T Rer
reactor contents was adjusted to 10C fol | owed by the addition of a
cycl ohexbaey kenedi aniront b b agl ve By LA Rpd bk $ Y BiF 5 to

initiate polynerization. The
tetraglycidyl-p-phenylenediamine,

diglycidylaminomethylcyclohexane, and tetraglycidyl-1, 3-
bisaminomethylcyclohexane; and compounds that contain the
epoxy group and another functional group, e.gd., 3-
glycidoxypropyltrimethoxysilane, 3-
glycidoxypropyltriethoxysilane, 3-
glycidoxypropyltributoxysilane, epoxy-modified silicones,
epoxidized soy oil, and epoxidized linseed oil.

[0036] Favorable examples of the compconent (i) phosphate

ester compounds are polyhalogenated phosphorus compounds such
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pol yneri zati on was run adi abatically and a maxi num tenperature of 85C
was reached. [0092] When the pol ynmeri zation conversion had reached
99% a supplenental addition of 10 g of butadi ene was made and

pol ymeri zation was run for an additional 5 mnutes, after which a
cycl ohexane | ution containing,ski.i chlorj : was
dded=ande sch e8P Ras PR Tor s 1B Cfngh BLbREHG P bEPsbh b BURL)
2,6-di-tert-butyl-g—cresoL was ihgn a deg to tge r sult%gg pol ymer
sol ut FERPOTRRS WHSDf 8F GhedRByYSBRGENE PBRSYRE By SF&RR &Y pping
using hot water adjusted to pH - 9 with sodi um hydroxide, The rubber
was dphespbdte,hendr iriethelmpbogPhadet 0as10€ldo3yi EF§MEbRY Lgat ed

di ene rubber Y. The pol yneri zation recipe for conjugated di ene

r ubbeph¥siphagievend irizthell phwisphetiehe properties of the obtai ned
conj ugat ed di ene rubber Y are given in Table 2. Using the conjugated
di ene rubbefvhrad lllkizempierspes tihen coapopeaargd iaidceohgdmédew t h
t he conpounding reci pe given in Table 3 and was vul cani zed and

pr oper valwatd Was- P d. i thke an@Stdrti3lea e ds kewh end -tablke c4.
[ 0093] ﬁ§>§%tho&9?%i nixﬁﬁg (kneadi ng) ?%g'rubber conpositions and
property eyval yat | Using a Plastom |l (250 cc capacity)

equi p Kﬂ%ﬁ#%a%éﬁ%}rwﬁ{ﬁé control device, the follow ng were

m xed/ kneaded in.a first-stage . -mxing/kneadi N [ e of 72%
and GOH(Or thenEr‘?ovcﬁ]:f&ibg]d3 ced?ﬁq?glaetsec'f’r%iggln%e%g)ﬁ@%en?e%o t )evf}r sent

i nvention, butadiene rubber, patural rubber, extender oil, carbon

bl ack,catiaidEngidane %%Rﬂli‘rfg‘s a?gfe%tc%l"étré’iﬂeé“aeaed, agei ng i nhi bi tor,
and zinc white (i.e. zinc oxide). Then, after the bl end obtained as
descr i dieis ayovee VP vty tanG o HoMRF R, O P HF ur  and

vul cani zati on accel erator were m xed/ kneaded in a second- st age

M Xi ng/ kneathngr alihe sexvasp s dell el senrereed( Wi tqp@wct%%aaa%i on
press for a prescribed period of tinme at 160C and the foll ow ng
proper ¢yneyah Uat hohsgemdit € @dirbomdycatp var of tticlkel peryforymree, were
carried out. [0094] (i) Mooney viscosity: The pre-vul cani zed rubber
conpos £ 9A-MeSr&iselk f 04nd hee FRaSHI eREMLL sRepl @ and measurenent was
performed in accordance with JIS K 6300 using an L rotor and the
foll owi ng conditions,. . preheati hOUESYy £OL Qe MU Nehd i Perst 4
m nut es, ah% ?%%%g?a?ﬁ?egﬁ ?%%%? é?%?éu#%ﬁsife strength: The 300%
odul us, yes, easut edoAGsondi 0.t o 15 1o 6308n THSpbSuiepDidebas an

i ndex, @ arger nuneri cal values Indicate a higher tensile

strength and thus,are better. i,ii) tan af . oCc T apized

r ubber 2G4 VEsEETRENE A% ARG B ﬂtbgaﬁgF%?fT%E gggsggeﬁgﬁg mai ©
carried out at a tensile dynamc strain of 0.14% an angular velocity
of 100used in combination.

[0038] The coupling agent is used in an amount of not more
than 1 mole, and preferably of from 0.1 to 0.5 mole, as the
amount of coupleable substituent in the coupling agent per 1
gram-atom equivalent of the alkali metal or alkaline-earth
metal in the polymerization initiator. When the amount 1is
more than 1 mole, the conversion of the first alkoxysilane
compound declines and, for example, an excellent low

hysteresis loss behavior is not obtained for the crosslinked

rubber composition.
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radi ans per second, and OC using a dynam c spectroneter (manufactured
by Rheonetrics (USA)). This is reported as an index, wherein |arger
nunerical values indicate a higher wet skid resistance and thus are
better. [0095](iv) tan 6 at 70C. The vul cani zed rubber was used as

the nme nt e. e neasurenent was carried out at a tensile
dynanii§§§§£?n oi§33§9ébg2 angul ar velocity of 100 radi ans per

second, and_70C using a_dypam c_spectro er ufactured b

Rheonet 1 csSEeRAD) TR 2 FEePefit, REG A8 BRCI RAGKELRRerara P gtr
nunerical values indicate a smaller |ow hysteresis |oss character and
t hus aféchet PetymerypbipgarefeinsehfbelaThEibhl BRI 2BYRUBBRET ARS8  Used
as the neasurenent sanple. The neasurenent was perforned at 25C with
a | oadaofl a0sRcpndagdbpdanédanpt ROBPSURA6REingi Ag & MPleabtasibn
tester (manufactured by Toyo Sei ki Seisaku-sho, Ltd.). This is

report édaas anei ndlérxyatiéyei grbapgendnateikreak vakugsoupdionverfible
better wear resistance. [0096] As is clear from Table 2, the nodified
conj ugatedndiuRneyr thbebntbual geaaparati.ve Exanpl e 3, which did not use
an onium generator, has a very large cold flow val ue, thus
denonstrati agacer @BkeFoi N olehls t8lo2ha3ReotehentkoraRAY rEhasEHbRSE-.

As is also clear from Table 4, "the conpositions of the present

i nvent LQn %gich used a nodi fied conjugated di ene rubber according to
t he preseﬁt |%Vention, are shown to have a substantially inproved

bal anc etween the t. skid resistance and the |ow hysteresis |oss
behavigpgew%?ﬁgﬁtegbggégepﬁ tensile strength or wear resistance.

The results of the property evaluations for the nodified conj ugated
di ene rubbef§is F&CVmBﬁséﬁﬁpéréFFPe(Ei&ﬁppésmixPHgAtﬁénﬂﬁgﬂﬁéFg t hat
both of the steps (a) and (b) of the present invention are crucial

for i mpeodivag teke digngn ©e Lyaeke Ok teRacreti s ISitePr d&i) s idhde thRd seREow
hysteresis | oss behavi or. The results of the property

eval uatildos yiorl anlee auoghiolingd thart] hgst éd @i owe ecyliseratWlefsCowpar at i ve
Exanpl e 5 denonstrate that the nodification in step (a) with an

al koxy sillkere sdaypouned upawnmg ad greeusr cory entoull ecnyeariiilhel $£oc cudual
for inproving the bal ance between the | ow hysteresis | oss behavior
and t het ensichng usd IRt oreand esisiledN @ -23nd Aveti xSkigd thes ngkanee.
The results of the property evaluations for the nodified conjugated

di ene I4R8HL A A CURAT @H1YE RLATRIE B idampsldale d.hat the use of

an onium generator is crucial for inproving the bal ance between the

| ow hy resis lo Sn@ﬁh vioQr..and the tensile strength, wear
resistgﬁﬁg,sgﬁﬁﬂﬁgfescﬁ HF%%ﬂstance and that a general catalyst of

al koxysi | ane_conmpound condensation i rel ated to the exhj.hi.tion of
a sat?sfactgﬁ}%2%QQﬂmﬂﬁﬁ§?S a step (iw W ofiﬁix1ng the modf¥1ed

~conjugated diene polymer obtained in step (a) with an onium
generator and a step (b-4) of mixing the mixture obtained in
step (b-3) with the second alkoxysilane compound that has in a
molecule at least one alkoxysilyl group and at least one group
convertible to onium by an onium generator.
[The third embodiment]

This encompasses a step (b-5) in which the modified

conjugated diene copolymer obtained in step (a), the onium

generator, and the second alkoxysilane compound that has in a

39



[ 0097] [Table 1] Exanple 18 CK enc., 00COCOCO
1. 01001coll, 11111121 cl:11CA8I1 CC, -orui O4cocol 1 Exanple 17

molecule at least one alkoxysilyl group and at least one group
convertible to onium by an onium generator, are intermixed all
at the same time.

[0040] Each of the components used in step (b) will now be
described.

The alkoxysilyl group in the second alkoxysilane compound
can be exemplified by the same alkoxysilyl groups as in the
first alkoxysilane compound.

The second alkoxysilane compound contains at least one
alkoxysilyi group, but, viewed from the perspective of the
reaction efficiency, preferably has two or three and more
preferably has three.

The group convertible to onium in the second alkoxysilane
compound can be exemplified by primary amino groups, secondary
amino groups, tertiary amino groups, imino groups, pyridyl
groups, primary phosphino groups, secondary phosphino groups,
tertiary phosphino groups, and thiol groups. A single second
alkoxysilane compound can be used by itself or two or more can
be used in combination.

[0041] The compound having an alkoxysilyl group and having
a primary amino group, secondary aminc group, tertiary amino
group, imino group, pyridyl group, primary phosphino group,
secondary phosphino group, tertiaxy phosphino group, or thiol
group can be exemplified by the first alkoxysilane compounds
provided above as examples in connection with step (a), but

can also be exemplified by 3-~aminopropyltrimethoxysilane, 3-
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n.

N

aminopropyltriethoxysilane, 3-mercaptomethyltrimethoxysilane,
3-mercaptomethyltriethoxysilane, 3-
mercaptopropyltrimethoxysilane, 3-
mercaptopropyltriethoxysilane, aminophenyltrimethoxysilane,
aminophenyltriethoxysilane, 3-(N-
methylamino)propyltrimethoxysilane, 3- (N-
methylamino)propyltriethoxysilane, N- (2-aminoethyl)-3-
aminopropyltrimethoxysilane, 2-{6-
aminohexyl)aminopropyltrimethoxysilane, the mercaptosilane
compounds provided as examples in Japanese Patent Application
Laid-open No. 2006-249069, 3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropyltriethoxysilane, 3-
glycidoxypropyltributoxysilane, epoxy-modified silicones, 2-
(3, 4-epoxycyclohexyl)ethyltrimethoxysilane, 3-
glycidoxypropylmethyldiethoxysilane, 3-
isocyanatopropyltriethoxysilane, 3-
isocyanatopropyltrimethoxysilane, and 3-
isocyanatopropylmethyldiethoxysilane.

[0042] The second alkoxysilane compound and the other
components (for example, the modified conjugated diene polymer
obtained in step (a)) can be mixed, for example, in solution
form. There are no particular limitations on the mixing
regime, and mixing may be performed using a batch mixer or may
be carried out continuously using a device such as, for
example, a multistage continuous mixer or an inline mixer.

This mixing reaction is preferably run prior to carrying out

41



co 4 Exanple 15 C otoa, li)co cotoaoZO LOLlcocy ca, Or-
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solvent removal, treatment with water, heat treatment,
cperations required for isclation of the polymer and the like,
and after completion of the polymerization reaction.

[0043] The amount of use of the second alkoxysilane
compound in this mixing step is preferably at least 0.2 mole-
equivalent and more preferably at least 0.3 mole-equivalent
with reference to the active site of the conjugated diene
polymer produced by the anionic polymerization. When the
amount is less than 0.2 mole-equivalent, the incorporation of
the second alkoxysilane compound with accompanying onium
generation will be inadequate and the dispersibility of the
reinforcing agent will not undergo a satisfactory improvement,
resulting in a deterioration for the crosslinked rubber
composition in tensile strength, wear resistance, wet skid
resistance, and low hysteresis loss performance. The second
alkoxysilane compound can also be used together with the first
alkoxysilane compound. In this case, the first alkoxysilane
compound should be used in an amount that is at leasf 1.2
mole—-equivalents with reference to the active site of the
conjugated diene polymer produced by the anionic
polymerization.

There are no particular limitations on the method for
adding the second alkoxysilane compound used as a modifying
agent, and it may be added all at once or may be added in
portions or may be added continuously, wherein addition all at

once is preferred. Moreover, the second alkoxysilane compound
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may be added in the form of a solution in which, for example,
the hydrocarbon solvent described in paragraph number [0019]
of this Specification or the randomizer described in paragraph
number [0020] of this Specification is the solvent.

[(0044] The polymerization temperature for the conjugated
diene polymer may be used without alteration for the
temperature during mixing of the second alkoxysilane compound
and the other components (for example, the modified conjugated
diene polymer obtained in step (a)). In specific terms, the
range of 0 to 120°C is preferred and 20 to 100°C is more
preferred. The viscosity of the polymer tends to increase
when a lower temperature is used, while the polymerization
active terminals are prone to undergo deactivation when the
temperature is higher, and a temperature outside the numerical
range indicated above is thus disfavored. The mixing time is
preferably from 1 minute to 5 hours and more preferably is
from 2 minutes to 1 hour.

[0045] The onium generator can be exemplified by metal
halides such as silicon halide compounds, tin halide compounds,
aluminum halide compounds, titanium halide compounds,
zirconium halide compounds, germanium halide compounds,
gallium halide compounds, zinc halide compounds, and so forth;
inorganic acid esters such as sulfate esters, phosphate esters,
carbonate esters, nitrate esters, and so forth; inorganic
acids such as hydrofluoric acid, hydrochloric acid,

hydrobromic acid, hydroiodic acid, sulfuric acid, nitric acid,
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carbonic acid, phosphoric acid, and so forth; inerganic acid
salts such as potassium fluoride, tetramethylammonium f£luoride,
tetra-n-butylammonium flgoride, and so forth; and organic
acids such as carbonic acid, sulfonic acid, and so forth. The
following are more preferred from the standpoints of ease of
acquisition and ease of handling: silicon halide compounds,
tin halide compounds, aluminum halide compounds, titanium
halide compounds, zirconium halide compounds, germanium halide
compounds, gallium halide compounds, zinc halide compounds,
sulfate esters, phosphate esters, carbonic acid, and sulfonic
acid.

The onium generator compound can be exemplified by
silicon tetrachloride, tin tetrachloride, trimethylsilyl
chloride, dimethyldichlorosilane, methyltrichlorosilane,
methyldichlorosilane, diethylaluminum chloride, ethylaluminum
sesquichloride, ethylaluminum dichloride, zinc chloride,
fitanium tetrachloride, titanocene dichloride, zirconium
tetrachloride, zirconocene dichloride, germanium tetrachloride,
gallium trichloride, diethyl sulfate, dimethyl sulfate,
magnesium laureth sulfate, trimethyl phosphate, triethyl
phosphate, tributyl phosphate, 2-ethylhexyl phosphate,
triphenyl phosphate, tricresyl phosphate, dimethyl carbonate,
diethyl carbonate, ethylene carbonate, propylene carbonate,
nitrocellulose, nitroglycerin, nitroglycol, formic acid,
acetic acid, oxalic acid, maleic acid, citric acid, malic acid,

fumaric acid, malonic acid, acrylic acid, crotonic acid,
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succinic acid, 'glutaric acid, itaconic acid, tartaric acid,
sebacic acid, terephthalic acid, isophthalic acid, B-
mercaptopropionic acid, benzenesulifonic acid, p-
toluenesulfonic acid, hydrofluoric acid, hydrochloric acid,
hydrobromic acid, hydroiodic acid, sulfuric acid, nitric acid,
carbonic acid, phosphoric acid, potassium fluoride,
tetramethylammonium fluoride, and tetra-n-butylammonium
fluoride.

These onium generators all have the same functionality in
terms of being able to generate onium from the group
convertible to onium, and those species not explored in the
examples below can also be used in the present invention.
[0046] The onium generator can be mixed with the other
components {(for example, the mixture of the modified
conjugated diene polymer obtained in step (a} with the second
alkoxysilane compound), for example, in the form of a solutiocn.
The mixing regime is not particularly limited, and mixing may
be carried out using a batch mixer or may be carried out in a
continuous regime using equipment such as, for example, a
multistage continuous mixer or an inline mixer.

The onium generator is used in an amount that is
preferably at least 0.5 mol-equivalent and more preferably at
least 1.0 mol-equivalent with reference to the active site of
the conjugated diene polymer obtained by the anionic

polymerization. When the amount is less than 0.5 mole-
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equivalent, onium generation does not proceed adequately and
the shape retention behavior of the rubber may deteriorate.
There are no particular limitations on the method for
adding the onium generator, and it may be added all at once ox
may be added in portions or may be added continuously. Among
these methods, the method of addition all at once is preferred.
Moreover, the onium generator may be added in the form of a
solution in which, for example, the hydrocarbon solvent
described in paragraph number [0019] of this Specification or
the randomizer described in paragraph number [0020] of this
Specification is the solvent.
[0047)] The polymerization temperature for the conjugated
diene polymer may be used without alteration for the
temperature during mixing of the onium generatof and the other
components {(for example, the mixture of the modified
conjugated diene polymer obtained in step (a) with the second
alkoxysilane compound). In specific terms, the range of 0 to
120°C is preferred and 20 to 100°C is more preferred. The
viscosity of the polymer tends to increase when a lower
temperature is used, while the polymerization active terminals
are prone to undergo deactivation when the temperature is
higher, and a temperature outside the numerical range
indicated above is thus disfavored. The mixing time is
preferably from 1 minute to 5 hours and more preferably is

from 2 minutes to 1 hour.
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In the method of the present invention for producing a
modified conjugated diene rubber, the addition of the onium
generator can be followed by recovery of the modified
conjugated diene polymer by a solvent removal (for example,
steam stripping) and drying operation known for the production
of conjugated diene poclymers.

[0048] There are no particular limitations on the method of
forming an onium structure by contact between water and the
onium generator, and, for example, the following methods are
preferred: (i) a method in which water is added directly to
the polymer solution after step (b) and mixing is performed;
{ii) a method in which a solution is prepared by dissolving
water in an organic solvent that is soluble in both organic
solvent and water, e.g., an alcohol, and this sclution is
added to the polymer solution after step (b) and mixing is
performed; and (iii) a method in which, after step (b), the
water is mixed with the polymer solution and/or the polymer at
the same time as solvent reﬁoval by a steam stripping step.
Among these methods, method (ili)} — in which after step (b}
the water is mixed with the polymer solution and/or the
polymer at the same time as solvent removal by a steam
stripping step — is particularly preferred from the standpoint
of efficient onium structure formation.

[0049] The reaction temperature is preferably 30 to 150°C

and more preferably is 80 to 120°C.
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The modified conjugated diene polymer used in this step
make take the form of the polymer sclution yielded by
production of the modified conjugated diene polymer and used
as such without solvent removal. Alternatively, this polymer
solution may be subjected to solvent removal.by, for exampie,
steam stripping, and the conjugated diene polymer obtained by
additional drying may then be redissolved in a solvent, e.g.,
cyclohexane, and this may be used.

10050] [2] The modified conjugated diene rubber

The modified conjugated diene rubber of this embodiment
is the modified conjugated diene rubber obtained by the
modified conjugated diene rubber production method described
above. This modified conjugated diene rubber has a high
Mooney viscosity, an excellent shape stability, and an
excellent pxocessability. The Mooney viscosity (ML1+4, 100°C)
of the modified conjugated diene rubber of this embodiment is
preferably 30 to 150 and more preferably is 40 to 120. The
shape stability tends to decline when the Mooney viscosity

(ML1+4, 100°C) is less than 30. When, on the other hand, the

Mooney viscosity (ML1+4, 100°C) exceeds 150, the
processability is poor and mixing/kneading with compounding
ingredients becomes very problematic. When the Mooney
viscosity is too high, it may be brought into the indicated
range by o0il extension with an ordinary extender oil. An

aromatic oil, naphthenic oil, paraffinic oil, or aromatic-
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substitute oil having a PCA no greater than 3 mass% by the
IP346 method is preferably used for the extender oil. The
amount of use of the extender oil may be freely selected, but
typically is 10 to 50 mass parts (i.e. parts by weight) per
100 mass parts of the modified conjugated diene rubber. When
an extender oil is used, it is often used in an amount of
incorporation generally of 20 to 37.5 mass parts. In addition,
using classification based on the oil production process, T-
DAE (Treated Distillate Aromatic Extract) oil, T-RAE (Treated
Residual Aromatic Extract) oil, MES (Mild Extract Solvate) oil,
and RAE (Residual Aromatic Extract) oil are suitably used.
[0051] ‘ [3] The rubber composition

In one embodiment of the rubber composition of the
present invention, the previously described modified
conjugated diene polymer is incorporated as a rubber component.
The details of this are described below.
[3-1] The rubber component

The modified conjugated diene rubber incorporated in the
rubber composition of this embodiment contains the previously
described modified conjugated diene polymer. The percentage
content of the modified conjugated diene polymer in the
modified conjugated diene rubber is preferably at least 20
mass%, more preferably at least 30 mass%, and particularly
preferably at least 40 mass%. A percentage content of at
least 20 mass$ can provide even better mechanical properties

for the crosslinked rubber composition, e.g., tensile strength
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and tensile elongation, and an even better crack growth
resistance and wear resistance.
[0052] The modified conjugated diene rubber may contain a
single species of modified conjugated diene polymer or may
contain two or more species of modified.conjugated diene
polymers. In addition, a rubber component other than the
modified conjugated diene polymer may also be present in the
modified conjugated diene rubber. This other rubber component
can be exemplified by natural rubber, synthetic isoprene
rubber, butadiene rubber, modified butadiene rubber, styrene-
butadiene rubber, modified styrene-butadiene rubber, ethylene-
o-olefin copolymer rubber, ethylene-a-olefin-diene copolymer
rubber, acrylonitrile-butadiene copolymer rubber, chloroprene
rubber, halogenated butyl rubber, styrene-isoprene copolymer
rubber, butadiene-isoprene copolymer rubber, random styrene-
butadiene~isoprene copolymer rubber, styrene-acrylonitrile-
butadiene copolymer rubber, acrylonitrile-butadiene copolymer
rubber, polystyrene-polybutadiene-polystyrene block copolymer,
and mixtures of the preceding. A crosslinked rubber having an
excellent low hysteresis loss behavior can be produced when
another rubber component known to be usable for rubber
compositions for tire applications is alsc incorporated.
[0053] [3-2] Other components (carbon black, silica)

The rubber composition of this embodiment preferably also
contains carbon black and/or silica. The carbon black can be

specifically exemplified by various grades of carbon black
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such as furnace blacks as typified by SRF, GPF, FEF, HAF, ISAF,
SAF, ISAF-HS, ISAF-LS, IISAF-HIS, HAF-HS, and HAF-LS; acetylene
blacks; thermal blacks; channel blacks; graphite; graphite
Fiber; fullerenes, and so forth. A carbon black having an
iodine absorption (IA) of at least 60 mg/g and a dibutyl
phthalate (DBP) absorption of at least 80 mL/100 g is
preferred. The use of carbon black provides a large
improvement in the grip performance and resistance to failure
of the crosslinked rubber composition. HAF, ISAF, and SAF,
which provide an excellent wear resistance, are particularly
preferred. A single carbon black can be used or two or more
carbon blacks may be used in combination.

[0054] The silica can be specifically exemplified by wet-
method silica (hydrated silicie acid), dry-method silica
(anhydrous silicic acid), colloidal silica, precipitated
silica, calcium silicate, and aluminum silicate. Among these,
wet-method silicas are preferred because they provide the most
significant improvement in the resistance to failure and the
best balance between the wet grip behavior and the low rolling
resistance performance. In addition, the use of a high
dispersible-type silica is also preferred from the standpoint
of providing a good dispersibility in the rubber and from the
standpoint of the properties and processability. A single
silica can be used or two or more silicas can be used in

combination.
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[0055] The rubber composition of this embodiment preferably

contains from 20 to 130 mass parts carbon black and/or silica
per 100 mass parts of the rubber component (the sum of the
nodified cqnjugated diene rubber and the other rubber
component or components), wherein 25 to 110 mass parts is even
more preferred when viewed from the perspective of the
improvement in the reinforcing performance and the improvement
in various properties thereby generated. AL a low percentage
content for the carbon black and/or silica, the improvement in
the, for example, resistance to failure, will tend to be
inadequate. At a large percentage content for the carbon
black and/or silica, the processability of the rubber
composition will tend to be reduced. For these reasons the
percentage content is preferably within the previously
indicated numerical range. The incorporation of a carbon-
silica dual phase filler in the copolymer rubber of the
present invention makes it possible to obtain the same
favorable advantages as for the co-use of carbon black with
silica. Carbon-silica dual phase filler is a so-called
silica-coated carbon black in which silica is chemically
bonded on the carbon black surface and is commercially
available under the CRX2000, CRX2002, and CRX2006 preoduct
names from the Cabot Corporation. The amount of incorporation
of carbon-silica dual phase filler is preferably from 1 to 100
mass parts and more preferably from 5 to 95 mass parts, in

each case per 100 mass parts for the total rubber component.
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[0056] When silica is incorporated as a reinforcing agent
in the rubber composition of this embodiment, a silane
coupling agent is preferably also incorporated in order to
bring about additional improvements in the reinforcing effect.
This silane coupling agent can be exemplified by bis(3-
triethoxysilylpropyl)tetrasulfide, bis (3~
triethoxysilylpropyl)trisulfide, bis(3-
triethoxysilylpropyl)disulfide, bis(2-
triethoxysilylethyl)tetrasulfide, bis(3-
trimethoxysilylpropyl) tetrasulfide, bis(2-
trimethoxysilylethyl) tetrasulfide, 3-
nercaptopropyltrimethoxysilane, 3~
mercaptopropyltriethoxysilane, 2-mercaptoethyltrimethoxysilane,
2-mercaptoethyltriethoxysilane, 3-trimethoxysilylpropyl-N,N-
dimethylthiocarbamoyltetrasulfide, 3-triethoxysilylpropyl-N, N-
dimethylthiocarbamoyltetrasulfide, 2-triethoxysilylethyl-N,N-
dimethylthiocarbamoyltetrasulfide, 3-
trimethoxysilylpropylbenzothiazolyltetrasulfide, 3-
triethoxysilylpropylbenzolyltetrasulfide, 3-
triethoxysilylpropyl methacrylate monosulfide, 3-
trimethoxysilylpropyl methacrylate monosulfide, bis{3-
diethoxymethylsilylpropyl)tetrasulfide, 3-
mercaptopropyldimethoxymethylsilane,
dimethoxymethylsilylpropyl-N,N-
dimethylthiocarbamoyltetrasulfide,

dimethoxymethylsilylpropylbenzothiazolyltetrasulfide, and the
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mercaptosilane compounds provided as examples in Japanese
Patent Application Laid-open No. 2006-249069.

Commercially available products can be exemplified by the
products "NXT Silane"”, "NXT 2 Silane", "NXT-Low-V Silane™, and
"NXT Ultra Low-V Silane" from Momentive Performance Materials
Inc.; the product "VP $i363" from Degussa; and the product
"1 1-MERCAPTOUNDECYLTRIMETHOXYSILANE" from Gelest, Inc.

The following are preferred among the preceding from the
standpoint of the improvement in the reinforcing performance:
bis (3-triethoxysilylpropyl)polysulfide, 3-
trimethoxysilylpropylbenzothiazyltetrasulfide, and the
mercaptosilane compounds provided as examples in Japanese
Patent BApplication Laid-open No. 2006-249069. A single one of
these silane coupling agents can be used or two or more can be
used in combination. The amount of silane coupling agent
incorporation varies as a function of, for example, the type
of silane coupling agent, but is preferably 1 to 20 mass parts
and more preferably is 3 to 15 mass parts, in each case per
100 mass parts of the silica. When the amount is less than 1
mass part, it tends to be difficult for the effects as a
coupling agent to be adequately manifested. When, on the
other hand, when the amount is more than 20 mass parts, the
rubber component then tends to be prone to gelation.

[0057] There are no particular limitations on the
compounding ingredients for the rubber composition of the

present invention. A compatibilizer may also be added during
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mixing/kneading in order to improve the processability during
mixing/kneading or in order to bring about additional
improvements in balance among the wet skid resistance, low
hysteresis loss behavior, and wear resistance. Preferred
compatibilizers are organic compounds selected from epoxy
group~containing compounds, carboxylic acid compounds,
carboxylate ester compounds, ketone compounds, ether compounds,
aldehyde compounds, hydroxyl group-containing compounds, and
amino group-containing compounds, or are silicone compounds
selected from alkoxysilane compounds, siloxane compounds, and
aminosilane compounds. The following compounds are specific
examples of the organic compound compatibilizers.

epoxy group-containing compounds: butyl glycidyl ether,
diglycidyl ether, propylene oxide, neopentyl glycol diglycidyl
ether, epoxy resins, epoxidized soy oil, and epoxidized
aliphatic acid esters.

carboxylic acid compounds: adipic acid, octylic acid, and
methacrylic acid.

carboxylate ester compounds: acrylate esters, diethylene
acrylate, ethyl methacrylate, orthoacetate esters, ethyl
acetoacetate, butyl acetate, isopropyl acetate, dimethyl
carbonate, p-hydroxyphenyl acetate, polyester-type
plasticizers, and stearic acid-type plasticizers.

ketone compounds: methylcyclohexanone and acetylacetone.

ether compounds: isopropyl ether and dibutyl ether.
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aldehyde compounds: undecylene aldehyde, decyl aldehyde,
vanillin, 3,4-dimethoxybenzaldehyde, and cuminaldehyde.
amino group~containing compbunds: isopropylanine,
diisopropylamine, triethylamine, 3-ethoxypropylamine, 2-
ethylhexylamine, isopropanclamine, N-ethylethylenediamine,
ethyleneimine, hexamethylenediamine, 3-lauryloxypropylamine,
aminophenol, aniline, 3—isopropoxyanilihe, phenylenediamine,
aminopyridine, N—methyldiethanolamine, N-methylethanolamine,
3-amino-1-propanol, ethylamine hydrochloride, and n-butylamine
hydrochloride.

hydroxyl group-containing compounds: isopropyl alcohol,
butanol, octanol, octanediol, ethylene glycol,
methylcyclohexanol, 2-mercaptoethancl, 3-methyl-3-methoxy-1-
butanol, 3-methyl-1,5-pentanedicl, l-octadecanol, diethylene
glycol, butylene glycol, dibutylene glycol, and triethylene
glycol.

Epoxy group-containing compounds, amino group-containing
compounds, and hydroxyl group-containing compounds are
preferred among the preceding.

The following compounds are specific examples of the
silicone compound compatibilizers.
alkoxysilane compounds: trimethylmethoxysilane,
trimethylethoxysilane, dimethyldimethoxysilane,
methyltriethoxysilane, methyltriphenoxysilane,
tetraethoxysilane, methyldiethoxysilane, and

vinyltrimethoxysilane.
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siloxane compounds: dimethylsiloxane oligomer, silicone oil,
amino-modified silicone o0il, epoxy-modified silicone oil,
carboxyl-modified silicone cil, polyether-modified silicone
0il, alkyl-modified silicone oil, higher aliphatic acid éster—
modified silicone o0il, higher alkoxy-modified silicone oil,
and higher aliphatic acid-containing silicone oil.

aminosilane compounds: hexamethyldisilazane,
nonamethyltrisilazane, anilinotrimethylsilane,

bis (dimethylamino) dimethylsilane,

bis (diethylamino)dimethylsilane, and triethylaminosilane.
Silazane compounds and bis{dimethylamino)dimethylsilane are
preferred among the preceding.

[0058] Various chemicals and additives ordinarily used in
the rubber industry may be added on an optional basis to the
rubber composition of this embodiment within a range that does
not impair the objects of the present invention. The
chemicals and additives that can be added to the rubber
composition of this embodiment can be exemplified by
crosslinking agents (for example, vulcanizing agents),
vulcanization aids, processing aids, vulcanization
accelerators, process oils, ageing inhibitors (i.e.
antioxidants), scorch inhibitors, zinc white, stearic acid,
and so forth.

[0059] The vulcanizing agent can be exemplified by sulfur,

sulfur halides, organoperoxides, guinonedioximes, organic
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alkylphenol resins.

sulfur is generally used among these wvulcanizing agents.
It is used at preferably from 0.1 to 5 mass parts and more
preferably from 0.5 to 3 mass parts per 100 mass parts of the
modified conjugated diene rubber (starting rubber; rubber
components). Stearic acid is generally used as a
vulcanization aid and processing aid. The amount of use fof
the vulcanization aid and processing aid is generally from 0.5
to 5 mass parts per 100 mass parts of the modified conjugated
diene rubber.

There are no particular limitations on the wvulcanization
accelerator, and the vulcanization accelerator can be
exemplified by sulfenamide-type compounds, guanidine-type
compounds, thiuram-type compounds, thiourea-type compounds,
thiazole-type compounds, dithiocarbamate-type compounds, and
xanthic acid-type compounds. Preferred examples of the
vulcanization accelerator are 2-mercaptobenzothiazole,
dibenzothiazyldisulfide, N-cyclohexyl-2-
benzothiazylsulfenamide, N-t-butyl-2-benzothiazolesulfenamide,
N-oxyethylene-2-benzothiazolesulfenamide, N-oxyethylene-2-
benzothiazolesulfenamide, N,N'-diisopropyl-2-
benzothiazolesulfenamide, diphenylguanidine,
diorthotolylguanidine, and orthotolylbisguanidine. The

vulcanization accelerator is used generally at from 0.1 to 5
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mass parts of the modified conjugated diene rubber.

[0060] The rubber composition of the present invention can
be produced by mixing (i.e. kneading) using a mixer (i.e.
kneader), e.g., an open mixer (or open kneader), most
prominently a roll, or a closed mixer (or closed kneader),
most prominently a Banbury mixer. In addition, the rubber
composition of the present invention can be used for various
rubber products by inducing its crosslinking (vulcanization)
after a molding process. The crosslinked rubber composition
(the rubber composition after crosslinking) of this embodiment
is well adapted for use in tire applications as, for example,
a tire tread, undertread, carcass, sidewall, bead, and so
forth, and is well adapted for application as a vibration-
damping rubbexr, marine fender material, belt, hose, and other
industrial products. The crosslinked rubber composition of
this embodiment is particularly well adapted for use as a tire
tread rubber.
[0061] The propérties of the modified conjugated diene
polymer (yielded by step (a}), the modified conjugated diene
rubber (yielded by step (b)), the rubber composition, and the
crosslinked rubber composition in the present invention are as
follows.

Viewed from the perspective of maintaining a balance
between the shape stability of the modified conjugated diene

rubber and the processability during production of the rubber
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composition, the conjugated diene polymer, prior to
modification, has a weight-average molecular weight as
polystyrene and determined by gel permeation bhromatography
(GPC} of preferably 10,000 to 1,500,000, more preferably
50,000 to 1,000,000, and particularly preferably 100,000 to
800{000.

Viewed from the perspective of maintaining a balance
between the low hysteresis loss behavior of the resulting
crosslinked rubber composition and its wet skid resistance,
the glass-transition temperature of the modified conjugated
diene rubber is preferably less than or equal to 0°C, more
preferably less than or equal to -5°C, and particularly
preferably less than or equal to —-10°C.

Viewed from the perspective of maintaining a balance
between the shape stability of the modified conjugated diene
rubber and the processability during production of the rubber
composition, the Mooney viscosity (ML1+4, 100°C) of the
modified conjugated diene rubber is preferably from 30 to 150
and more preferably is from 40 to 120.

Viewed from the perspective of the shape stability of the
modified conjugated diene rubber, the cold flow value
(mg/minute) of the modified conjugated diene rubber is
preferably not more than 1.5, more preferably not more than

1.0, and particularly preferably not more than 0.5.
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Viewed from the perspective of the processability during
tire fabrication, the Mooney viscosity (ML1+4, 100°C) of the
rubber compeosition is preferably from 20 to 150, more

preferably from 30 to 130, and particularly preferably from 40

to 110.

The tensile strength (JIS K 6301, 300% modulus} index for
the crosslinked rubber is preferably at least 100 and more
preferably is at least 103.

The index for tan 8 at 0°C of the crosslinked rubber is

preferably at least 125 and more preferably is at least 130.

The index for tan & at 70°C of the crosslinked rubber is
preferably at least 130 and more preferably is at least 135.

The wear resistance (JIS K 6264, 10 N load, 25°C} index
for the crosslinked rubber is preferably at least 105, more
preferably at least 107, and particularly preferably at least
109.

EXAMPLES

[0062] The present invention is specifically described
below based on examples, but the present invention is not
limited to these examples. In the examples and comparative
examples, "parts" and "%" are on a mass basis (i.e. weight
basis) unless specifically stated otherwise. The following
methods were used to measure the various property values.
[bonded styrene content (%)]: determined by 'H-NMR at 500 MHz

[vinyl content (%}]: determined by 'H-NMR at 500 MEz
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[glass-transition temperature (°C)]: measured according to
ASTM D 3418
[pre-modification molecular weightl: This was determined as
polystyrene from the retention time corresponding to the top
of the maximum peak in the GPC curve obtained by gel
permeation chromatography (GPC) (HLC-8120GPC (product name
(from Tosoh Corporation))).
(GPC conditions)

column: 2 x "GMHHXL" (product name, from Tosoch
Corporation)

column temperature: 40°C

mobile phase: tetrahydrofuran

flow rate: 1.0 mL/minute

sample concentration: 10 mg/20 mL
[Mooney viscosity (ML1+4, 100°C)]: This was determined based
on JIS K 6300 using an L rotor and the following conditions:

preheating for 1 minute, rotor running time = 4 minutes,

temperature = 100°C.

fcold flow value]: The copolymer was held at a temperature of
50°C and was extruded from a 6.35 mm orifice at a pressure
condition of 24.1 kPa. At 10 minutes from the start of
extrusion (after the extrusion rate had become constant), the
amount (mg) of copolymer extrusion was measured every 30
minutes for 90 minutes. The average value was taken to be the

cold flow value (mg/minute). A larger numerical value
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indicates a poorer shape stability by the rubber and more
difficult handling.
[0063] Example 1
[Synthesis and evaluation of modified conjugated diene rubber
Al

2,750 g of cyclohexane, 50.0 g of tetrahydrofuran, 125 g
of styrene, and 365 g of 1,3-butadiene were charged to a 5 L
autoclave reactor that had been substituted with nitrogen.
The temperature of the reactor contents was adjusted to 10°C
followed by the addition of a cyclohexane sclution containing
n-butyllithium (5.80 mmol) to initiate polymerization. The
polymerization was run adiabatically and a maximum temperature
of 85°C was reached.
[0064] When the polymerization conversion had reached 99%,
a supplemental addition of 10 g of butadiene was made and
polymerization was run for an additional 5 minutes, after
which 10 g of the polymer solution was sampled out in order to
perform the measurement of the molecular weight pre-
modification. A cyclohexane solution containing N,N-
bis(triethylsilyl)aminopropylmethyldimethoxysilane (4.96 mmol)
was added and a reaction was run for 15 minutes. After this
reaction, a cyclohexane solution containing 3-
aminopropyltriethoxysilane (4.96 mmol) was added to the
polymer solution; mixing was performed for 5 minutes; a

cyclohexane solution containing silicon tetrachloride (3.93
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mmol} was thereafter added; and mixing was subsequently
performed for 5 minutes. 2.0 g of 2,6-di-tert-butyl-p-cresol
was then added to the resulting polymer solution. This was
followed by solvent removal by steam stripping using hot water

adjusted to pH = 9 with sodium hydroxide. The rubber was

dried on a hot roll thermostatted to 110°C to yield modified
conjugated diene rubber A.

The polymerization recipe for modified conjugated diene
rubber A is given in Table 1, while the properties of the
obtained modified conjugated diene rubber A are given in Table
2. Using the modified conjugated diene rubber A, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.

[0065] Example 2

[Synthesis and evaluation of modified conjugated diene rubber
B]

A modified conjugated diene rubber B was obtained using
the same method as in Example 1, but in this case using
N,NZDF—tris(trimethylsilyl)—N—(2—aminoethyl)—3—
aminopropyltriethoxysilane in place of the N,N-
bis(triethylsilyl)aminopropylmethyldimethoxysilane used in
Example 1 and changing the 3.93 mmol amount of silicon

tetrachloride addition used in Example 1 to 5.17 mmol.
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The polymerization recipe for modified conjugated diene
rubber B is given in Table 1, while the properties of the
obtained modified conjugated diene rubber B are given in Table
2. Using the modified conjugated diene rubber B, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and pProperty
evaluation was performed. The results are shown in Table 4,
[0066] Example 3
[Synthesis and evaluation of modified conjugated diene rubber
Cl

2,750 g of cyclohexane, 10.3 g of tetrahydrofuran, 50 g
of styrene, and 440 g of 1,3~butadiene were charged to a 5 L
autoclave reactor that had been substituted with nitrogen.
The temperature of the reactor contents was adjusted to 10°C
followed by the addition of a cyclohexane solution containing
n-butyllithium (5.80 mmol) to initiate polymerization. The
polymerization was run adiabatically and a maximum temperature
of 90°C was reached.
[0067] When the polymerization conversion had reached 99%,
a& supplemental addition of 10 g of butadiene was made and
polymerization was run for an additional 5 minutes, after
which 10 g of the polymer solution was sampled out in order to
perform the measurement of the molecular welght pre-
modification. A cyclohexane solution containing 1-(3-

triethoxysilylpropyl)—2,2,5,5—tetramethyl~1—aza—2,5~
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disilacyclopentane (2.48 mmol) was added and a reaction was
run for 15 minutes. After this reaction, a cyclohexane
solution containing 3-aminopropyltriethoxysilane (2.48 mmol)
was added to the polymer solution; mixing was performed for 5
minutes; a cyclohexane solution containing silicon
tetrachloride (2.69 mmol) was thereafter added; and mixing was
subsequently performed for 5 minutes. 2.0 g of 2,6~di-tert-
butyl-p-cresol was then added to the resulting polymer
solution. This was followed by solvent removal by steam
stripping using hot water adjusted to pH = 5 with sulfuric
acid. The rubber was dtied on a hot roll thermostatted to
110°C to yield modified conjugated diene rubber C.

The polymerization recipe for modified conjugated diene
rubber C is given in Table 1, while the properties of the
obtained médified conjugated diene rubber C are given in Table
2. Using the modified conjugated diene rubber C, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property

evaluation was performed. The results are shown in Table 4.

[0068] Example 4

[Synthesis and evaluation of modified conjugated diene rubber

D]
A modified conjugated diene rubber D was obtained using

the same method as in Example 2, but in this case using N-[3-

(trimethoxysilyl)propyl]—N,Nﬁdiethyl—Nhtrimethylsilylethane—
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l,2-diamine in place of the N,Nﬂr?—tris(trimethylsilyl)—N—(Z—
aminoethyl)-3-aminopropyltriethoxysilane used in Example 2.

The polymerization recipe for modified conjugated diene
rubber D is given in Table 1, while the properties of the
obtained modified conjugated diene rubber D are given in Table
2. Using the modified conjugated diene rubber D, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.
[0069] . Example 5
[Synthesis and evaluation of modified conjugated diene rubber
E]

A modified conjugated diene rubber E was obtained using
the same method as in Example 2, but in this case using 3-(4-
trimethylsilyl-l-piperazino)propyltriethoxysilane in rlace of
the N,N',N'-tris(trimethylsilyl)-N-{2-aminoethyl)-3-
aminopropyltriethoxysilane used in Example 2.

The polymerization recipe for modified conjugated diene
rubber E is given in Table 1, while the properties of the
obtained modified conjugated diene rubber E are given in Table
2. Using the modified conjugated diene rubber E, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property

evaluation was performed. The results are shown in Table 4.

[0070] Example 6
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[Synthesis and evaiuation of modified conjugated aiene rubber
F]

A modified conjugated diene rubber F was obtained using
the same method as in Example 1, but in this case using bis[3-
(triethoxysilyl)propyl)trimethylsilylamine {(2.48 mmol) in
rlace of the N,N-
bis(triethylsilyl)aminopropylmethyldimethoxysilane (4.96 mmol)
used in Example 1 and changing the 3.93 mmol amount of silicon
tetrachloride addition used in Example 1 to 3.31 mmol.

The polymerization recipe for modified conjugated diene
rubber F is given in Table 1, while the properties of the
obtained modified conjugated diene rubber F are given in Table
2. Using the modified conjugated diene rubber F, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property |
evaluation was performed. The results are shown in Table 4.
[0071] Example 7
[Synthesis and evaluation of modified conjugated diene rubber
G}

A modified conjugated diene rubber G was obtained using
the same method as in Example 1, but in this case using 3-
diethylaminopropyltriethoxysilane in place of the N,N-
bis(triethylsilyl)aminopropylmethyldimethoxysilane used in
Example 1.

The polymerization recipe for modified conjugated diene

rubber G is given in Table 1, while the properties of the
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obtained modified conjugated diene rubber G are given in Table
2. Using the modified conjugated diene rubber G, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4,
[0072] Example 8

[Synthesis and evaluation of modified conjugated diene rubber
H]

A modified conjugated diene rubber H was obtained using
the same method as in Example 1, but in this case using S-
trimethylsilylmercaptopropyltriethoxysilane in place of the
N,N—bis(triethylsilyl)aminopropylmethyldimethoxysilane used in
Example 1.

The polymerization recipe for modified conjugated diene
rubber H is given in Table 1, while the properties of the
obtained modified conjugated diene rubber H are given in Table
2. Using the modified conjugated diene rubber H, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.
[0073] Example 9
[Synthesis and evaluation of modified conjugated diene rubber
1)

A modified conjugated diene rubber I was obtained using
the same method as in Example 1, but in this case using 3-

diphenylphosphinopropyltrimethoxysilane in place of the N,N-
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bis(triethylsilyl}aminopropylmethyldimethoxysilane used in
Example 1.

The polymerization recipe for modified conjugated diene
rubber I is given in Table 1, while the properties of the
obtained modified conjugated diene rubber I are given in Table
2. Using the modified conjugated diene rubber I, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.

[0074] Example 10

[Synthesis and evaluation of modified conjugated diene rubber
J]

A modified conjugated diene rubber J was obtained using
the same method as in Example 1, but in this case using
nercaptopropyltriethoxysilane in place of the 3-
aminopropyltriethoxysilane used in Exeample 1,

The polymerization recipe for modified conjugated diene
rubber J is given in Table 1, while the properties of the
obtained modified conjugated diene rubber J are given in Table
2. Using the modified conjugated diene rubber J, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property

evaluation was performed. The results are shown in Table 4.

[0075] Example 11

[Synthesis and evaluation of modified conjugated diene rubber

K]
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A cyclohexane solution containing 2,750 g of cyclohexane,
3.25 g of 2,2-di (tetrahydrofuryl)propane, 125 g of styrene,
365 g of 1,3-butadiene, and piperidine (4.70 mmol) was charged
to a 5 L autoclave reactor that had been substituted with
nitrogen. The temperature of the reactor contents was
adjusted to 10°C followed by the addition of a cyclchexane
sclution containing n-butyllithium (5.80 mmol)} to initiate
polymerization. The polymerization was run adiabatically and
a maximum temperature of 85°C was reached.
[0076] When the polymerization conversion had reached 99%,
a supplemental addition of 10 g of butadiene was made and
polymerization was run for an additional S minutes, after
which 10 g of the polymer solution was sampled out in order to
perform the measurement of the molecular weight pre-
modification. A cyclohexane solution containing N,N-
bis(triethylsilyl)aminopropylmethyldimethoxysilane (4.96 mmol)
was added and a reaction was run for 15 minutes. After this
reaction, a cyclohexane solution containing N-2- (aminoethyl) -
3-aminopropyltrimethoxysilane (4.96 mmol) was added to the
polymer solution; mixing was performed for 5 minutes; a
cyclohexane solution containing silicon tetrachloride (6.34
mmol) was thereafter added; and mixing was subsedquently
performed for 5 minutes. 4.0 g of 2,6~di-tert-butyl-p-cresol
was then added to the resulting polymer solution. This was

followed by solvent removal by steam stripping using hot water
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conjugated diene rubber K.

The polymerization recipe for modified conjugated diene
rubber K is given in Table 1, while the bproperties of the
obtained modified conjugated diene rubber K are given in Table
2. Using the modified conjugated diene rubber K, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.

[0077] Example 12

[Synthesis and evaluation of modified conjugated diene rubber
L]

A modified conjugated diene rubber L was obtained using
the same method as in Example 11, but in this case using 3-
aminopropyltriethoxysilane (9.92 mmol) in place of the N-2-
(aminoethyl)—3—aminopropyltrimethoxysilane (4.96 mmol) used in
Example 11.

The polymerization recipe for modified conjugated diene
rubber L is given in Table 1, while the properties of the
obtained modified conjugated diene rubber L are given in Table
2. Using the modified conjugated diene rubber 1L, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was wvulcanized and property
evaluation was performed. The results are shown in Table 4.

[0078] Example 13

12
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[Synthesis and evaluation of modified conjugated diene rubber
M]

A modified conjugated diene rubber M was obtained using
the same method as in Example 11, but in this case using 3=
aminopropyltriethoxysilane in place of the N-2- (aminoethyl) -3-
aminopropyltrimethoxysilane used in Example 11 and using
diethylaluminum chloride (20.4 mmol) in place of the silicon
tetrachloride (6.34 mmol) used in Example 11.

The polymerization recipe for modified conjugated diene
rubber M is given in Table 1, while the properties of the
obtained modified conjugated diene rubber M are given in Table
2. Using the modified conjugated diene rubber M, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property .
evaluation was performed. The results are shown in Table 4.

[0079] Example 14

[Synthesis and evaluation of modified conjugated diene rubber
N]

A modified conjugated diene rubber N was obtained using
the same method as in Example 13, but in this case using
titanium tetrachloride (5.10 mmol) in place of the
diethylaluminum chloride (20.4 mmol) used in Example 13.

The polymerization recipe for modified conjugated diene
rubber N is given in Table 1, while the properties of the
obtained modified conjugated diene rubber N are given in Table

2. Using the modified conjugated diene rubber N, a rubber
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composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.
[0080] Example 15

[Synthesis and evaluation of modified conjugated diene rubber
0]

A modified conjugated diene rubber O was obtained using
the same method as in Example 13, but in this case using
isopropyl acid phosphate (13.61 mmol) in place of the
diethylaluminum chloride (20.4 mmol) used in Example 13.

The polymerization recipe for modified conjugated diene
rubber O is given in Table 1, while the properties of the
obtained modified conjugated diene rubber O are given in Table
2. Using the modified conjugated diene rubber ¢, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.

(0081] Example 16

[Synthesis and evaluation of modified conjugated diene rubber
P]

2,750 g of cyclohexane, 100.0 g of tetrahydrofuran, 180 g
of styrene, and 310 g of 1,3-butadiene were charged to a 5 L

autoclave reactor that had been substituted with nitrogen.

The temperature of the reactor contents was adjusted to 20°C
followed by the addition of a cyclohexane solution containing

n-butyllithium (4.60 mmol) to initiate polymerization. The
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polymerization was run adiabatically and a maximum temperature

of 85°C was reached.

[0082] When the polymerization conversion had reached 99%,
a supplemental addition of 10 g of butadiene was made and
polymerization was run for an additional 5 minutes, after
which 10 g of the polymer solution was sampled out in order to
perform the measurement of the molecular weight pre-
modification. A cyclohexane solution containing N, N-
bis(triethylsi;yl)aminopropylmethyldimethoxysilane (3.93 mmol)
was added and a reaction was run for 15 minutes. After this
reaction, a cyclohexane solution containing 3-
aminopropyltriethoxysilane (3.93 mmol) was added to the
polymer solution; mixing was performed for 5 minutes; a
cyclohexane solution containing silicon tetrachloride (3.12
mmol) was thereafter added; and mixing was subsequently
performed for 5 minutes. 2.0 g of 2,6-di-tert-butyl-p-cresol
was then added to the resulting polymer solution; 187.5 g of
naphthenic o0il (trademark: SNH46, from Sankyo Yuka Kogyo
Kabushiki Kaisha) was thereafter added; and mixing Was
performed for 5 minutes. This was followed by solvent removal
by steam stripping using hot water adjusted to pH = 9 with
sodium hydroxide. The rubber was dried on a hot roll
thermostatted to 110°C to yield modified conjugated diene

rubber P.
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The polymerization recipe for modified conjugated diene
rubber P is given in Table 1, while the properties of the
obtained modified conjugated diene rubber P are given in Table
2. Using the modified conjugated diene rubber P, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was wvulcanized and property
evaluation was performed. The results are shown in Table 4.

[0083)] Example 17

[Synthesis and evaluation of modified conjugated diene rubber
Q]

A modified conjugated diene rubber Q was obtained using
the same method as in Example 3, but in this case adding the
silicon tetrachloride used in Example 3 firstly and the 3-
aminopropyltriethoxysilane secondly.

The polymerization recipe for modified conjugated diene
rubber Q is given in Table 1, while the properties of the
obtained modified conjugated diene rubber Q are given in Table
2. Using the modified conjugated diene rubber Q, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.

(0084] Example 18

[Synthesis and evaluation of modified conjugated diene rubber

R]
A modified conjugated diene rubber R was obtained using

the same method as in Example 3, but in this case adding the
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3-aminopropyltriethexysilane and the silicon tetrachloride
used in Example 3 at the same time.

The polymerization recipe for modified conjugated diene
rubber R is given in Table 1, while the properties of the
obtained modified conjugated diene rubber R are given in Table
2. Using the modified conjugated diene rubber R, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.

[D085] Comparative Example 1

[Synthesis and evaluation of modified conjugated diene rubber
5]

A modified conjugated diene rubber § was cobtained using
the same method as in Example 1, but in this case without
adding the 3-aminopropyltriethoxysilane used in Example 1.

The polymerization recipe for modified conjugated diene
rubber S is given in Table 1, while the properties of the
obtained modified conjugated diene rubber S are given in Table
2. Using the modified conjugated diene rubber S, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.

[0086] Comparative Example 2

[Synthesis and evaluation of modified conjugated diene rubber

T]
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A modified conjugated diene rubber T was obtained using
the same method as in Comparative Example 1, but in this case
changing the quantity of silicon tetrachloride addition of
3.93 mmol used in Comparative Example 1 to 2.69 mmol.

The polymerization recipe for modified conjugated diene
rubber T is given in Table 1, while the properties of the
obtained modified conjugated diene rubber T are given in Table
2. Using the modified conjugated diene rubber T, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.

[0087] Comparative Example 3

[Synthesis and evaluation of modified conjugated diene rubber
U]

A modified conjugated diene rubber U was obtained using
the same method as in Example 1, but in this case without
adding the silicon tetrachloride used in Example 1.

The polymerization recipe for modified conjugated diene
rubber U is given in Table 1, while the properties of the
obtained modified conjugated diene rubber U are given in Table
2. Using the modified conjugated diene rubber U, a rubber
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and broperty
evaluation was performed. The results are shown in Table 4.

[ooss] Comparative Example 4
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[Synthesis and evaluation of modified conjugated diene rubber
V]

A modified conjugated diene rubber V was obtained using
the same method as in Example 16, but in this case without
adding the 3-aminopropyltriethoxysilane used in Example 16.

The polymerization recipe for modified conjugated diene
rubber V is given in Table 1, while the properties of the
obtained modified conjugated diene rubber V are given in Table
2. Using the modified conjugated diene rubber V, a rubber -
composition was prepared in accordance with the compounding
recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.

[0089] Comparative Example 5

[Synthesis and evaluation of modified conjugated diene rubber
W]

A modified conjugated diene rubber W was obtained using
the same method as in Example 1, but in this case using
tetraethoxysilane in place of the N,N-
bis(triethylsilyl)aminopropylmethyldimethoxysilane used in
Example 1 and changing the quantity of silicon tetrachloride
addition from the 3.93 mmol used in Example 1 to 2.69 mmol.

The polymerization recipe for modified conjugated diene
rubber W is given in Table 1, while the properties of the
obtained modified conjugated diene rubber W are given in Table
2. Using the modified conjugated diene rubber W, a rubber

composition was prepared in accordance with the compounding
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recipe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.

[0090] Comparative Example 6

[Synthesis and evaluation of modified conjugated diene rubber
X]

A modified conjugated diene rubber X was obtained using
the same method as in Comparative Example 5, but in this case
using stannous 2-ethylhexanoate in place of the silicon
tetrachloride used in Comparative Example 5.

The polymerization recipe for modified conjugated diene
rubber X is given in Table 1, while the properties of the
obtained modified conjugated diene rubber X are given in Table
2. Using the modified conjugated diene rubber X, a rubber
composition was prepared in accordance with the compounding
reclpe given in Table 3 and was vulcanized and property
evaluation was performed. The results are shown in Table 4.

[0091] Comparative Example 7

[Synthesis and evaluation of conjugated diene rubber Y]

2,750 g of cyclohexane, 50.0 g of tetrahydrofuran, 125 g
of styrene, and 365 g of 1,3-butadiene were charged to a 5 L
autoclave reactor that had been substituted with nitrogen.
The temperature of the reactor contents was adjusted to 10°C
followed by the addition of a cyclohexane solution containing

n-butyllithium (5.80 mmol) to initiate polymerization. The
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polymerization was run adiabatically and a maximum temperature
of 85°C was reached.
[0092] When the polymerization conversion had reached 99%,
a supplemental addition of 10 g of butadiene was made and
polymerization was run for an additional 5 minutes, after
which a cyclohexane solution containing silicon tetrachloride
{1.04 mmol) was added and a reaction was run for 15 minutes.
2.0 g of 2,6-di-tert-butyl-p-cresol was then added to the
resulting polymer solution. This was followed by solvent
removal by steam stripping using hot water adjusted to pH = 9
with sodium hydroxide. The rubber was dried on a hot roll
thermostatted to 110°C to yield conjugated diene rubber Y.

The polymerization recipe for conjugated diene rubber Y
is given in Table 1, while the preoperties of the obtained
conjugated diene rubber Y are given in Table 2. Using the
conjugated diene rubber Y, a rubber composition was brepared
in accordance with the compounding recipe given in Table 3 and
was vulcanized and property evaluation was performed. The
results are shown in Table 4.
[0093] [The method for mixing (kneading) the rubber
compositions and property evaluation]

Using a Plastomill (250 c¢c capacity) equipped with a
temperature control device, the following were mixed/kneaded
in a first-stage mixing/kneading at a £ill rate of 72% and &0

rpm: the modified conjugated diene rubber of the present
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invention, butadiene rubber, natural rubber, extender oil,
carbon black, silica, silane coupling agent, stearic acid,
ageing inhibitor, and zinc white (i.e. zinc oxide). Then,
after the blend obtained as described above was cooled to room
temperature, the sulfur and vulcanization accelerator were
mixed/kneaded in a second-stage mixing/kneading. This was
molded and vulcanized with a wvulcanization press for a
prescribed period of time at 160°C and the following property
evaluations, which are indicative of tire performance, were
carried out.

[0094] (1) Mooney viscosity: The pre-vulcanized rubber
composition was used for the measurement sample and
measurement was performed in accordance with JIS K 6300 using
an L rotor and the following conditions: preheating for 1
minute, rotor running time = 4 minutes, and temperature =
l100°C.

(11) Tensile strength: The 300% modulus was measured according
to JIS K 6301. This is reported as an index, wherein larger
numerical values indicate a higher tensile strength and thus
are better.

(iii) tan & at 0°C: The vulcanized rubber was used as the
measurement sample. The measurement was carried out at a
tensile dynamic strain of 0.14%, an angular velocity of 100
radians per second, and 0°C using a dynamic spectrometer

(manufactured by Rheometrics (USA)). This is reported as an
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index, wherein larger numerical values indicate a higher wet

skid resistance and thus are better.

[0095] (iv) tan 0 at 70°C: The vulcanized rubber was used as
the measurement sample. The measurement was carried out at a

tensile dynamic strain of 0.7%, an angular velocity of 100

radians per second, and 70°C using a dynamic spectrometer
(manufactured by Rheometrics (USA)). This is reported as an
index, wherein larger numerical values indicate a smaller low
hysteresis loss character and thus are better.
{v) Wear resistance: The vulcanized rubber was used as the
measurement sample. The measurement was performed at 25°C
with a load of 10 N in accordance with JIS X 6264 using a DIN
abrasion tester (manufactured by Toyo Seiki Seisaku-sho, Ltd.).
This is reported as an index, wherein larger numerical values
indicate a better wear resistance.
[0086] As 1s clear from Table 2, the modified conijugated
diene rubber U of Comparative Example 3, which did not use an
onium generator, has a very large cold flow value, thus
demonstrating a problem in terms of shape retention by the
rubber.

As is also clear from Table 4, the compositions of the
present invention, which used a modified conjugated diene
rubber according to the present invention, are shown to have a

substantially improved balance between the wet skid resistance
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and the low hysteresis loss behavior, without a loss in
tensile strength or wear resistance.

The results of the property evaluations for the modified
conjugated diene rubbers S to V of Comparative Examples 1 to 4
demonstrate that both of the steps (a) and (b) of the present
invention are crucial for improving the balance between the
wet skid resistance and the low hysteresis loss behavior.

The results of the property evaluations for the modified
conjugated diene rubber W of Comparative Example 5 demonstrate
that the modification in step (a) with an alkoxysilane
compound having a group convertible to onium is crucial for
improving the balance between the low hysteresis loss behavior
and the tensile strength, wear resistance, and wet skid
resistance.

The results of the property evaluations for the modified
conjugated diene rubber X of Comparativé Example 6 demonstrate
that the use of an onium generator is crucial for improving
the balance between the low hysteresis loss behavior and the
tensile strength, wear resistahce, and wet skid resistance and
that a general catalyst of alkoxysilane compound condensation

is unrelated to the exhibition of a satisfactory performance.

[0097]

[Table 1]
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| We of nodified conjugated di ene rubber

crosslinked rubber conposition]
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CLATMS

1. A method of producing a modified conjugated diene
rubber{ comprising:

(a) a step of reacting a first alkoxysilane compound
having in a molecule at least one group convertible to onium
by an onium generator and at.least one alkoxysilyl group that
has at least two alkoxy groups, with a conjugated diene
polymer having_an alkali metal or alkaline-earth metal active
terminal and obtained by polymerizing a conjugated diene
compound or a conjugated diene compound and an aromatic vinyl
compound, thereby to obtain a modified conjugated diene
polymer that has the group convertible to onium and the
alkoxysilyl group; and

{b) a step of mixing the modified conjugated diene
polymer obtained in step (a}) with the onium generator and a
second alkoxysilane compound having in a molecule alt least one
alkoxysilyl group and at least one group convertible to onium

by the onium generator.

2. The method of producing a modified conjugated diene
rubber according to claim 1, wherein the group convertible to
onium in the first alkoxysilane compound is at least one type
selected from the group consisting of nitrogenous groups
obtained by substituting two hydrogen atoms on a primary amine
with two protective groups, nitrogenous groups obtained by

substituting one hydrogen atom on a secondary amine with one
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protective group, tertiary amino groups, imino groups, pyridyl
groups, phosphorus-containing groups obtained by substituting
two hydrogen atoms of a primary phosphine with two protective
groups, phosphorus-containing groups obtained by substituting
one hydrogen atom of a secondary phosphine with one protective
group, tertiary phosphino groups, and sulfur-containing groups
obtained by substituting one hydrogen atcom on a thiol with one

protective group.

3. The method of producing a modified conjugated diene
rubber according to claim 1 or 2, wherein the onium generator
is at least one type selected from the group consisting of
silicon halide compounds, tin halide compounds, aluminum
halide compounds, titanium halide compounds, zirconium halide
compounds, germanium halide compounds, gallium halide
compounds, zinc halide compounds, sulfate esters, phosphate

esters, carboxylic acids, and sulfonic acids.

4, The method of producing a modified conjugated diene
rubber according to any one of claims 1 to 3, wherein the
group convertible to onium in the second alkoxysilane compound
is at least one type selected from the group consisting of
primary amino groups, secondary amino groups, tertiary amino
groups, imino groups, pyridyl groups, primary phosphino groups,
secondary phosphino groups, tertiary phosphino groups, and

thiol groups.
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5. The method of producing a modified conjugated diene
rubber according to any one of claims 1 to 4, further
comprising:

{c) a step of bringing a mixture obtained in step (b)

into contact with water.

6. The method of producing a modified conjugated diene
rubber according to any cne of claims 1 to 5, wherein the
modified conjugated diene rubber contains the modified
conjugated diene polymer, the second alkoxysilane compound,
and alhydrolysis and condensation product from the modified
conjugated diene polymer and the second alkoxysilane compound,

and has onium structures formed by these three materials.

7. A modified conjugated diene rubber cobtained by the
method of producing a modified conjugated diene rubber

according to any one of claims 1 to 6.
8. A rubber composition comprising the modified
conjugated diene rubber according to claim 7, a silica and/or

a carbon black, and a crosslinking agent.

9. A crosslinked rubber composition obtained by

crosslinking the rubber composition according to claim 8.
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10. A tire comprising the crosslinked rubber composition

according to claim 9.
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