Description Tide of the Invention: MOD FI ED CONJUGAI ED DI ENE RUBBER, METHOD
FOR PRODUCI NG SAME, AND RUBBER COWVPCSI TI ON Technical Field [0001] The
present invention relates to a nethod for producing nodified conjugated

di ene rubber, nodified conjugated di ene rubber, and a rubber conposition.
More specifically, the present invention relates to a nmethod for producing
nodi fi ed conjugated di ene rubber which allows production of cross-Iinked
rubber having excellent tensile strength, abrasion resistance, wet skid
resi stance and | ow hysteresis-| ossDsf@PEPRY, nodified conjugated diene
rubber which is produced by such a nmethod and has an excell ent

shape-r i ni,N [ ty, a rubber conposition containing such nodified
conjugafgg Eﬂ§%QBP§BE% and a cross-|inked rubber conposition (a

vul cani ME&BB@ONWHD DEFNBRIPBBER, METHOBFOR RRIOTYICENG SAMECani zi ng)

t he rubj 9@?)‘% f:ﬁ@iound Art [0002] Conjugated diene r ubber (e.q.
a styr engpb%ta I'ene copo? ner) produced by a nethod of enul sion

pol ymeri zati on has been known as rubber used for car's tires. Under recent
Ci r cunstRRaRal MBRRr e i nprovenents in |ow fuel consunption propoerty of cars
have be[ﬁ ﬁﬁ cted, various types of C&?A ugat ed di ene rubber capabl e of
achi evi @0 cehe Epsent myention reladiidn dpnst IoF pprsiieing mediedeaniugatesisiesd.

As an exbba] odified wohjugbtebdiene et Gial aGubher bbb ﬁu&n:O)M@fey@eélﬁwtyber has

b d P bb f

con] upATEBRATHIRRT DR FTRE: Centelheior GBptiheroa kg PO Fed dPeraien and an
ar omat iwhivh alf¢we prodoctinh @fidossAjnkhd suliber haviyg exdelentgemilp strapth, abke@bomm |yl
groups rpélﬁg{l&gwtepslh& Tes s?aﬂ)c@%é’ [6%{ hi{sé&pﬁé gbss ﬁ%eﬂ@%g 1ﬁe<$ g%‘réu ate LS. havi ng

bi functi ona re are (co 'h and/ or
a_couplrrbker adueh ispaedusgd byﬁm mﬂp@ﬂlangl aF ameycellens shmme@mmg)pmemast part
of its rﬁl%b)r I@@in}ﬂﬂ’ﬁflb& c&rﬂ@l'n[hg such modlf’h\:?l &hﬁ%ﬁteﬁ)&%fﬁlrﬁb&fr 2HG s LORRE

nodi fie ene r rub een pr.oposed (Patent Document 23‘ whi ch
is pr od’ﬁdlﬁllfi‘] CPIRP S‘B%g‘ée@gc %Camg?%ori PAEPARR( Rncraps-Heliing . Hol ymer with
an al kamlcaniim) therubberalonposiioaduced by pol ynmerization of a conjugat ed

di ene nmononer or polynerization of a conjugated di ene monomer with an
aromatic vinyl nmononer in a hydrocarbon solvent in the presence of an

al kal i Bmekabumhm yst and a step 2 at which nodified pol ymer rubber is

d ted
by a spa, &% s G e e Ay e e
nodi f i 8t ghmepu 88%&81}’@1@‘6#23%1 hasrheay knowsn avabben used ifpl‘fqaaétltﬂse Under
charac t@ehﬁéltcﬁlﬁast@béﬁﬁh@ie 1m9ﬁiv§ﬁlaﬂ@<fn Wfde@&‘br%iﬁﬂﬁaﬂ@ﬁ ﬁ}cﬁ)o&ft%ﬁéa&é Bavel Nr ough
increages in interacti th.silica and, carbo there | pr oposed
ot hod CERRPRIF S boeaun BTy Sy dieie LRt THhPS HORE pESRHootnE Cebens s
pelrfor lt"mdictm;sunqiﬂong)r@qeﬁw)awbm?pmg)saﬁm or ganonet aIdI [ tC ?ﬁtl vet site i {1 its |
nol ecul e reac S| und .a a site, an

hs %%QadﬁP]Q L?&%rugyer c}ﬁéunga?esr&edﬁéllgfgi%ﬁaolg?eg g& \rf?ﬁ

t hen a secondar £ on 'PeAct T he
hydr ocamﬁmygtdnhﬁecmmtdd mchicho(1aisr (e@)pblyomervitzber oﬁdanu@tedcxholeﬁa(sb poN

bet weeaoﬁarﬁﬁa%bteé@ &%Yc%h u#a te@'dR1BfEn and an aronaHt ?Ah‘;r[ ouhd il

produci ng a nodi f conj Ugat ed ne po yner, I on o? problens
whi ch Bi@ary aeing &r@m&rﬁn@@ kquwbdvg&m hmrig:tOrlwt{e)@pobfgr@pr@§h@moﬁsi (such as

pr obl ewBeein Bgimtghohteye hmﬁg)mmumqﬁy ot ﬁﬁéréii}@ cbﬁﬁl%bﬁfed A ighape stability),
a nmeth d Of}(fﬁ%’ﬁd In%?f? nDd(prmlled conj u d di ene yner  has Eeen oposed
(Pat ent® S rfeh Ponol g e B LRl B e T NPl g b | |y
nodi f i ledstpattyafets (¢pplyocticetainy usi ng a COI’]] ugated di ene pol ymer having an
al kali net al n| oni ol rization of at | east
2 Srene monosaStel EegiEbEAndibR 18Rk B RuluRe ifREF bESieeRn o

hydr ocmbmﬁds(Baﬁ@etrﬁ)Omlﬁ2bwbm@sspmdeped(lh)a mhesseinelwlimpesepld et Whichodi f i ed

pol ymeg, {iRei t)lﬁﬂjer%ﬁi agakﬁﬂn%tawmm ysgﬁag uded wrpgwﬁeg& @&{ gEgh a step (31)

wherein the pri-maril uce 0 react with a
condenayestrdLtiens I@P%%?r Q,rmiﬂmﬂm jorrpf & pomngaiechdicry manemer witlepn (b2)

wher ei froihatit eﬁ\@l n@a&n@pﬂmwuﬂo@amhfch@m mer@faeﬁdeqarfgﬁrau&h%%tﬂ%a%liysﬁet al
hal i des %IPS h (? eld Ar t cune ndt
and a ste ified polymer rubber is produced by reaction between the active
polymer and a compound represented by a specific formula.
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Pat ent Docunents [0003] Patent Docunent 1: JP-A-2004-18795 Patent Docunent
2: JP- A-2005- 290355 Pat ent Docunment 3: WO 03/048216 Al Patent Docunent 4:
WD 2008/123163 Al Summary of the Invention Problemthat the Invention is to
Sol ve [0004] Al though various types of conjugated di ene rubber capable of
achieving low fuel consunption of cars have been proposed as mentioned
above, further increase in gas mleage of cars is sti :I hoped under 4
financial circunstances, such_as a Steep rise in gasoline prices, an

envi r onnent al %Egﬁéﬁlﬁﬁt aa“rﬁ:’@%'fhPﬂ@medﬁgmg amshfie] polymer eapablsiofnbtairfier ef or e,

the obj ampr@éemdnes iBfRRARE chaN@AdtRE abfasidia reglaxﬁ&eana 15% eR0thefrBic Job p?rﬁg%%l ng
nodi fi e at ed dleerubbe V\ﬁ Ie as a_ startin erial of
Cross- nc{"{?é’& ¢ %aé?s VP FF‘CB%S HHh 5158 ap C% ?m Blagk, there jsaipropesedimathethd

enhanci r(@aﬂenwmumhemamhmtn mpnmafmodfficaiomaaamna@germﬁlghlﬂy taldiﬁgaaisol \S/ ef ?L .
I nsi v udies to

ngr \élg(r)llg pr ogﬁwrr?% 31%\%}1@5 gab u‘ﬁ@’ﬁ?@é’&ﬁ‘[‘ g?ﬁ"ﬁl@n have found that

the use Mfqucmykmreﬂame@ompbmwhe astivecstteyrmdribian a momgﬁylmoﬂﬁtcaﬂbn)dum ng

ted | ymer
ﬁQL?L”gaE%;;Pﬁ%ﬂf@%’?ﬁ%“ e Sﬁ'ﬂ‘é@“eﬁ?‘lﬁhﬂéﬁgﬁ%@°ﬁfﬂﬁﬂ ool akeacign g P

physi calCOptegsEion reactionbetigendydrqsatytaesil idfgr@mmg excel | ent | n | ow

hysteresis |dOFﬁrthe,‘i«§%st8)a ﬁl@ﬂiéhfoffatddu?ﬁig a'fﬁ&ﬁﬁ@d)&ﬁ‘lg ]ﬁ&i t | ogl L'r gger ty
a d ie er,.capahl.e. of 1

3/2 gjnu? hé 8fpr°§féﬁ‘§e‘?ﬂhlf3€$r Bﬁﬁﬁ%mﬁf%s §n ?N'Pﬁ)éhq Beraf@@mwuogh(swie

present a$ pmoblﬁmmf betwtylewspeModneyazhslcysn}Iahﬂ ipfegise i shlaﬁé'ﬁﬁﬁlh , Phiod@s the

d ted di
t ubber B%S%%‘%lﬁ%?%“ﬁld eorHo Bt FEAD RSt B BELARUEL AR M0 efnCanh ) o di ene
havi ng ¥ Qfﬂldﬂilué%mlﬁpwsbIStﬁpl(ﬁ)t\Uh%mlnc&prumralmmcahﬁal Ibcdmnylsmlpyddugécbblp an
agent f Qdinph 06kjaE416d Qiéhb'ﬁblyf;he? 85ang aﬁbfkﬁﬁﬁt&l%@&v&t%ﬁ%ﬂﬁ&t%ﬁ& Bﬁ ol oni um

| k l. ast aone grou chI's conver
gy ?rgﬁ!%“ é’? E’ﬂ&“ﬁ“@@ﬁ‘ﬂoﬂ Bﬁatg?aéaﬁ éleﬁe WW jrethe prssencglof agalkal mefald a
condensaitiaor iaattgidyshrioanbRieat aﬁﬁl 3dss @ieﬁ K&Emfaoorec«%déﬁgy RblidRe

i d bb
gggg(r)gl ylinel[ (%%cid-{ﬁed conjuga(ge(f) éleg iz IeBQs pro d thro% ﬂa sge%t(gl) wllle(igl?l tlrleu o

prlmarlly modified polymer produced is made to react with a condensation accelerator
containing metal element(s) and a step (b2) wherein at least one compound chosen from
among inorganic acids or metal halides, respectively.

Related Art Documents

Patent Documents

[0003] Patent Document 1: JP-A-2004-18795
Patent Document 2: JP-A-2005-290355
Patent Document 3: WO 03/048216 A1
Patent Document 4;: WO 2008/123163 Al

Summary of the Invention

Problem that the Invention is to Solve

[0004] Although various types of conjugated diene rubber capable of achieving low fuel
consumption of cars have been proposed as mentioned above, further increase in gas
mileage of cars is still hoped under financial circumstances, such as a steep rise in gasoline
prices, and environmental circumstances including carbon dioxide emissions. Therefore,
the object of the present invention is to provide a method for producing modified
conjugated diene rubber which is usable as a starting material of cross-linked rubber which
can be used in car’s tires and the like and enhancing low fuel consumption property of cars
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wherein the nodified conjugated di ene polynmer having a group convertible
into an oni um and an al koxysilyl group is a polynmer produced by subjecting
a conjugat ed di ene pol yner having an al kali metal or al kaline-earth netal
active term nal wherein the conjugated diene polynmer is a polymer produced
t hrough pol yneri zati on of a conjugated di ene conpound or pol ynerization of
a conj ugated di ene conpound with an aromatic vinyl conpound to reaction
with a firiﬁ f%§oxysilane conpound havi ng both of an al koxysilyl group with
two or ﬁ- Gt oxy groups and at | east one group which is convertible into
an oni um by neans of the agent for producing oniuni per nolecule. [3] The
nmet hod i dipfhed conjugated diene rubber according to [I] or

[ 2], mhg@%?%%@ﬁghggggﬁagg%gﬁﬂtibIe into an oniumin the first al koxysil ane
conpound0G0S] arisiamasult ofextersieptiridsac selde theolirdgoiadirobBmS 8RS hwinkdd o Pihe

ni troge t: A, Stituti t rotectiye groups for
fuo. hydt Soon iy atH SRRl TR Y TS et o BBt Hinynds s0BeFbr ed
by subs{9itRIequsnHeRiuEandecrondensationuentslyst inadditigul toogemjagacad diénepagtgaandar y
am ne, Bavifg bh alkyli dFLINA1IHE- by i ' s 8
phosphor u 1-gont ai rii ggggéqu&@o??r@hﬁdg}yegﬁ sft#?ﬁ??ﬁ%#%%%?%ﬁ%t\% groups
for two ST RRORE ¢ing exrellamtin 10w busimienis loss. pAe epboiltuE Ve maeni ng
group f possibde Mrednhx&tmbdiﬁsdlgcglgmgtw cﬁ%@élﬁdblé@f @hMWIL of fh ;9{}1?% Wﬁggent at om of
a secon rti .phosphi no, gt ou nd a s ur -.cont ai ni ng
group for rsrélgB Efy?ﬁgﬁiﬁgﬁh“ﬁi}ef‘ﬁ‘&er ﬁéélrﬁglﬁegcgp’f e ngrﬁﬁ _th ke Headggripbgetieat om - of
a t hi ol prefeqf mmMgationet hod of produci ng nodi fi ed conjugat ed di ene rubber
according to ) - i n.th nt. f r ci ng onium
is at llﬁi t o@gyecéﬁrarglg&%}é& ’i%fi %@%Jgglﬁ"? %ﬁﬁgoﬁl %gjﬁafg@%‘?inﬁhﬁ [gglu a silicon
hal i de (idﬂﬁha‘? ohpiofHciRg madefiedoppingated disncativarmemphialirictestgpofaivies a a
itani umodidicd denjogam@uide palyheRivifk Bakd bR OURBI o 4 SELAARY U hal I de

al |

corrpoura(ilk a [ 1ium hali qef conpound, a zinc e conpound, a sulfuric
ester, a WS@@F%WQ: apagent O%Prggﬁl%&wm aéppnd mtkoxysilane epmpowred kivifgs] The
rr:;t Fi? aofallgrxysiligli groupraxdi 4tiledt cxgngr uq&mﬁhqi% l@dilﬁ{eﬁ%m&ﬁ{to a% eRMud Bsg?ﬁﬁasfmy 0 ge
o) ; roup,converti into an.oniumin the secon

al koxyst?éf)fiélé{?fe%ll goor\%(g%l%% érnlg?%eég@ec egr&?%Gﬁggﬁp’é‘%t“éﬁl%céﬁhfsﬁéor@}?@%

consi stRgig) eement(s) forealkoxymilans cgmpopndsa secondary anino group, a tertiary
am no gp , hd7) : i . (i, ar osphi.no group, a
secondgrpuph T?gﬁ?ﬁhw?%rg%én@pﬁﬂé%hﬁﬁgggﬁF“r?gie gl%blc})’ﬁf)a%cﬂg‘ﬁ’ég F(’n[:l I gr oﬂg.
[6] Thé" ﬂ?ﬁf 3P lngﬁ%lPH‘ﬁe%’&W pPelymephpvinga gebui conwertiblelinto aacmaumli ng t o
any onendbn blkbxysilyl Blaupihe pelyct BRoduenrinn i dchRle 6 2batisied GRAL BHNKNY et a!
el errenhg‘%}l for kagko | ne. co ounds is a fretal'l ic ‘conpoun ontal ni ng at
| east one %eagg} 4 |né7y%lrsﬂrazla1§8'teg%hfl}e drerigrmpelbyhariathneeningateddient i n t he
o oy o DYPIEEPEh o b B SOl poaBsiouts ddjanebd Dendipud@opl the
Pubber PageRAgttion dla ﬂ%’?“%‘dhﬂ&e Copfhofii Sl e it Ry Conigiond to

rubber accordi .- wherein a

aget yl %@%%wﬁb%cf@ﬁkﬂ lsoxysdane @IinnOIued heting betherfenta{lokysityl geem vish tWhre

net al | bEme@RYsrolf anthf 188t 18p qg%&g/eﬁﬁ)% [hicd San ut%'artned di ene

rubber according to.any one of [1] to . further conpt P8I Ag A Ep of

bri ngi ?PS‘%F ﬁ%e%g%w@u%?{%ﬁweﬁnqlwlgrg}: descri bed i Lrp[ 1] %t 0 conltoact

wi th weiller . TheShetlibiofipiodoeing indai UG atBadicsdbb QDb gaie o §i 151§, ubber

LT T e O RO T

di e ge st groep seledied Semdhd gaiub@oysitinge aQﬁﬁD%Hmnd)nteﬁrﬁgig@a&ipYﬁ)hﬁechdensat ion
rodu - t i.ene and the .secon

B kox%b?%tﬁféﬂ%ﬁ’%g%%@sﬁﬁd}’&?o jtagch(}%"r%&%%g"é‘{%r%rﬁ ISR @RS AHEOSEB £ i ed

conj;jug%)ﬂlé?é!_ 1gg éﬁglﬁpdényﬁby suhtitutiog ooe petecdiy :ecgmupdbabmshydé@gdnéw@rﬁbyﬁi c

condengsadrda u | ke e 6 nd a e

condensa ﬂL of]y ﬁclgt al &gﬁrﬁéwtghgn%;%?g%ﬁ%%égﬁ&éﬁgg}@%ﬁ%&{@dﬁ@ﬂos %’miuﬁ'e nodi fi ed

conj udaEY s %Pﬁémﬂﬁgx sybsliugiag bie Pratecsivg grdups éordwioptydrigenntbnse a

condensandrgphosphirley s phogMdnish@ntmeh b Eﬁﬁp%ﬁﬁé@%ﬁé %@sﬁlﬂuﬁ% fﬁ%ﬁlﬁgﬁls oni um

struct scformed.fromthe six kinds of substarices. (

conj ufgélg)df 0553%5‘?8%%?&8% cﬁﬁ?&%‘l‘g{/y AROsRRingsa ieriaryehosplineferoimoadai ng

modi f isefuremtaigagarowi fneed bpbetstiagingese Hrdediviebrayfop B8 Ridrbddn &l 91 -

[ 11] A rubber conposition conprising the nodified conjugatied di ene rubber
descri bed 3



in [10], silica and/or carbon black, and a cross-linking agent. [12] A
cross-linked rubber conposition prepared by cross-linking the rubber

conposi tion described in [11]. [13] Atire conprising the cross-Iinked
rubber conposition described in [12]. Effect of Invention [0006] In
accordance with the production nmethod in the present invention, nodified
conj ugat ed di ene rubber having an excell ent shape-retaining property can be

roduce j.ch all ows preparation of a cross-linked rubber conposition
Iﬁavi ng gﬁ@:‘lﬁgnt tensile strength, abrasion resistance, wet skid resistance

and | ow[#lyst efTbs nsthabst produpén gmgdifﬁedgonjuﬁt% Gieﬁ%ﬁ{jﬂbéﬁ&‘égrl%ﬂ%?e‘{\;\%ogﬁ can be
it . nodi.fi.ed conj.u e iene r

ised 1 n o e ELEP BRER: A8 ML ol B o OEl i BRI b S Tepundosisaieg oo
pr oper t {heggrowmeensistitig f a silicke halidede@nimundar ﬁinhz_{l'gle@dhipBElﬁi, Ia_ﬁ\aﬁ{iir;]ihazlﬁr e[sggtm

f n¥alal f1{4 j i [ubber ,in e
Tventi o T pomBRAGCARPAId RO BB B0 SBREILR girdEnll ch has
an al ka "irﬂ“lr‘?éiog}po&}?d’é’l g@z!tlll‘iuﬁi“ﬁé eampwg) a gioe hylédetcompionad, apuifitric estet, r ough
BorOUT L e I o R e fo react with a first

i vin C un ) \
a1 KoxysiTane EonBEHRE o adtaberhiBRS Semusateshdysia phbagstasdingn apnenor  mor o
al koxy @ﬁ[dllpls[%.ndheleinlthagrtoupmemgerrﬁblf imlrarl%hidn?hﬂhb Bé&ng!a%l&g%éiggﬁjyu gg?gz of
: | i [ ecule to forma ifi )

i ene ol L O B e BBt e et P foB e A PGS
al koxysSmPyP agiceRrplaraamiing gowp a(thifiavshenizorgroupe amid inbig?d;mrarpjyirzigglb %61#9 |a§2;-:-um
o o8l o Oatary bbb e AR g Bl BP0 et one
gr oup gg'r?@lg‘fot“ipbl e into an oniumby nmeans of the agent producing onium per
mol ecul[6] andle man@waspbu@animtﬂeﬂcoﬁﬁ%h?a%éﬁg rgi?&eﬁhcgc%kggg Iée@)oc%m

I k il qunds. [0Q08 qQr Producin nj ugat ed
D ene’ RIBREP:-p STt ¢ Bjg conden

ﬁ‘[’%?éf!‘\{g%thontaéyns wel glempsnihcoeplionysdang ugat ed
di ene sompewndsibiaretaltis campalllrkhtdrn_tamih_glat Eg?tﬁgk ﬁtejta_ﬂ Siegr?arnt Eeliéué%cgfrgﬁ(:t Ve or
= con] e Rtk e Tt TR UL 3R BiouP 9Pk BBy #reumidie o
react \ﬁpgﬂleagrf’ilﬁ 53 obtheaxryisdicastde.conpound whi ch contains bot 2 ;)f- ﬁg o oup
onver LBl b Lot o B e i RSP per
mol eculAcen %?@Pgﬁﬁ{)‘i‘ﬁr@"é’g&{% BhfGsbarestPraicesompien spitenf theawictabeletrents)dup
conver usddl a3 theitnetadlic empoundnd t he al koxysilyl  group.

[8] The method of producing modified conjugated diene rubber according to any one

of [1] to [7], further comprising a step of bringing the mixture prepared at the step

described in [1] into contact with water.

[9] The method of producing modified conjugated diene rubber according to any one

of [1] to [8], wherein the modified conjugated diene rubber contains six kinds of substances

which are the modified conjugated diene polymer, the second alkoxysilane compound, a

hydrolytic condensation product of the modified conjugated diene polymer and the second

alkoxysilane compound, a hydrolytic condensation product of the modified conjugated

diene polymer and the condensation catalyst, a hydrolytic condensation product of the

second alkoxysilane compound and the condensation catalyst and a hydrolytic condensation

product of the modified conjugated diene polymer, the second alkoxysilane compound and

the condensation catalyst, and the modified conjugated diene rubber has onium structures

formed from the six kinds of substances.

[10] Modified conjugated diene rubber produced by means of the method of producing

modified conjugated diene rubber as described in any one of [1] to [9].

[11] A rubber composition comprising the modified conjugated diene rubber described

4



As an exanpl e of the conjugated di ene pol ynmer having an al kali netal or

al kaline-earth netal active termnal, nention can be nmade of an anionic
pol ymer produced through the polynerization of a conjugated di ene conpound
al one or the copolynerization of a conjugated di ene conpound with an
aromatic vinyl conpound. [0009] As nentioned above, the nmethod for
produci ng the conjugated di ene polynmer has no particular limtation except
for perf.ormmnce of anionic polymnerizatign by an alkali nmetal or an

al kal i négé@tﬂﬁ?f’e or(qqg?oggﬁzgcgap%@ gtosesHnkiag agend pol ymeri zation initiator

i n some [E2ses)A crba-ligkedmblesr campbiitionpiepadd b9 lerddQ 1Rl (RahipBB, any of

nmet hOdS:cofn?‘Béngﬁ a%?ﬁggglnu[tlgfn pol ymeri zation method, a vapor-phase

pol ynmeri zation method and bul k pol yneri zati on net hod, can be used.

Par ti cullbt]l y, Adirgsomprisingplot gnoes- lizketlirobberebinpdsition pesefibscial [y2used.

Addi tionally, the manner of polynerization nmay be either a batch style or a
conti nu%g% style. The netal occupying the active site present in nolecule
of the ﬁ@fﬁ?‘é@“@ﬂene polymer is an alkali metal or an al kaline-earth
met al . 08YCth #ccbRlagbs whth il ptEHucR { | i i Jm. QL bariumis
prefer agime P%%ﬂ lithi %m nmet, alﬁi n pfb?tﬂii%?&;%tg??%%%é%?ﬁﬁ@éﬂg@,&@d of these
al kal i FEPAsatetdieny ubbrRaving nexcellent shapsaetaining pioperty Fan bepodudedr s of

al | owi nghjzhalloessipoepasdtion ofanjreigainked dilfb@ﬁcd?x?édéﬁﬁfn gNG ctidietabiact i ve

termn .eactin Lth the fir | koxysi J"ane conpound, and
even i?é trsegl%eﬁeg#ﬁtsﬁgsr%&%fcgi stgtaszf(né& WB‘[SpaH‘é%i"?(@ﬁ@’g’ylSWr i?fﬂ%@P%écri bed |ater,
they can be ubkfcross-litleedpnbleenbmpnsition prepared from themsdifies soj@atddtdiée al SO
ef f ect i NiBbOwhiBR CAPRE 1 j f | onal oups, and activate the
functi onal ‘E_go {)s in aéheg lgg%sgrrﬁ{é y@tﬂﬁg&ﬁsagag%ﬂ gﬂ“ﬁ?%%l“f FAPUPRRY at or .
For i nsRT9REL o ¢ars anddhe dike ve t hat functional group portions of a copol ymer
contai ning i sobutylene units, para-nethylstyrene units and

par a- ha| hyl styrene units are converted into active sites by subjecting
themtwﬁq‘?ﬁqrﬁairr .g?%%]lm@)?ﬁ%l es of the above conjugated di ene nononer
whi Cg d8n0He Tisguetbod falprydiiciig md@iﬁé(é Sotjuiaet @i@ﬁe rubbeh A€ present o q

2, 3-di i - i -pent adi ene,. 1, 3-hexac|j ene,” 1, 3- hept adi ene,
2, 3-di @ yllq?ggl% ad| etr?gs,%pg(? ?)ﬁéﬁ% -?L?%m%%??%gﬁh%ée?dgpﬁ‘b‘fvhw%hﬁ @ﬂgﬁlﬂ B§tbne,
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noet hy Ipyepiyl lithiumes Ay NSNbis(trizteayisityl)] 2~ itgiitheum, F- (NNIBiE e thylsilyl)]-1-

0 e 25u0) BB ADUNY LA AELIGNNShY 05 i, 3225 5t 25

S
t
- (4- metijlp=1-azoryderenians)-priopy!tithine, Aonsthylk k(22,5 3-te(dmatayhg/S-didila-1-
pi per a Ii. 2 di 3- B} -2.5-disila-
52&9}%5%%61) I W&gﬁlgtﬁidlmﬁz}% 91112&;&#&1,{%8222?{315' tgtﬁsérfletgyl 2,5-disila-1-

-(4-ethyl -| -pi perazino opy 2,
(4- et h9¥@°iyglﬁpﬁé?%€£11nP})>BYU§ngi4e&2k?e§e§§Ptrm, yl-2,5-disila-1-azacyclopentane)-1-

pi per abifyd)ithivpvhd bR 183t Ednhed.2, 5-disila-1-azacyclo entane)-1-hexyl lithium.

3- (4-ethyl - J,[-gl(%elr azi no()ipho I.tr1 byt oxysi | ane, ,3P-(4- o

trimet ﬁﬁ%gl hq cqmpouids. e ‘c‘)?‘é?%‘ﬁ sH¢luing didyugadieramethyleneimide,

3- (4- t Lithineh Ipytrslididd; lithiupi pperdideditbiepiidptarhehiiexsisidAa lithium
3-(4-trinmethylsilyl-1-piperazino)propyltributoxysilane, 3-
(4-trinethylsilyl-1-piperazino)pr opylg’ret hyl di et hoxysi | ane,
3-(4-trinmethylsilyl-1- piperazino)propyltrimethoxysilane,
3-(3-trinethylsilyl-1- imdazolidinyl)propyl et hykliethoxysil ane,
3-(3-trinethylsilyl-1- imdazolidinyl)propyltriethoxysil ane,
3-(3-trinethylsilyl-1- hexahydropyrirnidinyl)propyl met hyl di met hoxysi |l ane,



pi peri di nopropyl tri et hoxysil ane, 3-piperidinopropyl net hyl di met hoxysi | ane,
3- pi peridi nopropyl et hyl di met hoxysi | ane,

3- pi peri di nopropyl net hyl di et hoxysi | ane, 3-

pi peri di nopropyl et hyl di et hoxysi | ane,

bi s[ 3-(triethoxysilyppropyi]trinmethylsilylam ne,

bi s[ 3-(trinmethoxysilyl)propyl]trimethylsilylam ne, and conpounds each
havi ng an.et hanol am ne strycture or the |like and an al koxysilyl group.N, N
bi (11 SOASREIHIHHTS, BBYFHELYhirmberene/ylpnaveide, lithium pyrrofidide and

N, Nbi s ( tithimetpiydridide; layeprefepied @y the bthekdh BRI} @R&ts of interactions with

N Nt o¢ PRI b SR A BB s sy B lymeriztion,
1- ( 3- t r (DX Psitd sHeditbivy ymide2pmpBdunds, although those prepared in advance from

NON -ty fnds B AR S Dencrolly used as prlymiesisgtion Piiasx fsi 1 ane
1-t ri mePHyY §iseg.1t @,a%som%@b Qprdpagethen-is pbhmerizathentyates (in situ).

N13- (tr Adeiiaxyss i iy dpdpaay kikat Sadl 7 SlIFHEH e n htibAE b YL ihyh w8t hgne- 1, 2-di a

m ne, MN43-

(triet h%?i?fé‘?dl o agppes of O AtA2Q mnalhper. 1Q0.g ofimendmydrsi | yI - et hane- 1, 2- di ami ne,
3- (4- tHO00E} hSpesifid 1 ethot RAdRED ' kh i

N1(2-(t i } ogs'p %%41 gf}aﬂ?t?@qm G t??/dr?gé b aﬂgjfl%?gf%,f(gw gated

143-(tr Hg‘?‘%ﬁx S * ﬁ? _%}%b%‘% p&}’pﬂg{lﬁ%% lﬁg}g&éﬁ: lg),vegl_t ium compounds as

(tri netmxlysﬂlla}ﬂp}l-llli,tiatom meludy lainmdthiak off sutljeoting a diene monomer or both a diene

:2)): é?‘n‘é{ﬂﬁgﬁaaﬂmi&’n%lg:agﬁg?@%%gl 1;) C;](o)l}ﬁ);olug% g},agrggﬁllc B‘ogr?nzegljzét%nnﬁ’a reaction-inactive

di et hy | ABFHO MR B etd Bhwdrasasbpaisplyaet, s@hais ap eliphatici alogycbgardmatit hoxysi | ane,
3- di ethydicaibdamogippuhd bethBAWKEShY @s the lithium compound as a polymerization

bi s[3-(itr.| t hoxysi Isye ropyl | tripethylsilylam ne,™ bi Sdf% .

(trimet ﬂ%&%ﬁ% i IORY 8851 ?‘%i QIRIFEEed 128 e siredan dn aqeerdangewith sughvaf er abl e. .

[ 0026] nitbodhlimtsnded cnjupated dichelimiymes aih B paodadddy! group and an imno group
or a pyphaxl AQr i . .

N (2, SO0, AR B RaBEHE solvent hare sopipining Py Bepibop atunrh avitable

N( 1, ﬁ- fé‘ﬁﬁ)}?’ieétth%rﬁ@ éﬁlﬁﬁe Bropend, etthanesisbdthnel ngeaas ciatpentine, n-hexane,

e : . . ey iy

N (1 et o e b @l bR RSP GRLET 2 butcpe. dapentyme, 2

N- (4- NPRH&H&IHI%XS srfoRfai§aS| heaame) toBiepe piydansosthglbeyzene, heptanpanear ni ne,

N L A ah b : L . vl
ettt Al R L
corrpou%cé 331]?92’3 ﬁgﬁ) Nt Blatyﬁ’é ‘isg oAy &ny {ro elomprsfdBen amythedisedioy e,

N- ( 3-t edmbinhloxrysi | yl propy1l) - 4, 5-di hydr oi mi dazol e, N-(3-

th '( gf ngl Lé?aéﬁaﬁ??%;t%p%@rﬁ%g{ l?s'r%a‘lggzé?rlgg 'is a compound having the action of
N( 3- t r fQtrobbiagsthe yrigiosisyatirenf B -donjugated idésne polymer, such as the action of

3- hexagRtdaying M) MR PRy bt B i i
hexa en%i m nopr o > | t ryi e hox@’gi l?(ozfgkel%ﬁgzth%butadlene portions of a

t .
hex a@f‘%‘%l%f%‘% ﬁPB‘%F’ﬁ‘%‘P ArmbEHeikyaYy!bands (122-bonding and 3,4-bonding)
hexameihylisspeeid pudpnen st £ topelifEidrmpyifié &y of 2ontrolling compositional
hexane ift']t}"'bﬁﬂgﬂgf nopr.opyl ngt.hryll di et ho éSI | ane, 3- )
hexanet hyl enei m‘ﬁ‘8§?‘8§§‘f"é Y &P@Pﬁ?}ﬁé feng Relymshuehy abeaAetdonseich havi ng
st r uctranéemigingamtadikeysislapll styrenepinitsth 2 bbadizhergastelepolyBlaning. ani di ne
or i - L I . B
N (1, 3R FPA AR o pertieples finfrign, and apy gftissaren a5
N- ( 1- r@?m@%@@pil@@w@)compom@ s Guetehthx yrsuideyals yartioprizpacaels atitized.
N (3- (Spearcamy el HRRUIr nchud dhity dholom 9% RlfRs, Nehs
triethoxysilyl propyl)-4,5-di hydrol mdazole, " ’
N ( 3- CHRRROKdpErley FSspBidrofuan shmpigashancsdigthylene glycol dibutyl ether,
N- ( 3- tdiéthylbaxylstolyipetRy btheld 23- diffed 5k _ah ,Exanpl es of
a conpqﬁ q ha%?nq.%ﬂ QPkox%sL%égggrgég(gﬁgﬂgﬂﬁﬁgégég?ﬁQPX%%%ﬁ&g?ning group
for med” @VE{?QQ{‘?’»[H? ?ﬁ%mt‘% i mehymenproling, N Mdrogen atonms of a
pr i martstrapietisylbhplenediaphes pRodipipesi dibethiid) thgTeas Blyo! dBgyP¥hsyb&lichyt i ng one
protective group for one hydrogen atom of a secondary phosphine, a tertiary
phosphi no group or a sulfur-containigg group formed by substituting one
protective group for one hydrogen atomof a thiol include
PP-bi s(trimethyl silyl)phosphi nopropyl net hyl di met hoxysi | ane,
P, Pbi s(trimet hyl sil yephosphi nopropyl tri met hoxysil ane,
P, Pbi s(trimet hyl si | yophosphi nopropyl tri et hoxysi | ane,



[ 0028] By subjecting the conjugated diene polyner having an al kali netal or
al kaline-earth netal active termnal to reaction with a first al koxysil ane
conpound, the site of the alkali metal or alkaline-earth nmetal active
termnal is nmade to conbine with one site of the two or nore al koxy groups,
by which a nodi fied conjugated di ene polynmer having the group convertible
into an onium and the residual al koxysilyl group can be obtained.

Addi ti on first koxysi | ane conpounds recited above can react with
“conj ugatgi?(% P%gﬁﬁcﬂt%qlg&ﬁg‘?}ﬁ gdigxang, kunethylamine, grinagricing, petassivmi- met al
active temhteglotastisidi t-batplatd, mphenﬂphwphﬁﬁnﬁnﬁﬁydr&%rr&?'aﬁ’&d Hﬂde'ilhér&hﬁa{e
ment i on ey,.can used 1n the present
i nventi %??’élp P @i’?”ﬂ%\gﬁfé‘\%}gﬁ I%esg 8?01?1&631@9 hﬁ &lﬁTeﬁYﬁ‘?ﬂé"({t Wij’l%t’ﬂwo@&l@w bl ack
and/ or éﬁlbutzlanmw disthzlandinafand qiinglimg e rifheshendombyrsangy baddialme, r ubber

Conposi sk g excellent in | ow hysteresis
o %BSt Ithantth&gnﬁi geglgg&fny Ogﬁbdgﬁtogber conpositions. [0029]

| 0ss wh Ee e made I nto

Modi f i CE‘FQZQ illééétcﬁﬁﬁpffléﬁendlﬁgﬂ@ﬁﬂ@m@fe@ﬁ@s@ dfisneh aablkzmcyjzatimmtmmrlaounds

i nto thdestilsad abdvet@qune &dsk aF idiar &)%@ﬁé@l‘ana&hwlzﬁl %8@91

conj ugaEed dun? «%E}g r@gﬁ can be pertorned eq% FOn I actl on
(wherein TR A ﬁo o1 Q2 BRIYECE BT WEPHR DM SiFme piglongrbaiiog whi ch
remai n anon@éc veryl abmpohr}dmnﬂozaqidlyfaﬁeﬂ aﬁeﬁassu]ih%oﬁ@dhﬁd &8y be Qdde‘ﬁ%gét&ﬁl has no
particu its.for e carried out_by using a
bat ch- tmtﬂéeggé%ﬁ%?ﬂl&%mﬁ&or E’éaé?ﬂ}%%n%mtaﬁswécmwmgh fasee dsiedisi ng
an i nst%ﬁﬁ@ﬂlt wiih the mdyraemﬂtmonsmagter umlﬂdermtnssumeﬂbdﬁdes@md@malsﬂmhl ne m xer.

Addi ti Oﬂfénbyldeé &yﬂlﬁe&)B?%@fa@st?bﬁ 1§(ﬂ)%x1&$'$p ?%ﬂutn tcbg:\tté}ée)ﬁ% PP%% é&?{ﬁgg{ med

in advance of various, 0 erations reqgu or s
wat er tl?(g%isﬁ\é‘h’tl eﬁ@al‘ldﬁsrl%‘&@%%‘m bengiloxids @ﬂm@tﬁsﬁflrmnhen@cﬂy,mtasahnmalts

Clorkrpl etofamv@ierﬁﬁic}ﬁﬁﬁabaﬁyh@Bmﬂel@ﬁﬂié 83, p{aﬂﬁftﬁ]aci%ﬁ stte&tuf 84 acﬂBUQEldgf ]‘? fi [)|St

al koxy und us atiop reactjion I's preferable

I e A WA S A R A

nol e- eqaltyef egeniasulgdrtic acids,istich as dooiceylpsreeassalibgictab@t the first

al koxy st 0. e-.eqyl val ent weight, with
S8y I6HRANI ohR: agﬂgﬁg)f%%c}lgg Iéc:,ﬂlﬁ'am&a qu@%H

respect to the active sit € "conju ol ymer produced by
ani oni (905’61 qzﬂ%ﬁslllfﬁmc\ﬂh@h amdmotwdmd sedtsod rpartlal sst¢re 85 otganie pfhodphorous
nol e- ewidgadu@mhs YR phodphfe RIREFBRTI t S not
adequa f@“‘t ¢ ﬂﬂ ,e 1| g%eﬁeﬁfoséflq ? r‘%lh,rllgﬂ%%enfg’ (nglﬁxiot be

t
i mpr nggbipgntgaggsﬂ@gy Hli‘}gaé‘&?*ee As a result, when the nodification
react i ¢002dq oSucti a pstaﬁﬁdm doﬁip@uﬁd gr;g@fsrdblymﬂ@d w&bﬁhoﬁﬁra?@%ok't% )5 &@Ees

sonet i onposi.tion inferior |ntenS|

str eng?ﬁlsg g%r Pg[{snlncl)é]ne uwarq%qt%eé%ﬁ g& lﬂarho‘n?gg?rsatle”a‘ﬁ{%’é -S3HA MY Ryist er esi s- | 0ss
pr oper P9lymegigatioromitiater, usethe Witbhde dmounadddedds shglldrithat 0.60kawxsi | ane
conmpou imtatio and exanpl es t her eof

i ncl udg&tgﬁﬁ%? %igig‘iy'gidsﬁgg c}ﬂ) ?183‘301%1%&%%321?%@«5618 %tﬁ ‘ﬁ@i’%&“ﬂ? Ui tion in
fracti GRsiViBhefnal xma%@t@nn@tln@as @fraedsmizaticonue inchiperation of Clintpesdomget hods,

t he netigg oﬁﬂiroﬂﬂtﬁb i EQ@ﬁlst%ﬁ{HeQﬁhér%agé %}%rtﬁéj rhgul]ghﬁd&% {%er >

Fur t her noy e e f| st, al e fonn of a

‘If | ane co%
sol ut i BiY? BH’["IH m 79 eaﬂl’%?lf taes Qeragdio Qirlr%‘f"mﬁ§fp@b’meéldamn adtigitpar agr aph
0010 oWwhicheesytedi & sigaificant redictRhdAPEdducH i gxlbummuﬁalcﬁasoﬁn%dlﬁ%ohn t he

: ﬁrea?);?f?@e‘*%iﬁ%@%*@?“ ERTY % 8 e eiosed “as recited in the
par agr [’9}9 2polile siitabledermpereiuié ofthisqolymersation régtiGwisteeferably from -20°C

to 150°C and more preferably from 0°C to 120°C. Although the polymerization reaction

can be carried out under generated pressure, it is appropriate in ordinary cases that

operations are performed under pressure high enough to substantially keep the monomer(s)

in a liquid phase. More specifically, depending on the individual substances to be

polymerized, the medium used in polymerization and the polymerization temperature

chosen, higher pressure in comparison with generated pressure can be used if desired.

Such pressure can be obtained in an appropriate way, such as pressurization of a reaction

10



As a tenperature for the nodification reaction, the polynerization
tenperature of a conjugated di ene polyner can be utilized just as it is.
Specifically, a tenperature range of 0C to 120C is preferable.
Additionally, the range of 20C to 100C is nore preferbale. Decrease in
tenperature tends to cause an increase in polymer viscosity, whereas
increase in terrperature tends to cause deactivation of the polynerization
active ter &ba Therefore, the tenperatures falling outside the nunerical

range s‘f?é%‘? %ﬂ§d%§’“é(?é“9?\%@€¥lé?té’é‘lr€ac 88di tional ly, the prefrable

react i 0023 ]menithe pdlgzmpmamwalmﬁt feqaéd mwrﬁﬁginamlampaiﬁcﬁﬁatﬁl Thid e to 5
hours an y from2 m nut. 0031 83 t he occasi on

of pr ocR?gW‘%rhza&Pn 1n§15}ﬁ 6&%"@6‘“@?7@%“ BBF?%FSOQ‘?E%?&SWE&“ f¢E8A%e added
in corrtarﬂatelf@"ablwthcbseanlfelrmnteaatlkmnglnblhag\euhstumpen,lsuml:h aE.mnqu e&Syg@ﬁ daft®ncoupl i ng

agent 'd;&,hagsrlc; Bx%tt%l‘?# GhdORER: rehlLe T fg@&l{lgnaug% fOUR P B ARERL o 5 added

at the stage e conj uga
al koxyélolliém@ %@nﬁlﬁ;ﬁmer pelass tr@msnt}on tpm@e@aap (Tg)g)félwﬂlymmd@ QOpolrymct on

the polpysdiced & preferd Fréc 106°OtDGC b SRR BPa mfferenklaﬁhéhﬁaﬁt
al koxysi |l ane c i nclugdes at | east one kind of, conpound sel ected from
the gr %ﬂy%nsﬁg? 8‘#@"‘3‘? toprydugs alpé’mﬂ’éf”é‘g@&%GWBSIE%F%@P%?{“WS[@WPF i ocyanat e
co npgu mighn -(gbZC ?ntOﬁ nhdahaqmaywﬂeramélp@rynw prdﬂud@d H&@glbmgr%n@i;ﬁb?ad I
pyridyl - subst i substituted viny
conpou ﬁadnp TS ﬁﬁgﬁ?r dé ﬁ% ‘Zlﬁ g)er eh? OlfieP? ‘(tlfr?o%l ket one
conpoutenpgrgiureaby thh@mmdur if h\)hltainthe ﬂnaud/lmgdh@eoﬁbtpomes ddifipliosphori c ester
d
CompoUrgha )Asaché:@i&?ﬁbépg’ g&ﬁ%ﬂg% g,gs{ %ko%%lﬂn@e&x SufiC ol QR h%k?woao compoun

containing an arylv a’ conpouna. cont al nrng 0yénat ed
cant on MAre AKXy STaps 5 usa @rrpﬁe @eﬁtputm%h apemﬂgatqbd@n@ndmeehaMg t he

|2 s 2 C%/aaﬂhﬂcaﬁror aB@lihd-esyBRdiad a&?@ﬁ%ﬂﬂalgf Shitgolé @)@H&ﬁﬂé@éﬁsu&l@ﬁk}o% E{&l

o] i an 0 nedi i.so dip eny neht ahe
di | socﬁfh’é{{]ég Sfﬁﬁéﬂ%ﬁ?‘@ﬁ%ﬁa?m%%eé@awasé t°§§| piatoms; p dn HEHR85y | met hane
di i soeyare tevo(d-rhidk plkoixg @pdips anepdidns eaylap@up mdyeahetdiyd &na diftsacyant e,
1,3, 5 8%%%?&%?%%&?”“6 and phenyl -1, 4-diisothi ocyanate etc.

Sui t abl'e "exa ‘he am de or imde conpound of the ingredient (b)

i ncl ude ani db the Hpgwidxysilank campeuad; itheagrode corpettidé bte aiepnium is not only
N, N, N 5 Begté&ive 36! r}f:g}i{eﬂawlﬁﬁ %tg&onqmmﬂealkﬂi +\L:ﬁi(alf}{e cj:%.ﬁfx%?é?% aPMJ/eO xam de,
ic acl I met

adi pi ¢ aci d, bi, sdi g@ nmet hacr am de, and
i mi de EBRPBLAY %cguwt%@s 187% pol mnﬁf JAlsqrhavapt eﬁf@nﬁgrﬁua@onml tgan

N- et hyhiohl 18} ik detiorPdft dhad e fﬂ fae pﬁi@lﬂcﬂﬂg R iuy b@hﬁ&l@édl@hﬂ& removal of theSUi t abl e

exanpl es. of. t he rid et one [ ed. vi nyl
corrpou]ilf(‘.?tecélof1 heE?%BPIS%*hg ’}?I)l er‘?cl?lﬁa%end?oﬂgﬂ’i‘gé ER}?;’ fBTIP y ﬁh‘ E‘é‘PW pyri di ne
and di twangrofegtivel groaps f@@@ﬁhy&ugemMMSmfarmIMy afmind)e nitid geﬁ@bntaﬁﬁ@gou nd of

th meth hl o |
e o PSBEeHedenh RLAED S ALKl S BRS 080 JELMLbEL RERREEY | 200
t et r ai @8ingea terfiap emingr groppramt iRy gioupraepyridyh emuonmphwsnihomeecysuahmm

di chl ogd) m@rh{eqw%lubﬁﬁﬁmngiw W@gmgmrk g %ﬁfﬁbﬂ{s% ' | ane,
tri bro net.hoxysi | exachl or odi or 03| ane
1, 2- bi I%ﬁ?liﬂem Brhosp %?b%ﬁ?iaﬁlalnglgrgurb?%’(ﬂﬁi Py Arlstiggingany ﬁf@ﬁ"éWé grqumfor

bi s(t rargtydrspehlaydn boh Qé&ndéry%bspﬂﬁﬁd’ hedtigfyqshokERe floaP ®r a sulfur-

1,6-b hi t t
11 pheRBHBE RIS bmied B S REebk S p%ﬁ%wvag?wl OF P IRgESP tare of 2
tetr arthioﬂxoxijhcsb :kn&ls off éirstetlvaysikink anmpotretsmadyubeonsgd aloascor any two or more

3- acet
N-(1, ﬂ%ﬁ@?ﬁ&%‘%@?%ﬁg @“ﬁ ret hoxyS| | yl) - 1- propanean ne, N-(1, 3-
di met HPPBt B aamh%s)ofsu(omnomd bxwing py abkoxygply, ggﬂ@npand a@jtrogen-containing

N-(1- ’?6 f(ﬂﬁl@ﬂ’l‘) N ey tv&)t}frbﬁét}f'@%i’é I%]syf%} Wo W&Bgéh%%g f a primary

N-et h ene-3-(triethoxysily pr.opaneam ne
triet W?‘% ) ?pﬁo(gslg,-f?ntgmg]gjgxﬁyﬂ fq;p}gﬁa)gzsgbsgltutmg one protective group for one

3-chl ﬁfg@ﬁat@m 6fﬂ§é<ﬂ6ﬁdét§lahﬂﬁ€or aflteﬁlar ﬁ {d¥Ride W 8L r net hoxysi | ane and

bis(tr 1 il tr i Sui t abl e exanpl es of the
ester ésgﬁﬂﬂ%}ﬁ 1 ngﬁaﬁgb‘i@ml% OXIY nﬁd& i met hyl adi pate, diethyl

adi patbés(tromdthgsihyl)antiao@ppyinaheathexydiliasd, N/N-t er epht hal at e, di net hyl

pht hal ate, dinmethyl isophthal ate, diethyl nmalonate, diethyl phthalate,

di ethyl glutarate and diethyl maleatg. Sui t abl e exanpl es of the
ket one conpound of the ingredient (f) include

N, N, N, 1\ P-tetranet hyl-4, 4' - di am nobenzophenone,

N, NN N ,N -tetraethyl (4,4'-di am no)- benzophenone,

N, N- di met hy1l- 1- am nobenzoqui none, N,N,N , N -tetranethyl-1, 3-



Sui t abl e exanpl es of the epoxy conmpound of the ingredient (h) include

pol ygl yci dyl ethers of pol yhydric al cohol, such as ethylene glycol

di gl ycidyl ether and glycerin triglycidyl ether, polyglycidyl ethers of
aromati ¢ compounds having two or nore phenyl groups, such as diglyeidyl ated
bi sphenol A, pol yepoxy conpounds such as 1,4- diglycidyl benzene,

1,3, 5- trlegC|dbeenzene and pol yepoxi dated |iquid pol ybut adi ene, epoxy

gr oup- cong ai nin rtiary am nes such as

4,4 -di B‘F E?’SWPS&D’EH’@HWPH‘&Y iphpxyalagpdN.N-

4, 4 - i gbeindtsily bRz ik e gidRoghilgiedinari no. conpounds. such as

dlglyel ani t ha: t ol I ne,
tetr agl d tIhPfJéelXD %%ﬂéﬂ? é‘ySI a@F’rIgé)\fym dyl am nodi phenyl et hane,
tetr agll;as(ltmiylbthplsdybmyﬂrmnﬂmtaathmysﬂdncg|N/N|- dyl am nonet hyl cycl ohexane and

tetrag'ﬁi%{%%&ksﬁyﬁéﬁ gﬁétg%ldﬁ?f&ilgxﬁ)i? Nﬁnd conpounds havi ng epoxy

groups an unc

gl yei dd)%Wﬂ@?ﬁlylsﬂylﬁtmhﬂ@ﬁfﬁylm%thjddleﬁwgmmnddﬂW)r opyl tri et hoxysil ane, 3-

gl yci doxyas silicones, epoxidized
soybeag;o(l léi’lﬁ’))iéﬂfl)ag)%B zg%héﬂﬁldlﬁg%ymf’oo’gg] Sui t abl e exanpl es of the

phosph ?(Hleé@a%}y? QRIHHY Hfm?ta‘éxxsﬂgﬁeem ®nt (i) include pol yhal ogenat ed
phOSthﬁS{&le@l@TﬁMﬁdﬁn@pjﬁby]ﬁ‘&tﬁd)dygﬂdrﬁrN sphi ne and tri bronmophosphi ne, and
phosphl ds .suc phosphite, trinethyl phosphite
and trit® Hﬁﬁ%g@ﬂg'n)&ml?@mi’ﬁm@}y@T’tﬁﬁ%’@@ﬁ'ﬁ%&l\l triethyl phosphate etc.

Sui tablbm(meﬂmbdlbd;)anﬁmdﬂwln‘nmmM)mlmt\bNm ng acid anhydride group of the

i ngr ed'b?ﬂfrle(ﬂglsdy@%{n%g@}f{rﬁgﬁ%fél AnG ﬁr}pydrl de, a styrene-nal ei e anhydri de

copol ymer I'es of the conpound contai ni ng
aryl vi rlwq(trkgﬂzyéﬁalygﬂnwf@thm@p@aldempthpkymlam|N1Ne d| vi nyI benzene,

dii SOpfbiB@@iéﬁiybs@l'%ﬁﬂﬁao Jnm@eh REABSRRIIMd, SONERS.{ methylsilyl)- Ltabl e
exanpl es . of e.compoun

t d f ot
hor BERoeys) 3 AR BRRIOPYI ey Qlﬁﬂnspﬁﬁgo L e i On r(gtjf’g%m%hﬂlbr obut ane
;at c. 3- am1nopr$bﬁl&€eﬂ(§§ldiem9§ilaﬁ?,deN N ’Lm@hm@ﬂly[%ﬂlyL)W(B-éﬁﬁh@ﬂlﬁ)l%J ve g
ermn 1.0 C ou m e use
o one. BipmndpRo AR ARGt N A S B R CaRoHE Do [ 003v]  Such a
coupl i agllmgmnylmsthwhﬁm@dxmhn,el (3 triesleakysitylpropahe, 5, Setbtrdmethy B1-aza-| ess,
pr ef &1 a3l #iif4:9eh gfﬂtaﬁé) 10(3§HH1%'tH%xB Lifyib® glg-zoi skﬁ&ﬁﬂaﬁﬂtlt Qfa 8 5Substi tuent

capabl ing in the cou omm ¢ equi val ent
wei ght ’é?la‘t}’ﬁ@Pﬁm@ﬁ%l @etn&'!hﬂﬂdeth@%éllb’ Ard B, 551%teaﬁm§fh}’ér1mﬂ*y?nﬁarl zation

i ni tiafigfladye eHi‘Qﬁé‘ 1t@em@ﬂ9mﬁ1em§s%9sﬂy§prgﬁﬁ bers;s tétﬁﬁ{bt 1'R4AH.2 §he reaction

t f f k nd
wher oi fisies rﬁpg%oﬁﬁﬁblﬁﬂﬁg@?{? et P%éﬁb,az “ﬁ-ﬁﬁwcﬁpsaéﬁéﬁir I eretes of
Fglt ng @rimethoepdilyiliplopyd |AY ST afihylsN!-affethyidilpctieme g dpimihe, }ai[:sgl ned. [0?331
e ed conj ugate
di eng ?} %tL%BYSﬂzlr)c}Hg@%ﬁﬁpfi %m 'mfrée;thﬁ%ﬁ'fl Sg}éﬁ? q%o laglr“bedguéng oni ujm ga
second(magt dmthWIIEB@MHNMVdN@y&N dtiteshyilylbthane U3-dimdinet NHaast one
group flﬂﬁﬁé%h&(ysﬁ&lg r@ggﬁmw % }ﬁFWStrl&fethryﬂﬂxfig f?g&gpa{ﬁd%ﬁqg ;[‘jlf oi um

per ol ecil e and cond ion yst cant ai

al koxydii¢theresighpsema NN’ dlethyl%eteme.ﬂw %Ly&nml@gﬁemechmmé{%r per form ng

t he st(emn(emmsuywtmﬁniﬂawpg& @tﬁ 1dli@r4@egr§ﬂ1anet hgsstep (b) should

not betco @l J:;?Li as . bei n ﬁg li des an ven when those

ar e aRETy efoR R 4rey sl Gl Coohss PoREBRLGn, modi i ed

conj ug(dmlmbxynmﬁeylmlyﬂ))sp:ropyle]m-bﬂlypi\bc{ﬂfeﬂwxyamlybmcﬁmwﬂhﬂsﬂ}(ll-_eitlfa&é-II,\ZDde for

Per f Orcﬂ@rﬂﬁl%? N-[3-(tripropoxysilyl)-propyl]-N-propyl-N’-(2-ethoxyethyl)-N’-triethylsilyl-p-
phenylenediamine, N-[2-(diethoxymethylsilyl)-1-methylethyl]-N-ethyl-N’-(2-
diethylamino-ethyl)-N’-triethylsilyl-ethane-1,2-diamine, N-[3-(triethoxysilyl)-propyl]-N-
ethyl-N’-(2-diethylaminoethyl)-N’-triethylsilyl-ethane-1,2-diamine, 3-(4-methyl-1-
piperazino)propylmethyldimethoxysilane, 3-(4-methyl-1-piperazino)propyltriethoxysilane,
3-(4-methyl-1-piperazino)propyltrimethoxysilane, 3-(4-methyl-1-
piperazino)propyltributoxysilane, 3-(4-ethyl-1-piperazino)propylmethyldimethoxysilane, 3-
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A first node for performance includes (b-1) a step of mxing the nodified
conj ugat ed di ene polyner produced at the step (a) and an agent for
produci ng onium (b-2) a step of mxing the m xture prepared at the step
(b-1) and a second al koxysi | ane conpound havi ng an al koxysilyl group and at
| east one group convertible into an onium by means of the agent for
produci ng oni um per nol ecule, and (b-3) a step of mxing the m xture
ondensati on catal yst containing netal

prepared a the, ste and a

el ement hiflo]r p’é’F%E&?&E’rPH érleé}éﬁ?‘é( s3-(3-8dybAd Mode for Performance)

A SGCOF[flng@?ﬁo)‘;Mpyﬂllﬁliﬂ@hdﬁ?/Bﬂﬁlel N&Jéﬂﬁsl(ﬂ@pe{ﬁmﬂo)@f@ltﬁiﬁu@kﬁﬂﬁg? t3]I?@ nodi fi ed
conj ugat.e po e ste and an nt for

pr oduc?tn e(’)lﬁllﬂ%? ligp )32130213 tg?@)‘(rpﬁtg‘oﬁféhﬁqi’ t@”’ﬁ?@'ﬁﬁfg “at the step
(b-4) @perannd)@rmrﬂtrlethoxmlhhy,s%(4ctnmm6ahylsﬂgg lnppadazmbWﬁﬁ)xtd‘x@sﬂane 3-

al koxy ) e prepared at
t he st qu ?gﬁgﬁ ﬁ?@ﬁég@%ﬁ@pﬁ@%mﬂylﬁ cthox Eﬂd}}gm &ﬁ%’\r}lg%gfs %H;il koxysi | yl

gr oup d%EPT&%IH(P)@H@D’HQﬁ@ﬂyP‘dE#ﬁnéo}r(I trtmﬁh}élsﬂﬂt-b an onium by neans of the an
agent fdpoRBI RS IRINIIDREIBLES 9L, iflidyMyde Tor Perf or mance)

ncelnclu es ep of mxing the nodified

Athir

conj :Jgé’fnén;gazallé' )I%BP ??fyéﬁﬁﬂ?ea( ‘ttrllﬁlﬁglybsﬂl@bl'( a) and a second al koxysi | ane
corrpouﬂﬂxdﬂg}drdwrmﬁdmbrbpmp?ldmc}thylﬁfr@dlﬂo@@ﬂa@é 31(Basine@RRIIGE-UP clonvelrt i bl( g 8)
into a nt r.adu i um per nol ecul e,

a step%Sgé}lr%ﬁﬁqpﬁ}g/mfwﬁ3y§F§?PXEI§Ct§$’@' gPlée 46( tf‘ﬂ’gﬁg'?%]b'i) (b- 7) Ioand an agent for

pr oduc ipireravimydyhutydiniithdxySijang, Nt[@gtrofethosgisilgl)tettey N (N Eﬁﬂnﬁhﬁléﬁﬂm&t t he

2 EEA?F{B diefH “iL‘o?r‘f;Qﬂﬁdéﬁ@*ﬂ°§@“%§/ﬁh?@2%ﬂﬁ?@mﬂ&lﬁﬁfﬁﬁ%%@lme A forth mode
for peffasniagMtd{(iHanaieysiy)-prpyH-NiNp Nofrimeshy gorane- Inbdiamineg Nebhj ugat ed

di ene Pﬁh%xyﬁ%ﬂﬁlb@l?ﬁ -Fbpy - ét‘h?pN( 8- d?rﬁ@th?lp%ﬂﬁﬁ@q RUBBOYES N-gﬁe conpound

havi ng  an al ko st one gr convertl ble into an
oni um 6§ W@éﬁ% pIQ y%%iﬁ#& J’Eletﬁa]t)%l' alﬂiﬁpm?%ﬁﬂg uBe, (b- 11) a step
of m x(mglethwymmhlylsulyl)pprepﬁ]-em e N’hﬁraﬁﬁahylﬁh)péﬁé lﬂn(ﬁamlrfeQN psation

t al t d d (b-12
e ot ey S AL TR B2 (PRI By SRRt B e TR R, B0 (For ™)
pr oduc[%@lﬁhpworo’tﬂﬂﬁ’l)l‘ﬁtmw ‘f(@-ret@ﬁypmpmﬁm‘,b])’ dlmethylethQné-llfl-dlanmnteNf-or

f ted di
Pl Y e B i

met al @Pg}?&wz/wiﬁ}hﬂm&gﬁgmpfaﬁché%ﬁwﬁm Isilylgthyyethanst by deﬁmlnc,ﬂﬂg t he
m xt ur - gﬁanamﬂygtetmﬁpl\wealeﬂ@iéﬁ)(2@&1@&1@1%@%11 16t Breﬂ%félmdﬁﬁhﬁeﬂ and

ggcoﬁél iﬁi%%?@?ﬂ%&y ﬂiﬁg %Fga Qa&c@!@?qxﬁg’éjﬁhg Pélb ﬁ% ?ggs? one

group mothyh:uperwme |lnﬁ3dtmmeﬁmxysﬂynyprnpﬁﬂ}3-méthylbmem& 14[@¥ produci ng oni um

por or Rl DR LT R hFD ererRi e Chaeheamr By SPOREE o one

pol yneme@b’miﬁ!n%tl &H@l@F@pXY%IV aJTdPBd]-éﬂn@bﬂsmtdamhm dHyst cont ai ni ng

i xur paﬁ"é”s‘wpraf’"myé“"“ﬁ’“aa@;ﬁﬁﬁ”Sqi‘é%%né’*i PSPPI Compound
havi ng™& y ggqnymml F’Gu]p' %&Hn’ﬁfh‘)lx%? hylsgl)greril-donvertibl e into an

oni ummythmmlyafop@ﬁnﬁcme;s {D(trlbﬁt@dy@l)@g?@p 1T Rethy pgb@wge and (b- f18) a
step q are e st nd an agent for
pr odum éﬂygm §’§8v3éﬁ#1€‘$wg’ &WbrWégg'e{hyﬁ 23%\ seventh node for
per f oi tetwalgErapycimidins, (m-tmpxyethylgxﬁ -[Bf(trprethoxysilpl-propwl]-ingidefuliling, 81 ng of the
nodi f i @dpaC agent for
pr oduci G @ﬁ#gﬁl}gkfﬁggﬁa gyli?%ga 51:0 n%@gglﬁ%g&ﬁgj\sﬁngﬁym g, zznoxym |yl group
and at(tﬂfé%@X)@ﬂﬁl)dn%dpn@bhlw@ﬂazﬁl@nﬁ, ﬁt(dwélmxaﬁﬁhumlbl)) lrﬁeans of the agent for
pr odUGHi&fyIRR]dPBIRE e, POt SGHS Sysil @dféﬂ%ﬁﬂ&é& ing metal
b errenltlzg 3/ ﬁ ko(z( 324’( o e)?ygg ?rrlg-q ihON-CRhBY I mERPRA IR
dlmet lplperazme 5- (tr1ethoxys yl) 1 3 d1pr0pylhexahydropyr1m1dlne 5-
(diethoxyethylsilyl)-1,3-diethylhexahydropyrimidine, 2-[3-(2-dimethylaminoethyl)-2-
(ethyldimethoxysilyl)-imidazolidine-1-yl]-ethyl-dimethylamine, 5-(trimethoxysilyl)-1,3-

bis(2-methoxyethyl)-hexahydropyrimidine, 5-(ethyldimethoxysilanyl)-1,3-
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(Ei ghth Mode for Performance) An ei ghth node for performance

i ncludes (b-20) a step of mxing the nodified conjugated di ene pol yner
produced at the step (a), an agent for producing onium and a second

al koxysi | ane conpound havi ng an al koxysilyl group and at |east one group
convertible into an onium by neans of the agent for producing oniuna
per-nol ecul e, and (b21) a step of mxing the mxture prepared at the step

b- 20 . i t al.yst. taini t.al el t f

{1 koxy S HGiRe G RS G R, LR e B RH PO & ni nth mode
1; or perdiethyrlﬁmixhzblmdihumess-(rietm)riibyl@tr@@lpg,ﬁrdziiethdjlgiﬁfeﬁtrziﬂ%?ﬂi _E.l;:ied com ﬂ%a; (ra]g R
i ene r e, st.en. (,a) :

conden IS RE AT E o By i TRy Riper? et (i R R as b e

c onpourtieropgihexghydagyrisidine ps-63-diethoxpethy lsdbylrprepylj-¢,3pr epared in the step

b- 22 j i I | ro and
B | om0 SRV DR S PSRN S OF OF',
pr oduciPigPybhinydaptiding ] yHwthyl-dimsthylamisele-Gotrinrshaxysidrizepyl)-1,3-bis(2A t ent h
o] U e I ool ks | ane
conj ugat. u . . 4, i Xysl
corrlpog W,Sﬁggﬁﬁqﬁ@y Opﬂlmb‘g’a‘?jﬁ"ilﬁ’ﬁﬂ’é(ﬁaq%@égrppblﬁé‘n@ﬁﬁwﬂé%ﬁe?t i ble
i ntg adiab]mjrlamirtmprqmraﬁmedioy@pila_ﬁ@eMirﬁarlylmlimbmljwri@?ioumillaﬁkié, 3ol Iecul e and a

nden : ni t enent (s) .for al kox ane

g8mou?gﬁ?}ﬁ%ﬁgl%%g({péﬁlegﬁg#%%ma;}g ?ﬁﬁilln%éhﬁ%m&oy&ﬁbﬂmﬁ 6&%‘@8%’/’ " the step
(b- 24) ctwtmethylagérapropyitristhokysilang, duimethy pod89forFhvkthyldimethokysgangBent s
used ahiertﬁ}@arﬁfn%Br(fp?)métﬁyﬂfe‘fﬂﬁﬁﬁﬁne DBlaner ylamirllo&ri(giﬁé{m(lﬁﬁn&ﬂoﬂ{ag?ﬁle?gxys' Lyl

group i.n t'he second al koxysi | compound’ I nc groups sim

exanpl S6thyHampgpLopy dimethoyyeilane; 3r t he first al koxysil ane compound.

The al kibylséthylam@iopedpyileinpriimetorgsiphk®xysi | ane conmpound is at |east one
and, f&gynl?g I.eWwpoi nt fmr,}ﬁactt' on gffi iency, it is preferable for the
second ?églﬁn é’r%pc}'%ﬁ HEBOREYE % Wb or three al koxysilyl groups and it
i s nor dinmteflemaivpeoptytmbthy klidthoxgsilalek 8xdjathy lphirgpespydmethyldiethoxyEkarpl-es of
the gr ' koxysi nd,.and canvertible into
an oni g%tﬁg%ﬁg{e&gdﬂgﬁtﬁégﬁﬁ%%?ﬂloﬁgjo)é%ﬁl%ﬁ@glg r?])ggfrg {;lygdrhgt ﬁ%x}gﬁ%ep? "a tertiary
ani no @thtsmﬁthxdwmwmpygwémdth@wlm 3group, a primary phosphino group, a

secondahyniisaRhidderdyRiBy1dRtHRYilAak Y3 -Phosphi no group, an epoxy group, an
droxyl group, a carboxyl group, an

i socyanat e. grou t hi oepoxy. gf.oup,. a h

oxet an@?@?fggigylgg@yﬁarpmogropgﬁgw}hogys1(13@\1:,1e hanol am ne, benzoi ni dazol e,

mel ai ndiectharyadhylanshopropyittmethexysilage,3econd al koxysi | ane conpounds may be
m,may be used in conbination. [0040]

used aj. r WO or r.e,of the
Exarrpl(!le@rggtlhO%’%%ﬁ%%%lﬁﬁloﬁﬁqygﬁﬂagﬂx‘éﬁl%?95i Iyl group and a prinmary am no

gr oup, diémetboxyedlal)ansinoprepytriaiigxyailares 84 ary ami no group, an imno group, a
pyri dyd; i j roup, a secondary phosphi no group, a
terti arf@%ﬁaé’g%]@%%ﬁ%@ﬂm%%ﬁg&gg%%fgup, an isocyanate group, a thioepoxy
gr oup, ditethxamestyiagiaemsordirdaetbexisilaes dup, an oxetane group or a thiol
group diehdxget hmﬁ{UIpYo;SrXtﬁ@ﬂJoﬁ?si&Be,tﬁ&i(éth?ﬁ&néﬁﬁ%?ﬁﬁbﬁx%ﬂﬁtﬁ&ﬁm&gﬂ%e,as

)
ment i in e anation.of .the. ste a) but” also 3-
am nog{lg‘g?’lnﬁﬁuaé‘bﬁg%?g?ﬁ’rﬁmélf“@?@ﬁi‘mﬁi‘% yltriethoxysilane, 3-

di(trimethylsilyl)aminopropyltriethoxysilane, 3-di(t-

butyldimethylsilyl)aminopropyltrimethoxysilane, 3-di(t-
butyldimethylsilyl)aminopropyltriethoxysilane, 3-
di(trimethylsilyl)aminopropylmethyldimethoxysilane, 3-
di(trimethylsilyl)aminopropylmethyldiethoxysilane, 3-di(t-
butyldimethylsilyl)aminopropylmethyldimethoxysilane, 3-di(t-
butyldimethylsilyl)aminopropylmethyldiethoxysilane, 3-morpholinopropyltrimethoxysilane,
3-morpholinopropyltriethoxysilane, 3-morpholinopropylmethyldimethoxysilane, 3-
morpholinopropylethyldimethoxysilane, 3-morpholinopropylmethyldiethoxysilane, 3-

morpholinopropylethyldiethoxysilane, 3-piperidinopropyltrimethoxysilane, 3-
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mer capt onet hyl tri met hoxysi | ane, 3-nercaptonethyltriethoxysilane, 3-
mer capt opr opyl tri met hoxysi |l ane, 3-uaercaptopropyltriethoxysil ane,
am nophenyl tri net hoxysi | ane, am nophenyltri et hoxysil ane,

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

3- (N-net hyl ami no) propyl tri et hoxysilane, N-(2-

am noet hyl ) - 3-am nopr opyl tri met hoxysil ane, 246-

am nohex m no yI tripet hoxysi | ane, the npercpatosil ane corrpounds
r eci teoPlfv"?\‘)d:%l Shayys nesg GReeidEoRipY bpsthy dimethowiland, Ane,

3-gl ycudpewd j n«gﬂdbﬁléﬂhﬂdmwak&sﬂaﬂe B%Ip@h&ﬁ?ﬁ@mﬂfeﬂ@ydlj&?bg%n%atI alne

epoxy- modi fj.ed sil.i cycl ohe r si | ane,

Spgl zmde?&}Jﬁ?%%’ tﬁﬁ@%‘“ﬁ”@?ﬁ%@is ﬁé Ys g%ﬁﬁﬁ ’895535 hoxysi | ane,
3-i socycasfat(ﬁpnﬁhyxysrly})ptmbﬂyanéthyisalylé}mnesmﬂycmnﬁioopdpwhrhiatnlng lafli et hoxysi

| ane ety gtp% Ik S ne conpound and anot her
i ngr edi g}}]t %’%ﬂé dhe ﬂg cor?ﬂugg)tg(g%%’&l é%u ) Nylrerer pr (r)rguged at (he step
(a)) cems(ﬁ@ﬂ@dﬁ‘ﬂr}ﬂ)@mlmm@y@ethymlale'sh@lxmllaoﬁ, NThe m xi ng has no particul ar

lim tatbhgﬂuﬁéthﬂ@ﬂmﬁnﬁaeﬁﬂ%byﬁ}r@hmmmyo Sil4re/ Nipgd out by using a batch-type
carried out “in a continuous node by using an instrunent

m xer
such a l%tr}%ﬁnﬁ%élﬁ)ﬁb@leewwmlmb@ﬁmm%“Nn line mxer. In addition, it
is pr efbﬁ(&bﬂl@h}ilh@ﬂ)mﬁopﬁpjllltm@ﬁby@)ﬁléﬂél $- (Bﬂtﬂétﬁ@(}fgﬂy]@ﬂj’ Pgyoraed 5-n advance of

\rllgglt gt e A an"%?%gﬁe?“ésrﬁ V&p@é}%g{t{e&y@@%g@ aaﬂngﬁﬂrlyl) Leatment,
po! yrreranzmpropylurg&@qygme [-00aehylstlyl22 plietthoapll ezbadiatydogmomnaiNof  a

dra |
?rglcgne é&:@va ent Gk 5% q\l ucﬁ@t‘ﬂyf ﬂ rtmetﬁzféﬂ?lgeth%} &t 2+ d‘l:“zﬁ‘ﬁltheq\l@
mol e- euiethoxpsity Dapioghitl-N N tdﬁeth)é%e@tmfttbylﬁlﬂﬁé @éhﬁnpvleZ-dlanen@B -@he conj ugat ed

Shé{‘?e?ﬂ%’%tﬂ?’sﬂﬂ”wmﬁ?@@ E‘ﬂ%ﬁﬁ‘m‘%gﬁ?ﬁﬂ&m&m@t N a koxys | ane
corrpouHHn%ﬁ?]ﬁq@Bﬁggir g’i %t (Hl”Fﬂ?)‘?ﬁyg'llﬁ(l) By E}Q’IIPIP%F%HW?G ability to

di sper geinsethoziysitydy- ¢J3n@n&a@@r]ﬁ&mdmﬂldmebb(3 tmﬁaue;dysﬂ?l-prowl)fll Tient degree. As
a resuhlini,l wgﬂldwoqld’u?ea%tdu%%ﬂ&ia?ndlaﬁﬁrgﬂyﬁ{r%gﬁg i nt.o a,cross-|inked rubber

conposi may ~occur J&% Pon nade is inferior in
t ensi | éleﬁwﬂaemgmbwpabmmﬂmnymbsc S émtcd;yl&mmopmwmahms}tsdama 3and | ow

hyster @&t}ﬁridnﬂﬁépﬁpfﬁ%th?(vsﬁ% bls &ht:tlﬁox%stﬂ&/l)g og,&gge&?@g@%@gsmf 2, BEe- the same

one both as the oxyS| bxy I | ane
conpouﬂﬂmemﬁ’xi’ﬁﬂlyypé%élmmﬁ@yﬁ‘V%“!n%ﬂ‘f silike A profepdld nay be used in an

arr:)unt 00{26}1 Exdiiples 6OAIEMAh SN hwleingfah afx Bﬂ’ﬂ%r(\]ﬁﬁihdrﬁﬁﬁ% Jo?a pbPg aC{ ive
site o conj.uga 0 ni c pol ynerj zati on.

In thi®T E@ﬁﬁg’(‘:‘?{%‘ﬂ éffeﬂa 8%‘%%%‘#@%%@?73% gl@éé@aiﬁé%r%&%%%lnﬁn@ conpound
as ﬁ g(ddi -fricdryldtlagli deae)pdu(trietholxgsilyl)- mpﬁ“@iana:nﬁme,r‘td eﬂi(ygilglpitl@s ~(trleeliozgsilyipcl ulde a
met ho : 0 addi tion | r I ona
armount 5 A s RS P 2 i TR P R B S TRE ot ho
of adddlmet:lwlmlngb@zwbéctrmﬁo(ﬁmthoméﬂéﬂrp;dpamamh@ bt (ewelohexAtidened)dnal | y t he

ol

seconcttﬁéth&a%ﬁwbaoﬁrogameﬂﬁ@ tﬁmym%&ggﬁq cbﬂlpsliﬁ] ﬂfefﬂlaféyrl Hﬁ)ggéli@/'l o e

cont al ni ng a drocar on SOI vent as récited
speci f‘ioé‘&%qulﬂijrs épdélt?cfﬁ Wdimstbomistycogypoppgs Q%@SPWdﬂnﬂetoﬁbfP H@ﬁ hoxbisibd19 of the
speci fdoﬁqiduﬁdils lemtai)ameals (Sthrh%ﬂiox sif Ass @ny@eRaidatsle eNas- which the

o 1 eSSt B0 AP eRE BB Reroiprvg éﬁ‘ cEPR b gg;lggangg & the
pol ynE(B+tnaﬂhomysllthmgrl}am5leddzoﬂd)é Imama@&leﬁdindn@?ﬁp}d&imﬁhéxysﬂﬂlebs- utilized
j ust a Xblkd%?{enéﬁﬁﬁ)é/rbﬁﬁUléth)@Slﬁﬂ agbl e range of the tenperature is fromOC

to 120 nor e “sul |l e range is from20C to 100C. Decrease
i n t héexanpdykneiminesppy methyddimsthoxpsilanerease in pol ynmer viscosity, whereas
i ncr ef}éﬁam&h&féﬁelhﬁﬂaﬂ%}?}lHﬂh?ldﬁﬁ@@l%x}s@laﬁé"33e deterioration of the

poly zation active term nal herefdre, the tenperatures falling outside
t he nisBmedy epeipyrons pRdmethyidigihexysilane 3unsuitable. In additi on, the

sui t aMeﬁarﬁéthyl@ﬂelh‘luﬁ@rbﬁylBﬂl?fd@d’tﬁ&!y)ﬁléxfeoﬁﬂ ﬂf%ﬁh@s é&hfhabfﬁ rs%u&ﬂﬂ:s'gpr e

preferab our 0044] e agent for

pr oduéf'i %‘Pﬁlﬁfmg ﬁzc“%@% rﬁfét aFn fhay ‘ioééga@ﬁch as a
tin hal- (ljﬁdmethylbnty,hdam)aﬂ (tﬂbﬂhdﬂ?d’ﬂ&l)l—ﬂpro@ﬁlﬁﬂaﬁﬁﬂd N-al -hietlgxmpwﬁylhﬁhb)d?-
conpound, a zirconium halide conmpound, a gernmani um hal i conpound, a

gal l'ium halide conpound, a zinc halige conpound etc., a sulfuric ester, a
phosphoric ester, a carbonic ester, a nitric ester, a carboxylic acid, a
sul fonic acid, inorganic acids such as hydrofluoric acid, hydrochloric
acid, hydrobrom c acid, hydroiodic acid, sulfuric acid, nitric acid,
carbonic acid, phosphoric acid etc., salts of inorganic acids such as




The suitable amount of the agent for producing oniumused is preferably at

| east 1.0 nol e-equival ent wei ght and nore preferably at least 1.5

nol e- equi val ent weight, with respect to the active site of the conjugated
di ene pol ymer produced by anionic polynerization. Wen the anpbunt used is
smal l er than 1.0 nol e-equi val ent wei ght, the progress of conversion into
the oniumis not adequate which sonetines resulting in the rubber produced
bei ng i pf.erior .i hape-ret.ai ni n roperty. The net hod for addi ng

t he age& 16?’8?"'39?’@6@81“%@“%’&%%&% trifgetienisiixiprenyl 4. fridihdreimidazale, dx@npl es

t her eof trietledxysiéyl proppk) Aot didfyd adielidai-6ls, Nx3ﬂﬂﬁleﬂibﬁyﬂlyﬂgﬂ6pylﬁ4ﬁelhhﬂﬁjzo‘lg ar@ddi tion
in fracﬁ(?ﬂ?i'eth%{?ﬁs‘i’%ﬁpsr arlg %_.rret hod of cant Hs}uous addition. O these

met hods, the netno ofPa 3Itlin8ﬂa7t9 BRE™S ?Jré tion is preferred to the

ot her s.[08gd] t Examaplesyof & ¢renged haviog ap allowugsilyd gromy ahé apidghotus-t he form of a

sol uti t.8iond : lhvent as recited in
he. paranrannd sl Bty SKEMHing 160 pior VL BEARR T AR N e R3O i e 1
the parifpapphosniong e phagphopesciontaining grpuprfognedby, subsilintag ouspmtacinper at ur e
at whi gliotip oramehydiogtn RloBHIC kyphdsphifieX ' b d jents
(e.q. ;éio'}b):t urr e o? togen{ngdi fi e%&g%%g%%%gﬁgi i%gm;g%%ﬁg?ﬂl&%d c@fﬂg at the
step (a?}‘[?é‘ﬁaoqt?fgl%@r‘ﬁi ngxbyﬁli’%‘%m@d}?ﬁm%t}vet%@lm@F 9ReRydragenogiom
tS e rrpe][ atfarthiobinclue mbbjsa}gimeawlsilyu)@n@spﬁmopf@'yhﬁanyllaﬁnah@?ismd:éjg,qst a; oict is.
peci f iheal I r e t te rature is from to 1 '
Addi ti cl??l hil_'%/{?th?,ﬁgi;lﬁéahﬁgé}ggﬁr?& f%&&?f@éﬁ?%e’ re preferable. Decrease in the
t enper itrénetbyladyliphosphiseprapyliviethaasitanenP,pol ymer vi scosity, whereas
i ncr ea%(trﬁnéthﬁSﬂﬁ%%&tﬁggéﬁﬂgﬁﬂ‘@%Hi&a %ﬁa?‘ﬁtqu_l oration of the

pol ymeri zati on act . erefore e tenperatures falling outside
the nu t@%‘ftﬂlflé}iadB)@ﬁlﬂemqt@dﬂmwyaﬂ@eulﬁ’uitabl e. Additionally, the

sui ]'EabIbg;l(ﬁ‘ir?émgsﬂ)il)ﬁhoblﬁqiﬂfﬁ{ﬁfrféﬂioxyﬁfag@li,.Pm nut eht o 5 hours, and m)rﬁ

pref er fr 2. mnutes to.1 hour, ... In this connection, in the
presen 159%%%’3‘/%@#%0%‘ﬁ%‘?%lfﬁﬁ@iy%l@athewlaa%&é’d di ene rubber, the nodified
conj ugatséutinetitieiglypphysphineethylihethghlidtkatyeidaaf 8er addition of the agent for

Pl ke Lo N RlaYE M ol AR o P B PRIBRE. 83 Lt e
di ene prsthEpBosphimoprrpyltrindoxysilane Sedicthylphvosmhimprepyltsicthozysilaas, 3-hr ough

cont acgthpﬁhé@ﬁﬁgh(t,gi,ﬂi@ggdyyhﬁg{eﬂp,&?g%gng oni um and water has no particul ar
[ exanpl.es thereof include (i) a method of adding

limtatjon, d, pref erabl !

wat er ﬁ?lyﬁeqtﬁﬁaptlgﬂpgﬁwwﬁﬁ%ﬁhowlmén after the step (b) and m xing them

(i) adimedthdphaphmdgiopglnretb@dithdthekysilapased by di ssolving water in an

or gani g nt,.sol ubl.e i.n hoth wat.er d organic solvents such as al cohol

to thegfﬁtaﬂ%%nlg)rslgl%?lﬁf’i)}gﬁle%ytkgp’ep’r?éy@fa&&a?b) and mi xi ng the solutions, and

(iii) dmesiyipibsphinnproppigtitybdimetioxpsitansd-uti on and/ or the pol ynmer and wat er

si mul t &pgy YARALY! E R the steam stripping process after

t he steg Elf)l; @h%%gég&#g{a%%%@%ﬁ’@_a met hod of m xi ng the pol yner

sol ut i Shylakdndphaspkingpropyisethiidimashasiysidaneudt aneousl y wi th sol vent renoval

i N t hecthjlammy Hds?mhaﬁopmﬁ@ﬁﬁnﬁfﬁoﬁysﬂah@, step (b) is especially preferred

in texre‘?‘s ﬁ‘{?'@c ﬁhil ive for )ai,on of .oniym structure. [0048] Additionally, it

i s pretBEgpiRhos PW@H&S‘@?&IB digthexysigee.3saction time is from 30C to 150C and

t enperditthyphosphimypeopilbhyhidtotysiimme3@C to 120C The nodified

conj u i . r.u at the step nay be in the state of a pol yner

sol ut %@%ﬂﬁ@ﬁgﬁ%ﬁgy Sﬁhyfdﬁegh?’fyﬁﬂa% §br oduction of the nodified conjugated

di ene diethylwbesphindpdepydcthdticthodesitines3noval of the sol vent yet, or it may be

prepar.gg | I:] d _sol vent renoval fromthe polyner
egﬁr 18%’[ ol g%gﬂl.?%)rt) Bl 8}{%&1&%&%

sol uti S p m&;l r _ and subsequent drying, and then by
di ssoletgetybhespiinenropyeimldigthexysidaneedt such as cycl ohexane. [0049] As

the cangensmhbabikthaylindRilailang diiica pRb SRR iBhodl4any S| | ane

conpounds reafter sinply réferred to as "c Ion c yst" too), it
is pr gffg’re& N IWéoﬁl@Bﬁ@%gﬁxﬁﬁgéﬁi%l yst including a netallic conpound
whi ch digehgliphssphindpegsimeryédiebaysilehement sel ected from among net al

el ements. i ncl.uded in the gro t he group 12, the group 13, the group 14
and t %ét%ﬁ?egﬁtpgSlfgmﬁca{){?@r%’g'ﬁm%gy@hflgg?’@gﬂ%é?l§é nore specifically, suitable
exanpltrmsetylsileneredabdprepdirenetheyysilad, §de titani um zirconi um al um num

bi smuth and tin [0050] Additionally, as the condensation catal yst
containing nmetal elenent(s) for al kggysilane conpounds, al koxi des,

carboxyl ates or acetyl acetonate conplex salts of the netal elenents recited
above are preferable. [0051] Mre specifically, exanples of the

condensati on catal yst include titaniumtetranmethoxide, titanium

tetraet hoxide, titaniumtetra-n-propoxide, titaniumtetra-ipropoxide,




tris(acetylacetonate), alumnumtris(ethyl acet oacetate),

tris(2-ethyl hexanoato)al um num tris(laurato)al um num

tris(naphthato)al um num tris(stearato)al um nurn, tris(ol eato)al um num
tris(linoleato)al um num bis(n-octanoato)tin, bis(2- cthylhexanoato)tin,
tin dilaurate, tin dinaphthoenate, tin distearate, tin dioleate, dibutyltin
di stearate, dibutyltin bis(n-octanoate), dibutyltin bis(2-ethylhexanoate),
di butyltin dilayrate, di bu | ate, dibutyltin bis(benzyl mal ate),

di but y! et %ﬂ%‘?)gm@f%ﬂoﬁ@?}’ tﬁ‘ﬁ{hﬁf‘@np aNgi _noctyltin diacetate, di-n-octyltin
bi s(n- Oﬁ-tﬂmeﬁlybjlylmhrea]ﬁﬁ;ﬁbyj'ltneﬂl)bdhsﬂlaxﬁﬁlhlyé Isexanoat e), di-noctyltin

i - n- oot otk TRy el SGiubpidhét weketylRaackiiy

cat al ys$-srlmcthybdyhmrca;tw%lrn@ﬂ}y@m;zthoexglanq>S -de), titanium
tetra( QHh?gggXﬁ‘lﬁ@fc@%meﬁlk]n?&@lﬁfemo&gﬁgﬁg 984 g)etﬂk%mjt ﬂ'i th%sI CrO%SQCtIOH 3-

tetranp rconi um
bi s( 2- elinkansiphasriiperopy rnsthernsilange 3- dmly(lmlpéa&pdi)rmpmm'hmﬁmmkam Sal um num

tir-i- nflﬁﬁmylﬁl@'lm@llcﬂﬁfbﬁ%ﬂkrﬁﬁéthﬁaﬁn@hﬁ iR, siris(2-

et hyl hexan um num tri.s ar.at 0) al um num zirconi um
tetr akﬁ%‘fnﬁﬁﬁ’ﬁ \)Y§E‘éﬁ°69f8?’@}’y t%mg@% ap%.iSs( acet yl acet onat e) ,
bi s( 2- enmptﬂyes»ﬂgrhnataptbpmppmetmxyarlaﬁaﬂdts n bis(2- ethyl hexyl mal ate) can be

ted | es, th t of h
cat at y SPRESHR) BB SRR FhemobORE o REHHEOE el Srent (s of "al Koxys: | ane
conpou n@I@Q&] s Byrsubimcting thefaoningdted diame polymur daeingiau allahitmetel cgmlkaand m)r e
prefer %Qxltb.( n{efaq D RveehRinal tf&QJeéaﬁﬂ%M% £t al%{([‘%ptane %JD@SEE Ghte E)

al koxysj roup present in the reaction s anDun used is

smal | e F‘ilﬁaﬁﬁq@l of alealine-sarth metal aeti vicleninal is mads to gerabise aiith ane ssonfidesat i on
react i @Ro bBmboed alﬁéﬁyq gh@hﬁs b%ﬁlblea Qid@lﬁ‘iedrt%ﬁ_ﬁ}gafeﬁ@héiﬁ%owmérhﬁvﬁl Agensation

catal yst in an | ar equi val ent |s undesi rabl e
from aﬁmé*@o"ﬁmﬁr@g% a g\‘ff‘éwq ng?ﬁ@ g?lb’é CGP\A%FI?Q taisddensat i on
reacti drddlts)nally,eh@lfjrst pkedmﬂan@cdsmpmai‘du remﬁted) Ibove can react WithRRogjuggtedmect i on,

the nmey e Xst; & a. nodi fier has no

parti cu f) e?sdﬁé\ﬂ% @)&%ﬁ%?}g?k &t eo g]a 3‘8°5%‘%"Hod of addition by
one opéﬂéttiomlly, @vwetfn@me@ﬁf thefetinapaynds arefnloammmmki infzampks destridediptdrod of
conti nﬂﬁy%a@géihﬁédoiﬂ thdprebdie BfveABON RIS the bﬁv}rﬁ%hﬁf& IQL.CtﬁngJlrtllllt rc]tgﬁ Wittt

oper at i og gl%e%ér reld to the others., Addit con 21 onh
cat al y&¥ ?ﬁa@ 1e4AGtiRg af gremirciag agrtvhen ﬂ%?d(rﬁf%mﬂﬁgﬁ‘asu@m vent such
a hydr caapdaitions ahi aﬂpamag aqm;teed dfbeing@xPélcafindBl HRkEstfl0§h®hen they

speC|f| a zer as.recited in the paragraph 0019 of the
speci fi cé’{‘%dgﬁm&"é"ss hnkegm% GHFYPBRIIS:  even when sonme of the foregoing

condeng@29bnModifilatien sactort foir intngluniegdhose lfesteititoxg3ildne comlplsoxdsihtoane

conpo the ca be ed
e et Al B AL LA et TR BB b ot 87 Meact  on
or i ntRFEENES K- Zoin faketicn teastips; (Wheredjr thquluand ugéfemay b@lpsolubm/ ecmtmbing into
oni unsmyhbraéts Mﬁcm@mav&dn&aaéa 5 ol maiaayy ﬁiﬂe?nerl?é)r%&?i'ﬁ’égt? \Arﬂf%

alkoxysllyl e _groyps copvertible into oniuns are derived
from B¢ d?aﬂ @3’&‘4%‘?8 ag 6‘?7’6%?9{6’5 Qél%té‘ﬁyﬁé?amﬁdr%’d by sging ﬁtb?tcéil %¥phj ugat ed
di ene rpmittymr&nt wniaty fve cm&tedmubimkommdbwmwd beasigein igtrament sueh Bf #r ci ng agent

| ow ny et ERELCSPIRAR b8 et WRSES ARGl ischr BERR LR FEns s |

i mpar tm@khﬁ{:ﬂ@&&]aaoﬁ\lomsrperfmenfadvam xf mgldulsepetandlemeqmrmlfoc adladntst with

ot her Lagua roduced at

t he strep C%e%ﬂﬁer{tew grr gg&ﬁm’é?ﬂh&{tg% @%I'Ii umgfr%t gﬁngfgle%% y from20C to
100C. %@e@ pﬁ}tm@maewpéqaa@me tends to cause an incr ease in pol ymer

Vi scoqo@w] \mqbQﬁ@ama&&%@aqarstrhlmasﬂﬁmeﬁ@buﬁ@uéea'}ﬁ!ﬁletlﬁomeaﬁ) deterioration
of the rrenzé@g}n &]ﬁtlv%gtermn . Theretore, the tenperatures falling

outsi d cflﬂ ThiSrREFC hige ﬁ@élf%yeéﬁnawewowew@fié%mm ggounf 7] On t he

ot her l&mnol] n@olmequivgleht Waghsmmisahalalmeféfa@m tﬂlatr’ﬂlélﬂirs@ aH@x?slmﬁélLS fimd mor e
er tha m nut e

prefer abI hour . The.

does ﬁ8{np %Waééﬁ‘g%‘tg??sgﬁ 30‘?101& %&“h‘@le%ﬂﬂgg}at"ﬂ fﬁ?Bﬁ%@ "F? ﬁ%tweéﬁﬁé?thFhan 5
hour s cogjugateé dienalpbbynsir peelucbe byranioniy foasnalzmtady Whas tedcidded sabudtat i on.
[0058] [2] Modified Conjugated D ene Rubber: The nodified conjugated
di ene rubber according to an enbodi t of the present invention is

nodi fi ed conjugated diene rubber produced by the use of the hitherto

descri bed net hod for producing nodified conjugated di ene rubber. The

nodi fied conjugated di ene rubber |ike the above has high in Money
VISCOSIty and i's superior |n shape stablllty and excellent |n morkablllty

2 om om m\




[ 3-1] Rubber Ingredients: The nodi fied conjugated di ene rubber

i ncluded in the rubber conposition of the enbodi nent is rubber containing
the nodified conjugated di ene polyner as nentioned above. It is preferable
that the percentage of nodified conjugated diene polyner content in the
nodi fi ed conjugated di ene rubber be 20 mass% or higher; it is nore
preferable that the percentage is 30 nmass% or higher; and it is

particul grly preferable that the percentage is 40 mass% or higher. By

adj ust i ¥ es§ﬁ}é£'cQ)LF@i?‘eib‘€VQ€Wt‘ﬁf‘géhtt teprogresspf saodifagatinn gerstion is eschani cal

proper tadeguats,uld tRsabiiiiistol dispeist aneinforaing agéraAidt 08 iyrovtd & £ \ifdent
cr ack-g(i ow h resi st@pc %Bgeﬁggg_l%l on resistance of the cross-| l,nked r ubber

conposi 15T pr s ABPRLreagqruprdych i ma a pgss-tinksdal |y, the
nodi f i extbbarjoupatitidndiaseresometives ooeyr it oid the onaplditich ®hdeBdhfiietin

j L i . t.ajl n t ki, nd f dified
con ugariaegEARnARITR rosRlpald, yRYERS Fulte MRIGK RIFEH ISR Srfhsgit ed d ene
pol yner (s), thdditiennlly the mstivdigasddingliherfostaikigysilaneconpotiad as otdifier ubber
i ngr ediRBhg pafaecaliP hiﬁﬁtaﬁt)n,oinﬁ%&aﬁlﬁgg%eréd}gﬁﬁgdeeﬁéétfh'oa gk g@&’ug@ﬁﬁ LAl rubber,

ber, nodifie ut e

synt hetic isSopr en%Pr %bgrd_ but adi ene, rub adr ene_rubber,
st yr endPEIAILB: Method b additign ) fractipnal arpeunds #idkamethad of eesiimuous addition.

et B %| e r@ftaese: 8éthads; cﬂmhl yttﬁe% of atdlesn b;:e@ﬁ%@mmwb@féﬁfw% @lﬁf‘otﬁ&@.ol)% mer
rubber, ryl oni tri.l e- hut adj ene copol yner . rubber., chl oroprene rubber,
nal ogeraPEERTRy e FrfalitIglspr SnEBPGianbe il Hirlorppbaporaon

but adi enstaisepa evrgugaspblignemonainbess, recisnidanheparagaebi lddfahe- | sopr ene
copoly : r - i tar .l e=but adi Q [...r ubber,
eyl oA ERE an SbURAES1RE bah Bl il e FAFaaF RO B ol

pol yst yPesiacabienydhiydiacashen sadvsps asresiied inl the katagraph PALS of thadpevificaitor st

t her eof rafoatlzihi8 Re @il &h tHetRPRag @19 e SHeBYiRhitd ¢ KRR sBRz.elEtF usabl e in
rubber conpositions for tire use are incorporated, It is possible to
produce cros ztslaitﬁ%%raﬂ%ﬁgﬁh%%gﬁfﬁaﬁm Trapiing, Hipqrobrragizatipn sanparaperafy .

[ 0061] a[cBnj2batell Hizhe bolymedicenbs ufiléadast ablitdek, Sgeclficay, a temPerature tdngé S

prefer hatno [ r c sithon of the di . further 1nclude
car bon ack androrsirica. ’ furnace bl ack,

BED L fo Eonsa Pl RURBNUL B enb kA tbr de kU e st
typi f i pefdrpalsRFDeGRRse iREFNpdsaEre teSlito cBAfR, anl iBAFaddSn pbiSAfer vScoditySAF- HS,
HAF- HS, 4 p . I and
graphit e,gfégér;@%%é&% lﬁlgtrgﬁl?g%ﬁﬁgééﬁg gﬁt%aﬁﬁ%?%%ﬁb%@nso ;flrﬂi’leoﬁds]%g?g% é%s%,naagﬁ‘(’: as
gr aphi tegmjnaber hesefare, the temppratiressalling oysids the numerical spngecipe¢ificdalioye t he
car bonaehapleférablbav & ddRbnaRy, AdsHeRhbIORedctio tivke iﬁ%é}ﬂ{lﬂar?rm&{?ﬁé’a?iof}nd di butyl
pht hal ate.oil .absorpti on ﬁ%P of, 80 ni/ 108 or above. The use of carbon
bl ack feﬁ‘éq(g’aléé%oné? Pﬁﬁ”t‘@ 9 H%?raﬂgé’i’@ﬁﬁ’gefﬁ? rom gapingies i E BOWnd fract ure
resi st @d¢] cOatlecdcensish bf prodiictivhasts-donjugattd ididie §olyeesrPosdupliap sgerdbart he
car bon - : B and.SA F are preferred ause.of their
excel |%%‘!<‘:‘g§%? rlllpét rglgllatg%n lr;’é}g iastiréﬁ%keo.%(y S&OTEPH ‘f‘i géxag?p?%sa(%ﬁgﬁc%}péf&& may be
used adgsabinchide gpyfollpwing onesr eAdditiohally, teycobplingsegtni 1s adderbitrthé stage of [ 0062]
Exanpl ins ld &R i el G jd), dry silica
B i S I e e LA P
si | i catRecl éﬂaﬁ)ﬁ%?ﬁ% ing agens naadg to egact orede ppkmasizgtion pdiyederminaliiea, wet
si | i caconsbipdtRhevifetheditel alkdigsitilRmpdas@ i aidel at [kt bRTRIH R LEmBbfaCt S on
| nprovepe tsf in. fracture resi s&]? ce.characteristicgs d conpatibility
bet woe et T dher ST ECisERE G (& 4 digHorets resapainl dud op g ffhigeyanate
Addi t i conglouyd, (b} an smalesonpoefd ambibeart imids eorapdinda(cd b phiighl-dibstratedi bl e type
fromt i | i i and ability becau t he use
of _suchsnPARLRY e £DRLE Bl AR g b AR 2 s EomBREE )t ypes of
si | i canealer pempelayl, &) erketong compyundatg)or timperep@inds (i an epyxshemymadd, (i)
conbi i | \ B G dati : | i khQn of the
enbodinlalzrrgrﬁ)'[glls}i1 °§1°aeg%gglt’)%‘#’ B‘é%‘f’rggg F?ﬁkﬁ%ﬁ%t al n?%%}?%cgérﬂg%ﬁ_fdgﬁgggoq@hg? %r silicain
an andsg@RPoBrd ogntaigingzy aylvinyl grpupaed (Warcempetpbeantaiping deloganated by mass of
r ubbercaimpgraggh@nt s (t he sum of nodified conjugated di ene pol yner(s) and

J)

ot her er, ingredients),,and_t anount is preferably from25 to 110
parts[é€£ﬁa§gnW%UﬁFfﬂﬁm9’Eﬁpﬂﬁﬁ¥gﬁ?e¥%? F%?@%ﬁﬁﬁ?wﬁﬁ@‘Fﬂ%ﬁQQEEﬁ%ﬁnying

ef f ectcompoimpofthe ingmedientr(ayiaciude 9, 4plolsdémdiisqyanes, U GolylbiediRbsagaanect i on,
when t he percentage of carbon black and/or silica content is low, there is
a tendency toward insufficiency of effect on inprovenents in fracture

resi stance characteristics and so on; while, when the percentage of carbon
bl ack and/or silica content is high, there is a tendency toward reduction
in workability of rubber conpositions. Therefore, it is preferable that the
content percentage be within the nunerical range specified above. On the




am nopropyl tri nmet hoxysil ane, 3-octathio- | -propyl-triethoxysilane,
ytrimet hoxysilyl propyl di net hyl t hi ocarbanyl tetrasulfide,
ytri met hoxysi |l yl propyl benzot hi azyl tetrasul fide, and the nercaptosil ane

conmpounds recited in JP-A-2006-249069. Exanpl es of a commrercially
avai |l abl e sil ane coupling agent include product S of I\/brrenti ve Per f or mance
Materials Inc., marketed under the trade nanes "NXT Silane", "NXT-LowV

.fa Low V. Si roduct of Degussa AG mar ket ed

Si | |

ulnng etq*Bﬂ?WngN@ﬁ%ﬁfﬁilsown%f%g agﬂaa‘}f’ ‘BEB%E‘Pteo?OIK%‘PE%‘FYHenC mar ket ed

u Infl: r etdlphMyhdahamarxmsb&W?ﬂ?&??ﬁldﬁﬁ?ﬂgh%$ehﬁh&h lfelnc(ej . s Of these
trimet h&gf%y@%niﬁg;%?’?g\g gﬂéz)%l Sg)gyd etp pfd‘ @85‘%8%5(%%& eyrfz? ‘capt osi | ane
conpounds re wf@bleueuamplerﬁd@md@ommdc eorhpawwdatfltiee ingredienn {b)aficludeei r

ef f ect QR b&'ﬁ?&ﬁﬁl@%ﬁéh ATuEShALRLC glﬂﬂalﬁtﬁg&b I{IN‘ N?%tr&ﬁ&hﬁgﬁﬂia%amﬂe

hese coup ing. agents can or nore

Addi t [

of ![ hleorﬂr’]‘g%%g%él NN -ietiametiviaianide amqﬁ%@hlsdume@mlmm@ aaépendl ng on the
typ fe a@fdl)&ﬂetﬁézbéyﬁ&ﬁn@ dilﬁfﬁbj’l@m@d@hﬁﬁ 1n§lﬁg l@oﬁ oA s@&%l wa&nﬁﬁﬁ@g\l £pnpou nde? A
is from1 to prefera arts nmass, Wi
res pectmff]tgyli%"ﬂ’glﬂci "ba?éi??én;ges ?\{)f“ @y mﬁlﬁlmléﬁ&]ﬁ%@ é‘fr%‘%fﬁ]t‘}p‘ﬁ? Lélpgﬁﬂahlﬁ'ide

coup: i ng ageuitable eslarples eﬁ&etﬂyad¥lm1$suﬂaéd khyr%e][m‘s]@ndyf-ﬁlﬂﬁhﬁle@fwﬂyhem S![ |hane
coupl i uf f.i_ci.e u e
ot her Egnﬁgﬁ%&tﬂ?%@& gdr%grgt Cﬁd%dib%g%‘rﬁlrlﬁeﬁ{ e d?ﬁetﬁ 1§I% g’ﬁ the sil ane

coupl i ﬁg’léldémldltlénds to easily cause gelation of rubber ingr ed| ent s. [0065]
var i ouwoagqmgunm@gxﬁﬂﬁeé §ft'h9 sifdgn %ﬁg&iﬁd ({)ﬁﬂpﬁgr&%\?g@hﬁaﬂ& have no

partic Iar tation and |s al so possi

conpat Ifl&‘?m oFQsHlARS, r’i’éeﬂéﬂgiﬁh gesitape, methpldiphlorpslane.igtrachiorosiang, silisese of

i npr ovtau@btdmdumlmimtburalydluedﬁéndmﬁﬁmlmm kiimeher enhanci ng a bal ance

bet ween V\BBr Sk'trd res Si St. nce 03 h[r{sterlema | 0SS ert. abr asi on

resi st ance any 4y Xysf’ dd?%% Brgthexyslansa Aibrorgodi 8@ X¥3a8hl e for use is
an or ghihioromethouysilanbdsbronforoethaxysilgnes heohiogslisiling,ai ni ng an epoxy group,
car boxyfégﬁcﬂﬁgghg@ﬁgﬁgﬂgsl 2- gﬂhﬁ%&%@ lﬁl&é‘\tﬁ’ ?@qﬁs(trlc%tl ngaﬁg)n@qoundlsﬁpet her

conpoun onpgotin

conpoubigdrigliarosilibigangs | dnbisGrighl @i@ﬁllylh?ent%ns,lll 61bt$ﬁtr1@bl¢mmimﬂh@¢ws,en from
anong ldkxyaiel3Nglans), Wﬂﬁh@ﬂﬁzym%th hpxane t&%ﬂﬁ@y%gﬂﬁn@h&mﬂ%dxg%ngomounds

R R L T B TR AU AR L
g| yf. oy (1 63t dhiertethydbwly i derdy-3- (&wnlmxysmylmydrgmemhﬁeN @gepentyl gl ng:c .

i c r oxidi ze ed fa
ac?dye% ﬁ}/ hs"%&gh(%eﬁl%??t b g%@@l’?@%?@@oﬁ%@dﬂﬁtgy Pé%ﬁ’& egéz oct yl>/| c
aci d, (eethexysylyid -H@p@ilmmindz, héeﬂwkéene%fthebhykmlgl)elopmamiamwam‘-{/j ic acid
ester strleﬁioﬁgfﬂé}l at l?qrﬁlhll‘ﬁglgrouﬁ{cﬁ%le @Eﬂgggy+lﬁ)&gﬁltm?tﬁ(§)z}gﬂﬁ%eh'5c acid esters,

et hyl acet oac acet at |sogl net hyl carbonate,

p- hydr"(.fa’k’b’%ll*@%l lgltegloxp;aiay@@p@hs(tyg Opysalyinr@pﬁm@asuhﬁd@aaﬂr c acid-type
pl ast i[0024) sSiaabletdkamipids ®f thEalseR QoRPIRMALEIAEE mg%d“eﬂt ¥Ghab &‘e< acetyl

acetone.and t i ke t her co ther et her and
the Ii t%ldbegﬁgld‘élpé ehg te’gﬁg@ég‘% H@Sﬁ&‘é%@atae@met EH@%%
vani | Idlmpth'yl zkophﬂmlntehdpeﬁm nmbdaed) dibehyl phthialned, dihyd glamndtetdnd didthd.

maleate,

Suitable éxamples of the ketone compound of the ingredient (f) include
N,N,N’,N’-tetramethyl-4,4’-diaminobenzophenone, N,N,N’,N’-tetraethyl(4,4’-diamino)-
benzophenone, N,N-dimethyl-1-aminobenzoquinone, N,N,N’,N’-tetramethyl-1,3-
diaminobenzoquinone, N,N-dimethyl-1-aminoanthraquinone, N,N,N’,N’-tetramethyl-1,4-
diaminoanthraquinone and 4,4’-diacetylbenzophenone.

[0035] Suitable examples of the tin compound of the ingredient (g) include
tetrachlorostannate, tetrabromostannate, trichlorobutylstannate, trichloromethylstannate,
trichloroethylstannate, trichlorophenylstannate, trichlorooctylstannate,
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Conmpounds contai ning an am no group: isopropylam ne, diisopropylam ne,
triethyl atni ne, 3-ethoxypropylam ne, 2-ethyl hexylam ne, i sopropanol am ne,
N- et hyl et hyl enedi am ne, et hyl enei m ne, hexanet hyl enedi an ne,

3-lauryl oxypropyl am ne, am nophenol, aniline, 3- isopropoxyaniline,
phenyl enedi am ne, am nopyri di ne, N-nethyl di et hanol am ne,

Nmet hyl et hanol am ne, 3-am no-I-propanol, ethylam ne hydrochl ori de,

-butyl am d d d | Co t hyd |
o P e BTGl 2 Py oy
nmet hyl c@iclhlotodimtgdktamﬂaterelr:bhp(tne]hlbmsmhnyl;fethmtehyl-3 met hoxy- 1- but anol ,

ol ;“é’élh y&%ﬁ*ﬁﬁ*iﬁ‘?‘%@mﬁ%{*ﬂ‘%r. D e At
these do Chlemmﬁﬁbutm@émyﬁlnigsuwa@bwltgrtdamtamtqabmy&m cont ai ni ng
an am r‘cﬂsﬁéaﬁ’é’c@ lﬁﬂﬁuﬁQHBQM'afiSde 8 BisfWarfdafty g{b‘aﬁﬁn girsgle'ﬁaf%raﬁd R ALRD! €

ﬁf a sil1con conpound as a conpati bility-inparting agent’ | ncl ude
the f ol ﬁﬂFﬂﬁ conmpounds. Al koxysi | ane conpounds: trinethyl met hoxysil ane,

t “t Lrelt Pyl eth h&Mlek%ﬂ&anitb @mwbdxyrai Sldfﬁféteiﬁgﬂ@ﬁfeﬂvgi) Eﬁ&ﬁ%&OXySi | ane,
me riphen et r.aet hox e ane
Vi nyl>/t M0 h&l sef}l %F%Prwwdﬁl@ 90 8ly @qhﬁﬁﬂgl%r%‘é‘i?ka@ly%‘%a@ they red | oxane
ol : gon@lycesnltmglgcudybéther poliy plyeidgbéthére df anoknatuo memlpbimdﬁ&ﬂOMgéwfodt fﬂo@dl

i cony ol yet her s nodj f i silicone
3: I El ﬂlﬁtﬂﬁ) 1&% Id@gd“yl&qil %lshh&ﬁ'['ﬁ ? (B( (%qugg?%srsu i ?’lqed silicone
oi |, d&lwl wb mwdd-’i ﬁrtéalysidb'lbgome@nd pohﬁghedat¢<hhq1yd@olybutadwnal ni ng
silicon o>9_>1 roﬁﬁ'—@oﬁtaﬁmllg #8iarPIIRRS shang 4:4)’%%12@&1%’1 dib%éﬂ}”ﬁltem&luﬁéwane

t | t t hyl
bi s ?crjr? @él%%bﬁo F%ﬁlﬁgh alqgﬂélgnﬁi@)({?aﬁlép g mRAS)sYFhes diglysidyiandine,

triet hyiigaynlmajﬂmnglmmettb@aglydi@yl meta-xylenefiiamﬁﬂbese corr]poungls thf Si | ]az%a_ne
conpou Let sl l,an ref erabl e. 0066 0]

t he rugegralg R% ?‘Pﬁhg’ﬁ 18%1 %r%ﬁ%? tl'p R}?P?%ﬁ ?(‘ﬁﬁ’&s of chenicals and
addi ti d@ymdbdmmoyneﬂsddyqlohexmmd tetrapliptidyl- Ic3hishaimdatshlylcydoldasid etti to t he
ext ent e not inpaired. Exanples
of var f% &Eil H‘iﬁ?%igﬁ%,ng Ou# Q&gﬁ%ﬁ&%ﬁ%&%ﬁé} V\}}II? Snlsll?crh alSrEkbe added to the

r ubber gy éxprppﬂﬁlraﬂhpmésﬂé%éoﬂlmd@xynrmlfm@oamlaog,si| i nki ng agent (e.g.

vul can g@biﬂlﬁxﬂﬁﬁﬁiﬁribtﬂowhw EFd:3Omadisics Eﬁ@%mes%ﬁ&'idﬁké?ﬂso?ﬁ@dn%@ﬁfd a

vulcan|zat on acce epator, process oil, an anti-agi ng agent, an
antl-sgﬁwﬁ HHmsgehell zinc oxide and stearie acid. [0067] Exanples of the

vul canjad36p Sujebie ¢xraﬁip]dﬂ)f3hﬂ phosphaid dstor chbmbbaiebof the ﬁ@ﬂé(ﬁeﬂ@ i) oletRS ,

ot ai By o ks so bl AR B3 PR aoneGRbraRe LEQS”S'S the |

vul caniirxbquftgommme and phosphute|csmapmcbpuclaastrnstmtylpﬂmylmmpmteotnmethyl

4] SR BTSSR g plch o 01y, 1o 0.

conj ugat ed diwkblearpp@les ﬁlﬁrqmuﬁép@tmn&m@ﬂrydmd@g@m|oﬁ§1eed| ents).
ingredient (j) include pyromellitic anhydride, a styrene-maleic anhydride copolymer etc.

Suitable examples of the compound containing arylvinyl group of the ingredient
(k) include divinylbenzene, diisopropenylbenzene, divinylbenzene oligomers efc.

Suitable examples of the compound containing halogenated carbon group of the
ingredient (1) include trichloropropane, tribromopropane, tetrachlorobutane ezc.

These compounds made to react on polymerization active terminals in combination
with first alkoxysilane compounds may be used alone, or any two or more of them may be
used in combination.

[0037] Such a coupling agent as recited above is used in an amount of 1 mole or less,
preferably from 0.1 to 0.5 mole, in terms of the amount of a substituent capable of a
coupling in the coupling agent, per gram-atomic equivalent weight of the alkali metal or
alkaline-earth metal of a polymerization initiator used. = When the amount used is greater
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As the vul cani zi ng assistant and the working assistant, stearic acid is
general ly used. The anount of these assistants used is usually fromO0.5 to
5 parts by mass with respect to 100 parts by nass of the nodified
conj ugat ed di ene rubber. The vul cani zati on accel erator has no
particular Iimtation, and exanples thereof include conpounds of
sul fenam de type, guanidine type, thiuramtype, thiourea type, thiazole
type, dithiocarbam c acid type or _ xanthogenic acid type. Suitable exanples
of the WaRPAWIBLLG Fractorraesl fedsilonarilane srmpennds an losierast Adoases agul fi de,
N- cycl obeexy Whereihenzofstondat Godstia@antkéber compositions and properties of being
N-t- but%ll -%-@enfot%%zol.eful f epam de, N-o0X e{)hyl ene- 2-
benzot hi*S5 TR SUIFEMATRTEUS 0% 834 3% 91 favnet Be 8t hi azol esul f enani de,
N, N' - di 0838} dftep-(bd- benzot hi azol esul f enami de, di phenyl guani di ne,
di ort hot ol yl Ldime: o j apikdine.etc.. The anpunt of a
vul cani zat i ogﬂgcr}:t:egi @? %istao%té&ug%e%b%ﬁéé)g%%gord;ﬁﬁ/cwl%ﬁ?‘n% .dier{edaoéytﬁgrrgrgéwd ness,
pr ef er a@Ithe Fteroi@.onageet far pradueing pninei, ghsecondi altoxysidgre compouddBbayiag 415 by nass
of the Jmgivki ' ' . :

vEilAG &R UdaoR T gt &ieeé}gutg E(Q‘%ftlb e {nQ@%%rﬁlgleqﬁhneg%E&ffﬂgeu f?t; s an

conposition can be prepared thro kneadl ng. W 1

open krighprefuciag emmygermelgeyle aydeonsisasation salghist coptaining pstal ¢laorrad@efor such
as a Baiibuxyyildiexempbastst i onal |y, the present rubber conposition can be
applied to various rubber products by.cross-Ilinking (vul cani zation
subsequent t &P Fr%ﬁ‘dj EAYPER 8P 2 P’c?gg 195 pr‘?ifé’ﬂn’rn&%%fteﬁ: 8??3’6‘%?41% tgﬁ ?‘(lfq}’lfiﬁéll
conposinddss hHuvageruthd stegdheshoubkisot bk mkhsigled af btihg lieriteado trReé modesdnd} abl e
for us i : I er. . arcas side wal |
and a %‘e’éargcv(}:l%ﬂrrglgﬁee%g%aé%%? ialjg a f‘o%gl% Ollll@ q°§ t é @?g‘jﬁ?@aﬁh‘{nﬁm@l&% as a rubber
cushi ofonjasHteddispe rubbgesan baprodudedsatisfasierilyo on. The cross-1inked rubber

conposikirgMede fohpemh?nt is especially suitable for application to
rubber for tire tread Each of the products in the present

0069

i nvention, narf@F{ympiRiorparipaance ippludss(bed) astensf pixipaie mpdifgdced at the
;sth ep (ajnjngdtbediendpdlyrdr Pr;ﬂjtuﬁ@%t&hb déllse(agﬁﬁal blb@%etr)ﬁ quﬂmmgféni&m, bSZ)e][Oh( b)),

e ru i.iion.an e crass-|I r er osition, has the
fol l ovmglrgl%%ﬁﬁ;ﬁ/{snl? @ Itﬁépl%)f)uelrretplr%%ar%(ﬁ%ﬁﬁ St &Efg‘r‘#’t ??80'# stEnegonmound ng a
bal ancbatieg aeeloxysilybgmuphind at lzassone geouprdnfértble intonpwgiate dy dicaneof ubber
and wo bhel i i t { 1.t . . ght - aver age
nol ecufﬂgﬁg\%\gfgmﬂog?a?ggﬁ{%&n Jg@@géﬁgggﬁégggp 3%@%*%2?‘8?31? errl\éﬁ% ication is
pr ef er BisP§red abke stepdbe?) @ad 2 condenedpn astalest gerttiamgungtal ¢lomes(s) 500 t o
1, 000, 8@6xysaaieeindpdindpr ef erably from 100, 000 to 800, 000, as neasured by
gel pe at j chr ography (GPC) and calculated in ternms of polystyrene.
't is @g?ﬁ%fi%?qrﬁ%?%fﬁén itable glass transition tenperature of the
modi fi ed conpugahddatiecheperidrbrncd mcRiden(b-Ded Q¥ of tixisg Hemeodfief er abl e t hat
the te re | W. 4and it.is;, especjall referabl e that the
t enper%gt?lﬁ;%rtelldﬁ?%goehg}qeﬁpgﬁea : Bh% S? e(tab%%ﬁi‘o%‘?{‘% %f p’\é(ﬁi@ﬁlpﬁ r?é"uén’k%sgnce
bet weehstep PHwiIKipg thermaidture pospsredrad pher tep @rd) andtcosdandationsiattlyst centaihirghe
Cr 0SS-kfak&dme hd ) i ey viscosity
(M 144 1%2@“‘S?ef?fh%’?%%??l?%ﬁﬁé%%nﬁﬁgﬁéﬁyﬁf%%SP of ppdpe SRRy VL o P om
30 t o Preprrshef the step ph-e1 ardip ssropd alkoxpsilage egmpounddwyingenalleysilyligrafp
ensur i4id atldasd aaRGRoREEIMERIbIMRSars bidiin Byl veds of R dMDMlehi B proRkigat ed di ene
rubber _and wor kf‘b'ﬂ ity in preparing the rubber conposition. It is
pr ef er BB PPHRPEBY 1 ow val ue (ng/nin) of the nodified conjugated diene
r ubber(Thigd Md&dedor Beffawmanicé) i s nore preferable htal the value is 1.0 or

bel ow, and i4 ui i that th kue.is O.. bel ow, f
Che vt ewpoi it 1R REEE! BrthmPloEl BIARE o320 bl SRS e liTef e+ ubber
The Msenmgaigll diepsipplyniqvipradated a0DCHtepf(a) dnd arsebdnelr alkaxysibarietdoarpousd pr ef er abl y
f , i f er abl

1 om 45" i@ b 3Boxbe eRo ) SR Idhst SR Rrath Ltnpriibic ARWPARRE ) plaR LR o7 b1 Y
It i s 2Breretappedusiag ope pedexieaile.(bris pistepnf mainigerhg migure Bemred 00%

modul ysd st (B-Mearelr dSsrehd fa_kgfbdwﬁg%imrme%bbQeteb%fﬁﬁ%ng[th@m&ﬁe and it is

nore preferahle tha _#he mdgx is 103 or above. Is preferable

ve
t hat PRI heiiep (Mrslcandieadensalien eatalve §oriaiRg mehpleaieni(®fohas at 0C is
126 onlkakgsiknacodmpburds. nore preferable that the index is 130 or above.
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It is preferable that the index of tan6 which the cross-1|inked rubber
conposition has at 70C is 128 or above and it is nore preferable that the
index is 135 or above. It is preferable that the index of abrasion
resistance (JI'S K 6264, |load |ON, 25C) of the cross-linked rubber
conposition is 105 or above; it is nore preferable that the index is 110 or
above; and it is especially preferable that the index is 113 or above.

Exanpl e 0 hqugh t he present invention is explained specifically
on the @Qghg%?dq‘ﬁléij?’%?&%ﬁc exanpl es, the present invention should not be
construed as Adomigmodaiféra@rioemantedecledaanpl10¥a sidgdif hiiginghhe/modifed " parts” and

" " he. follow d ive.exanpl es are by
maas. uni LEERsd delorl B AP S AR aP A § SR ket iEr Fuklofl g 1 he
val ues lstvingan glexysHykgroap apt gfjesst desgrang comaititde ado beboivm byBmemd oft yr elne

tor b 3 t . : . I ny
cont ent (ST foF Rt onhidE pEoNETe; B ) TflEb el gng Hbxuld siired (g ke
t r ansi ttheatep bl 8) and 2 eondepsationgatalyst epatainiag austalwtement(aks for atkokysilbonf or ity
wi t h AZbMJaa4ds and [BDREL stk bf MBLAE theRBikAlE pFpdichiat Alei st (b-1Th&ny 2 Ue t her eof

was determned froma retention tinme corresponding to the top of a maxi num
peak orf8§" PGS 9P ed t hrough the use of gel perneation

chr onat(bgittelploye (GG fofihfiee 120GPC, trade nane, a product of Tosoh .
Col - Tvo. FDRBFRESORIE R dnb SERaS ELD ASlel FafbrBe Bl (trom
Tosoh Conjyegtgd idiame pehinenprodiepd ptthe step (DG Mobohilenspiasetal e coathiniigof ur an
Fl ow veh gl didtenk(sy £ a(llmx@'silane compounds, (b-14) a step of mixing the mixture prepared
at the step (b-13) and an agent for producing onium, and (b-15) a step of mixing the
mixture prepared at the step (b-14) and a second alkoxysilane compound having an
alkoxysilyl group and at least one group convertible into an onium by means of the agent
for producing onium per one molecule.
(Sixth Mode for Performance)
A sixth mode for performace includes (b-16) a step of mixing the modified
conjugated diene polymer produced at the step (a) and a condensation catalyst containing
metal element(s) for alkoxysilane compounds, (b-17) a step of mixing the mixture prepared
at the step (b-16) and a second alkoxysilane compound having an alkoxysilyl group and at
least one group convertible into an onium by means of an agent for producing onium per
molecule, and (b-18) a step of mixing the mixture prepared at the step (b-17) and an agent
for producing onium.
(Seventh Mode for Performance)
A seventh mode for performance includes (b-19) a step of performing
simultaneous mixing of the modified conjugated diene polymer produced at the step (a), an
agent for producing onium, a second alkoxysilane compound having an alkoxysilyl group
and at least one group convertible into an onium by means of the agent for producing
onium per molecule, and a condensation catalyst containing metal element(s) for
alkoxysilane compounds.
(Eighth Mode for Performance).
An eighth mode for performance includes (b-20) a step of mixing the modified
conjugated diene polymer produced at the step (a), an agent for producing onium and a
second alkoxysilane compound having an alkoxysilyl group and at least one group
convertible into an onium by means of the agent for producing onium per-molecule, and (b-
21) a step of mixing the mixture prepared at the step (b-20) and a condensation catalyst
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Sanpl e concentration: 10 ng/ 20 nil [Money viscosity (M. 1+4, 1000C)]: The
val ue thereof was determned in conformty wth JIS K6300 and by using an
L-rotor under conditions that preheating was carried out for 1 mnute and
the rotor was operated for 4 mnutes at a tenperature of 100C. [Cold fl ow
value (nmg/mn)]: A copolymer was kept at a tenperature of 50C and extruded
froma 6.35 mmorifice under a pressure of 24.1 kPa. After a |lapse of 10

mnutes fromthe ti of trysion (after becom ng the extrusion speed to
be uni f‘ﬁ’?’?ﬁ‘{llngﬁéet%lr?g%ﬁ‘?m@ﬁé)faﬁﬁoxﬁ’ﬁ@n&(‘}%@%@s- extruded was neasured every

30 m nuiNEsthdModafpr Perfoimaticey, and t he average of the neasured anounts was
defi ned as a&ol

fl | /m T t t. h, | ue,..
shape st abi |9 EhEoR M dhdlides Radh SRp St ke iy B0 s es L oo 1)
EXAVPL Eonjygsied idiawipoluhenyddiced dt (Bosjepda), enl afing fier prodhiving dhivaridval uat i on

Ther eof : e i r i0 n
nter oF"gagtion cpAIgsoldhdife Bs LRRAREHOPUAAE AR (SRR WA B9f

t et r ahyAfiieR efmixing the ngixgire proppisAén thedtpald-2) end 2 sgondatiedishaewer e char ged.
The conmjofiposind Ravifi€ah SRGKMilyIeroRp adil Uke&d ohe gtzﬁ}s%oﬁwvérﬁme%t%taﬂro%i py0C and
t hen pol mer i ation s inifiated b adldltlon of a cycl ohexane sol ution
cont ai rﬂl%’é‘s At ﬁ\ﬁtaﬁFntlﬁg?HquH?I(‘S%@mhﬂ%lnj‘Q eqtHe pol ymeri zati on was carried out
under gdebaMode fooPReliféringinse) and t he maxi mum t enperature reached to 85C
[0072] When t)h onversiondate in th olhynerization reached.to 99% 10 g
of but adi ene A\/\%@’f“ﬁ??%%? p Sré%lré%a:m%ﬁﬁi‘ﬁ%? @ﬁéﬁ 2 5ep 8#“\‘@% ﬁﬁr‘?ﬁ‘fgﬁe‘ger f o(?med
for 5 wonugesd diehepebimaproducddaighesicp (@), peicpniplkepysitahocompsunsidrpingd f or
measur %H%néox?&mgk&ﬁ)% at Y@Eg}%tg?%f@veﬁﬁué G &ﬁum%ll}qn@ang %ﬁgxg gggﬁﬁgge

"
solutign contai'ning N, N yl'si I'yOam nopropyltrinmet
(4.96 ARAIIPYUGHE OB HIRFT Ardcquisand appndarsaien ceplyaicFontaning metad gleaesnt(To t he

pol ynefforskdiysidaheaohffouhls ah@ B 8 ONste Ro LB AN % 3MQ 12O hiehhiRR af ARtsRNI NY
3-am ng@ggﬁ%lgdtrl et hgﬁ))r/m Id’;\ne 4.96 mmol ) was added, and m xi ng of "t hese

sol uti PATEE HIROFTR B nut es. Further thereto, addition of a
cycl ohg6(39¢ Eedhuof the irgredieitnuseg a ithe tep(b) &t dedctibedrbettey. (3. 93 mmol ) was
carried out, - 1 1 X] Furt.hernore theret dition of
a cycl ohexan_g%%{oj#) %%A?g%mc(lgﬁ’t‘%%lﬂf%rg“ﬁ I%s( %ece({ yaﬁlﬁoé(}'ggpggtcfﬁwpﬁmfﬁlp  mol ) was
carri e@royps sinfilr Foekaanmgs &-the allioxysitiyk greyp imhedirstalltdxysilanesompepad.ed pol ymer

sol ution, 2.9hgaRbxyit Bloub e et dik %,gﬁgm ntly
t heret gﬂ t he so?yeﬁ};sl\?agﬂopg _vgd by pagls%{rm' r?é: S 8%@%”%%3% rough t he

use of TABY2 VGYBPInk A Traciern ¢ifcisnesn 1tip prefarabie don thy srcend akoxysilgne ubber t hus

i sol at esmp@mdds hece wid br thede atl@idysilyadrétpsadd itas motEpreti e tEhAk tr2dC. Thus,

nmodi fi elﬂ coqjﬁf;&at ed di ene rubber A was produced. The pol yneri zation

f or mul 8% B8 f i ed conj ugat ed di ene rubber Ais shown in Table 1, and

properties ofxanm@esroliht igemhpgoegengiattbelsatond elkoxynilane dorhpamdpndduced ar e

shown | . addi i C i L nr red using the
. écglvzﬁmk?m?o aﬂ B ﬁgﬁh&ﬁlﬁg%g@“{&p}g%ﬁ{np cﬁ(}% s%&ogfaalgpﬁm'ﬂo %p(ﬁlé), ?

nodi fi ed conjugated diene ru ng conmpoun ormul a

shown feFiarspmenozgrogpEniplieagiorntd pyridyd graiar @ poatariphosphisy grawat @ physi cal

proper %%arﬁﬁﬁé&‘p%lfﬁlioteéggﬁg Qfter®a sy Iﬁﬂ%&gﬂg @g)u-[%gé:?eﬁbxy [g%:%:g bn Wrﬁa{% 2

[ Synt hesi s of . Mbd ated er B, “and Eval uation Thereof]
Modi f i %rauwﬁ}‘t?gawdgr&iler?e@fdg%% BIEIPAR SABPBY RERY: 2R Ok pfane gioup gadhAdHolas i n
Exﬁ-mél goﬁp,.(ﬁ&ﬁerliapf)llagﬁnq, benzoimidazole,h mltelg;nine, ﬁmidim istructure erc. Thg s.econdI .
, i | S| m_nopr o t i met hoxysi e was used jn place o
N N o DR oBlncy ARG BE PR ATEIe Hi oyt i of eel B bR Shed B P 2°€0
pol ymegongandtion. f or nul a of the nodified conjugated diene rubber B is shown

L e S i g P e e

pr oduced [ _ Y, '

pr eparde¥codangampe Sy, fj terdiason]ing Srewp, h Enmorgipe A pBridylerped;laowi ng a
CoNpoYREhAY phesgHAerd e WscbndhdPhEosBhi hidahbShi r{i ed out to
eval ugjt?e %psi (yg:ﬂ@gr opgrt iees. %gulsﬁs n’?%@%}iiﬁ% shgﬁlﬂiﬁﬁgr‘?g 1@ 4. [00741
EXAMPLSRO%Y SRt HEISP Y a5R1CEEH A SRCBRARY 252l @ hpfleos] £taBBet carboxyh@rompal uat i on

Ther eahloxetane groutdiafthidl gapjitgadetbt nBneatiphRif the M@EalR6BMUERS I n the same
manner__as i n, Exa

L ) t hat
N, N- biCQWPP%?WFHEW%%&%&%S%B{?BW%} PR e SD e als8ds used in place of
N, N- biag{itoprepylyrirséthyeiiamg 5 rampybproppifidthosyysiliend- i n Exanpl e 1.
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The pol ynerization fornula of the nodified conjugated diene rubber Cis
shown in Table 1, and properties of the nodified conjugated diene rubber C
t hus produced are shown in Table 2. Additionally, a rubber conposition was
prepared using the nodified conjugated diene rubber C and followi ng a
conpoundi ng forrmula shown in Table 3, and vul canization was carried out to
eval uate physical properties. Results thereof are shown in Table 4. [0075]

EXAMPL I: | fied Conju . D ene.,Rubber D, and Eval uation

Ther eo:;fl Sk %Hjtenﬁ'ritk%negﬁom .lr%nﬁéﬁ'%r%aﬁkoég%%ﬁgﬁg&oﬁyﬁ\]l@er g’act or having an

i nt er i onesgaptopopyliriBethoxpsilang, 376@ragpoprapylitiethexysilene,10. 3 g of

t et rahy, 3 . Y. ady.but adi ene were charged.
ﬂﬁﬁlﬁ)@ﬁ(ﬁiﬁlt{lﬁﬁgﬂﬂ)xg&laﬁ& Jn%ﬂSplgeg. ll'jrge?tgcgg{sfoi el 33N

The contents | e reactor were 0 have a tenperature of 10C, and
t hen pdn§thslaming)ppyiemethoxysitined -BY-reafaylaning) mopdtrisfleixybidarend-@ol ut i on
cont ai rlinﬁlﬁoéth?l%)’dmihbﬁﬂ&bylﬂ?hhétthyﬁliﬁé,)2-(6The pol ymeri zation was carried out

under adi.a$t| conditions, and 1he xi mum tenperature reached to 85C.
4D e irasiare, e

[0076] AAHB ADYAPLIRY et meseRARSHARGRERPuRdSEaser indPode, 10 g

of btjt 2006124906 3a@y|eidoxmd1¥}ﬂ?ihnyefbc5)%ysﬂddepmg\lﬁ$dl t_dxyptdpgrtriaﬁbf}fsgmy 3for 5

m nut e . €. po r .sol uti,o s sanple or

measur 1 c-ri;(?&{gﬁ %%ﬁé]gldﬁ%g}mQ%BF,gﬁ?f)x% Og?,ée r%li‘i%etngféoﬁ\g? andm; cycl ohexane

sol ut i eroxmyckhexylsthylrBaathoxastaney Siglydigoxypsopy IndstRyl8iethoxysilane, 3-

tetra saks 12 etk oSl acye 1 s added, foll owed
m%;&aybnaf%%@a%a1eﬁla;e[ymé%qétoggﬁggﬁ,g@ﬁn?ﬁ%&y&?& .

by reacti on m nufes. Tc solutron after the reaction, a
cycl ohésesyananropylesthyliethprysHgnae’ani nopr opyl tri et hoxysi | ane (4.96 ol )

was addesk]]anixfigdfRgctod séddtd SKowyiRAS cHBSo Rt 8o @bt inkRIdidht F? SYReES.
Fur t her.noy. a c]}/ctﬁ%Ih xane .sol utlgn gon al ni ng..si | hcon retrachloride (3.93
mol ) &b@@%ﬂd%"&,l &, @ﬁevee&%xfﬂ?ﬁ BIPRred af t Strp D Gan begerrig PHbT-&, 103

cycl ohexatien.s oThe miding bas e perticnlas liraidtiom ds ed itakirsy( an®ithydyeoakric@ddude) (4. 96

o opay S SinEdtan B b b i) 8L 0l @0 iniT Dt Fis Ry bl W "hcidea.
Subs eqiRshmpnt sueh as a NVBHstageepntianesetixby oyFerifdinsimiges t daaddition,ppisng t hr ough

Thosed X j : i i ubber
R T AR L R R L T

t hus i sol atqffg(vaa dri ed V\f € )
Thus, FROYITPS & SCORPUGHIEE! Brabnenty waisereabmgak heatdiataant and isolatiorrpéthe
pol ynepolzaiet afterf onipldtionaff pohendridiibh fdcgamj ugat ed di ene rubber D is shown

in Tab nd oper t.i of th di fi conj.ugat ed di ene rubber D

pr oduct@%]r eﬂ%%%ﬁerﬁﬁe %ﬁgﬁg 2o, g8f¥f%’ﬂ’&‘$g]§f?x llftﬂ%f%?p%ﬁﬁﬁg‘{ 8% was

pr epar mdxing isag 1¢dse0. dmhlé-egquiiveloni weighie thedhent iy mbieegre Prabiylafloadt 0 ng a

conpo 1 DG F : L . Vv i i \\as cired out to
cvel uat QoMU GRS Ain toipdR fhedeufp et FEMAASMRTARRY 3 P00,7)
EXANVPLIEOduged iyt #desiie pelymgpigatiqned Wher thg ameuntDised és Rudlse thag 0.2mdleEval uat i on
Ther eddquivalent weig#otabhR€l of 8] stttk Xy SR cHRBEAnEW B S o2 e fiffo b the sane

manner as i.n ExanBIe 1, ex eft taat . . .
N- P- ( t PTHBER B8R0 gff)anf%ﬂaep%l ItyNe ispgise £ ASinforping pgent caRNos be jmeroredhiie-21, 2- di am
i ne wasifficient degrepl ags aatsult, Wheh si{d feh@lohydrsdicy Bamadeapicapytbtslinidhoxysi | ane

in Ex -t he amount of silic tetrachl ori de .added was changed from
|3. 93 %"&tcé’“ﬁ’gg‘?%%ﬁ%saﬁay g?‘}%%%}”h}%ﬁ?@% ?Od’i’%(isgtogélg?‘fﬂ léggg%Wdf’zﬁnSa%sgused in
pl ace stienpths glrasien resistanes.ames ki) esistance and low hyktergssHypssrbgatyi. on f or mul a of
th e y ; : , _ y
e T o e
Addi t i%8ddhe second alkpresilaneg perareundon ks ¢aseshe Btpt akkorysilane coropomidanhy

conj ugrtiRed e anansuiRen EmaRkqutlal@yivehfoCaBRONAL }éageét % fHé!aeﬁka?t‘éﬂ in

Tabl e 3,, and.vul capi zati.on was .carried. oyr to eval uate physical properties.
Resul t t@%mtbgateéfcﬁe@wﬁm%pr?gmeg by anjQidr Ly RSIFABOR: 6 [ Synt hesis of

Modi fi ed CorjtigatethebiiernehdRubthed fbr addfig thy sdosad alkdxydiRAeBbthpound as a _
I\E/Sg'n_}c):ngg(gﬁgﬂgﬁ(agglg):p%ﬁhc%!a%rfl?ni{a'ﬁ%pl,e a{ndFex\erah%Ier) rﬂ?ecrlgo uqchllge ggleethso%rcr)% aggi?lgr? [)y as in

3- (4- tonk wpelatibs,id mdthad pf pdditien mafyamtiopallairduatstemd pshéthod ofamtineed i n pl ace of
N-[ 3- GhE#Hizgt h ' - -  —dhethyh- N -tr] | sidyl-ethane-1, 2-dia
mne in %x%ggg%}ﬂ?sza Mhﬁgwﬁge%ﬁy%%@%‘gg% ?“F %p%ﬁ%‘p%ﬂ“ﬁ?ﬁe‘%ﬁ’dﬁ £l ed

conj ugHtcsd dnréditionallyibe seeand atiirawpilang coapbendiman hel agdedpe thd smof at he

nodi fi ed conjugated di ene rubber F produced are shown in Table 2.
Additionally, a rubber conposition was prepared using the nodified

conj ugat ed di ene rubber F and follow ng a conpoundi ng forrmula shown in

Tabl e 3, and vul cani zation was carried out to eval uate physical properties.
Results thereof are shown in Table 4. [0079] EXAMPLE 7 [ Synthesis of

Modi fi ed Conjugated Diene Rubber G, arid Evaluation Thereof]



in Table I, and properties of the nodified conjugated di ene rubber G
produced are shown in Table 2. Additionally, a rubber conposition was
prepared using the nodified conjugated diene rubber G and followi ng a
conpoundi ng forrmula shown in Table 3, and vul cani zation was accired out to
eval uate physical properties. Results thereof are shown in Table 4. [0080]
EXAMPLE 8 [Synthesis of Mdified Conjugated Di ene Rubber I-l and

S a1 0Tk sl SRR B SN NST f e prooe
3- di et hsfeaificatpr apspich mirendomdiyaiaks acviteddrs the pachgraphifl0ae ef dfe specification or

N, Noi s({4 yl)am nopropyl tri met hoxysilane in Exanple 1. The
pol yner%z%f%ﬁh‘ﬁgknu la of the nodified conjugated diene rubber His shown

i n Tabl ©043] afveia trmenssatitecas which the seastid alkedysilang comperhdds erired whber H t hus

bt opar o s e LR o .T?“?E‘S"dﬁfté:%u e e p b Oy SRR IS TNy

conpountf RGYPBTIZEICN EAwRFTR O |C@n31gat§ﬁ dispg ﬂ’@h/ﬁief sen bputikzeddagt p édS out to
eval uatSpepificaily,al suftiblp esrige F theRemipbiaguré M@ﬁ@@&@l@d@m Ad&m&ﬁhyea 4. [0081]

Trar eorors AL gR bt F0 7 RS, EL R (e i eRfiag o ne carre

manner ingreise iEpalypice viscoatycwhereathmbrease in the temperature tends to cause
S-trimg I

NN bl S Z%tL% AR ABamh Ll ARl CIRES W Shndal RS
pol ymerduisids A nRBEHEl dange SPPRéﬁ abdviesee m}te@at el agidision, ﬁmtsbeabw is shown

I n Tablugixihg t3H6lisreRedbly B5mOf midife OShdd Eﬂn&&&é&@feﬁ%l f r

pr oducgﬂj arge shos\% in abI%l 2m Addi ti onarl 'y, a rubber %éﬁg‘%h%%t%s
prepar ed*W&i ng the nodified conjugated di ene rubber 1 and followi ng a

conpouri@e44y Eormplea of mmgehtfol pldacidg oalvth inehe@arilicah halidawen 1@@%5 ed out to

eval ua Resul t.s t hereof are shown | bl.e 4. [0082]
EXAI\/PLE%[%“% B R EER BR el o8Nl "Iﬁj Ui falis cempsand # aHImEy al uat | on
Ther eofiplide Compouwdnh fireaiuo hﬁh@ﬂoawcdné,rvegarmbhmm lialida sompoaht; agalliant he sane

Manner Lasdd dnkpeRiB) £2ik h Ak
3-di phen¥l phosphl nop Zrlocért ri rrel‘ph)oxysetlcl’z;'ilrslulefu{/lv?aesster aahosﬁhoﬁlc S

N, N- bi SEPPRISEHT SiiIC)esior doartepylie peidea sdfopin acid enqraa@emm wch as The

poly rrehchraﬂu@nc had fﬂj‘d?odhioricfh‘%wﬂ'ﬁ?ﬂﬁobﬂﬂm@ QBiqUBAIEdfd a‘%ﬂl‘é sﬁl‘ﬁﬁjfhea[md] nﬁtﬁc shown
i ene rub

Tabl 1 t d t
br oducEfidei b AT orttis 2id Ao PSCH AR gamG AiOD HER & RS Gioridhs
pr epar @ﬂausthy@aMenmndﬂlﬁoreﬂ tetrajml;ayladuﬁbrﬁmﬁ fruskibeerc.] aﬁdildrgfaﬁicl a@i/&s_ngda
and vul ¢ ation arried out to
Con’poug{@hgﬁ alc3ito théaacciﬁ %,\ﬁllfoﬂl F?%?A & s gste(:)rf a gs%spéﬂ%%s er.a %Plélc '

eval uate ysi ca Sul’s there [ 0083]
EXAI\/PL@’[q_réLa{HSW@ﬁ@rsql‘G of Mbdified Conjugated Di ene Rubber K, and Eval uati on

Ther eof ] ExamplM&# édn%uﬁ&’@fo&'ﬂ?etfgqnﬂfo? Bﬁ)dﬁ&ﬂg%hlfﬁl ﬂﬁ gzﬂﬁed in the

sane nmann ,. EXCep at " nmercapto ropy trle oxyS|Iane was
used |Wtrﬁ‘ﬁ’é%‘?eofméetr%ﬁ%@ﬁr%‘H&ﬂﬂﬂfl?lbﬂﬁ Bleyide, dimsthyighlerppilane) . The
pol y meinbhgltiichlofosiiame, mettyldibigloroilaid, arbtifo4limaieeh g ety Maginulh i S shown

sesquichloride, ethylaluminum dichloride, titanium tetrachloride, titanocene dichloride,

zirconium tetrachloride, zirconocene dichloride, germanium tetrachloride, gallium
trichloride, zinc chloride, diethyl sulfate, dimethyl sulfate, magnesium laureth sulfate,
trimethyl phosphate, triethyl phosphate, tributyl phosphate, 2-ethylhexyl phosphate,
triphenyl phosphate, tricresyl phosphate, dimethy! 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, succinic acid, glutaric acid, itaconic acid, tartaric acid, sebacic
acid, terephthalic acid, isophthalic acid, -mercaptopropionic acid, benzenesulfonic acid, p-
toluenesulfonic acid, hydrofluoric acid, hydrochloric acid, hydrobromic acid, hydroiodic
acid, sulfuric acid, nitric acid, carbonic acid, phosphoric acid, potassium fluoride,
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in Table 1, and properties of the nodified conjugated di ene rubber K
produced are shown in Table 2. Additionally, a rubber conposition was
prepared using the nodified conjugated diene rubber K and followi ng a
conpoundi ng forrmula shown in Table 3, and vul canization was carried out to
eval uate physical properties. Results thereof are shown in Table 4. [0084]
EXAMPLE 12 [ Synt hesi s of Modi fi ed Conjugated D ene Rubber L, and Eval uation

Ther eof Modifie t ed rubber L S produced in the sane
manner Je Wt@@%?@u? bdgﬁpg? Eﬁ'n%u %Wlu@fﬂuor}ga
2,2-di( t etr ah&ﬂrotﬁfthﬂr%gepmd'papmdmg osiarh hiave pingite aofiorbld. torngs ¢¥fpossibility of

t et r ahy I h 3-
ani nopr%%ﬁlfngg?ﬂlﬁef)l e e)?ntél ane évf%g%%seé ¥W}rﬁ aFenjt some of them are not
3- am ndp?’étmnefirllil therfollgwin iples, they sampbeused intie: praeenaimventiorof si | i con

t et rachiooss pesigaidest a%%eﬁt%f‘?l% u&ﬁ%o%ﬁfrp% d d. dbgvgé%f%%gr 1}1g{e(abe§ Z Enunol :

The pol yner.| zatlfoT1 onj ugat e I ene-ru
shown i RipivEe af thg mpdificdraniyeated sienerpelyrantipre e@éfrﬁheg@pé@)@déhfe rubber L

pr oduces@c@fcbalsm@mandboﬁqhiuadﬁcan%qjekﬂoﬁﬁ@d ¥, in@ SOURRA! TRERARINE hehyas
Bompour TSR an S Fror At 8 2 bt B Sag orb e TR MR out 1 0
eval uatitmgh s icaraied pubiner tirgmuoRanodd sy tdigy apfsriiesiowad Hmhabtge4. [ 0085]
EXANPL%oﬁﬁn&o%é%1Egngdrsanqg H}{gqﬁ&&ed Conj ugat ed D ene Rubber M and Eval uation

Ther eof | conj ugat ed di ene rubber Mwas produced in the sane
manner as i n IhRanistde amoux [ﬂle ageat fo pelunimglondfm used is preferably at least

2, 2-di (lt(an'bﬁJJé/cﬁﬁ@éHtW&@t%ﬂé%ré“@ﬁef&§ﬁ? at féaﬁl l@ﬁoﬁie rﬂ v&fl%}h
t rie oxy3| | anc

tetrah dr of ur nghgle (;rmunt of 3-am no

added eﬁtﬁﬁﬁb“e@ WE SY§ c%gatp Rplymer prpdye mPnlcand t he anount

gf 1§ i | ipohymédrizhtiac hl Whesl theanstat wasl is blﬂﬁlm(ihinfpmﬁl@éqm%nﬂ \gelg%‘.aﬂml e | Ej o
marlzatlo di fied conj ugate

di enen-:gp({%ess OM?%Ves%:gr\%ngn?? e1°§‘6‘fr8 o‘%lélrc{‘ pEBetnes ysuifipg it e g

conj ugauhb@rmoéneedhﬁn@mfwiqmmdlmpedemnnngpmpmy n Table 2. Additionally, a

rubber conpoght | MmoNeS: Q&cgﬁ’%ﬁf%%ggﬁt'fpgplroﬁﬁmﬁ@ gﬁlftthnelgﬂs%%giaﬂgcq%arql 1 ne rubber

M and fol | ow ng a compoun ﬂ’ilzatl on
was cafiq expmples thereafmcligea I}Sﬁb@fi ebadditiandar enecwperation d methodef edditior e shown

i n TablefrdctiohRIG#8dun AR Retbd [oBrHithRoL$ adeitl(M) dicht tﬁgse%&hb'&aﬁﬁqn%@dq e

Rubber nd Eval uati on Ther di f.iied conjugated di ene rubber N

was pr SRS BY 9150 @5%%9?3‘?“%5‘0 ithe @kﬁrﬁpl additiogliy, Hi‘e 3geatfos. 25 mml  of
t2 t2 d|h produciap yohydfelndded pr ihp doven mﬂ&sdlﬁtafh ctdihtaﬁh!uﬁtg ﬁs i@fsc|>l591_1t(%uﬂ1 @LI »

etra et hyl.al um num chl ori de was
used i Prg}dd Péa%&p?dlgengéé%hgd ilq‘thégf“aé il 2H 08? % gﬁ#lﬁe %/dﬁca\%r?nl‘:gfﬁ % 1; and
bi s( 2- @pdymrz@kmatt@ injthe paragsaph P00 Qf tha spechfaratienl ot §o om.t am um
t et r akfopidr eAby kdieyerhuRdidich ﬁ'&\%ﬁ ﬁ&ﬁ%?&&xﬁé 8y %ﬁ% %ﬂ;@d thbiig, Modi fi ed

conj ugat ed, di ene rubber N IS roper |es of the
modi f i Baredimig £ aauyiuas ef thepesdified Wm&édilwomgmrpdmd@t thestep

con uoat g o Sa%d"fm’e"rygﬁm%‘ﬂfoﬁmmﬁ LR o ar e O hown i n

u u W S i

TabJI eg(f?n] g’d\fﬁ?rtcrﬁ? 5?3?‘]95"?? 168 Hs'é%f B\ﬁt ggg‘%ﬁ%ﬁ?&a% Eregfﬁ Qe eapge st operti es.
Resul tthe tdmeeaiﬁreas érogh@Uitd IR0FED| & dditidn@lg Te XML LS 0[1897C Bhasérs of

Modi fi j | uat Thereof] . . Modi fi ed
con] ugie<Ul. oI EEPE RS (HBAG Clendl, G B A b B R ER GiseRs e anpi e 1.
excepthﬂeﬁaftS igerpaserin s temiperahre @n(ds & ¢3alh§/d¢tclﬁm1a§wl) of thpaolynvaizatised in pl ace
of 50.43tige REmifl.r améiéféfé Yid tehd e@ﬁﬁ'gpfaﬁn# ou @econ eri@ll rhid C%%é)&ﬁﬁéd aci d

phosphat e was use ace o tetra
Ex anpl380Ye 215 gsyfadl %}Fm é(n@atswﬁhlmmnﬂm$ preferglly feomahgaoute o
tit anito®Hoats; akd ﬁﬁ)?e @’efbh‘iiﬁl?ﬂbln Dxdifi@s to 1 hour.
In this connection, in the present method for producing modified conjugated diene
rubber, the modified conjugated diene polymer can be collected after addition of the agent
for producing onium by conducting solvent-removal (e.g. steam stripping or the like) and

drying operations which are known in the production of conjugated diene polymers.
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The pol ynerization fornula of the nodified conjugated diene rubber 0 is
shown in Table 1, and properties of the nodified conjugated diene rubber 0
produced are shown in Table 2. Additionally, a rubber conposition was
prepared using the nodified conjugated diene rubber 0 and followi ng a
conpoundi ng forrmula shown in Table 3, and vul canization was carried out to
eval uat e physical properties. Results thereof are shown in Table 4. [0088]

EXAMPL nt hesi f. Modi fi.ed Con ene Rubber P, and Eval uati on
Ther eoﬁojo97 } YR ﬁ‘f)a gfm?%ﬁlé‘Hmoﬁt’%’ﬁ{“é‘%éEmé‘& settactdeesaihs ageatfoag an
interi oprodo¢1ngrenmfn &nd whter has&oﬁﬁﬁl@laﬁhnﬁwﬂoﬁmwe&rab% 1&fthereof

tetrah st 3 h d
The. confeiiod @ et & Rlait YEEIEANG.0 0% iy hersaiision éﬁﬁ%&gggpmd‘éo? Yand
t hen pobyiieg thzm, (iora maélOdmf tddingd sbiytiewlgiepared byfdisob/jiy witexians @gdnid i on

cont ai NoheenPsdIbbIEin bbtthhbéfé? dnfl-o ggan?]@ %@vc)ms-rﬁ%h 919 !11%5@6’1 16 &e p%rl1 mer saﬁ{%r [l ed out

under adj abatic conditions, ature Ng5c.

[ 0089] ther siep %MH@IﬂaatheaSIO@twns,taﬁé (pmamm @;ft‘mmngéla@hlametro 99% 10 g
of but adiheioa avdser ke ﬁdlﬁhelaﬁﬂ%temﬂuﬁéﬂeﬁﬂﬁﬁ' 'vﬁfht doBRnYR vl fRE stgﬁﬁf or med
for 5 mnut.es. Ther Q}e }11 (g%tg he B‘S ¥rrer sol uti on was_sanpl ed for
measur eERRD %Proﬁfﬁ Ssﬁé’a(a t 8?3(-:1“?% $ (g p impthodpfdnixing ihe ohexane

sol ult I) qmlxxmrtsaluhongmfﬂohlﬂtesﬁdlymatdmylivﬁatén/s:cimﬁitéiﬂgbﬁﬂﬁ%‘1ﬂ1@omhb@ﬁbﬁlhl liﬁrﬂ& (3.93
nuno i on n ol ynmer

ol ut] S R ohete RS eRERT Rolly B R o Rt 7

3-anmin quégpmtqﬂoammmwtmne (3 93 mol ) was added, and m xi ng of the

ol . q‘éz;g’amﬁﬂﬂsﬁg.m 5%@{a3?ﬁ§"é”#"?é‘at“¥%’éﬁ?§ R B MR | oued
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conj ugated di ene rubber Ris shown in Table 1, and properties of the

nmodi fi ed conjugated di ene rubber R produced are shown in Table 2.

Addi tionally, a rubber conposition was prepared using the nodified

conj ugat ed di ene rubber R and foll ow ng a conmpoundi ng formula shown in

Tabl e 3, and vul cani zati on was carried out to eval uate physical properties.
Results thereof are shown in Table 4. [0092] COVPARATI VE EXAMPLE 1




Modi fi ed conjugated diene rubber S was produced in the sane manner as in
Exanpl e 1, except that N, N-bis(triethylsilyl)am nopropyltrinethoxysilane in
Exanpl e 1 was not added. The pol ynerization forrmula of the nodified
conj ugated di ene rubber Sis shown in 'Fable 1, and properties of the

nodi fied conjugated diene rubber S produced are shown in Table 2.
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[0053] Furthermore, examples of the condensation catalyst include aluminum triethoxide,

aluminum tri-n-propoxide, aluminum tri-i-propoxide, aluminum tri-n-butoxide, aluminum

tri-sec-butoxide, aluminum tri-tert-butoxide, tri(2-ethylhexyl)aluminum, aluminum

dibutoxide stearate, aluminum dibutoxide acetylacetonate, aluminum butoxide

bis(acetylacetonate), aluminum dibutoxide ethylacetoacetate, aluminum

tris(acetylacetonate), aluminum tris(ethylacetoacetate), tris(2-ethylhexanoato)aluminum,

tris(laurato)aluminum, tris(naphthato)aluminum, tris(stearato)aluminum,

tris(oleato)aluminum, tris(linoleato)aluminum, bis(n-octanoato)tin, bis(2-

ethylhexanoato)tin, tin dilaurate, tin dinaphthoenate, tin distearate, tin dioleate, dibutyltin

distearate, dibutyltin bis(n-octanoate), dibutyltin bis(2-ethylhexanoate), dibutyltin dilaurate,

dibutyltin malate, dibutyltin bis(benzylmalate), dibutyltin bis(2-ethylhexylmalate), di-n-

octyltin diacetate, di-n-octyltin bis(n-octanoate), di-n-octyltin bis(2-ethylhexanoate), di-n-

octyltin dilaurate, di-n-octyltin malate, di-n-octyltin bis(benzylmalate) and di-n-octyltin

bis(2-ethylhexylmalate).
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Modi fied conjugated di ene rubber Wwas produced in the sane manner as in
Exanpl e 16, except that 3-am nopropyltriethoxysilane in Exanple 16 was not
added. The pol ynerization formula of the nodified conjugated di ene
rubber Wis shown in Table 1, and properties of the nodified conjugated

di ene rubber W produced are shown in Table 2. Additionally, a rubber
conposition was prepared u5|ng the nodified conjugated dlene rubber Wand
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sati sflA0e%r y 4 KWENCE ot mixdag thecgadensatinmesatalyst with other mgredlent (e.g. the
modified conjugated diene polymer produced at the step (a)) is preferably from 0°C to

120°C and more preferably from 20°C to 100°C. Decrease in the temperature tends to

cause an increase in polymer viscosity, whereas increase in the temperature tends to cause
deterioration of the polymerization active terminal. Therefore, the temperatures falling

outside the numerical range specified above are preferable.
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(v) Abrasion resistance: Vulcanized rubber was used as a neasurenent

sanpl e, and abrasion resistance thereof was determ ned by using a DIN
abrasion tester (made by Toyo Seiki Co., Ltd.) under a load of | ON at 25C
in conformty with HS K 6264. The abrasion resistance was expressed as an
i ndex, and the greater the index value, the nore satisfactory the abrasion
resistance. [0101] [Table 1] kr10 QCQ rlll1111Chl/4:3t ald 400

t--r.) Oﬂﬂg?] ' ég%eogthe} ﬁdnlcl,r] a flnixiplg fitne igpﬁe'férgfbly from 1 minute to 5 hours, and more
preferably from 2 minutes to 1 hour. The mixing time shorter than 1 minute does not
allow completion of mixing, while the mixing time longer than 5 hours is undesirable since
the mixing has already reached to saturation.

[0058] [2] Modified Conjugated Diene Rubber:

The modified conjugated diene rubber according to an embodiment of the present
invention is modified conjugated diene rubber produced by the use of the hitherto described
method for producing modified conjugated diene rubber. The modified conjugated diene
rubber like the above has high in Mooney viscosity; and is superior in shape stability and
excellent in workability. The suitable Mooney viscosity (ML I+4, 100°C) of the modified
conjugated diene rubber of this embodiment is preferably from 30 to 150 and more
preferably from 40 to 120. When Mooney viscosity (ML I+4, 100°C) is lower than 30, the
shape stability shows downward tendency. On the other hand, when the rubber has
Mooney viscosity (ML 1+4, 100°C) higher than 150, the workability thereof deteriorates,
and sometimes it becomes difficult to knead the rubber with a compounding agent. In this
connection, when its Mooney viscosity is too high, the rubber is generally oil-extended
with extension oil so as to have Mooney viscosity in the above-specified range.

As the extension oil, aromatic oil, naphthene oil, paraffin oil or an aromatic-oil
substitute with a PCA content lower than 3 mass% as measured by Method IP 346 is
suitable for use. Although the extension oil may be used in an arbitrary amount, it is
usually used in an amount of 10 to 50 parts by mass with respect to 100 parts by mass of
the modified conjugated diene rubber. In most cases where extension oil is used, the
amount mixed is generally from 20 to 37.5 parts by mass. As to the extension oil named
from the classification by manufacturing process, T-DAE (Treated Distillate Aromatic
Extract) oil, T-RAE (Treated Residual Aromatic Extract) oil, MES (Mild Extract Solvate)
oil, RAE (Residual Aromatic Extract) oil and the like can be used suitably.

[0059] [3] Rubber Composition:

The rubber composition, another embodiment of the present invention, is a rubber
composition which includes as a rubber ingredient the modified conjugated diene polymer
as mentioned above. Details thereof are described below.

[3-1] Rubber Ingredients:

The modified conjugated diene rubber included in the rubber composition of the
embodiment is rubber containing the modified conjugated diene polymer as mentioned
above. Itis preferable that the percentage of modified conjugated diene polymer content
in the modified conjugated diene rubber be 20 mass% or higher; it is more preferable that
the percentage is 30 mass% or higher; and it is particularly preferable that the percentage is
40 mass% or higher. By adjusting the content percentage to be 20 mass% or higher,
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mechanical properties, such as tensile strength and elongation by stretching, crack-growth
resistance and abrasion resistance of the cross-linked rubber composition prepared can be
made more satisfactory.

[0060] Additionally, the modified conjugated diene rubber may contain one kind of
modified conjugated diene polymer, or it may contain two or more kinds of modified
conjugated diene polymers. Besides containing the modified conjugated diene polymer(s),
the modified conjugated diene rubber may contain other rubber ingredients. Examples of
other rubber ingredients include natural rubber, synthetic isoprene rubber, butadiene rubber,
modified butadiene rubber, styrene-butadiene rubber, modified styrene-butadiene rubber,
ethylene-a-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 and polystyrene-polybutadiene-polystyrene block
copolymer, and mixtures thereof. Even when other rubber ingredients publicly known to
be usable in rubber compositions for tire use are incorporated, it is possible to produce
cross-linked rubber superior in low hysteresis-loss property.

[0061] [3-2] Other Ingredients (carbon black, silica):

It is preferable that the rubber composition of the embodiment further include
carbon black and/or silica. Examples of carbon black include furnace black, typified by
SRF, GPF, FEF, HAF, ISAF, SAF, ISAF-HS, ISAF-LS, IISAF-HS, HAF-HS and HAF-LS,
acetylene black, thermal black, channel black and graphite, and further include carbon
black of various grades, such as graphite fibers and fullerenes. Additionally, it is
appropriate for the carbon black to have iodine adsorption (IA) of 60 mg/g or above and
dibutyl phthalate oil absorption (DBP) of 80 ml/100g or above. The use of carbon black
increases effects on improvements in grip performance and fracture resistance
characteristics of cross-linked rubber compositions. Of the carbon black products, HAF,
ISAF and SAF are preferred because of their excellence in abrasion resistance. Those
varieties of carbon black may be used alone, or any two or more of them may be used in
combination.

[0062] Examples of silica include wet silica (hydrated silicic acid), dry silica (silicic acid
anhydride), colloidal silica, precipitated silica, calcium silicate, aluminum silicate etc. Of
these various types of silica, wet silica is preferred over the others because of its remarkable
effects on improvements in fracture resistance characteristics and compatibility between
wet skid resistance and a low hysteresis-loss property. Additionally, it is also preferable to
use silica of high dispersible type from the viewpoints of physical properties and
workability because the use of such silica ensures satisfactory dispersion into rubber.
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Those types of silica may be used alone, or any two or more of them may be used in
combination.

[0063] Itis preferable that the rubber composition of the embodiment is a rubber
composition containing carbon black and/or silica in an amount of 20 to 130 parts by mass
with respect to 100 parts by mass of rubber ingredients (the sum of modified conjugated
diene polymer(s) and other rubber ingredients), and the amount is preferably from 25 to 110
parts by mass from the viewpoint of reinforcement and its accompanying effect on
improvements in various physical properties. In this connection, when the percentage of
carbon black and/or silica content is low, there is a tendency toward insufficiency of effect
on improvements in fracture resistance characteristics and so on; while, when the
percentage of carbon black and/or silica content is high, there is a tendency toward
reduction in workability of rubber compositions. Therefore, it is preferable that the
content percentage be within the numerical range specified above. On the other hand, by
compounding a carbon-silica dual phase filler with the present copolymer rubber, an
excellent advantage similar to the advantage brought by the combined use of carbon black
and silica can be obtained. The carbon-silica dual phase filler is carbon black to the
surface of which silica is chemically bonded, or the so-called silica coating carbon black.
Examples thereof include products of Cabot Corporation marketed under the trade names of
CRX2000, CRX2002 and CRX2006. The suitable amount of carbon-silica dual phase
filler compounded is from 1 to 100 parts by mass, preferably from 5 to 95 parts by mass,
with respect to 100 parts by mass of the total for rubber ingredients.

[0064] In the case of incorporating silica as a reinforcing agent into the rubber
composition of the embodiment, mixing a silane coupling agent into silica is favorable for
further improvement in reinforcing effect of silica. Examples of such a silane coupling
agent include 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-
mercaptopropyltrimethoxysilane, 3-mercaptopropyltriethoxysilane, 2-
mercaptoethyltrimethoxysilane, 2-mercaptoethyltriethoxysilane, 3-trimethoxysilylpropyl-
N,N-dimethylthiocarbamoyl tetrasulfide, 3-triethoxysilylpropyl-N,N-
dimethylthiocarbamoyl tetrasulfide, 2-triethoxysilylethyl-N,N-dimethylthiocarbamoyl
tetrasulfide, 3-trimethoxysilylpropylbenzothiazolyl tetrasulfide, 3-
triethoxysilylpropylbenzolyl tetrasulfide, 3-triethoxysilylpropylmethacrylate monosulfide,
3-trimethoxysilylpropylmethacrylate monosulfide, bis(3-diethoxymethylsilylpropyl)
tetrasulfide, 3-mercaptopropyldimethoxymethylsilane, dimethoxymethylsilylpropyl-N,N-
dimethylthiocarbamoyl tetrasulfide, dimethoxymethylsilylpropylbenzothiazolyl tetrasulfide,
vinyltriethoxysilane, $-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, N-(B-aminoethyl)-y-
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aminopropyltrimethoxysilane, 3-octathio-1-propyl-triethoxysilane, -
trimethoxysilylpropyldimethylthiocarbamyl tetrasulfide, y-
trimethoxysilylpropylbenzothiazyl tetrasulfide, and the mercaptosilane compounds recited
in JP-A-2006-249069.

Examples of a commercially available silane coupling agent include products of
Momentive Performance Materials Inc., marketed under the trade names “NXT Silane”,
“NXT-Low-V Silane” and “NXT Ultra Low-V Silane”, a product of Degussa AG, marketed
under the trade name “VP Si363”, and a product of Gelest Inc., marketed under the trade
name “11-MERCAPTOUNDECYLTRIMETHOXYSILANE”.

Of these silane coupling agents, bis(3-triethoxysilylpropyl) polysulfide, 3-
trimethoxysilylpropylbenzothiazyl tetrasulfide and the mercaptosilane compounds recited
in JP-A-2006-249069 are favorable in point of their effects on improvement in reinforcing
capability and the like.

Additionally, these coupling agents can be used alone, or any two or more of them
can be used in combination. ~Although it differs depending on the type and so on, the
suitable amount of a silane coupling agent cpmpounded, is from 1 to 20 parts by mass,
preferably from 3 to 15 parts by mass, with respect to 100 parts by mass of silica. When
the amount of a silane coupling agent mixed is less than one part by mass, effects of the
silane coupling agent tend to become difficult to sufficiently produce. On the other hand,
when the amount mixed is more than 20 parts by mass, the silane coupling agent tends to
easily cause gelation of rubber ingredients.

[0065] Various compounding agents in the present rubber composition have no particular
limitation and it is also possible to add a compatibility-imparting agent at the time of
kneading for the purpose of improving the workability under kneading or further enhancing
a balance between wet skid resistance, a low hysteresis-loss property, abrasion resistance
and so on.  The compatibility-imparting agent suitable for use is an organic compound
chosen from among compounds containing an epoxy group, carboxylic acid compounds,
carboxylate compounds, ketone compounds, ether compounds, aldehyde compounds,
compounds containing a hydroxyl group or compounds containing an amino group, or a
silicon compound chosen from among alkoxysilane compounds, siloxane compounds or
aminosilane compounds.  Examples of the organic compound as a compatibility-
imparting agent include the following compounds.

Compounds containing an epoxy group: butyl glycidyl ether, diglycidyl ether, propylene
oxide, neopentyl glycol diglycidyl ether, epoxy resin, epoxidized soybean oil, epoxidized
fatty acid esters and the like.

Carboxylic acid compounds: adipic acid, octylic acid, methacrylic acid and the like.
Carboxylate compounds: ~ acrylic acid esters, diethylene acrylate, ethyl methacrylate,

33



" .N.cC --4ni rt-n 4 tenc co. 42 7, ...11Ct| * * * * * *x x x x x ]_1]

.41... L., 4 .2 '44- p.on O pg .f.2 7., """ * ii a;ifiC4
tirdvb.-E gThlL,-.347;r1PiqCl13' C-1:35Cit6.3.-rv S.-,'Cl gHN'4-0. ECnal < E
a-15 -7Cl zzzzzzzz' )/ 01-, U3 Czz C .., 0>."'""'",,,, W 00 E E -82 .1.v.04,
a...... 41.,0) (..)<. _

orthoacetic acid esters, ethyl acetoacetate, butyl acetate, isopropy! acetate, dimethyl
carbonate, p-hydroxyphenyl acetate, polyester-type plasticizers, stearic acid-type
plasticizers and the like.
Ketone compounds: methylcyclohexanone, acetyl acetone and the like.
Ether compounds: isopropyl ether, dibutyl ether and the like.
Aldehyde compounds: undecylene aldehyde, decyl aldehyde, vanillin, 3,4-
dimethoxybenzaldehyde, cuminaldehyde and the like.
Compounds containing an amino group: isopropylamine, diisopropylamine, triethylamine,
3-ethoxypropylamine, 2-ethylhexylamine, isopropanolamine, N-ethylethylenediamine,
ethyleneimine, hexamethylenediamine, 3-lauryloxypropylamine, aminophenol, aniline, 3-
isopropoxyaniline, phenylenediamine, aminopyridine, N-methyldiethanolamine, N-
methylethanolamine, 3-amino-1-propanol, ethylamine hydrochloride, n-butylamine
hydrochloride and the like.
Compounds containing a hydroxyl group: isopropyl alcohol, butanol, octanol, octanediol,
ethylene glycol, methylcyclohexanol, 2-mercaptoethanol, 3-methyl-3-methoxy-1-butanol,
3-methyl-1,5-pentanediol, 1-octadecanol, diethylene glycol, butylene glycol, dibutylene
glycol, triethylene glycol and the like.

Of these compounds, compounds containing an epoxy group, compounds
containing an amino group and compounds containing a hydroxyl group are preferable.

Examples of a silicon compound as a compatibility-imparting agent include the
following compounds.
Alkoxysilane compounds: trimethylmethoxysilane, trimethylethoxysilane,
dimethyldimethoxysilane, methyltriethoxysilane, methyltriphenoxysilane, tetracthoxysilane,
methyldiethoxysilane, vinyltrimethoxysilane and the like.
Siloxane compounds: dimethylsiloxane oligomer, silicone oil, amino-modified silicone
oil, epoxy-modified silicone oil, carboxyl-modified silicone oil, polyether-modified silicone
oil, alkyl-modified silicone oil, higher fatty acid ester-modified silicone oil, higher alkoxy-
modified silicone oil, higher fatty acid-containing silicone oil and the like.
Aminosilane compounds: hexamethyldisilazane, nonamethyltrisilazane,
anilinotrimethylsilane, bis(dimethylamino)dimethylsilane, bis(diethylamino)dimethylsilane,
triethylaminosilane and the like.

Of these compounds, the silazane compounds and

bis(dimethylamino)dimethylsilane are preferable.
[0066] To the rubber composition of the embodiment, various kinds of chemicals and
additives commonly used in rubber industry can be added, if desired, to the extent wherein
the aims of the present invention are not impaired. Examples of various kinds of
chemicals and additives which can be added to the rubber composition of the embodiment
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include a cross-linking agent (e.g. vulcanizing agent), a vulcanizing assistant, a working
assistant, a vulcanization accelerator, process oil, an anti-aging agent, an anti-scorching
agent, zinc oxide and stearic acid.

[0067] Examples of the vulcanizing agent include sulfur, sulfur halides, organic peroxides,
quinone dioximes, organic polyamine compounds, and alkylphenol resins containing
methylol group.

However, sulfur is commonly used as the vulcanizing agent.

It is appropriate that the amount of a vulcanizing agent used be from 0.1 to 5 parts
by mass, preferably from 0.5 to 3 parts by mass, with respect to 100 parts by mass of the
modified conjugated diene rubber (starting material rubber; rubber ingredients).

As the vulcanizing assistant and the working assistant, stearic acid is generally
used. The amount of these assistants used is usually from 0.5 to 5 parts by mass with
respect to 100 parts by mass of the modified conjugated diene rubber.

The vulcanization accelerator has no particular limitation, and examples thereof
include compounds of sulfenamide type, guanidine type, thiuram type, thiourea type,
thiazole type, dithiocarbamic acid type or xanthogenic acid type. Suitable examples of the
compounds include 2-mercaptobenzothiazole, dibenzothiazyl disulfide, N-cyclohexyl-2-
benzothiazylsulfenamide, N-t-butyl-2-benzothiazolesulfenamide, N-oxyethylene-2-
benzothiazolesulfenamide, N-oxyethylene-2-benzothiazolesulfenamide, N,N’-diisopropyl-
2-benzothiazolesulfenamide, diphenylguanidine, diorthotolylguanidine,
orthotolylbisguanidine efc. The amount of a vulcanization accelerator used is generally
from 0.1 to 5 parts by mass, preferably from 0.4 to 4 parts by weight, with respect to 100
parts by mass of the modified conjugated diene rubber.

[0068] The present rubber composition can be prepared through kneading with a kneader,
such as an open kneader, such as a roll-type open kneader, or a closed kneader, such as a
Banbury mixer.  Additionally, the present rubber composition can be applied to various
rubber products by cross-linking (vulcanization) subsequent to molding. The cross-linked
rubber composition (rubber composition having undergone cross-linking) of the
embodiment is suitable for use for tire, such as tire tread, under tread, a carcass, a side wall
and a bead component; applications to industrial products, such as a rubber cushion, a
fender, a belt and a hose, and so on. The cross-linked rubber composition of the
embodiment is especially suitable for application to rubber for tire tread.

[0069] Each of the products in the present invention, namely the modified conjugated
diene polymer (produced at the step (a)), the modified conjugated diene rubber (produced at
the step (b)), the rubber composition and the cross-linked rubber composition, has the

following physical properties and so on.
From the viewpoint of ensuring a balance between shape stability of the modified
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average molecular Weight of the conjugated diene polymer before modification is
preferably from 10,000 to 1,500,000, more preferably from 50,000 to 1,000,000, especially
preferably from 100,000 to 800,000, as measured by gel permeation chromatography
(GPC) and calculated in terms of polystyrene.

It is preferable that the suitable glass transition temperature of the modified
conjugated diene rubber is 0°C or below; it is more preferable that the temperature is -5°C
or below; and it is especially preferable that the temperature is -10°C or below, from the
viewpoint of ensuring a balance between a low hysteresis-loss property and wet skid
resistance of the cross-linked rubber composition to be prepared.

The Mooney viscosity (ML I+4, 100°C) of the modified conjugated diene rubber is
preferably from 30 to 150 and more preferably from 40 to 120, from the viewpoint of
ensuring a balance between shape stability of the modified conjugated diene rubber and
workability in preparing the rubber composition.

It is preferable that cold flow value (mg/min) of the modified conjugated diene
rubber is 1.5 or below; it is more preferable htat the value is 1.0 or below; and it is
especially preferable that the vakue is 0.5 or below, from the viewpoint of shape stability of
the modified conjugated diene rubber.

The Mooney viscosity (ML 1+4, 100°C) of the rubber composition is preferably
from 20 to 150, more preferably from 30 to 130, and especially preferably from 40 to 110,
from the viewpoint of workability in making tires.

It is preferable that the index of tensile strength (JIS K 6301, 300% modulus) of
the cross-linked rubber composition is 100 or above, and it is more preferable that the index
is 103 or above.

It is preferable that index of tand which the cross-linked rubber composition has at
0°C is 126 or above and it is more preferable that the index is 130 or above.

It is preferable that the index of tand which the cross-linked rubber composition
has at 70°C is 128 or above and it is more preferable that the index is 135 or above.

It is preferable that the index of abrasion resistance (JIS K 6264, load 10N, 25°C)
of the cross-linked rubber composition is 105 or above; it is more preferable that the index
is 110 or above; and it is especially preferable that the index is 113 or above.

Examples

[0070] Although the present invention is explained specifically on the basis of the
following examples, the present invention should not be construed as being limited to these
examples. Additionally, all “parts” and “percentages” in the following examples and
comparative examples are by mass unless otherwise indicated. ~Additionally, methods for
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measurmgrﬁxe values of va 1oi1s physwal properties are indicated below.

[Bound styrene content (%)]: The value thereof was determined by 500 MHz "H-NMR.
[Vinyl content (%)]: The value thereof was determined by 500 MHz 'H-NMR.
[Glass transition temperature (°C)]: The value thereof was measured in conformity with
ASTM D3418.
[Molecular weight before modification]: The value thereof was determined from a retention
time corresponding to the top of a maximum peak on a GPC curve prepared through the use
of gel permeation chromatography (GPC) (HLC-8120GPC, trade name, a product of Tosoh
Corporation) and calculated in terms of polystyrene.
(Conditions of GPC)

Column: Two of columns marketed under the trade name of “GMHHXL” (from
Tosoh Corporation)

Column temperature: 40°C

Mobile phase: Tetrahydrofuran

Flow velocity: 1.0 ml/min

Sample concentration: 10 mg/20 ml
[Mooney viscosity (ML 1+4, 100°C)]: The value thereof was determined in conformity with
JIS K6300 and by using an L-rotor under conditions that preheating was carried out for 1
minute and the rotor was operated for 4 minutes at a temperature of 100°C.,
[Cold flow value (mg/min)]: A copolymer was kept at a temperature of 50°C and
extruded from a 6.35 mm orifice under a pressure of 24.1 kPa.  After a lapse of 10 minutes
from the time of extrusion (after becoming the extrusion speed to be uniform), the amount
(mg) of the copolymer extruded was measured every 30 minutes during 90 minutes, and the
average of the measured amounts was defined as a cold flow value (ng/min). The greater
the value, the poorer shape stability the rubber has and the harder its handling becomes.
[0071] EXAMPLE 1 [Synthesis of Modified Conjugated Diene Rubber A, and Evaluation
Thereof]

Into a nitrogen-displaced autoclave reactor having an interior volume of 5 liter
2,750 g of cyclohexane, 50.0 g of tetrahydrofuran, 125 g of styrene and 365 g of 1,3-
butadiene were charged. The contents in the reactor were adjusted to have a temperature
of 10°C, and then polymerization was initiated by addition of a cyclohexane solution
containing n-butyl lithium (5.80 mmol). The polymerization was carried out under
adiabatic conditions, and the maximum temperature reached to 85°C.
[0072] When the conversion rate in the polymerization reached to 99%, 10 g of butadiene
was further added, and polymerization was further performed for 5 minutes. Thereafter, a
10 g of the polymer solution was sampled for measurement of molecular weight before

modification, and a cyclohexane solution containing N,N-
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bis(triethylsilyl)aminopropyltrimethoxysilane (4.96 mmol) was added and reaction was
performed for 15 minutes. To the polymer solution after the reaction, a cyclohexane
solution containing 3-aminopropyltriethoxysilane (4.96 mmol) was added, and mixing of
these solutions was carried out for 5 minutes.  Further thereto, addition of a cyclohexane
solution containing silicon tetrachloride (3.93 mmol) was carried out, followed by 5-minute
mixing. Furthermore thereto, addition of a cyclohexane solution containing bis(2-
ethylhexanoato)tin (4.96 mmol) was carried out, followed by 5-minute mixing. Then to
the thus prepared polymer solution, 2.0 g of 2,6-di-tert-butyl-p-cresol was added.
Subsequently thereto, the solvent was removed by performing steam stripping through the
use of hot water adjusted to pH=9 with sodium hydroxide, and rubber thus isolated was
dried with hot rolls adjusted to a temperature of 110°C.  Thus, modified conjugated diene
rubber A was produced.

The polymerization formula of the modified conjugated diene rubber A is shown in
Table 1, and properties of the modified conjugated diene rubber A thus produced are shown
in Table 2.  In addition, a rubber composition was prepared using the modified conjugated
diene rubber A and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0073] EXAMPLE 2 [Synthesis of Modified Conjugated Diene Rubber B, and Evaluation
Thereof]

Modified conjugated diene rubber B was produced in the same manner as in
Example 1, except that N,N-bis(triethylsilyl)aminopropylmethyldimethoxysilane was used
in place of N,N-bis(triethylsilyl)aminopropyltrimethoxysilane in Example 1.

The polymerization formula of the modified conjugated diene rubber B is shown in
Table 1, and properties of the modified conjugated diene rubber B produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber B and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0074] EXAMPLE 3 [Synthesis of Modified Conjugated Diene Rubber C, and Evaluation
Thereof]

Modified conjugated diene rubber C was produced in the same manner as in
Example 1, except that N,N—bis(trimethylsilyl)aminopropyltriethoxysilape was used in
place of N,N-bis(triethylsilyl)aminopropyltrimethoxysilane in Example 1.

The polymerization formula of the modified conjugated diene rubber C is shown in
Table 1, and properties of the modified conjugated diene rubber C thus produced are shown
in Table 2.  Additionally, a rubber composition was prepared using the modified
conjugated diene rubber C and following a compounding formula shown in Table 3, and
vulcanization was carried out to evaluate physical properties. Results thereof are shown in
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[0075] EXAMPLE 4 [Synthesis of Modified Conjugated Diene Rubber D, and Evaluation
Thereof]

Into a nitrogen-displaced autoclave reactor having an interior volume of 5 liter,
2,750 g of cyclohexane, 10.3 g of tetrahydrofuran, 50 g of styrene and 440 g of 1,3-
butadiene were charged. The contents in the reactor were adjusted to have a temperature
0f 10°C, and then polymerization was initiated by addition of a cyclohexane solution
containing n-butyl lithium (5.80 mmol). The polymerization was carried out under
adiabatic conditions, and the maximum temperature reached to 85°C.

[0076] When the conversion rate in the polymerization reached to 99%, 10 g of butadiene
was added, and polymerization was further performed for 5 minutes. Thereafter, 10 g of
the polymer solution was sampled for measurement of molecular weight before
modification, and a cyclohexane solution containing 1-(3-triethoxysilylpropyl)-2,2,5,5-
tetramethyl-1-aza-2,5-disilacyclopentane (4.96 mmol) was added, followed by reaction for
15 minutes. To the polymer solution after the reaction, a cyclohexane solution containing
3-aminopropyltriethoxysilane (4.96 mmol) was added, and mixing of the solutions was
carried out for 5 minutes. Furthermore, a cyclohexane solution containing silicon
tetrachloride (3.93 mmol) was added, followed by mixing for 5 minutes. Furthermore, a
cyclohexane solution containing titanium tetrakis(2-ethylhexyl oxide) (4.96 mmol) was
added, followed by mixing for 5 minutes. Then, to the thus prepared polymer solution,
2.0 g of 2,6-di-tert-butyl-p-cresol was added. Subsequently, the solvent was removed by
performing steam stripping through the use of hot water adjusted to pH=6 with sodium
hydroxide, and rubber thus isolated was dried with hot rolls adjusted to a temperature of
110°C.  Thus, modified conjugated diene rubber D was produced.

The polymerization formula of the modified conjugated diene rubber D is shown
in Table 1, and properties of the modified conjugated diene rubber D produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber D and following a compounding formula shown in Table 3, and vulcanization
was accired out to eveluate physical properties. Results thereof are shown in Table 4.
[0077] EXAMPLE 5 [Synthesis of Modified Conjugated Diene Rubber E, and Evaluation
Thereof]

Modified conjugated diene rubber E was produced in the same manner as in
Example 1, except that N-[3-(trimethoxysilyl)-propyl]-N,N’-diethyl-N’-trimethylsilyl-
ethane-1,2-diamine was used in place of N,N-bis(triethylsilyl)aminopropyltrimethoxysilane
in Example 1 and the amount of silicon tetrachloride added was changed from 3.93 mmol
to 5.17 mmol and zirconium tetrakis(acetylacetonate) was used in place of bis(2-

ethylhexanoato)tin.
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The polymerization formula of the modified conjugated diene rubber E is shown in
Table 1, and properties of the modified conjugated diene rubber E produced are shown in
Table 2. Additionally, a rubber composition was prepared using the modified conjugated
diene rubber E and following a compounding formula shown in Table 3, and vulcanization
was carried our to evaluate physical properties. Results thereof are shown in Table 4.
[0078] EXAMPLE 6 [Synthesis of Modified Conjugated Diene Rubber F, and Evaluation
Thereof]

Modified conjugated diene rubber F was produced in the same manner as in
Example 5, except that 3-(4-trimethylsilyl-1-piperazino)propyltriethoxysilane was used in
place of N-[3-(trimethoxysilyl)-propyl-N,N’-diethyl-N’-trimethylsilyl-ethane-1,2-diamine
in Example 5.

The polymerization formula of the modified conjugated diene rubber F is shown in
Table 1, and properties of the modified conjugated diene rubber F produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber F and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0079] EXAMPLE 7 [Synthesis of Modified Conjugated Diene Rubber G, and Evaluation
Thereof]

Modified conjugated diene rubber G was produced in the same manner as in
Example 5, except that 3-(4-methyl-1-piperazino)propyltriethoxysilane was used in place of
N-[3-(trimethoxysilyl)-propyl-N,N’-diethyl-N’-trimethylsilyl-ethane-1,2-diamine in
Example 5. '

The polymerization formula of the modified conjugated diene rubber G is shown
in Table 1, and properties of the modified conjugated diene rubber G produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber G and following a compounding formula shown in Table 3, and vulcanization
was accired out to evaluate physical properties. Results thereof are shown in Table 4.
[0080] EXAMPLE 8 [Synthesis of Modified Conjugated Diene Rubber H, and Evaluation
Thereof]

Modified conjugated diene rubber H was produced in the same manner as in
Example 1, except that 3-diethylaminopropyltriethoxysilane was used in place of N,N-
bis(triethylsilyl)aminopropyltrimethoxysilane in Example 1.

The polymerization formula of the modified conjugated diene rubber H is shown
in Table 1, and properties of the modified conjugated diene rubber H thus produced are
shown in Table 2.  Additionally, a rubber composition was prepared using the modified
conjugated diene rubber H and following a compounding formula shown in Table 3, and
vulcanization was carried out to evaluate physical properties. Results thereof are shown in
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Table 4.
[0081] EXAMPLE 9 [Synthesis of Modified Conjugated Diene Rubber I, and Evaluation

Thereof]

Modified conjugated diene rubber I was produced in the same manner as in
Example 1, except that S-trimethylsilylmercaptopropyltriethoxysilane was used in place of
N,N-bis(triethylsilyl)aminopropyltrimethoxysilane in Example 1.

The polymerization formula of the modified conjugated diene rubber I is shown in
Table 1, and properties of the modified conjugated diene rubber I produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber I and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0082] EXAMPLE 10 [Synthesis of Modified Conjugated Diene Rubber J, and Evaluation
Thereof]

Modified conjugated diene rubber J was produced in the same manner as in
Example 1, except that 3-diphenylphosphinopropyltrimethoxysilane was used in place of
N,N-bis(triethylsilyl)aminopropyltrimethoxysilane in Example 1.

The polymerization formula of the modified conjugated diene rubber J is shown in
Table 1, and properties of the modified conjugated diene rubber J produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber J and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0083] EXAMPLE 11 [Synthesis of Modified Conjugated Diene Rubber K, and
Evaluation Thereof]

Modified conjugated diene rubber K was produced in the same manner as in
Example 1, except that mercaptopropyltricthoxysilane was used in place of 3-
aminopropyltriethoxysilane in Example 1.

The polymerization formula of the modified conjugated diene rubber K is shown
in Table 1, and properties of the modified conjugated diene rubber K produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber K and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0084] EXAMPLE 12 [Synthesis of Modified Conjugated Diene Rubber L, and
Evaluation Thereof]

Modified conjugated diene rubber L was produced in the same manner as in
Example 1, except that 3.25 mmol of 2,2-di(tetrahydrofuryl)propane was used in place of
50.0 g of tetrahydrofuran in Example 1; N-2-(aminoethyl)-3-
aminopropylmethyldimethoxysilane was used in place of 3-aminopropyltriethoxysilane in
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Example 1; and the amount of silicon tetrachloride added was changed from 3.93 mmol in
Example 1 to 5.17 mmol.

The polymerization formula of the modified conjugated diene rubber L is shown in
Table 1, and properties of the modified conjugated diene rubber L produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber L and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0085] EXAMPLE 13 [Synthesis of Modified Conjugated Diene Rubber M, and
Evaluation Thereof]

Modified conjugated diene rubber M was produced in the same manner as in
Example 1, except that 3.25 mmol of 2,2-di(tetrahydrofuryl)propane was used in place of
50.0 g of tetrahydrofuran in Example 1; the amount of 3-aminopropyltriethoxysilane added
was changed from 4.96 mmol in Example 1 to 9.92 mmol; and the amount of silicon
tetrachloride added was changed from 3.93 mmol in Example 1 to 5.17 mmol.

The polymerization formula of the modified conjugated diene rubber M is shown
in Table 1, and properties of the modified conjugated diene rubber M produced are shown
in Table 2. ~ Additionally, a rubber composition was prepared using the modified
conjugated diene rubber M and following a compounding formula shown in Table 3, and
vulcanization was carried out to evaluate physical properties. Results thereof are shown in
Table 4.

[0086] EXAMPLE 14 [Synthesis of Modified Conjugated Diene Rubber N, and
Evaluation Thereof]

Modified conjugated diene rubber N was produced in the same manner as in
Example 1, except that 3.25 mmol of 2,2-di(tetrahydrofuryl)propane was used in place of
50.0 g of tetrahydrofuran in Example 1; 15.7 mmol of diethylaluminum chloride was used
in place of 3.93 mmol of silicon tetrachloride in Example 1; and bis(2-ethylhexanoato)tin in
Example 1 was changed to titanium tetrakis(2-ethylhexyl oxide).

The polymerization formula of the modified conjugated diene rubber N is shown
in Table 1, and properties of the modified conjugated diene rubber N produced are shown in
Table 2. Additionally, a rubber composition was prepared using the modified conjugated
diene rubber N and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0087] EXAMPLE 15 [Synthesis of Modified Conjugated Diene Rubber O, and
Evaluation Thereof]

Modified conjugated diene rubber O was produced in the same manner as in
Example 1, except that 3.25 mmol of 2,2-di(tetrahydrofuryl)propane was used in place of
50.0 g of tetrahydrofuran in Example 1; 10.48 mmol of isopropyl acid phosphate was used
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in place of 3.93 mmol of silicon tetrachloride in Example 1; and bis(2-ethylhexanoato)tin in
Example 1 was changed to titanium tetrakis(2-ethylhexyl oxide).

The polymerization formula of the modified conjugated diene rubber O is shown
in Table 1, and properties of the modified conjugated diene rubber O produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber O and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0088] EXAMPLE 16 [Synthesis of Modified Conjugated Diene Rubber P, and
Evaluation Thereof]

Into a nitrogen-displaced autoclave reactor having an interior volume of 5 liter,
2,750 g of cyclohexane, 100.0 g of tetrahydrofuran, 180 g of styrene and 310 g of 1,3-
butadiene were charged. The contents in the reactor were adjusted to have a temperature
of 20°C, and then polymerization was initiated by addition of a cyclohexane solution
containing n-butyl lithium (4.60 mmol). The polymerization was carried out under
adiabatic conditions, and the maximum temperature reached to 85°C.

[0089] When the conversion rate in the polymerization reached to 99%, 10 g of butadiene
was further added, and polymerization was further performed for 5 minutes. Thereafter, a
10 g of the polymer solution was sampled for measurement of molecular weight before
modification, and a cyclohexane solution containing N,N-
bis(triethylsilyl)aminopropyltrimethoxysilane (3.93 mmol) was added, followed by reaction
for 15 minutes. To the polymer solution after the reaction, a cyclohexane solution
containing 3-aminopropyltriethoxysilane (3.93 mmol) was added, and mixing of the
solutions was carried out for 5 minutes. Furthermore, a cyclohexane solution containing
silicon tetrachloride (3.12 mmol) was added, followed by mixing for 5 minutes.
Furthermore, a cyclohexane solution containing zirconium tetrakis(acetylacetonate) (4.96
mmol) was added, followed by mixing for 5 minutes. To the thus prepared polymer
solution, 2.0 g of 2,6-di-tert-butyl-p-cresol was then added, followed by addition of 187.5 g
of naphthene oil (SNH46, trade name, a product of SANKYO YUKA K K.) and further
mixing for 5 minutes.  Subsequently thereto, the solvent was removed from the resulting
polymer solution by performing steam stripping through the use of hot water adjusted to
pH=9 with sodium hydroxide, and rubber thus isolated was dried with hot rolls adjusted to
a temperature of 110°C.  Thus, modified conjugated diene rubber P was produced.

The polymerization formula of the modified conjugated diene rubber P is shown in
Table 1, and properties of the modified conjugated diene rubber P produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber P and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
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*1) *2) *3) *4) *5) *6) *7) *8) BRO1l, a product of .ISR Corporation
SN1- 146, a product of Sark Vaica Kogyo K. K DI ABLACK N339, a product of

M t subi shi Chem cal Corporation N psill AQ a product of Tosoh Silica
Corporation Si 69, a product of Evoni k Industries AG NOCRAC 810NA, a product

of Quchi Shinko Chem cal Industrial Co., Ltd, NOCCELER CZ, a product of _
Quch i Shinko Chem cal Industrial Co., Ltd, NOCCELER D, a product of Qu.chi

Shi al t 0[0@5@]71 E‘fflAI\}Hﬁ%'% r[éﬁlthe(;?s of I\%&iiﬁed Conjugated Diene Rubber Q, and
Evaluation Thereof]

Modified conjugated diene rubber Q was produced in the same manner as in
Example 4, except that 1-(3-triethoxysilylpropyl)-2,2,5,5-tetramethyl-1-aza-2,5-
disilacyclopentane was added first; then titanium tetrakis(2-ethylhexyl oxide) was added;
next 3-aminopropyltriethoxysilane was added; and silicon tetrachloride was added last.

The polymerization formula of the modified conjugated diene rubber Q is shown
in Table 1, and properties of the modified conjugated diene rubber Q produced are shown in
Table 2. Additionally, a rubber composition was prepared using the modified conjugated
diene rubber Q and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0091] EXAMPLE 18 [Synthesis of Modified Conjugated Diene Rubber R, and
Evaluation Thereof]

Modified conjugated diene rubber R was produced in the same manner as in
Example 4, except that 1-(3-triethoxysilylpropyl)-2,2,5,5-tetramethyl-1-aza-2,5-
disilacyclopentane was added first; then titanium tetrakis(2-ethylhexyl oxide), 3-
aminopropyltriethoxysilane and silicon tetrachloride were added at the same time.

The polymerization formula of the modified conjugated diene rubber R is shown in
Table 1, and properties of the modified conjugated diene rubber R produced are shown in
Table2. Additionally, a rubber composition was prepared using the modified conjugated
diene rubber R and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0092] COMPARATIVE EXAMPLE 1 [Synthesis of Modified Conjugated Diene Rubber
S, and Evaluation Thereof]

Modified conjugated diene rubber S was produced in the same manner as in
Example 1, except that N,N-bis(triethylsilyl)aminopropyltrimethoxysilane in Example 1
was not added.

The polymerization formula of the modified conjugated diene rubber S is shown in
Table 1, and properties of the modified conjugated diene rubber S produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber S and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0093] COMPARATIVE EXAMPLE 2 [Synthesis of Modified Conjugated Diene Rubber
T, and Evaluation Thereof]

Modified conjugated diene rubber T was produced in the same manner as in
Example 1, except that 3-aminopropyltriethoxysilane in Example 1 was not added.

The polymerization formula of the modified conjugated diene rubber T is shown in
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Table 1, and properties of the modified conjugated diene rubber T produced are shown in
Table2. Additionally, a rubber composition was prepared using the modified conjugated
diene rubber T and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0094] COMPARATIVE EXAMPLE 3 [Synthesis of Modified Conjugated Diene Rubber
U, and Evaluation Thereof]

Modified conjugated diene rubber U was produced in the same manner as in
Example 1, except that silicon tetrachloride in Example 1 was not added.

The polymerization formula of the modified conjugated diene rubber U is shown
in Table 1, and properties of the modified conjugated diene rubber U produced are shown in
Table 2.  Additionally, a rubber composition was prepared using the modified conjugated
diene rubber U and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0095] COMPARATIVE EXAMPLE 4 [Synthesis of Modified Conjugated Diene Rubber
V, and Evaluation Thereof]

Modified conjugated diene rubber V was produced in the same manner as in
Example 1, except that bis(2-ethylhexanoato)tin in Example 1 was not added.

The polymerization formula of the modified conjugated diene rubber V is shown in
Table 1, and properties of the modified conjugated diene rubber V produced are shown in
Table 2. Additionally, a rubber composition was prepared using the modified conjugated
diene rubber V and following a compounding formula shown in Table 3, and vulcanization
was carried out to evaluate physical properties. Results thereof are shown in Table 4.
[0096] COMPARATIVE EXAMPLE 5 [Synthesis of Modified Conjugated Diene Rubber
W, and Evaluation Thereof]

Modified conjugated diene rubber W was produced in the same manner as in
Example 16, except that 3-aminopropyltriethoxysilane in Example 16 was not added.

The polymerization formula of the modified conjugated diene rubber W is shown
in Table 1, and properties of the modified conjugated diene rubber W produced are shown
in Table 2.  Additionally, a rubber composition was prepared using the modified
conjugated diene rubber W and following a compounding formula shown in Table 3, and
vulcanization was carried out to evaluate physical properties. Results thereof are shown in

Table 4.
[0097] COMPARATIVE EXAMPLE 6 [Synthesis of Modified Conjugated Diene Rubber

X, and Evaluation Thereof]
Modified conjugated diene rubber X was produced in the same manner as in

Example 1, except that tetracthoxysilane was used in place of N,N-
bis(triethylsilyl)aminopropyltrimethoxysilane in Example 1.
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The polymerization formula of the modified conjugated diene rubber X is shown
in Table 1, and properties of the modified conjugated diene rubber X thus produced are
shown in Table 2.  Additionally, a rubber composition was prepared using the modified
conjugated diene rubber X and following a compounding formula shown in Table 3, and
vulcanization was carried out to evaluate physical properties. Results thereof are shown in
Table 4.

[0098] [Kneading Method of Rubber Composition, and Characteristic Evaluation]

As first-step kneading, the modified conjugated diene rubber produced in each of
Examples and Comparative Examples was kneaded with butadiene rubber, natural rubber,
extension oil, carbon black, silica, a silane coupling agent, stearic acid, an anti-aging agent
and zinc oxide by using a plastomill (an interior volume: 250 cc) with a temperature control
device on conditions that the filling rate is 72% and the number of revolutions is 60 rpm.
And then, as second-step kneading, the compounded matter prepared was cooled to room
temperature, and kneaded with sulfur and a vulcanization accelerator in accordance with a
compounding formula shown in Tables 3 and 4. The kneaded matter thus prepared was
subjected to molding, and vulcanized at 160°C for a determined time by means of a
vulcanizing press. ~Characteristic evaluations for the following tire performance were
carried out.

[0099] (i) Mooney viscosity: Each of the rubber compositions before vulcanization was
chosen as a measurement sample, and thereon the measurement according to JIS K6300
was made by using an L-rotor on conditions that the preheating was carried out for 1
minute; the running time of the rotor is 4 minutes; and the temperature is 100°C.

(ii) Tensile strength: In conformity with JIS K6301, a 300% modulus was
measured. The greater the index value, the greater and the more satisfactory the tensile
strength.

(iif) 0°C tand:  Vulcanized rubber was used as a measurement sample, and
measurement at 0°C was carried out by using a dynamic spectrometer (made by US
Rheometric Inc.) on conditions that the tensile dynamic distortion is 0.14%: the angular
velocity is 100 radians per second; and the temperature is 0°C. It was expressed as an
index, and the greater the numerical value thereof, the greater and the more satisfactory the
wet skid resistance.

[0100] (iv) 70°C tand: Vulcanized rubber was used as a measurement sample,
measurement at 70°C was carried out by using a dynamic spectrometer (made by US
Rheometric Inc.) on conditions that the tensile dynamic distortion is 0.7%; the angular
velocity is 100 radians per second; and the temperature is 70°C. It was expressed as an
index, and the greater the numerical value thereof, the lesser and the more satisfactory the

low hysteresis-loss property.
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(v) Abrasion resistance: Vulcanized rubber was used as a measurement sample,
and abrasion resistance thereof was determined by using a DIN abrasion tester (made by
Toyo Seiki Co., Ltd.) under a load of 10N at 25°C in conformity with JIS K 6264. The
abrasion resistance was expressed as an index, and the greater the index value, the more
satisfactory the abrasion resistance.

[0101]
[Table 1]
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[0103] [Table 3]

en O Ntn CO00 .--4

Compounding Formula (phr) 1 I
Modified conjugated diene rubber 70 96.25
Butadiene rubber *1) - 30

Natural rubber 30 -
Extension oil *2) 37.5 11.25
Carbon black  *3) 5.6 5.6
Silica *4) 80 80
Silane coupling agent  *35) 5.6 5.6
Stearic acid 2.0 2.0
Anti-aging agent *6) 1.0 1.0
Zinc oxide 3.0 3.0
Vulcanization accelerator CZ  *7) 1.8 1.8
Vulcanization accelerator D *8) 1.5 1.5
Sulfur 1.5 1.5

BRO1, a product of JSR Corporation

SNH46, a product of Sankyo Yuka Kogyo K.K.

DIABLACK N339, a product of Mitsubishi Chemical Corporation

Nipsill AQ, a product of Tosoh Silica Corporation

S8i69, a product of Evonik Industries AG

NOCRAC 810NA, a product of Ouchi Shinko Chemical Industrial Co., Ltd.
NOCCELER CZ, a product of Ouchi Shinko Chemical Industrial Co., Ltd.
NOCCELER D, a product of Ouchi Shinko Chemical Industrial Co., Ltd.
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[0105] As is evident from Table 4, the present conpositions (Exanples 1 to
18) using the present nodified conjugated di ene rubber have achi eved marked

i nprovenent in balance between wet skid resistance and a | ow

hyst er e§i195] 04s ipeagent tfiormilshie ds the ppabmtendsitibng @xainptessit toelBY titingne

abr asi oprek&R WM& conjugated diene rubber have achieved marked improvement in balance
between wet skid resistance and a low hysteresis-loss property without impairments of
tensile strength and abrasion resistance.

From the physical-property evaluation results of the modified conjugated diene
rubber S to the modified conjugated diene rubber W produced in Comparative Examples 1
to 5, respectively, it can be confirmed that all the present steps (a) through (b) are of
importance to improvement in balance between wet skid resistance and a low hysteresis-
loss property.

From the physical-property evaluation result of the modified conjugated diene
rubber X produced in Comparative Example 6, it can be confirmed that the modification by
an alkoxysilane compound having a group convertible into an onium is of importance to
improvements in tensile strength, abrasion resistance and balance between wet skid
resistance and a low hysteresis-loss property.
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From t he physical -property evaluation results of the nodified conjugated

di em rubber S to the nodified conjugated di ene rubber W produced in
Conparative Exanples 1 to 5, respectively, it can be confirmed that all the
present steps (a) through (b) are of inportance to inprovenent in bal ance
bet ween wet skid resistance and a | ow hysteresis-loss propelty, Fromthe
physi cal - property eval uation result of nodified conjugated di ene rubber X
produced in Conparative Exanple 6, it can be confirned that the

modi fication by an al koxysil ane conpo®#f¥ having a group convertible into an
oniumis of inportance to inprovenents in (ensile strength, abrasion

resi st bal ancg he e t .skid  resistance.and a | ow .

hyst er €S %HF s propef I??thg%)g?r ugieg g}omfef?ﬁoﬂf@ﬁﬁﬁﬂ%lﬁmﬁ?%ﬁﬁﬁ’é’nﬁ’ﬂﬁi fied
conj ugaa gep df mixing aintesifiedoomprgatsidnigeneaotineqr havingiaxdrogp eonveriblé tb &onj ugat ed
di ene ; [ gﬁﬁﬂ ' ' opnj an..al koxysi |l yl
group, Rgiﬁulgg%lﬁ?ﬂ }éggragﬁ}%% Cl, y?&géﬁégﬁdr?hgdéfgglltggmgpﬁ’oa{;%/eglgﬁfcg%gowgﬁﬁrbeund havi ng
an al keepaaupd hayipg an alkexutilyl swpsp and et lgasigpe whivptwhieh isoowesttiblolintoiant 0 an
oni um iR &y médns bhteagemtifol HodiiRE BEiuRTR BhIERURE andR Icﬁxﬁdé'n?atio nd a

condensat ion catal yst containin al el'ement (s) for al koxysilane
conpourfd .lys[tffliF“r'ﬂ‘é]nT‘Ffélo ﬁl&&s)g?rn@f%al%gwmm%d conj ugat ed di ene
rubber according to claiml, wherein the nodified conjugated di ene pol yner
havi ng p convertihble into, an oni nd .an al koxysilyl group is a

pol yrrer[éba?%lgitjced .b\;ﬁlgt%"bej%éo&?f{ri)éo%u‘:g@ﬁnﬁégf@&m&%ﬁgé E‘SP Hﬁ’h’g’h%fgp &R al kal i
met al  ¢taigl kathersen 8wrmédified ednjugatéd/dicnepotymat haviver £ group henwetiplagabed di ene
ol ymeni ' ' ' ted di ene
pol Y Melonfifin @ndP2h MWysﬂ??%ﬂ%ﬁ%% % ﬂg o 188{1%%3{}) ﬁg}eg@%% E%rgu%?‘%q]&’igge

conpound, or pol ynerizat. X ate I"en ] _ an aromatic
vinyl ehiemikaving ap alefimasalgriatkalingeph metat et teaminalcugseionbe havi ng bot h
of an abijaxysd tiche gol9Hier W 4 folyMver flod el Y¥lyHePYRForAsTd &h'dgf%éat one
group \C/i/m ch is co VeHriRtlj'bl e 1.nto.an ani uerl'a]g?/ neans of the agen{ for

pr oduc P IfgC SATRATISEST Ralyaergation ofp coypagied,diepe coraRowd Withhan EPgtiesunt i ed
conj ugatmgodidtogeactibhevithactint akogysilane e@napotind having bokhe=@ialkdxiysilydr oup
conver ti i i i My | koxysi | ane, conpound. i.s at | east
one gr gt%ngéﬁhg{c‘foe%?%%%%r%é@%ﬁkg3‘r§1fseia%t°|nﬁ& oF Vghl P59 &?}Tlg]&r}{%% ng group
f or medomynskibsIeans afithgyagenb oy poedueingwomiyn pepmoleoulet wo hydr ogen at oms of a

primary am ne, a nitrogen-containing group fow ed by substituting one
a tertiary

protective oup faor on ydrogen atom of a secondary am ne, 1

ani no B#lﬁ%gj an i nﬁi‘f’om@&@gﬁgpﬁ’%ﬁW‘BWdl@?%?%)uﬁtﬁﬁﬁbwwb%ﬁ@@iﬂ@gm ng group
fol madclbijrrl] 3 ldi)ﬁ_t Whel*eim@ﬁ ysn Rfoﬁb@ﬁbie\i@t_ogi!il%mﬁnﬁ&me}% eﬂl}é’l ﬁgﬁ‘x@ba'{ _O{rst of a
pri mar Qsphin osphorus- cant ai ni ng group,.for subst.ituting one
pr ot ec (_)ldé%ou 6fJBtelF%s?°§?1§r 5?188&%8{”0%& oBg! %?{}E‘BHBg%?Qi’éﬁm@gt ertiary
phos phgmop gormed raibstitsting two motctvagngpgfotwo hodisgeh bynms wia sy Ng gne]c

pr ot ect i ..a.thiol. aim 4] The et hod o

pr oduc%%mghgwgg%gé%%?ﬁgﬁ g@)g}ﬁg‘ﬁgwgg%sgl}'ﬁgl&o&%d)lr%%%vg g&?ﬁﬂ h&"6f clains 1
to 3, hyeeganrntemer agessndpnrangneduertiayy aningrgrpup, an inemsgrogne pycidgbund

sel ect@dup,rOpRosPiorH-SRaif RISy fH9MEd b sﬁﬁsjti'tlﬁfﬁg t?z?tp&&@ctﬁ%{%ﬁﬁéqbr @vd ! n

hal i de_conpound, ap al.um nym hal i de comnpound, titanium e conpound,
zir coﬁw&mr%mt%s e&mmp SRIERSTRRDGRRIORNS- Rt BiRE GEeTp, formedbY | um hal i de
conpousndstitatiag owe fratectice GOIP Gothe hyydfdgeh ufdnt o£$ tRbnday phespahRlhc ester, a
car boxtglltfagy gﬁésghl%g %roaupsalflldfaosrlllllt(flr—%(():llat%hing group formed by substituting one

protective group for one hydrogen atom of a thiol.

[Claim 4] The method of producing modified conjugated diene rubber according to
any one of claims 1 to 3, wherein the agent for producing onium is at least one compound
selected from the group consisting of a silicon halide compound, a tin halide compound, an
aluminum halide compound, a titanium halide compound, zirconium halide compound, a
germanium halide compound, a gallium halide compound, a zinc halide compound, a

sulfuric ester, a phosphoric ester, a carboxylic acid and a sulfonic acid.
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[ Cl ai m 5] The net hod of producing nodified conjugated di ene rubber according
to any one of claiml to 4, wherein the group convertible into an oniumin
t he second al koxysi | ane conpound is at | east one group selected fromthe
group consisting of a primary am no group, a secondary ani no group, a
tertiary amno group, an imno group, a pyridyl group, a primary phosphino
group, a secondary phosphino group, a tertiary phosphino group and a thiol
group. [C aim6] The nmethod of producing nodified conjugated di ene rubber
according to any one of claims Ito 5, wherein the condensation catalyst

cont ai n[Ciginig} al el ?H@ﬂfeﬂl%)i o&@focﬁk&@w&dlhé@@oxﬁ&gégq;ugt & ?bé} a'E@&raing t§

conpound cont ast, one netal el enen rom anong net al

el enent%nl‘?ﬂ,el(arld’g"dmi htqﬂévﬁ‘&ggﬁ&eélgropp@o% emoaqw@u@rlgﬁbe segond he group 14

and t healjooufaddcanpdund iperleatite paabeelebtel ﬁiofﬁ tﬁb fg nehkisngéf or oduci ng
bber .accordin cl g wher el n an al koxi de,

difi
(r:n;r Ibolxgﬁ %yo%ggég?%pagé?cg hat'e D PEYPsY I%YW%PB’I*‘%FB%&EOPE)E‘ is used
as the puwsidyl gfoupcoppoandphdsehiab mr@ipT hecavatlivyphosphicoghoap,tertiagy f i ed
conj ugalglﬁ,g lqhg U%laeithﬁ)‘fgﬂfu‘ﬂ' ng to any one of clainms Ito 7, further

conpri si ng as ep of bringi"ng the mixture prepared at the step described in
claiml into contact with water. [C aim 9] The nmet hod of producing nodified

conj uggCsindéiene r UFH%Qhetﬁ@@ @ig gdoﬂﬁcﬂl@ md'ﬂm/ed%ﬁ_]u%ateﬁ |d?én@§u$ﬁe? afoordhgt vfﬁl n the

nodi fi ed conj ne ru tains si X Kinds of substances ich are
The. mody o8 oL ST AeS NHERS o gHEp PR eabetap ArRE R eereHBBund, a
hygr oLka(ymdmﬂmsqiaunds praaﬂetalﬂlc(mbnipbmdmdﬂh zgmﬁg aCIéastldﬁ@&l%ﬂal@lé?ﬁ@]tpm )ém?r f
and t ro con at|on roduct o
the moar P g sk Y M AT RONDR e BB & eGSR o tiodp gt

hydr ol yhe¢ %foébdﬂéindéhﬁ mulaﬂé@ﬁdtepﬁwdhéabiecond aI koxysi | ane conpound and t he

condensation catal yst and a hydrol yti c condensati on product of the nodified

conjugiéfd di.ene polyner, the second alkoxyS|Iane conpound and the
conden Brllcat al y&e methed efpsodising medi fied wpuigaated digne nebbeuitserdivgio oni um

st ruct urm 6, eheRgn fm alkokide, @arp;o:égnan@l 8r fety3btREdnanRc@mpl&HC A INHOLMadi fi ed
conj ugag)e 1 di ene r {% ngrtqﬂuce é/mﬂeans of the méthod of producing
modi fi & E0 Uﬁéltg ERERUBERPPA Yescri bed in any one of claims 1 to 9.

[Claim11] A rubber conposition conprising the nodified conjugated diene
rubber [claim §] The method of producing modified conjugated diene rubber according to

any one of claims 1 to 7, further comprising a step of bringing the mixture prepared at the

step described in claim 1 into contact with water.

[Claim 9] The method of producing modified conjugated diene rubber according to
any one of claims 1 to 8, wherein the modified conjugated diene rubber contains six kinds
of substances which are the modified conjugated diene polymer, the second alkoxysilane
compound, a hydrolytic condensation product of the modified conjugated diene polymer
and the second alkoxysilane compound, a hydrolytic condensation product of the modified
conjugated diene polymer and the condensation catalyst, a hydrolytic condensation product
of the second alkoxysilane compound and the condensation catalyst and a hydrolytic
condensation product of the modified conjugated diene polymer, the second alkoxysilane
compound and the condensation catalyst, and the modified conjugated diene rubber has
onium structures formed from the six kinds of substances.

[Claim 10] Modified conjugated diene rubber produced by means of the method of
producing modified conjugated diene rubber as described in any one of claims 1 to 9.

[Claim 11] A rubber composition comprising the modified conjugated diene rubber
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described in claim10, silica and/or carbon black, and a cross-Ilinking
agent, [Caim12] A cross-Ilinked rubber conposition prepared by
cross-1inki ngrubber conposition described in claiml1ll, [Caim3]Atire
conprish-ig the cross-1inked rubber conposition described in clai 12.

described in claim 10, silica and/or carbon black, and a cross-linking agent.

[Claim 12] A cross-linked rubber composition prepared by cross-linking the rubber
composition described in claim 11.

[Claim 13] A tire comprising the cross-linked rubber composition described in claim
12.
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