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DESCRI PTI ON  MODI FI ED CONJUGATED DI ENE POLYMER AND
PROCESS FOR PRODUCI NG THEROF 5 TECHNI CAL FI ELD

[ 0001] The present invention relates to a nodified
conj ugat ed di ene polyner, a process for producing the
pol ymer, and a conposition using the polynmer. Mre
particularly, 10 the present invention relates to a
nodi fi ed conj ugat ed di eDESERIFTEINhavi ng a nodi fyi ng
group in the nolecule, a process for producing the
nodi fied polymer, a conposition using the nodified
polynmer, and a tire containing the conposition of the
modi fi ed pdOIEIED (EORAGRAREDNDIEAE POLOYMER ANPHh a
recent demand for reducing fuel consunption of

aut onobi | es, t RRQCESS BORNRQ@DUSHING THERGat ed di ene
pol ymer which exhibits lowrolling resistance,
excel l ent abrasion resistance and excellent tensile

' bb terial f tire, d 20
T RRCALETEERor 1 i1y represent od by vet Skid
r.formance. DI SCLOSURE OF THE | NVENTI ON Problens to
[0 ]1s0l ved by the Invention [0003] 25 In order to
d the rolli i st . Of tire, Jt i
b B LAE R I N AR SERME ——
of 58508 b Bl P AP b R G,
: . t i i . dup,
tnd s ionftibicPhosil g RodlRie BB diede PG hep b £
i ¢
SR ol Tl e SRR, s ek R o Ehe T SR BB R o
comPBiitiodsihEfRShSdili6F ol ymERMRY 8%ir® borlthRing 4RO 86mPd¥itedd &¥ the
wth the Iow hysteresis | oss
modified polymer.

BACKGROUND ART
[0002]

With a recent demand for reducing fuel consumption of automobiles, there is a
need for a conjugated diene polymer which exhibits low rolling resistance, excellent
abrasion resistance and excellent tensile properties as a rubber material for tire, and

ensures drivability represented by wet skid performance.

DISCLOSURE OF THE INVENTION
Problems to be solved by the Invention
[0003]
In order to reduce the rolling resistance of a tire, it is necessary to reduce the
hysteresis loss of vulcanized rubber. As the evaluation indices for the hysteresis loss

of vulcanized rubber, rebound resilience at 50 to 80°C, tan § at 50 to 80°C, Goodrich
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may i nclude natural rubber, polyisoprene rubber,
pol ybut adi ene rubber, and the |ike. 5 However, these
rubber materials exhibit poor wet skid performance. As
a method for reducing hysteresis |oss w thout
i mpairing wet skid performance, a nmethod of
i ntroducing a nodi fying group into the pol yner
heh€buTidug| arfdlf thaliké Yfe@REd DUA adibenmategiaP@ithi B Ee RsbsuRDresilience at
various structures, obtained by polynerization in a
50 ®08C and @ Bmall V@t 50us IS0 ansmslpanodddheanbiilivipiexhibits a
has been proposed. 10 [0004] WO 2001/ 023467 di scl oses
snalldorpesislos) \Hxambldsof ditrabbarandiyri-d evithotha dow bystedebis dass
into a nodified pol ynmer produced by reacting a
mypoingfuda abtuer ahbbeg ppbustgrdvevrilbleer, pohytepalgnegublsgy, and thébke.
nol ecule with an active termnal of a rubber-1ike
Hopwtvenshese ribbhee waterial sxhibhiicpren et sifid phdommyancer eds ¢ masked for
and abrasion resistance of the 15 conposition
redusilrstieesissoshwitheutdinppiciag west skid perfproanses £ ingthed of
. [0005] JP-A-11-29659 and JP-A-61-296001 di scl ose
infrerBicin ceampdifying Bouprisigdbepolyner teaninal phe styrpedutgdiene
am de conpound with an active termnal of a

copelymist havipg vy sipctuses.obiaiperh by ROl ISHZY o 1A @ hydepcarbog
ol ynmer. Al thoygh these caonpositions prepared by 20
o RS At E D HIHNRIOT NS 0PP] BGPPHo ¢ he nodi £1 ed

0 ynmers exhibited i nproved hysteresis |oss and
[ roved abrasion resistance, the degree of the

By R T ——
sil%'raglgt%%;iﬁo Eﬁﬁﬁ?f&%@gﬁ{@%@; O%ét@%ea%%?@%%%dggﬁ&g@&nﬂ%amg

o SPEREH IR R Bl ot ksl e

pol ymers, 0se properties can

HREvel BN Emicits S0 TR HBRFRR- 10440 4B asion18si @RRAthé ON
into which silica is 2 conpounded exhibits inferior

coi\%ﬁ_@ﬁﬁ@ﬁ abrthpduinded &/ itANPalieswete slltinafisigmosi tion into
ich carbon black is conpounded, therefore, it causes

[000%¢ probl em of an increased processing cost.

Generally a polyner in which a functional group having

af f iTRtA3 1AM9659 and JP-A-61-296001 disclose modified polymers produced by
reacting a specific amide compound with an active terminal of a rubber-like polymer
and a composition of the modified polymer. Although these compositions prepared by
compounding carbon black or silica into the modified polymers exhibited improved
hysteresis loss and improved abrasion resistance, the degree of the improvements in
those properties were still insufficient.
[0006]

JP-A-7-233217 and WO 2003/087171 disclose diene rubbers into which a

tertiary amino group and an alkoxysilyl group are introduced. By compounding silica
or a mixture of silica and carbon black into the modified polymers, those properties can

be improved in some degree. However, the composition into which silica is
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silica is introduced tends to have poor processability
i n conmpoundi ng and have a 5 problemof alimtation in
its use. [0007] JP-A-2004-18795 discloses a nodified
pol ymer having a primary am no group and an
al koxysilyl group. This patent docunment al so discl oses
a nodi fied polyner of which the polyner chain has a
coﬁgJoMﬁde(Exhﬂﬂ@inﬂEHBpft%EesﬁélﬁﬁiyYﬁ%hﬁ&dtﬁﬁ{ fdich tp@§1t1§1t1 into
| east a part of the copolynmer i's coupled w
wiich! pArb&gbiagle i cotufided, ier&ford)ilcAusek WRCHroblRAl o fiindHSased
However, these nodified polyners al so have a probl em
prodesfin@tostPr Gegaldph bblyyhet iewhizhsit fugetiral grovp hyviag affimty with
primary amno group with fillers. In addition, the
silpmac eswdiard tpidsdo hiangpddreromdiabilig 1rpodmpc&mﬂmgemdll1aeeia
to a conplicated hydrolysis step for producing a

preblemmenfy lamitationgn depse. 15 [ 0008] JP-A-1 1- 349632

di scl oses a di ene rubber into which a nethyl ene am no
[0¢0%up and an al koxysilyl group are introduced and a

conposi tion containing the nodified diene rubber.

Al t HBu@ﬁOO‘HTé 8¢dhiselosasarmpdifipd pelymisy hading 8 prigiany amino group

carbon black and silica into the nodified polyner

and ap ploxxslyh srqumpr ab@opaﬁsr% fapument alsg giscloses ¢ Wsﬂtﬁﬁéw%@nﬁ of
Rk ralees bk ThE s ph A e S ppbmase ot or
st st o B o &;%Erls@%ﬁéka L 3; 50 PRVB Lo BRI
g p%'ol ol R b BB Syl
e RTREE Wobkobiol J feb e il BBl opn
a6y, FRPRYERY ' Dirdeine %O%SH%%@ Boleyulee 5 ol
hy@¥%1JsRA&dd 9 p ?odu%i)ﬁ%' ru%g ﬁ é@ugane conpound with an

active term nal ol ymer and
[0008]

JP-A-11-349632 discloses a diene rubber into which a methylene amino group
and an alkoxysilyl group are introduced and a composition containing the modified
diene rubber.  Although the composition prepared by compounding carbon black and
silica into the modified polymer exhibited an improved hysteresis loss and improved
abrasion resistance, balanced improvement between the hysteresis loss and the wet skid
performance was still insufficient.

{0009]

JP-A-2005-290355 discloses a modified polymer having a tertiary amino group
and an alkoxysilyl group and a composition containing the modified polymer.
Although the composition prepared by compounding silica into the modified polymer
exhibited an improved hysteresis loss, the degree of the improvement was still

insufficient.



a conposition of the nodified polyner. Al though the
conposition prepared by 5 conpoundi ng carbon bl ack and
silica into the nodified polynmer exhibited an inproved
hysteresis | oss and i nproved abrasi on resistance,
wi t hout inpairing wet skid performance, the
conposition tends to exhibit poor processability.
[oDRAt ent document 1] WO 2001/ 023467 [ Patent docunent
2] JP-A-11-29659 10 [Patent document 3]
JP- AP6A- 1963816 [dRalosed a thodifivd polyiher Prodiicéd B3 3ektting a
[ Pat ent docunent 5] WO 2003/087171 [Patent docunent
cybloathitoM K209 4i14h8 £8mpoiukthivith tan doesentind] ofllRuBbér-like polymer and
1- 349632 15 [Patent document 8] JP-A-2005-290355
a oAgtosittondd chemodifiefl pdRnder.]1 1A ltB&EghGhe Mempasifion piSphred by
the Problens [0011] 20 Objects of the present
compounding gathopr blagk pndwilide indo thednéddifidd polyimeg axlaliitetl amianproved
pol ymer exhibiting an excel | ent bal anced properties
hya@tﬁsgi logst anékmrm@gfabramncemstm witheutdmpeiring| vegt skid
properties, abrasion resistance, and tensile strength
p%@ﬁfmﬂm thg spmpgsition fands froexhilubpesr prosessabls® and t he

nation of fillers being conpounded to provide a
[PﬂP@6£§§n¥%? HoWEHtRG13¢6e nodified pol ymer and to

rovide a | onprising 25 the nodified
[Pafgit dpgpme 5%‘ 466%%@? of the present inventionis to
ov de a ng a conposition of the
(P %ﬁﬂﬁé@gﬂggkgﬁlesult of extensive studies to
[Pig%t ount§5q¥g&3§ig3 ed problems, the 4 inventors

ave hat | ed conjugated di ene pol ymer

[p& B %@ﬂtﬂﬁ?@%q(}%/o ??ﬁf fication groups in the

ecule 1's -capa ei ng kneaded under the

[P&t@ﬁl@o&hﬁ@ﬁﬁ 'TP'}Q?E)OII hato4 he conventional conditions

enpl oyed in-general nethods of kneading the polyner

[PAkAtHoRBmMEMOTOR0A G | AbEsS al or an organic material, and
can thus be sel ected

[Patent document 8] JP-A-2005-290355

[Patent document 9] JP-A-11-189616

Means for Solving the Problems
[0011]

Objects of the present invention are to provide a modified conjugated diene
polymer exhibiting an excellent balanced properties among wet skid performance, low
hysteresis loss properties, abrasion resistance, and tensile strength when vulcanized,
irrespective of the types and the combination of fillers being compounded to provide a
process for producing the modified polymer and to provide a composition comprising
the modified polymer. Another object of the present invention is to provide a tire
comprising a composition of the modified polymer.

As a result of extensive studies to solve the above-mentioned problems, the
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5 nore wi de range of conpoundi ng conditions and
constantly produce a conposition with higher
performance. This finding has led to the conpletion of
the present invention. [0012] Specifically the
present invention provides: 1. A nodified conjugated
di ene pol yner conprising a nodifying group based on a

inV&htdr9 WaPfoRGH ki 2 \Weddihéd Ecﬁﬁiﬁ@%@ﬁdﬁ?éﬁbdlgm&v\ébn@dlmﬂg l‘sﬁ&:clfic:

tertiary amno groups and one or nore al koxysil

m@difeRfon godps TR RS MbRCRIiE BapaBledst bteﬁlgaaﬁmuduﬂﬂtaeme @bﬁtﬁﬁons
pol ynmer obtained by pol ynerization of a conjugated

milde? Neanoh e powiational 2osditibaahsidyel @@neaPngtdts obkiadig the
by copol yneri zati on of a conjugated di ene conpound and

polymeravithrat inorganiyateraparanchbrgakbc thateHat and dad thad be selected
conj ugat ed di ene pol yner according to item1l, wherein
motieevidp cingeref compowpliresemtigibnb ynd benstantlly préduge genmpatition with
formula (1), (2), or (3), [0013] R4 R6R5N-Rz-N-Rr-Si
hlgl(epptrfcém)ancﬁe~ TM‘ldlr%(haF Osite]the odrapletion &1 the presemringention.
t he conjugated diene polyner; R and R2, which nay be
[0 same or different fromeach other, represent a
hydrocar bon gﬁoup having 1 to 12 carbon atons, which
PieRSAY iVention 5eYides: R3 represents a
hydrocar bon group having 1 to 25 20  carbon atons,
L whi e%mﬁ’égﬁee&ﬁmgﬁtea ﬁh‘i!i’ﬁé’&lm‘mc@ﬁlpﬁ'é% a medifineg grogp based ona
be t Cgasama or different from each

io%ﬁféPC“l?é’b?‘é%éFﬁfnPQ FORRFBOPF @P&fﬁ%wﬁamlgm@wdme or
mS SRS Bt Emolglic gph By ttﬁ%fc%eﬁ“w%ﬁﬂﬁ'? § e
o 5 S0l ghei Ao 398 Ol Eto Bies St Bt LRI e
po&hge% Ebfﬁﬂgedgyf &)pﬁﬂrrﬂe?fzgﬁl&{ ofd ccgljﬁé)dtéld diet &\fﬁﬁ%%qd Gfdhn d
aromatic vinyl compound.

2. The modified conjugated diene polymer according to item 1, wherein the

polymer is represented by the following general formula (1), (2), or (3),

[0013]
R4
RCRON-R?*— —N- R‘—Su —Px (1)
R”  (OR%
(0014}

wherein P represents the conjugated diene polymer; R' and R%, which may be the same
or different from each other, represent a hydrocarbon group having 1 to 12 carbon atoms,
which may contain an unsaturated bond; R® represents a hydrocarbon group having 1 to
20 carbon atoms, which may contain an unsaturated bond; R*, R?, R®, and R7, which

may be the same or different from each other, represent a hydrocarbon group having 1
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5[0015] RB R4 e RIO-N\NR-Si-(Pf (2) R (OR3)d
[0016] 10 wherein P, R, R3, R4, d, e, and f are the
same as defined in the general fornula (1), R8 and
R9, which may be the sanme or different from each
ot her, represent an aliphatic hydrocarbon group
having 1 to 6 carbon atons, which may contain an
to R0 satboh atdls, Widtinap Be subkB it &PWRE an begaaidwdup eaithiathg Si, O,
group having 1 to 20 carbon atonms, which may be
orNbst ndtebaelindhg fn anivehgdrigen ginduhiclomagicthtath & unsBturaéd
N and not containing an active 15 hydrogen, and which
bondyf is antitegera 1uo2ad i At iatbgbositl to J, 004 éfis & inRgefl 6f Oto 1,
NR7 Rfi (3) (R30)d-Sii-Rd4e (P)f 20 [0018] wherein
prévidéBthaRA + eR7f=3, e, and f are the same as defined in
the general fornmula (1); R8 and R10 are the sane as
[09kY]i ned in the general formula (2); and R 1 represents
a hydrocarbon group having 1 to 6 carbon atons. 6 3.
The nodifi ed conjugated di ene pol yner according to
item 1, wherein the pmoﬁlsyrrer I4S represented by the
i e
fol |l owi ng general Rl;oo_rN\ \,?d—%%'i—[ﬂg)fom] (%RSN— R12
R (OR%

[0016]

wherein P, R', R®, R%, d, e, and f are the same as defined in the general formula (1), R
and R’, which may be the same or different from each other,represent an aliphatic
hydrocarbon group having 1 to 6 carbon atoms, which may contain an unsaturated
bond; and R'® represents a hydrocarbon group having 1 to 20 carbon atoms, which may
be substituted with an organic group containing Si, O, or N and not containing an active
hydrogen, and which may contain an unsaturated bond.

[0017]

R

pak

N—R’

RN
~

-

1

. " (3)
(R™0)q—Si-R%
(Pk

[0018]
wherein P, R?, R*, R’, d, e, and f are the same as defined in the general formula (1); R
and R are the same as defined in the general formula (2); and R'! represents a

hydrocarbon group having 1 to 6 carbon atoms.
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I Rt5R14N-R13-Si-P (4) 5 OR3 [0020] wherein P, R3,
R5, and R6 are the sane as defined in the genera
formula (1); R12 and R13, which may be the sane or
di fferent fromeach other, represent a hydrocarbon
group 10 having 1 to 12 carbon atons, which may
contain an unsaturated bond; and R14 and R15, which
3.may e thb@fis@EBnjAkated §fens ﬁé‘ltyn'fe[r REBoPARY kAR rz wherein the
represent a hydrocarbon group having 1 to car bo

polhéTEs ropidsehitetby thefotlabsid betietd fWntla a1), orgam c group

containing Si, or N and not containing an active
[0byr ogen, and whi ch may contain an unsaturated bond.
15 4. The nodified conjugated di ene pol yner accordi ng
toitem2, wherein R4 in the general fornula (1),
(2), or (3) is a hydrocar [,oup having 1 to 20
carbon atons, which mayR gln an unsat urat ed bond.
5. A process for prg&h@ﬂng{@f gi fi gd) conj ugat ed di ene
pol ymer conprising the stepspgf. polynmerizing a
conj ugat ed di ene conpound or copol ynerizing a
conjugated 20 diene conpound and an aronatic vinyl
conpound in a hydrocarbon sol vent using an al kal
(093 al initiator and/or an al kal i ne earth netal

i nit geacting acyﬁve termnals of th 12 13
w éeé’& t$n p@} ?requs 1 Ebtbpgﬁn@xehfewule&%gu ndd R,

i o pk i ePie At tom chiCoURGh e aodiprarbon Broup
f d h i £ied di 1
ha‘éss@ﬁgﬁ%%%&ﬁ&? o5 0y PRl Rt R ana R

WIF%{ ﬁg%b%ghe\’%{é%re&ra @%}%@Lﬁj %%1)63[3 reg?rﬂ(as\?yd;?c%rbon group
hagggm ?g;csrbgg %Ecﬁ‘n?% 8"5‘;'1‘{ 19932% s&%m&l&a&r&&%&p

containing Si, O, or N and not containing an active hydrogen, and which may contain an
unsaturated bond.

4, The modified conjugated diene polymer according to item 2, wherein R? in the
general formula (1), (2), or (3) is a hydrocarbon group having 1 to 20 carbon atoms,
which may contain an unsaturated bond.

5. A process for producing a modified conjugated diene polymer comprising the
steps of: polymerizing a conjugated diene compound or copolymerizing a conjugated
diene compound and an aromatic vinyl compound in a hydrocarbon solvent using an
alkali metal initiator and/or an alkaline earth metal initiator; and reacting active
terminals of the resulting polymer with a low molecular weight compound having two
or more tertiary amino groups and one or more alkoxysilyl groups in the molecule.

6. The process for producing the modified conjugated diene polymer according to
item 5, wherein the low molecular weight compound is represented by the following

general formula (3), (6), or (7) or a condensate thereof,
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wherein R and R2, which may be the sane or different
fromeach other, represent a hydrocarbon group having
1 to 12 carbon atons, which may contai n an unsaturated
bond; R3 represents a hydrocarbon group having 1 to 20
carbon atons, which may contain an unsaturated bond;
R4, R5, R6, and R7, which nmay be the sane or different
[0b@1}f rom each other, represent a hydrocarbon group

having 1 to 20 carbon atons, which nmay be substituted
with an organic group containing Si, 0, or N and not
containing an active hydrogen, and which may contain

an unsaturated bewd, .2n 11 sateger of 1 to 3.
[0023] 15 RS Efgﬂ\l\ﬁaﬂ'h Qog'&'kﬁms :(516) RO
[0024] wherein R1l, R3, and R4 are the sane as defined
in the general fornula (5); R8 and R9, 20 which may
be the sane or different fromeach other, represent an
al i phati c hydrocarbon group having 1 to 6 carbon

[0824ns, which may contain an unsaturated bond; and Rio
represents.,a hydrocarbon group_ havi n% 1 to 2Q carbon
Wl&ﬁr@mél afliRe hwmrwlmbgﬁam@%@ffexm omrPagh GHNT ceRfPKTha

contai ning Si or. N and not containing an active
hy, ergrowwm ton! Zeapbanens, W hiEh 113y ontal Aunsatpted

boFédR Fgglffsqs%gs %gy&%%r?%&u& gmg%Sto %O carqa%?l]at(?ms thcl)ch may
contain an unsaturated bond; R*, R®, R®, and R7, which may be the same or different
from each other, represent a hydrocarbon group having 1 to 20 carbon atoms, which
may be substituted with an organic group containing Si, O, or N and not containing an

active hydrogen, and which may contain an unsaturated bond; and i is an integer of 1 to

3.
[0023]
B
Rm-N:: “N-R-SI(OR3R", (6)
RQ
[0024]

wherein R', R?, and R? are the same as defined in the general formula (5); R® and R,
which may be the same or different from each other, represent an aliphatic hydrocarbon
group having 1 to 6 carbon atoms, which may contain an unsaturated bond; and R'®
represents a hydrocarbon group having 1 to 20 carbon atoms, which may be substituted
with an organic group containing Si, O, or N and not containing an active hydrogen, and

which may contain an unsaturated bond; and i is an integer of 1 to 3.
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5 [0026] wherein R3, R4, and R7 are the sane as
defined in the general fornmula (5); R8 and RO are
the sane as defined in the general forrmula (6); and R’
represents a hydrocarbon group having 1 to 6 carbon
atons; and i is an integer of 1 to 3. 7. The process
for producing the nodified conjugated di ene pol yner
[oaggiording to 10 item5, wherein the |ow nol ecul ar
wei'ght conpound is represented by the follow ng
general formula (8) or a condensate thereof, [0027]
R6R5N- R12 R15R14N-R13-Si (OR3)2 (8) 15 [0028]
wherein R3, R5, and R are the sanme as defined in the
general formul aghd)y” RiZ @nd R13, which may be the
same or differeﬁ§ o Rii&%ﬂ other, reprdékent a
hydrocarbon group having 1, to 12 carbon atons, which
may contain an unsat Lﬁ"‘é}'%lﬁbﬂnd; and R14 and R 5 20
whi ch may be the sane or different from each ot her
represent a hydrocarbon group having 1 to 20 carbon
atons, which nmay be substituted with an organi c group
[062f]t ai ning Si, 0, or N and not containing an active

RSP e K T
A5 L AR R s PR 2L RS o
3583k 150 b Bl bR Ser Sonoc
7Y ks B AL AP N AR gorsins o
P, 9 RO ) RO et e
o4&y IR BPLEELRR RS 0 )P ST P e BT

[0d24)3- (al kyl di al koxysi | anyl ) - propy! ]
- 4-"al kyl pi per azi ne,

RSRMN-RP—Si(ORY), &

[0028]

wherein R®, R®, and R® are the same as defined in the general formula (5); R7Z and RP,
which may be the same or different from each other, represent a hydrocarbon group
having 1 to 12 carbon atoms, which may contain an unsaturated bond; and R and R,
which may be the same or different from each other, represent a hydrocarbon group
having 1 to 20 carbon atoms, which may be substituted with an organic group
containing Si, O, or N and not containing an active hydrogen, and which may contain an
unsaturated bond.

8. The process for producing the modified conjugated diene polymer according to
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1 -[ 3 -(trialkoxysilanyl)-propyl]-3
-al kyl i m dazol i di ne, _
1-[ 3-(al kyl di al koxysi |l anyl)-propyl]-3-al kylim dazol i di
ne, 10
1-[3-(trial koxysilanyl)-propyl]-3-al kyl hexahydropyri m
di ne, 1-[3-(al kyl di al koxysilanyl)-propyl]
itenB6 ahewih ehed by dhelpdlamiyleitompound is represented by the general
3-[3-(trial koxysilanyl)-propyl]-1-alkyl-1,2,3,4-tetrah
foxthila gy, (0¥ 6k (T or f66hdedsdidthereof, in which RY represents a hydrocarbon
- (al kyl di al koxysi | anyl ) -propyl]-1-alkyl-1, 2,
gréupthavedg Aloy2i cprhon atotisnwhich Guayidoatai e essitirated bond.
produci ng the nodified conjugated di ene pol yner
9. ac ¢ dirteti prgeets® for produeingathe muklifiddermajugated dieneviodyeérractdrding to
_active termnals of the polyner or the conjugated
iteghi &rwhgseihyinelow wolsoulpt weight cdmpoysd|iy tirast ooe selected from the
modi fyi ng agent prior to, subsequent to, or
graumeansisting pi/1-bd (tniatkexpsilanyonepydk #alleylpiperazingl s of the
[_%ol Ymer_ with the | ow nol ecul ar wei ght conpound. 11.
1-Prialkyidiglkexysilarylpemyti-hralkylpipesesdng. i ed conj ugat ed
i en ol yner. accoy.di to,. 20 item 10, wherein the
1'[goﬁet?ﬁlﬁg’ﬁisﬁw&]?%&{]‘I‘%Qgﬁll@ﬁ]@ﬁ?ll‘il&e’a gl yci dyl conpound,
 ch...contai.ns .an anj roup.in.a nolecule. 12. A
1-3afidiaakesRiaadl B ehatsBmeriSatpos: ti on
opri Si_Ng: to rts wei.ght. of a reinforcing
LRy bR R EaRierlfiing ovar o
ul.cani zi ng _.acecel er at or,
1A SRR o B B B et rponene. 25
ORISRk EoraBoh 1L Bice) b5
3 [gc orﬂé(lﬂﬁgﬁt a%{ilngl e1 %Eyli ?’g’%gﬂ%h?%’ ‘%b or {Hﬁ%&,’ﬁ%&i fied
3-8RIk ARk i1 g@gy 1R Bi- R AGH dpL i .
[ggca:ordi ng tyg gﬂg) n nglf al??%%ﬁg@%o 1%&}8];1]%&&1‘%};&% tire

10C0Mthe prdt@sd f08 promibinkeRe mORifa’bRflgieg ARnB ?bWr according to
conposition according to item 1Z. '5 Advant ageous

anfEbhieot itedhs § L9, vitwedth it actilve CetfiindRI6f the pblyencs ap el donfugated
of honobgeneously dispersing fillers in the form of

diche pelynpaiid ¢omphsl, witthe polytiirictionkl aoadifiged sgntipsreo paibydent to,
according to the present invention can produce a

or canrposintly with heacting tle qutieé ermixiaés of the pslytner whihche hoek e®lecular
it possible to select a

weight compound.

11.  The process for producing the modified conjugated diene polymer according to

item 10, wherein the polyfunctional modifying agent is a glycidyl compound, which

contains an amino group in a molecule.

12. A modified conjugated diene polymer composition comprising: 1 to 150 parts by

weight of a reinforcing filler and 0.1 to 20 parts by weight in total of vulcanizing agent

and a vulcanizing accelerator, based on 100 parts by weight of a rubber component

comprising the modified conjugated diene polymer according to any one of items 1 to 4

or the modified conjugated diene polymer obtained by the process according to any one

of items 5 to 11.
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10 nore wi de range of kneading conditions than the
conventional ones, when various fillers are
conmpounded. In addition, since the filler is
honogeneously dispersed in the formof fine particles
in the matrix of the conjugated di ene pol ymer, the
resulting conposition exhibits high performnce
constantly. Asa result, the vul cani zed rubber
conposi tion obtained by vul cani zing the nodified
13conj Algrt RehpiisRizeh® floiiiRid Rxflighie Hicke pol ROATpRLiIFBA @€cording
with excellent wet skid perfornance and | ow hysteresis
toitemsl2. properties, which are the characteristics in a
trade-of f relation, as well as abrasion resistance
and tensile strength in a sufficiently bal anced
manner, when the vul cani zed rubber conposition is
Advastdgéoms Edfect ofcthe Imveaticn t i on to the application for a
tire, the vulcanized rubber conposition is also
[0829]t abl e for shoes, a danper, and the like. 20 [0030]
Furthernore, since fillers such as silica, carbon
bl adue ta theecaphbilif efdhomnpgnepush disperdipg fillers ie the fowm of fine
uni formy di spersed even in a case where the nodified
paﬁ@lﬂSu@&ﬂé@l@ jugsisdydienc pobymersicepdingte don nreﬁrglt inyentien can
esent inventjon is a thernpplastic elastope
Prq % B Femaptidon having %H{?cfﬁablFIV&%?B51F)éWB¥°B&Wé‘§S Itﬁléﬁ%'i’lleéo select a

strength, and trans which 25 have not heen
mage Fil &% édles.eg%‘ﬁpp R BSiH9B¥TREOBR, OnegVi various

ﬁngr;%“sgeivedmm@s«ams@. eﬁagwn T RO

e et By G%WHTSB?%H}%H@%"F%"&@%
cob L] 805 SOTBOARIAA VLA A A08, 5B

cor%%\@mﬁ&h Sh8inkdB T:fil%{ﬁgmﬁl ﬂé hl%ﬂ)[ﬂ(?g%ffju dM??rEo &% rE]:XhlbltS

h@ifpeﬁtiﬁnﬂ{c%sﬁﬁﬁ ek&’ﬂ%ﬁtt w'v@trbkﬂ'l ﬁérf&?ﬁmﬂ@eseﬁ{d' 19\%%5%?\%15 loss
follow ng enbodinents are given in order

propetties I WiRtE afcdthe BhR8QEHstich WEDrh@NoFRElatibiy Wb dve[leE; abfsion
construed to be [imting of the present invention. The

resptasenid tenvitstienpthdaa sufficiéniy! labaeédthahferpwliat thewslcanized
manners to the extent not departing fromthe gist

rubbbhecomdositioh if 0Q@Xpr a tire.  In addition to the application for a tire, the

vulcanized rubber composition is also suitable for shoes, a damper, and the like.
[0030]

Furthermore, since fillers such as silica, carbon black, a metal oxide, and a metal
hydride can be uniformly dispersed even in a case where the modified conjugated diene
polymer composition according to the present invention is a thermoplastic elastomer,
improvements in strength, flame retardancy, tensile strength, and transparency which
have not been achieved by the conventional composition, can be achieved. For
example, when the composition used in an asphalt composition, an improvement of

aggregate grip and the like can be obtained. When the modified conjugated diene
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The nodifi ed conjugated di ene pol yner according to the
present invention conprises a nodifying group based
on a | ow nol ecul ar wei ght conmpound having two or nore
tertiary am no groups and one or nore al koxysilyl
groups in a nolecule which bonds to a conjugated
di ene pol yner obtai ned by pol ynerization of a
pot P prgrbekndioghe prkbert aqRatioglistompotadddugial ethetlpslaeresins, a
pol ymer obtai ned by copol yneri zati on of a conj ugat ed
high padonenpe untpa@sitbracandieeasily ebtained ducwrtheimprovdheompatibility.
nodi fi ed conjugated di ene polyner according to the
present invention can exhibit the above-nenti oned
excellent effects due to having specific nodifying
BESDMEDEFOR EARRENG QUT TOEINVENTION conj ugat ed
di ene pol yner which constitutes the nodified
[OQbHJugated dlene polymer, is a honopol ynmer of a
singl e conjugated di ene conpound, a copolynmer of two
or niexd, em Cf of thejruergntiaventionavillheslesérihed. ofhe followmg
copolyner of a co ated diene conpound and an
frate axg; giyqn leeﬁéfmga@] usFetszbﬁ pregent Byanmrb@doﬂwmot be

0 at ed di.ene_conpound may, i ncl uyde 1 but adi ene,
C"P%‘B‘!&L‘igﬂi? ?@@H%Pﬂéﬁ Rygsent %V%Padl Eﬁ%l’reiefé lfb"éﬁF% F@h‘ée
- pent adi ene, t.adi ene
mf}%@%%@l&. VRO anners fd the extﬁﬂtegfﬁ epatfing fogythy gl thereof
[0§%ggounds may 12 be used either alone or in
ination of two or nore. Preferable exanples nmay

' ncI Snddifid Q&Hj@?ﬁt 1e3é] olgﬁgpﬁc%g%h}éf%qgg %regéﬁqﬁ)\lre%‘?ion

e arorra

coﬂltpﬁg 4;% %?gﬁfg:ﬁg?:ou})l a e;/crgﬁ QYAV?/ Ifrﬁrf]ﬁ I aﬁ% :comgound having two

or %&9 A L gl%ugélﬂﬁh &d¥orl théte alkm?ﬁﬁ/l %f‘(ﬁﬂ)@tlﬁ & mb1EBhle which

conmpounds may sed elt her al one” or conbi nat i on

boflls foWPcaRljugiRidQtierdr ¥atioEiQJf WdBnjugated diene
styrene. ﬁ[0036] Igﬁgfger to preven?méold flom10f}§he

cofipajind)at £6biih @R diene/ i mePsitythetNby tébdymerdfitioh 0Mabsjugated
vi nyl conpounds such as divinyl benzene can al so be
diemeedipoond adibarvareimpoc ninyl compound. The modified conjugated diene

polymer according to the present invention can exhibit the above-mentioned excellent
effects due to having specific modifying groups in the molecule.
[0033]

The conjugated diene polymer which constitutes the modified conjugated diene
polymer, is a homopolymer of a single conjugated diene compound, a copolymer of two
or more different conjugated diene compounds, or a copolymer of a conjugated diene
compound and an aromatic vinyl compound.

[0034]

Examples of the conjugated diene compound may include 1,3-butadiene,

isoprene, 2,3-dimethyl-1,3-butadiene, 1,3-pentadiene, 3-methyl-1,3-pentadiene,

1,3-heptadiene, 1,3-hexadiene and the like. These conjugated diene compounds may
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of controlling branches. [0037] The conjugated di ene
pol ymer may be either a random copol yner or a bl ock
copol ynmer. Exanples of the random copol yner include a
but adi ene-i soprene random 15 copol yner, a

but adi ene-styrene random copol ynmer, an

I soprene-styrene random copol yner, a

belsbREHIRR A1 drS QR LEBSinBh Yt SEE thd RO rE OPPleYerille cRdifplbdRay
like. As the conpositional distribution of nononers

in¢lidé NS-BRBGeNEBAd BbReRe. @ conpl ete random copol yner
which is close to a statistical random conposition, a
[00®g]er ed random copol yner in which the conposition has
a tapered distribution, and the |ike can be 20 given.
The ERarngien of fitdremhati ofingbdynygaind tnali iaclade stiyfeat, p-methyistyrene,
conposition of 1,4-bond, 1,2-bond, and the |ike nmay
a-inethglstwtne ivithyd ethytbehpenel yingl xYlend, mmytinsththdbentej diphenylethylene
the conposition. [0038] Exanples of the block
and dipolikere (hesmarommatit wihyl eorBpounde niaydekised pithey atome whirc h
25 consists of two blocks, a 3-type bl ock copol yner
cowibination of 6¥e psmefe. t Hreferabiceiamples may inglude biyoasie.
copol ymer whi ch has four blocks, and the |ike. For
[0@¥£nple, when a bl ock which consists of an aromatic
vin%l conpound such. as sté%Fne,is indicated by S 13 .
and 18 opfe e PremeRtgoldhiow of Hisj qegineated dias dobarssralugstignal
as but.adi ene, isoprene,

.and the like and/or _a block .
AIRALEHVIRY LMY As dvinylbenzensi %ﬂ%nse‘i Sfﬁﬁb'bﬁ §iewpoint
an ._cpnjugated di ene conpound is indicated by B,
Offﬂ'ﬂgogh%ﬁvqgl%& can be represented by an S-B 2-type
[0@7%(”( copolynmer, an S-B-S 3-type bl ock copol yner, an
-'B-S-B 4-type 5 bl ock copolyner, and the like. In the

o SRR S P2
RRGRE ST S CAR s N L oo

copSIPRe Abutiitbnd-$R B NGAIGH c%&%ﬁaeﬁ%ﬂ@%?&e—s‘tﬁ@n@faﬁ!ﬁhi c
vinyl “conpound i'n the bl ock may be either unifornmy

copb1$inet, B bLedidde-isipédc-dhreae random doppBIRE, dndrthe likd) As the
addition, the 10 block B may contain a part in which

compogitiona diserititioylof empaithdinitBe topolaner chain, a complete random

copolymer which is close to a statistical random composition, a tapered random
copolymer in which the composition has a tapered distribution, and the like can be
given. The bonding pattern of conjugated dienes, that is, the composition of 1,4-bond,
1,2-bond, and the like may be exist either uniformly or having distribution in the
composition.
[0038]

Examples of the block copolymers may include a 2-type block copolymer which
consists of two blocks, a 3-type block copolymer which consists of three blocks, a
4-type block copolymer which has four blocks, and the like. For example, when a

block which consists of an aromatic vinyl compound such as styrene is indicated by S

13



10

15

20.

25

di stributed and/or a part in which an aromatic vinyl
conpound is distributed in a tapered form Two or
nore of these parts nmay exist in the block B

Mor eover, the block B may contain two or nore
segnents, each having a content of aromatic vinyl
conpound differing fromthe other. When there are two

arfdla HIB&I@wHicﬁQﬁéia@oﬁﬂgatEﬂ\@leﬁé c&ﬁ Surfdl A6k 8s BftaBehd) lgo@?ene and
copol ynmer, the nolecul ar wei gh the structure of the

the GR® asd/bt #BlocRRthidh s lal deBolyhidr bh&ﬁ&ofﬂhﬁc 9nylBdpsindcdad a
may be either the sanme or different from each other.

conP3RH desriehgound isindicatgd beBkhast polsistecinde refresented by an
bl ock copol ynmer may include the structures

S-Beptype didokcopylyhies, ah@-BaS\Bngpaisioek edpolarierarmS-B-34B 4-type
[0040] (S-B),, S (BYS),, B-(S-B),, (SBmX
blp¢kS:dpphimmeryand[th&liky.n 1B]the Mock c@dBym&ismeptesentedribgithen i s

an integer of I or nore, and preferably 1 to 5 mis
abawe-mentigaed formelagrtherbowndarys eanldbhnpleﬂeasamtyle@ssamli nged to be

and X represents a residue of a coupling agent or a
clyagly distingyished. p oWhem isttilogkaB iy spariodymasr, ofpp gvargats ‘tlhﬂt

the structure of the polynmer chains which bond to
comppupd ard 8 perjugaied disnecppelngds ieammaticornd sompeund in ihe block

B oy pi ttgglfﬂ; BRI UGIH 8 SisbU e & POdd it i addition, the
o ner, an arbltrary m xture of. th
e@ o Rigt frhéh@ﬁ@?@mfg& EhGRTRgURG, 5 uniformly
004
dl%laﬁ e ale@tal'f %F@ﬂg%ﬁf Ao AR AR SR <& YisiButed in @ tapered
B 145 FORL HBRLES S5 BBy BB AR58" H AR Wiiock

esen nven S prerera ner— o

m%)"+o%%ﬁ tw® B IR dchfehAe ﬁ%%;ng g&g?oipir@ﬁﬁﬁé‘%m Sompound

ynmer having active eha

diffGa O 8 othb | REh@IYheR dre RRS \A%fﬁﬁfezlﬂ&l@rs ar{dQ%P(]r mdr blocks

The “conj ugat ed di ene pol yner Ich constitutes the

B i0dk Cosslyaen imaabreulsh ©8ight, BR! YiBfure6CBE dbMPodiflort, A8d the like
present 1nvention nay be a hydrogenated conj ugat ed

in ie8dBvo 60ROT/ITBEksGRA b EithebtheGbame oF Hifftgera iffon®Each diladrt
of the doubl e bonds of the conjugated
[0039]
Examples of more general structures of the block copolymer may include the
structures represented by the following general formulas.

[0040]
(8-B)n, S-(B-S)n, B-(S-B)y, (8-B)m-X, [(S-BlnJuw-X, [(B-8)a-BlurX, [(S-B)a-S]m-X
wherein n is an integer of 1 or more, and preferably 1 to 5, m is an integer of 2 or more,
and preferably 2 to 11, and X represents a residue of a coupling agent or a residue of a

polyfunctional initiator, provided that the structure of the polymer chains which bond to

X may be either the same or different from each other.
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di ene polynmer into saturated hydrocarbons. Since the
nodi fi ed conjugated diene polyner in which all or a
part of the doubl e bonds have been converted into
saturated 15 hydrocarbons has inproved heat resistance
and weat her resistance, it is possible to prevent
deterioration of the product when processed at a high

L eMGAL phieSent 'ixﬂreﬁﬁ'?ﬁ,ttﬁ@&ntjuéa&edi ek, FRichRBAGRute ﬁhe

mobility of noleculés or to I nprove conpatibility wt

médified corﬁ@%dfé@&ieﬁ@mgﬂﬂ&; mA$ ba ah 8Hrary r¥itfilte 8f the polymers
a (0]

hydr ogenat ed nodifie nj ugated di ené pol yner

ha®ifpi thé stbuctire SR biPdkefaBb VARt bribd\L@héralformBRk] cat i ons
such as application for 20 autonobiles. [0043] Mre

[0epgcifically, the degree of hydrogenation of
unsat ur at ed doubl e bonds based on the conjugated
di erEheconjugatedsiidne pohengrovijicly edmdtuésathe npdifjuiesonjugated diene
according to the present invention can be arbitrarily
pobehacresdimgdto thk prgsendinviestiabis pedfenably apdlymet olstained by anionic
particular limtations. In order to obtain a pol yner
polymérizgtionlrdaeten, spira grafersblytagpod ynerhhvingsetive ends obtained by a
resi stance, the degree of hydrogenati on of unsaturated
grepsthioeectionnd divingswipron polymerigditnugat ed di ene conpounds
in_the conjugated diene polyner is preferably nore 15
[094Hn 70% nore preferably 75% or nore, still nore

preferably 85% or noye, and _ particularly preferabl )
90% atef fieap delies Whigh %R;@tlhlée&ttﬁ%mgs}ﬁthwuga%d diene

Pogﬁliﬁerﬁﬁ",wef?@@ i&'@ﬂh%éﬁ’eaf {nﬁgﬂér?%@;aiﬁﬂ"? ahY et Cpestsd digpe
i ) i 3 709 .

oo ZrEs SRreF bysp R Gl LoahBLE dbfbifsphesiufe ponjpgaied
10 . 0 ere.ar i .| .
I
A S 1 T SR
hy&ro@%BﬁsChééiiH%}‘oveﬁ ‘Pl@l&%!ﬁ?taﬁ& RSt &Rk H@is?r%f:ég,oﬁ id fo3sible to

nore preferably 30% or [ess, and sti

prévesf R icOIP1RE plodEst wHdASrHe@EREt afhi SV RERMSE! Ot addition,

can be neasured by using a 10 nucl ear hagnétic
it it peGitae aectappemability 6MNMR)eculel 8P tAinpRevd dignpreibiingl wakh other

hydr ogenati on, a commonly known nmethod can be used. A
polymer compounds. As a result, such a hydrogenated modified conjugated diene
polymer exhibits excellent performance in various applications such as application for
automobiles.

[0043]

More specifically, the degree of hydrogenation of unsaturated double bonds
based on the conjugated diene compounds in the conjugated diene polymer according to
the present invention can be arbitrarily selected according to the objective, without any
particular limitations. In order to obtain a polymer with good heat aging resistance and

weather resistance, the degree of hydrogenation of unsaturated double bonds based on

the conjugated diene compounds in the conjugated diene polymer is preferably more
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particularly preferable hydrogenation nmethod is a

nmet hod of bl owi ng hydrogen gas into a pol yner
solution in the presence of a catalyst. Exanples of
the catalyst may include 15 a heterogeneous catal yst
such as a catalyst containing a noble netal supported
on a porous inorganic material; a honbgeneous

th&R Y @oymbreSHeRerady as%air@lhdfétsnmrrﬁ@l&%&eﬁmy m@@% 8, and
sol ubi Iized salt” of nickel, cobalt, or the like with

paBi GBI e AINTD0Y, dritork] KEx ordar t@@ﬁ@k&@thewtsstmnmolecule
nmet al  ocene such as titanocene, and the |ike
méBiBSLor mpatibany abtherthatradiyg theddebeedTihgtrogehddion in the
hydr ogenati on conditions can be selected is 20
coppughted dicme pglypefiep@bdrably et  ¢eett] moregfreferabbpfrom 5 to 65%,
groups i s possible by using a noble netal-supported
and atilInyw¢ prefférauly]frdm dopd 68%of Adthbaglythiere arayo paticuldelinlfations,
a support-type heterogeneous hydrogenation catal yst
thewlegrecaoistdadgenation efsardinatiedoubleiborids based onithe hiokmatic vinyl
supported on 25 carbon, silica, alumna, diatonmaceous
compotnd indhe popolymprof ¥ onjugaridatitnercompeund guit eyemmatio Ninyl
catal yst using a transition nmetal salt such as an
cosmgawi/ &8 Pa%ﬂewb $Q% or lagp, morepreferablyF0% ef less ang stide more
| acet one _salt and_an reduci ng agent su as, an
pr sragfy o &F lF$-nukhe %ﬁsaee(ﬁ)hyﬂwgswm AN RE MAASHBHPY ¥KIng 2
n organonetal | i npound of Ti, Ru, Rh, Zr,
““Eleaft‘H%g‘Te lﬁéesogi)‘é‘n?uai’?%mé’yi may i ncl ude
rogenation catalysts described in JP-B-42-8704,

[0048] 5 43- 6636, JP-B- 63- 4841, JP B 1 37970,

Pr e?‘e %Fhe ex an‘p ygr(’?gogaq{(wé }e“ﬁ at1 P%ﬁ&lgd fay fgpsed. A
PSSl i SRS EPORRL R

PR drisB oA Hﬂzgﬁ@s@né’é @Fhe %]m; Exﬁﬁ 5 8f g gE@ )}’shﬁlay include

pr esent I nvent nis pre era rep esente

f
a H[e%g(ié%ﬂb%% cﬁ%‘%"éﬁhc&z@, h@%@}é&f‘. @réxztgﬁ‘l?r)g a foble Aletal flppoked on a

porous inorganic material; a homogeneous catalyst such as a catalyst produced by

reacting a solubilized salt of nickel, cobalt, or the like with organoaluminum or the like;
a catalyst using a metallocene such as titanocene, and the like. Among these, a
titanocene catalyst with which mild hydrogenation conditions can be selected is
particularly preferable. Hydrogenation of aromatic groups is possible by using a noble
metal-supported catalyst.

[0045]

Examples of catalysts may include (1) a support-type heterogeneous
hydrogenation catalyst with a metal such as Ni, Pt, Pd, Ru, or the like supported on
carbon, silica, alumina, diatomaceous earth, or the like; (2) a Ziegler-type
hydrogenation catalyst using a transition metal salt such as an organic acid salt of Ni,

Co, Fe, Cr, or the like or an acetylacetone salt and an reducing agent such as an
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R7 (OR3)d [0048] 15 wherein P represents the
conj ugat ed di ene polyner; Rl and R2, which nay be the
same or different fromeach other, represent a
hydr ocarbon group having 1 to 12 carbon atonms, which
may contain an unsaturated bond; R3 represents a
hydr ocarbon group having 1 to 20 carbon atons, which
orgayoabimihaing asd(3) a8 akgunéd BetabestpleRduchs, anegarmdntttdRic
which may be the same or different from each ot her,
cangprues of T, Rup Rity B ar tierliker 0 Spedifiv exgmple2haly inchidedaidbsgenation
atons, which nmay be substituted with an organi c group
catgystaidesicribedSin, JPEB-424 70K, HRB-4306660 hik-&-63-484 B AP 48137970,
h%dro en, and which may contain an unsaturated bond;
TA-BiIs53851i H-Bg2006k, and §B-/0 8- 1992 £9.arPreferaje cxapiples ofthe,
and a is an integer of O to 1, provided that d + e +
hydregegatigrogumyst npgy inqluggreagtion mixtmes ofe Kitarecie-compoupdind a
RO (OR3)d [0050] wherein P, R, R3, R4, d, e, and f
redyctive Qegangrnstallic ¢astnowed- i n t he general formula (1); RS
nd RO, which may be the sane or different from each
[Oﬁ’f’ er, represent an aliphatic 5 hydrocarbon group

ins ;ﬂ%rhé?éﬁeg s%ﬁﬁé’a?%n@feﬁa:%wﬁa‘éir axkariie & By aroeapesation i
prlls BB R b e o Bt oGl Bl AT a0 o

[Ob\h nd not containing an active hydrogen, and which
ma’)a contain an unsaturated bond. [0051] 10 RS

R
RRN-RE-N-R'-Si~F) (1)
RT (OR%)

[0048]

wherein P represents the conjugated diene polymer; R' and R%, which may be the same
or different from each other, represent a hydrocarbon group having 1 to 12 carbon atoms,
which may contain an unsaturated bond; R represents a hydrocarbon group having 1 to
20 carbon atoms, which méy contain an unsaturated bond; R, R®, RS, and R, which
may be the same or different from each other, represent a hydrocarbon group having 1

to 20 carbon atoms, which may be substituted with an organic group containing Si, O,

or N and not containing an active hydrogen, and which may contain an unsaturated
bond; fis an integer of 1 to 2, d is an integer of 1 to 2, and e is an integer of O to 1,
provided thatd + e + f= 3,

[0049]
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R1I0-N NR R11 (3) i (R3O0 d-Si-Rde (Pk [0052]

wherein P, R3, R4, R7, d, e, and f are the sane as
defined in the general forrmula (1); R8 15 and R10 are
the sanme as defined in the general formula (2); and R
represents a hydrocarbon group having 1 to 6 carbon
atons. [0053] R6RS5N-R12 RI5Rt4N-R13 i -SHP (4) OR3

20 [0054] wherein P, R R5,R4nd R6 are the sane as
defined in the gemgfaN’f onrml&—(@); Rl@)and R13, 18

whi ch may be the sane Og® difi@p@(pt from each other,,
represent a hydrocarbon group having 1 to 12 carbon
[0af@jns, which may contain an unsaturated bond; R14 and
R15, which may be the sane or different from each
whtrbiarP, R Y, 8Sadyte, andhfjate drearabmresgiefingd inthe gemprdl foomd (1); R®
cargbon atons, which nmay be substituted with an organic
angrRuphichooayt be thiesgmsior differant fidmaeathother,ceptesintiangliphatic
active hydrogen, and which may contain an unsaturated
hyidserarbongrevrehaying | & 6 tabamptoss; Which(may cqntyin an masaturpted

P and R, to R15 have nmeanings defined bel ow .
bonds#dcR | Fenrgsentsyadltydrecartmny grppR Baving | o 20 prben posmsg wairh may
p%Lymar, and R and R2 are, hydrocarbon groups havi ng .
besupgityted sy TERH FrEroupantaimng 8k (h OF capfayyRg gy active

ol Sy S B b gy bopd. and each
[0051]

[0052]
wherein P, R, R, R7, d, e, and f are the same as defined in the general formula (1); R®
and R'° are the same as defined in the general formula (2); and R"! represents a

hydrocarbon group having 1 to 6 carbon atoms.

[0053]
RPRON-R12
OR?
[0054]

wherein P, R} , R®, and R® are the same as defined in the general formula (1); R'? and R
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either the sane or different fromthe other
hydr ocar bon groups. The hydrocarbon groups may be
ei ther an acyclic hydrocarbon group or a cyclic
hydrocarbon group. R3 represents a hydrocarbon group
having 1 to 20 carbon atons, which nmay or may not
contain an unsaturated bond, and may be either an
whieH @hdybd il saRebnd ffefbh O BImQacik othier, Coépldsént group
group. [0055] R4, R5, R6, R7, R10, 4, and R15
havapy ERelT canlyalr siome pwhich iRyRonfagvihgnsiturfie®Bond; R ba RY,
atons or hydrocarbon groups having 1 to 20 carbon
which meyvitei thé sameorsdiffstent fibmcachbthier, a¢predeganhgdrgeabon group
containing Si, 0, or N and not containing an active
havirgr otyel() cagipnTdtembyyeiok arzlyde sgbspityted mth anrorganic potp
contain an unsubstituted bond, and each hydrocarbon
cogtaiipg §1\0,lve Nearnidhent comteingegan antivd hfdmgemtanfl mdrickt iney contain an
ot her hydrocarbon groups. In addition, the
unsytgratecbbandn gr oups may be either an acyclic
hydr.ocar bon roup or a_ cyclic hydrocarpon group. The
act i pdhe,gence dormudasy 1@k 6He andf) dhandiRatar R v hpeesmeanings
LI Vi term nal s of _the polynmer such_as SiOH OH NH, 1
defiped\plowpgspegtivly. o SThit is, Raengwntasasineatrdslipne polymer, and R

o RS B SPBIE) y BRBERL 2,8 g
m%}r %{}ﬁﬂ gcg clpfi%aéfn ér%:ugﬁlmn%{l @lﬁgﬁ F‘gﬂ :ggé}gﬁ)ydrg’ cl',alrl?oryérgll.l}l)( Xllay be
ciflpthg Yoy PSR e st Be@Pin kG T tfRoPansh
S S A S e R

refrB&nts KBydr&ea0H ﬁgﬁﬁfw‘}iﬂ%l by 86 05862 ! GHRK may rr?arymay not

substituted wth organi ¢ group contal ni ng

cohtafl Atfkéhsatuettad korlaamhdaal by Eitﬂér%%c?;ﬁfb hydrocarbon group or a
al kyl aryl am noal kyl group, a diarylam rioal kyl group,

cyédichyalroaktaon geas.yl group and the like. [0056] R8 and
RO represent aliphatic hydrocarbon groups having | to

[0@55¢ar bon atons. These hydrocarbon groups may or may
not %ontain an unsubstituted bond, and each
hy diRGcRT, RENRGRIy R Preand tRE® epirdsent Hykdeocagbom groupsi Hafvimgeinto 20
fromthe ot her hydrocarbon 10 groups. Rl1l represents a
catfygnl etvezsr dydrydpcabon gaatips diaving 160 Clrdethonatens whiRh2rasubstituted
R13
with an organic group containing Si, O, or N and not containing an active hydrogen.
The hydrocarbon groups may or may not contain an unsubstituted bond, and each
hydrocarbon group may be either the same or different from the other hydrocarbon
groups. In addition, the hydrocarbon groups may be either an acyclic hydrocarbon
group or a cyclic hydrocarbon group. The active hydrogen is a hydrogen which
deactivates living terminals of the polymer such as SiOH, OH, NH, or NH,. Examples
of the hydrocarbon group substituted with an organic group containing Si may include a
trialkylsilanylalkyl group, a dialkylarylsilanylalkyl group, a triarylsilanylalkyl group, a

triarylsilanylaryl group, a dialkylalkoxysilanylalkyl group and the like. Examples of
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represent hydrocarbon groups having 1 to 12 carbon

atons. These hydrocarbon groups may or nay not

contai n an unsubstituted bond, and each hydrocarbon

group may be either the sane or different fromthe

ot her hydrocarbon groups. The hydrocarbon groups may

be either an acyclic hydrocarbon group or a cyclic
th8jigdrocabb® grogh @ubstitdted WBRAlorgdnid f@upcememing OYRAtihelade an

R1, R12, and R13 has a structure containing preferably
albxyalkyl goap ponargloapaik biegroes anniriloogeyl @bup il thetikéary

am no group and silicon. More ©preferable structures

Exangpléshe thohydraéarborpgroep ahbstiantediwith @f brgapfi0p8lp catfiaibitg N may
R16 R20. R22 R24 R26 R28 R30 R32 -C-C or GCGC or C
inguds a GialkylBhino&lkyl Ro6p, AR LIRS yRRGnGMITY] ErirR) 4 dil3H aRaRalkyl
[ 0059 wherein R16 to R33 represent hydrogen atons or

5 grenpd ackalkylaminpand gsoupeandrthe fiké.o 5 25 carbon at ons,
each being the sanme or different fromthe others. 20
[0936lr egard to the structure of R2, R8, and R9, the

di st gnce hetween two nitrogen atonms in the two
t er tR 0l By feprssent aliphatic ygiosnben rapps heving ! de fisarbon atoms.
at ons erein the carbon-carbgn bond_ may be either

THEH B LoFBARN PUES HaY T BaVALLON an Breibshdisidbond, and each
B S G SERSLA R

10 gro%%é. RRYI r@p%%s&%sl a ﬁé&ogggoé :g}r%z.lp hg\ér"i%g Iﬁg 6%?& oﬁ%toA'nZs. RZand R"
represent hydrocarbon groups having 1 to 12 carbon atoms. These hydrocarbon
groups may or may not contain an unsubstituted bond, and each hydrocarbon group may
be either the same or different from the other hydrocarbon groups. The hydrocarbon
groups may be either an acyclic hydrocarbon group or a cyclic hydrocarbon group.

15 [0057]

In the present invention, R!, R'?, and R*® has a structure containing preferably 2

to 4 carbon atoms between nitrogen of the tertiary amino group and silicon. More

preferable structures are the following general formula (9).

[0058]
20
Fli"i Ffw R20 R22 R24 R¥® R28 R R32
—CC— O g -é— or —(5.—&:—%;3—--('}—— (9)
,-!217 l-l{:m Fl;m F’;z'a _,__'-st PIQZT !_1{29 ,'Qm ;!{33
[0059]

wherein R to R*® represent hydrogen atoms or hydrocarbon groups having 1 to 5

25  carbon atoms, each being the same or different from the others.
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or RRor GGC G -CC Rsy [0061] 10 wherein R34 to R’
represent hydrogen atons or hydrocarbon groups havi ng
Ito 5 carbon atons, each being the same or different
fromthe others. R' represents a trivalent hydrocarbon
group having 1 to 6 carbon atons, and preferably a
hydr ocar bon group having 1 to 4 carbon atons. [0062]

15 Tiaeegmdid iedtraantd e/’ RAIRE theai M @ibREvden thbQitrogen
present invention conpr|5|ng a nDdlfylng group based

at@ifis th the o Bdre sy asdindVBic@ip isqRreRAIbI 1 BRY ichhoh WibneY, wiieFedn the
tertiary am no groups and one or nore aIkoxyS|IyI
caghoptqasbon bonkdenayobesitHee a bt tighdio? aaloubletovdat Rbrélpefigable
pol ynmer does not include the conmpound havi ng
stroetubsmratherfollening gendbefoaanl (0),t he tertiary am no
group. In the case of such a conpound having a 20
[0@&bon- ni t rogen doubl e bond in the tertiary am no
group, the excellent effect intended by the present
i nventi on cannot be obtained, because the viscosity of
is increased due to side reactions caused

2 .gAr bon: ni tr ogep; gyble bond, I eadine 450
i r§d processabilif y% 0063] The _‘}?gdﬁ‘f ng group
bondedCto-t he ﬁndriff'r= - o

onugat’ d‘@ﬁﬂﬁ?@ﬁﬂ@%ﬁr s
e Lamtlag

accor di Bﬁ;} to the. preggntsssnvention |§-\,4h)a§eq£4on a _I oW’
mol :ecul ar’: wei ght - conmpound. havi ng 5 two -or nore- (10)
tert| ary am no groups and one . or nore al koxyS|IyI
deow mol ecul arR%eRYHR"conpounds
‘ol Lowi 0§ genegatifogmul as (5)
'*t*es for “exanpl e. QO_64] o

are: representé’a by _:
to (8) -or_-thei r- coritet
RR5N-R2- N R - 81(0?3)1R43 i (5) 10 R7 [ 0065}

[0061]
wherein R** to R*! represent hydrogen atoms or hydrocarbon groups having 1 to 5
carbon atoms, each being the same or different from the others.

R represents a trivalent hydrocarbon group having 1 to 6 carbon atoms, and
preferably a hydrocarbon group having 1 to 4 carbon atoms.
[0062]

The modified conjugated polymer according to the present invention comprising
a modifying group based on a low molecular weight compound having two or more
tertiary amino groups and one or more alkoxysilyl groups in the molecule bonding to a
conjugated diene polymer does not include the compound having carbon-nitrogen
double bond in the tertiary amino group. In the case of such a compound having a
carbon-nitrogen double bond in the tertiary amino group, the excellent effect intended
by the present invention cannot be obtained, because the viscosity of the polymer is

increased due to side reactions caused by the carbon-nitrogen double bond, leading to
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wherein R1 and R2, which may be the sane or different
fromeach other, represent a hydrocarbon group having
1 to 12 carbon atons, which may contai n an unsaturated
15 bond; R3 represents a hydrocarbon group having 1 to
20 carbon atoms, which may contain an unsaturated
bond; R4, R5, R6, and R7, which may be the sane or
inpiafred peeessabiliom each ot her, represent a hydrocar bon
group having 1 to 20 carbon atons, which maybe
[08éXJstituted with an organic group containing Si, 0, or
N and not containing an active hydrogen, and which
may Bormedifying guovpdionded wdhe ovedifiedrognjugated dienepobgasr
of 1 to 20 3. [0066] R8 R70-N\NRi-Si (OR3); R43_; ]
aceylingrg theepreerd rjventiomisdragdora lovRmoleshlar Rgight eompeund having
sane as defined in the general fornula (5); R8 and R9,
IWRKIr SPTRESF B Y ANENG STANPS ANdIPRg efape alkaxsiby @roups i the molecule.
represent an aliphatic hydrocarbon grouyp having 1l to
Loy alasli afcisht colpunds (REG/ TSPEFETF by fhe fallaw eaeasrabiwaules

n 0, represents hydr qcar bon group having 1 to 20
(Sﬁt&’%%réﬁ ,“%Wﬁaﬁqﬁ’ ﬁﬁﬁ%aénlgﬁbst ituted 5 with an

[Og%ﬁanic group containing Si, 0, or N and not

taining an active hydrogen, and which nmay contain
an unsaturated bond; and i is an integer of 1 to 3.
[0068] R8 RIO-N NR7 (7) R' Si(OR)1R43-1 10 [0069]

R6R5N—R2—l|\l—R’—Si(ORa)iR“s,i
RT

(5)

[0065]

wherein R' and R%, which may be the same or different from each other, represent a
hydrocarbon group having 1 to 12 carbon atoms, which may contain an unsaturated
bond; R? represents a hydrocarbon group having 1 to 20 carbon atoms, which may
contain an unsaturated bond; R*, R®, R®, and R”, which may be the same or different
from each other , represent a hydrocarbon group having 1 to 20 carbon atoms, which
may be substituted with an organic group containing Si, O, or N and not containing an

active hydrogen, and which may contain an unsaturated bond; and i is an integer of 1 to

3.
[0066]
8
RN N-R*Si(OR})R%, (6)
\Rg
[0067]
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wherein R3, R4, and R7 are the sane as defined in the
general fornmula (5); R8 and R10 are the sane as
defined in the general forrmula (6); and R1l1l represents
a hydrocarbon group having 1 to 6 carbon atons; and i
Is an integer of 1 to 3. 15 [0070] R6R5N-R12 RuR14N
R13-Si (OR3h (8) [0071] 20 wherein R3, R5, and R6 are
whéreinTa R’ amd défaratd sie b cfyrdan de Feperil famub) (5);31%and R?,
and R13, which may be the sanme or different from each
whith atay beel emendr difftredt oarchcinoeoupprebay ian gliphdtie hydrocarbon
carbon atons, which may contain an unsaturated bond,
granghaRidg hiw6 Rirbon atohisc whivhymdyecdnitesn aa mesaturatid bad ekl R '
fromeach other, represent a hydrocarbon group having
represantPOh yhrotroboragroup havihg ¢ o 28 gartben gteinss, M%inhsuaw\b@ subshituted
organic group 23 containing Si, 0, or N and not
withhan enganic greup eootainiog B dd,eg dhandamd containingaryactiyethadwgen, and
an unsaturated bond. Exanples of the above |ow
whigh may|captaipeangrnsatueaigsbonds anthi/isian dntagrs ofddrdounds
represented by the general formulas (5), (6), (7), or
@ﬁ, and a condensate 5 thereof. [0072] In the
general formulas (5), (6), (7), and (8), R and RZ
represent hydrocarbon groups having 1 to 12 carbon
atons. The hydrocarbog groups nmay or may not contain
an unsubstituted bond® and each hydrocarbon group may
be either the s&feMr M- fRerent 10 fromghe ot her
hydrocarbon groups. - ®i& hydrocar bon grod s may be
ei ther an acyclic hygloeém*pon group or a cyclic
hydr ocarbon group. R3 represents a hydrocarbon group
having 1 to 20 carbon atons, which nay or nmay not
contain an unsaturated bond, and nmay be either an
[0 clic hydrocarbon group or a cyclic hydrocarbon
group. [0073] 15 R4, R5, R6, R7, R10, R4, and R 5
wheedh @3 ert, ahy B afAhS Siin P8 HImel) &Y iheGederhPfodBula (5); R® and RY

are the same as defined in the general formula (6); and R"' represents a hydrocarbon
group having 1 to 6 carbon atoms; and i is an integer of 1 to 3.

[0070]

RERSN-R"2
|
RYRM“N-R'3—Si(OR%), (8)

[0671]

wherein R’ . RS, and R® are the same as defined in the general formula (5); R and RB,
which may be the same or different from each other, represent a hydrocarbon group
having 1 to 12 carbon atoms, which may contain an unsaturated bond; and R¥and RY,
which may be the same or different from each other, represent a hydrocarbon group

having 1 to 20 carbon atoms, which may be substituted with an organic group
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carbon atons or hydrocarbon groups having 1 to 20

carbon atons which are substituted wth an organic

group containing Si, 0, or N and not containing an

active hydrogen. The hydrocarbon groups may or may

not contain an unsubstituted bond, and each

hydr ocar bon group nay be either the sanme or different
contadiing 86 Mt akyasteontatidny ADagive hipdrogh andditli¢iDmay thigtain an

hydr ocar bon groups may be either an acyclic
uiByidradebdigin  group or a cyclic hydrocarbon group. The

active hydrogen is a hydrogen which deactivates

I i viegantpdesofithe sbofe lowengiedularaweightcbhnpeusisGrby eludiiH,

or NH2. Exanples of the hydrocarbon group substituted
comiponndsrepregented by thewgsnerahfoainnlas §5)S(6)nE), dri{8), avd a gondensate

trial kyl silanyl al kyl group, a dialkylaryl silanyl al kyl
thepeolip, a triaryl silanylal kyl group, a 25

triarylsilanylaryl group, a dialkyl al koxysil anyl al kyl

Tdup, and the like. Exanples of the hydrocarbon

group substituted with an grganic ﬁ{oup £ont ai ni

may Iniks Sﬁi@raé:ﬁorﬂmlwfgéﬁkﬂ), @!P(b(dﬁj,, haaqlldglf( \ieBsegent :h;fgrolgarbon
. , i ke. 24 Ex ,
s p@ﬁ&aﬁ&ééﬁéﬁ%w%ﬁﬁ%@%&qﬁ@% P By %frrgggﬁ%tec%ntam
ar R ESE Bh h D oAb 80 b RO difern
t B R PR eAihaaBOe; The s pRTERERh oy B Hifig R Wevaric
ing 1 .
BRI AT PRI 5 fEERG  mcrocuon v

ha¥igUbs ot ks ang ’wc}‘lﬂéf:}?gr 2%? mfa?g%]f t@cﬁgﬁg?ﬂ é]?g':a%&igtemnﬁ,eand

el ther the same or
) i group
mzﬁb’@é Qftf E?chycﬁl% ﬁg&%cargon ﬁfcﬁgl%? %rb&ghcghlygh\f%a%&{ Qﬁir?]riv

having Ito carbon atons. 2 ah represe
[omggrocar bon groups having 1 to 12 carbon atons. These
hydrocarbon groups nmay or may not contain an

uns IsRP IRF RE ISR, @R '@ aghredandiiyeadaitsvn goapihaving 16 20

be either the sanme or different fromthe other
catbpd noeay adrydgsoattps. grdipes Hayihipdciardtomnarbogravaips wiich doesubstituted

ei ther an acyclic hydrocarbon group or a cyclic
witlyair @rganib groupreounfining 61 T4 jor Ekandricd somthiniigeancastisie hydrogen.

of the | ow nol ecul ar wei ght conpounds have the
Thgdiydrogarbpp gnyipa snaysy may (@ ontain dnnuisuleititeedrbeond dad each

having a structure in which 15 Si OR3 group condensed
hydgocarben grpuptine be either the same or different from the other hydrocarbon
groups. In addition, the hydrocarbon groups may be either an acyclic hydrocarbon
group or a cyclic hydrocarbon group. The active hydrogen is a hydrogen which
deactivates living terminals of the polymer such as SiOH, OH, NH, or NH;. Examples
of the hydrocarbon group substituted with an organic group containing Si may include a
trialkylsilanylalkyl group, a dialkylarylsilanylalkyl group, a triarylsilanylalkyl group, a
triarylsilanylaryl group, a dialkylalkoxysilanylalkyl group, and the like. Examples of
the hydrocarbon group substituted with an organic group containing O may include an

alkoxyalkyl group, an aryloxyalkyl group, an aryloxyaryl group, and the like.
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[0075] In the present invention, Rl, R12, and R13 has

a structure containing preferably 2 to 4 carbon atons

bet ween nitrogen of the tertiary am no group and

silicon. More preferable structures are the follow ng

general formula (9), 20 [0076] R16 Rte R20 R22R24 R26

R28 R30 R32 -G G- or GCG-C or --CCG-CG-C---- (9)
Eﬁi;ngl 1E316% the Ry dR8chrbiPgrody sibdBnitilwiiB AnloBEhhid grodp cohiBIn@ig ™ may

to R33 represent hydrogen atons or hydrocarbon

inanwwaiamixﬁmomkyp%ﬁu 2 aqaqmgmnah@ﬂﬁyl £66) alleiryBintiAsalkyl

sane or different fromthe others. In regard to the
greny, aalialk ganindaryl ghfup, andithiddiket he di stance between two

nitrogen atons in the two tertiary am no groups is
pr ef R anidI R” répteser® aliphrdtiothydtoeatbon wharpsihavinhd to 6 carbon atoms.
carbon-carbon bond nay be either a single bond or a
5 Thtsebydrotrobeh giobpempy ef eaginbeconfais pe anfubstisktediwindy asi each
are shown in the general fornmula (10), [0078] R34 R38
hyds®arao0 groap Ry be gither thelsame ordifferent fprg the ether Iydroq@rton
R35 R37 R39 R41 RA3 RAS (10) R48 RA9 R50 or Ras R4[ 3
greps1  R{ rppresents ghydrgcarborcgroup kgying fito[6o@rigin atoms. R “and R
represent hydrocarbon groups having 1 to 12 carbon atoms. These hydrocarbon
groups may or may not contain an unsubstituted bond, and each hydrocarbon group may
10 be either the same or different from the other hydrocarbon groups. The hydrocarbon
groups may be either an acyclic hydrocarbon group or a cyclic hydrocarbon group.
[0074]
Examples of the condensate of the low molecular weight compounds have the
general formulas (5) to (8) may include compounds having a structure in which
15 SiOR*group condensed with each other.
[0075]
In the present invention, R', R'>, and R'® has a structure containing preferably 2

to 4 carbon atoms between nitrogen of the tertiary amino group and silicon. More

preferable structures are the following general formula (9),

20 [0076]
_|$1e 1318 R p22 _,-?24 _ R26 Rés 530 ;|iq3'2
_ i : | | .
——C—C— or GG or _—¢c—C—Cc—C— (9)
F|{17' ||;19 F|221 fqza ,'st ||Q27 F|229 F|z31 ilaa_s
[0077]

25~ wherein R'® to R* represent hydrogen atoms or hydrocarbon groups having 1 to 5
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wherein R34 to R51 represent hydrogen atons or
hydr ocarbon groups having 1 to 5 carbon atons, each
being.-the sanme or different fromthe others. Rll
represents a trival ent hydrocarbon group having 1 to 6
carbon atons, and preferably a hydrocarbon group
having 1 to 4 carbon atons. 15 [0080] Exanpl es of the
cak sl 1B S GabiRbeing g faneOFRaIehtForh R Gihgye- ment i oned
gener al fornul a (5) may include:
N- [ 2n(bgdra bk eyautarydDReRAYInH-RN, e ditardce betwech @b anttogen
1 ,2-diamnes, N[2-(alkyldial koxyS| | anyl ) -et hyl ]
atelhb M thiltwe tdfrtxaiyleyrhﬁé Bfoups i, prefdradly D6S3 carBOn atoms, wherein the
N-[3-(trial koxysilanyl)-propyl]-N N ,N -trial kyI propan
catbdn; Gutetindmindasay be either a single bond or a double bond. More preferable
N-[ 3- (al kyl di al koxysilanyl)-propyl]-N, N, N -trial kyl pr
Spocpiﬁn etriictypi®s diecaliowadn the general formula (10),
3-(trial koxysilanyl)-propyl]-2,N N ,N -tetraal kyl pr
[06 ne-1, 3-di am nes, 26
N-[3-(a| kyl di al koxysi | anyl)-propyl]-2, NN ,N -tetraal k
yl propane-1|, 3-dianines and the |I|ike. Mire specific
exanpl es may include the foll ow ng conpounds [0081]
N[ 2- (%@4 met hoxyS| I aw;lg)R-sst hyI ] N, N' 1
e-1,2-ydiamne 5 oo i

et hyI ehh%ne 1, 2-di amme,é% o

N[ 3- (trlrrethoxy3|lanyl) propyl] N N:.
ne-1, 3- di am ne, ' : 0:.;:;-_'-_;:;._f.:;:‘-:-_;:_
N-[ 3- (di met ho>a/rret hy @l%:anyl ) propyl ].Bﬁ--_"t A

met hyl propane-1, 3- di Ly SERIRE L AEE
N-[3-(triethoxysitamyt:
hyl propane-1, 3-di am ne, SR el T A T e

N-[ 3- (di met hoxynet hyl si | anyl) propyl] 2 N, N N -tetram
et hyl propane- 1, 3-di am ne, 10

N- ( 2- di net hyl arri noethyl)-N -[2-(trimethoxysilanyl)-eth

10 [O(y;|9][] N, N - di net hyl et hane-1, 2- di am ne,

15

20

&dl et hoxypropyl sil anyl)-ethyl]-N -

wheei RFeoyR0Y egtbsenfNayiro ghinniedrhy beti yilRo@rbongroghsativingy 1 to 5
N-[2-(trinmethoxysilanyl)-ethyl]-N -nmethoxynethyl-N, N -
carhomeatolmyd, eadhcredglth sardé andififerent from the others.
N[ 2- j(tr| nmet hoxysi | anyl )-ethyl]-N, N -di nethyl -
-( 2Rt Tepeststnth g ittialett dtytisoicrben igeovp-having2l- to]chaﬂbmtnms, and

preferably a hydrocarbon group having 1 to 4 carbon atoms.
[0080]

Examples of the low molecular weight compound of the above-mentioned
general formula (5) may include:
N-[2-(trialkoxysilanyl)-ethyl}-N,N’ N’-trialkylethane-1,2-diamines,
N-[2-(alkyldialkoxysilanyl)-ethyl]-N,N*,N’-trialkylethane-1,2-diamines,
N-[3-(trialkoxysilanyl)-propyl]-N,N’,N’-trialkylpropane-1,3-diamines,
N-[3-(alkyldialkoxysilanyl)-propyl]-N,N’ ,N’-trialkylpropane-1,3-diamines,
N-[3-(trialkoxysilanyl)-propyl]-2,N,N’,N’-tetraalkylpropane-1,3-diamines,
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N-[2-(triethoxysilanyl)-ethyl]-N N -diethyl-N -(2-dibu
tyl met hoxysi | anyl et hyl )-ethane-1 , 2-diam ne, and the
i ke.
N-[2-(trinmethoxysilanyl)-ethyl]-N, N, N -trinethylethan
e-1,2-diamne is a preferable conmpound. The nodified
conj ugat ed di ene polymer which is nodified by this 20
NG TBRRYIIhIRHS s - prep Al 12N 8K ,cre’l-ﬂe&aztlkggf@@ﬁm,3-diam_ines and the
properties i'n wet skid performance, 1ow hysteresis

like0s MoraRpésifi@ Bxdngsiesinay arhilkdhé RNMBWiLg sdmpmngkdl, when
vul cani zed. [008 Exanpl es of the | ow nol ecul ar

[ooBilght conpounds of the above-nentioned general
formula (6) may include: 25
NI2{(BinféthoaishayfsethaiiN N D eriyie}lylethrieyl B diemam, nes,
1-[3- (al kyl di al koxysi | anyl ) -propyl]-4-al kyl pi perazi nes
N-[2-(dinjehaxtymictkobapgi)eting]-N-qsh gy, ° -dimethylethane-1,2-diamine,
-3-al kyl i m dazolidines, 27 o
N-{3{(Bingeshdepisdanyilkpropsil NN -trimsthyljropane-1,3-diamine,
-al kyl i m dazol i di nes,

N-{3{(dimethaxametjsiansbrpropyil-Ypstyl-18- M -dimetbyinropanepyprdinmine,
N3 feihorasloay Rincens N oSk metty epRgnenb hyeinepy
N-r{%-za}lidi W?@mﬁ{yﬁwynﬁwﬁmmm’(—w;aﬂeégylpmpane-1,Miamine,
{2 ity R IR S R sy ety NG dimeghethapes 1.2
o R AR RS, o FosBSs €
CREBHRBR SR e P e e,
N{%@Hﬂﬁy&g@ﬁ%@lﬁ Lth &Yy REPPM N Amethylethane-1,2- diamine,
N—%Ze-’tﬁh{e@ﬁcﬁcﬁrﬁwt&ﬂﬁ?iﬁ,ﬁ“l-)ﬂhﬁétﬁfflolﬂMkj-tr%h&hw{lé&d?léiﬁ‘ﬂﬁbih@he-1,2-
didning; (tri et hoxysil anyl) - propyl ] - 3-met hyl hexahydropyrim
N-Ipd-lttgit’}ﬁky@lahpb}-xeﬂm]:m}s’i-dﬁamyl-N’nmmdti;m&ﬂmwwnly&sﬂ@hydmane-1
,2%%%&9&&?&1@@9 | anyl ) -propyl]-1-nmethyl-1,2,3,4-tetra
hydr opyri m di ne, 15
N-R2-{tSimethaxgsitemyrathy1J-Ns NI, Nivptitnethy tetlyank- 112-dtamine its, apréfedable

t et rahydr opyri m di ne, ' ’
compound.  The modified conjugated diene polymer which is modified by this

compound has particularly excellent balanced properties in wet skid performance, low
hysteresis loss, abrasion resistance and tensile strength, when vulcanized.
[0082]

Examples of the low molecular weight compounds of the above-mentioned
general formula (6) may include:
1-[3-(trialkoxysilanyl)-propyl]-4-alkylpiperazines,
1-[3-(alkyldialkoxysilanyl)-propyl]-4-alkylpiperazines,
1-[3-(trialkoxysilanyl)-propyl]-3-alkylimidazolidines,
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1- (2-ethoxyethyl)-3-[3-(trinmethoxysilanyl)-propyl]-im
dazolidine, (2- {3 -[3
-(trinmethoxysilanyl)-propyl]-tetrahydropyrimdin-1-yl
} -ethyl)dinethyl amne, and the like. Preferable
conmpound may i ncl udes
1-[3-(triethoxysilanyl)-propyl]-4-methyl pi perazine.
1-Br@aliomdiaidor dsiiapl)paep ¢ H3-dlledienidizotidingser which is
nodi fied by this conmpound has particularly excellent

1-[fa(ted alkedysilpnyiperdpys3-atkyiiekatsidrebypriitiovestance, | ow

hysteresis | 0oss, abrasion resistance and tensile

1-Bx-(alinddinlkowpdtanyDipeapyil  2dlky{lea8d}drépsaimidemsof the | ow
nol ecul ar wei ght conmpounds of the above-nentioned 25

3- @e(tgalgbxmmxl[)-arqp‘yj] }ragcybmdl,i;ﬁ-@etrahydropynmldmes
tri al koxysil anyl)-1, 3-di al kyl i m dazol i di ne,
3- @-éaam@daﬂmaystbnylémrmﬂd J-alkyt] & hiHtstrahyitepyrmidinescand thelike.
2-(tr|alkoxy5|lanyl - 1, 4-di al kyl pi perazi ne,
More(sapeifip &F@RE&?@@%W“W—‘% QOIHPRUIKST pi per azi ne,
g&{{}t ri al koxysil anyl) - - di al kyl hexahydr opyri m di ne,

l-é-émdi R Pt o sbetiipe el oo mmy | ncl ude
36@?%]?' I owsglﬂ% Iﬁ’gls“'m %l}ﬁplperqatzetnhoxy5| lanyl)- 1,3
AP o e
1t ﬁé’%ﬁfi@?{’ﬂ%ﬁ%ﬂ@“% %Y%}népa%kﬁ&“lg%'yﬁl opyr i m di ne,
- &l‘i'étgm?gwmg%@yi]@wemyk&awﬁﬁwﬂrﬂﬁmbydr opyri ni din
- BC(%nHétHEiﬁﬂé ?Ihﬂﬁﬁﬂ)b%/ﬂobyﬁ-atﬁémr» rdkamaRspsvisiibmay! ) - i mi d

azol i di n-"1-yl nmet hyl am ne,

3- uitoRfsh @ B ptopyML )-mbthyl-1,2,3 4-tetrahydro mxdme
g%ﬁ m?t rret%%gy%?}'hayl ) - heyxaﬁydr opyr |ym glyﬁe

3-[3—(@%&hbﬂjhmhﬁ9ﬂai@ll)l-lﬁﬁﬂd]fl lgthyl-1,2,3 4-tetrahydropymmdine,
3-bis-trinethyl silanyl hexahydropyri m di ne, and the

1-(2idtleoxyethyl)-3-[3-(trimethoxysilanyl)-propyl]-imidazolidine,

(2-{3-[3-(trimethoxysilanyl)-propyl]-tetrahydropyrimidin-1-y1 } -ethyl)dimethylamine,
and the like. Preferable compound may includes
1-[3-(triethoxysilanyl)-propyl]-4-methylpiperazine. The modified conjugated diene
polymer which is modified by this compound has particularly excellent balanced
properties in wet skid performance, low hysteresis loss, abrasion resistance and tensile
strength, when vulcanized.
[0084]

Examples of the low molecular weight compounds of the above-mentioned
general formula (7) may include:
2-(trialkoxysilanyl)-1,3-dialkylimidazolidine,
2-(alkyldialkoxysilanyl)-1,3-dialkylimidazolidine,
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A preferable conpound is 2-(trinethoxysilanyl)-1,

3-di net hyl i m dazolidine. The nodified conjugated

di ene polyner which is nodified by this conpound has
particul arly excellent bal anced properties in wet skid
performance, |ow hysteresis |oss, abrasion

resi stance, and tensile strength, when vul cani zed. 20

2-[t6ekbk ysuayipl esdiafkylpigerhAMe, ol ecul ar wei ght conpound
of the above-nentioned general formula (8) may

2-(atleyldid kox diRin ¢ 13-1H-dlakywisiperagipe, opy| ) - di al koxysi | ane,
bi s-[ (3-di al kyl am no-3-net hyl) propyl]-dial koxysi |l ane

5-@rialkbhwsilandp-1,35pialkviheg alepdeomirasdimeyanidncl ude t he
followi ng 25 conmpounds: [0086]

5-Gilleyl ¢iatkok petahyl)-d - diafaytipy b ydiopyeinhidinesint dinelike. 2 More specific
bi s- ( 3- et hyl net hyl am nopr opyl ) - di et hoxysi | ane,
expingles Mdrydneloddthedoilowing comphyhds:
ropyl ] - di met hoxysi | ane, L
Z-Enmﬂtlxosysetanyﬂ)ﬁei-ﬂw@tkwlmdaqu@mwl )
ropyl]-di net hoxysilane, and the |ike. A preferable
thylsilanyl)-1,3-diethylimidazolidine,

i.s-(3-di met hyl am nopropyl ) - di net hoxysi | ane. The
2-6%%?¥3§&a@6hﬂ&g@?@alpwweml ymer which is nodified by

L N T e G e
SR oIS L oo
SR e, o o
TR AP Bl B BT 50

diremigated di ene conpounds and aromatic vinyl
conpounds. Furthernore, a condensate of the |ow

5-(HRneGUk Piladfa)-ans- gocmumex?ét@ﬁﬁhefahifv&ro@m&diﬁé,i on of

wo or " nore may be reacted wth active term nals of

5- ﬂ@l&ﬂl@iﬂég?ﬁﬁﬁy@! 18BDiPRINERYISilarly(HR M ydrdpyriMiEne, ddiethe like.

ow nol ecul ar wei ght conpounds of the above-nenti oned
A grefeeatdd compound is 2-(trimethoxysilanyl)-1, 3-dimethylimidazolidine. The
modified conjugated diene polymer which is modified by this compound has
particularly excellent balanced properties in wet skid performance, low hysteresis loss,
abrasion resistance, and tensile strength, when vulcanized.
[0085]

Examples of the low molecular weight compound of the above-mentioned

general formula (8) may include:
bis-(3-dialkylaminopropyl)-dialkoxysilane, bis-[(3-dialkylamino-3-methyl)
propyl]-dialkoxysilane and the like. Specific examples may include the following
compounds:

[0086]

bis-(3-dimethylaminopropyl)-dimethoxysilane,
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obﬁ'eﬂfﬁ? o Comgineh < bk

formulas (5) to (8), a nonomer containing the | ow

nmol ecul ar wei ght conpounds of the general fornula (6)
as a nmmjor component is particularly preferable,
because the conposition of the nodified conjugated

di ene pol yner obtained by react the | ow nolecul ar

wei ght conpound with a conjugated di ene pol yner can

bme@héthyﬁneﬁmﬁhhﬁ@fdpwmethak@nﬁ@@ bistﬂmmletﬁﬁaiﬂhd 9uhethyl)

hysteresis | oss properties, wet skid performance,

pré}ﬁﬂ]a&h%oxﬁrﬁﬁn%t 6181[6-3 -SRI hhgoS3-hRAgl propi1Pdimethoxysilane,

vul cani zed. [0089] is preferable that the [ ow
anfeheclikd, arA prefeaitile eaﬁp@ufalds bir(@-dimgtil#ninopropwiditaethoxysilane.
havi ng a nol ecul ar wei ght of not nore than 1,000. 25
ThEheodified forgukateaindiagepetgmel whieh poingdified by dbis domgotmal lidse
present invention conprises a nodifying group based
paticuterlyexcettentbalhiaved \peogitiesdn mud skid charactegstioaplowdrysteoesés loss,
tertiary amno groups and one or nore al koxysilyl
abrpsionpesistancs and (tensile strevgitlc wheBOrubnanizedt o a conj ugat ed
di ene pol yner obtai ned by pol ynerization of a
[0@Mj ugat ed di ene conpound or a conjugated di ene
pol ynmer obtai ned by cogolynerlzatlon of a conﬂugated

di erdieslpponalgcdatvaighbeanpaunds (laype "é%&h??éh?h glong gr e

ove- mentl oned nodi fi ed ugat ed ne ,
H@FIO'PB Bhonere tg r%%‘%&@’l“ é‘ﬁ Veeﬁeffe@ﬁg ‘%f’o'ﬂlﬁ tyﬁ%ﬁf’glymers
t he anpount, of g modi fi ed, conj ugat ed .di glpe
< FmPPRis P CONYBeEERE I

colfFeflel 4fS Eanpg® ea0 s ST pERppilee, EROe PR 220
coéé)q?s:ﬁg f\%l%b\%%iolgéulérl né[gl{t ctoﬁ{éﬁﬁg%gl%gg OH oc!&‘rﬁ)?nattgm%(}two or

polymer I ment accor

mdr@ha grbg?g%'t%f Witk Q&i&%m%nﬂ@r Eﬂ{éfcohgjl%agﬂ q!iefn]'%: S8 1yrmids.

con| i ene polyner
[Omgyf unctional nodifying agent The nodifi ed
conj ugat ed di ene polyner obtained in this manner was

f oungnéd tha¥sy hikcavR % Et SompBindaro? MR 40o@8-mdnfioned general
addition to the above-nentioned effects. In the case

forafulds@) @), fd Bendine] degritag tiedoe mslbsRwelphtadongdulids of the
coupling wth the polyfunctional nodifying agent, the

gempal\Voradlh €6)Y 5 acanjob eorppaiicnisipartionl seyiprefet abit, bbeansé the
anmount of the 15 nodified conjugated di ene pol ymer

compoptoret thednodifiddeniugatedulieneylolymevaibigined by react the low
molecular weight compound with a conjugated diene polymer can exhibit excellently
balanced properties in low hysteresis loss properties, wet skid performance, abrasion
resistance and tensile strength, when vulcanized.
[0089]

It is preferable that the low molecular weight compounds are organic
compounds having a molecular weight of not more than 1,000.

The modified conjugated diene polymer according to the present invention

comprises a modifying group based on a low molecular weight compound having two

or more tertiary amino groups and one or more alkoxysilyl groups in a molecule which
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conmpounds bond to the conjugated diene polyner is
preferably from5 to 100 ww% nore preferably from 20
to 90 wt% and still nore preferably from50 to 90 wm %
in the polynmer, and the amount of the pol yner
conmponent whi ch the conjugated diene polyner react
with the pol yfunctional nodifying agent is preferably

bdrdemd 4 céfudfledii¥he g@)lcﬁl@{doﬁmﬂh@d BY pbRARBIZYtidH &M %cgljﬁgﬂte'ﬂcﬂiene
e

w % in the polyner. content” of 'the nodifie

cob@Rad enh cofjighed HRAS PoIgtheb¥biaee BRicopsgRky zaRmaT aoffugated
separation of the conponent into nodified one and

dietEstihfouad and an afoxditiplvéisyl @mbbend: hr omat ogr aphi ¢ net hod
may include a nmethod of anal yzing the nodifying group
by ulmithe alsoverfetmnadmogftddadnjughtetl déenkipolyaerpih cadgrab axhibit
substance such as silica, which can adsorb the
exgeldkint gffeqys gf the pr&éntdiovgntionthe amdunisifitbe awdifiet eonpigated diene
standard of a non-adsorbing conponent for conparison.
polyoeniongbngntiwit cly hbavieengrsioped lave moldsake sveighit gbmpounds bond to
average nol ecul ar wei ght of the nodified conjugated
cogjugated sligngpetynasrasiprgfasebly drer die QD wilbomdfernye %11}‘1&0111 20 to

application or the object, a range of from 100,000 to
902\?%@@@@911@%13&&@.&% feomn ARt 80 pit e aepalymey and
ti ' X i der at i When the nodified )
Eél‘n’ﬁﬁéa{a@%r %M‘f%?ﬁ%ﬁ%@gg?@ftﬁgﬁ% m%x;é%, grpla%&f;?e modified
e g erntetr & i g4 nfiti b T e T
P it R e Ep AR fRoniien s Sy b9 Pt
imércﬁveh %01%1 f?(}w %%@nfeg Sn aﬁ?ﬁiilo% "& ch %Qbéi%%kggne%l effdCts. In the case
ol'ymer '1'S a'non-oil-extended pé’lyrrer, a nore
' _ | . . , : . _
of 3SR SonBBY EF e P Rr ool by SRR | He(jB udtiona

SRS d8he T MR vERHbd B5h ORISR o BN \?zlgérﬂaﬁé?gﬁlgunt of the

according to the present 1 nventi orn ﬁas pre

modifidd cdpightdddierde er @AHoREnt3vhiéh BRNEY BOBERA wélbht

from10 to 90% Fromthe viewpoint of mechani cal

cosipbami3thond abthatoffughtes dfdna peBme2 ilprefegallli K@m Rt DIERWY,
preferable vinyl bond content is from15 20 to 70%

moFb roferaply fron d0con0 ennds, et still mose prefepubl ¥ from 31 totddewt% in the
anmount of vinyl bonds
polymer, and the amount of the polymer component which the conjugated diene
polymer react with the polyfunctional modifying agent is preferably from 1 to 50 wt%,
and more preferably from 10 to 30 wt% in the polymer. The content of the modified
component can be measured by chromatography capable of separation of the component
into modified one and unmodified one. Examples of the chromatographic method may
include a method of analyzing the modifying group by using a GPC column packed
with a filler of a polar substance such as silica, which can adsorb the modifying group

component and using an internal standard of a non-adsorbing component for

comparison.

- [0090]
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to the anount of the conjugated di ene nononer
conponents. Details of neasuring nethods are
descri bed in Exanples. [0092] A process for producing
the nodified conjugated di ene polynmer is described 20
bel ow. [0093] The nodified conjugated di ene pol yner
produced by any processes can be used. Preferable
exanpltiesighdle polgitidacdaprdoes gt averige nsolemlareadglitod tle
| ow nol ecul ar wei ght conpound having two or nore
modificd eonjugatiddiege pelysieasibubihie controbied aadokding $6 thelapfbcation or
groups in a nolecule to an active termnal of the
the objiectgarange of om HK, 90000 20010:000a8 pinferableitghing proaedisability and
of a conjugated di ene conpound or a conjugated diene
prpprrtiessinto eopsidersticnby Whep dhemedified conjugettd dicoe pplygeer éna
di ene conmpound and an aromatic vinyl 32 conmpound in a
nopyil-eetandsd pobmsrehmorgsprgtereitle pelysirengeiased weight avemee

gnd/or an alkaline earth netal initiator.. First, a
m

gFylrreveight it 981 SARP00LIP 10000 g dthe dnelpaniar e Bislistabeion
Oy SRR PETERah e 8 e Y B E.23. ~ When the
ol B SRS 0 Bt RS
m PR g RA B A58 26kt 172 Conpouna 1o

{Oéﬁ{]ove impurities such as allenes and acetyl enes
her al one or m xture of these before the

pol Yﬁfc@oéﬁ%&t@@ d{e%@?hia}fﬁ?hr éﬂﬁa{ EétinfesRRL WTRIfiARbhilBated dicne

active t nal s a concentration can be

poBRictiaBeRdAB 9o thelirifint e HdsGrebRbS, §ﬁﬂyﬂ%nﬁ i 2¥Ee4

[0094] Exanpl es 'of the hydrocarbon sdlvent used in the

an@Rt ¥R bbiB coBRnOHf BANI109606%. Fr&Mehd PleWsBint offB¥chanical
i ncl ude saturated hydrocarbons, aromatic hydrocarbons,

stréxipih, tadeasidni re€istaffg ahd the 1RspaBloespieBstatle ¢ingtibordd ddpiait iscfrom
hydr ocar bons such as butane, pentane, 15 hexane,

20pe A0%n e Thavihyhephdiomiterd heris hipeopurtdsoctithb atnmustsiviad bonds
cycl opent ane,

to the amount of the conjugated diene monomer components. Details of measuring

methods are described in Examples.

[0092]

A process for producing the modified conjugated diene polymer is described
below.
[0093]

The modified conjugated diene polymer produced by any processes can be used.
Preferable examples may include a process comprising reacting a low molecular weight
compound having two or more tertiary amino groups and one or more alkoxysilyl
groups in a molecule to an active terminal of the conjugated diene polymer obtained by

polymerization of a conjugated diene compound or a conjugated diene polymer

obtained by copolymerization of a conjugated diene compound and an aromatic vinyl
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cycl ohexane, nethyl cycl opentane, and nethyl

cycl ohexane; aromatic hydrocarbons such as benzene,

tol uene, and xylene and the |ike as well as m xtures

of these hydrocarbons. O these, hexane and

cycl ohexane are preferable. [0095] 20 Exanples of the

alkali nmetal initiator and al kaline earth neta
compolub @08 hydrochrbed solidi upiak MAalkali ahétalinitfator QAIAME akh alkaline

di ene polynmers may include all alkali nmetal initiators
eagthdnathldaitiatee. earth netal initiators with the

capability of initiating polynerization. In

par tFicsti sgpolyratr drecapbdlyaree of @ opgugaled dlene tadpdumdrrtalmepolymer

group consisting of organoal kali netal conpounds and
oferqyangated alidnepobandranden atonsaivpiny] dempsupd whishaiohstitute the

used. 25 [0096] Preferable exanples of the organic
medikied conjegaied dienppalpeenisyprodusedid eThmcongugatadolienegompound,

conpounds. Exanpl es of the organolithi um conpounds may
arpigtiqvayl copmpoundy andihydracarbonsplynnt used fordhe poliymerization are

conpounds, organol ithium conpounds of solubjlized
tregiedgwtibrsorgapnmetnilienmpaunt (hTarusdmpaEtiessuch gs athenes and

i ndependent_lithium at in one nol ecul e and .
acy Feygwgwr alone 05%%% Siithess M%&ﬁﬂ@m&gﬁwﬁﬂ@ rqagpoRyhereby
re Jithiumatons in one nolecule. Wen a,. . .
2 BV Be AR AT S e fuCEREATionEas e Gbiafedand grhigh
. i fied.conjugated di ene polyner having a nodifyin
‘“%?ﬁ%%“ﬁ%%@ eﬁﬁhgge'om1nDIecharymeight cogpound bo%deg

[0 one term nal of the conjugated diene polyner is
obtai ned; and when a pol yfunctional organolithium

oo . AR . e _
OB i L i 4 R ot v
didR| RHHhEE mayBh@lie SATRRYRIEroLABERY afdndtiyd¥RaffonSRIn the

term™als of the conjugatéed diene 10 polyrer is
likebt 8p&rsfile edainpl@afhFincide ApRARdiyashchfionk Slchod RfSRpdntane,
group and |ithium organoFlthlun1conpounds havi ng a
hegatch e} hndiepeaieelalid/chit hydigedtbonst suchi a3 enfane,
tin-l1ithiumbond, and the |ike are included. [0097]
cy@whemaheanethyl dyelopemang g naithyl ki eloheamgaund atidlyydrocarbons
include n-butyllithium 15 sec-butyllithium
su¢teast banmenel taludniepand xyldrerand ithe ke wd bazmixtareh oiithese
phenyl I'i t hi um
hydrocarbons. Of these, hexane and cyclohexane are preferable.

[0095] '

Examples of the alkali metal initiator and alkaline earth metal initiator used for
the polymerization of conjugated diene polymers may include all alkali metal initiators
and alkaline earth metal initiators with the capability of initiating polymerization. In
particular, at least one compound selected from the group consisting of organoalkali
metal compounds and organoalkaline earth metal compounds is preferably used. |
[0096]

Preferable examples of the organic alkali metal compound may include an

organolithium compounds. Examples of the organolithiurm compounds may include,
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stil benelithiumand the |ike. Exanples of the
pol yfunctional organolithium conpounds may include 1,
4-di li thi obutane, reaction products of sec-butyl
[ithiumand diisopropenyl benzene, 1, 3,
5-trilithi obenzene, reaction products of n-butyl
l[ithium 1, 3-butadiene, and divinyl benzene, and
lotveaclEaY W Bt EsnodithiBmistngoluhdd) bitamolithivuya cahydutide o£ 0
conpound and the |ike. Exanples of the conpound having
sohubiliet] @tigomeis] Miottrobgandlithivay compoudis having one independent lithium
di met hyl am nol i t hi um di hexyl am nol it hi um
atath ii1s ope mpidcaleiand lpotyfanotionalegambittiyineosipoimds havhigumo or more
and the like. [0098] Organoal kali netal conpounds
lithiuscatome th dme toSlecale7 081Gax mam-or2addljthize campbungdds WP as an
5,527,753 can al so be used. [0099] Particularly
initiatok,cr mbdidied somjugatad diene polymer havihg himadifying group based on a
sec-butyllithium 34 These organolithi um conpounds
lowrayolpeularsuei ght commpound berdegito ope tesmiiahat the sowipgated dispe

nor e. [01% Exanpl es qof ot her organoal kali net %I_
pobangsde AAinggyandkheRcep Y iaskiensl piesnalithyrperrpRRund is used as an

. organopot assi um conpqunds,_  organor ybi di um conpounds
inigaiardoBediie coNuEHEN Atsae balgeF fBidh hands ehaking oW molecular
cqnpounds i,ncl ude sodi um napht hal ene and .
W SR PaRn IR IRE I RE 77 A St erBIRaLSan 5 Eashepted diene
ul f onat e car bonat. e r_an ide. of 1ithi -
ol i o0 g po gt o i bopRia ol SEa orsahisdisofB sdighivm,
-OF I ' I | : r
ot RSP g0 G Tl soE S EERURAT B po R AL o
tin‘?l‘i&l{i@a B@rpﬁ’an&ﬁ%lﬂée%%e flcnddag, typi cal organoal kal i ne
ear met all  conpounds nmy i ncl ude or ganomagnesi um
[0 ounds, organocal ci um conpounds, and
or ganost ronti um conpounds. Specific exanpl es nay
| ncIpydmpitistifiiyd MBAGLBEIaHBlithivh BythPaind RECRIdE B-butyllithium,
propyl but yl magnesi um and the |ike. An al koxide, a
seSbhfylithiugh, tkbbatyllpkingl) atiexyRithian, Benzgflithinng pkelyllidium,

earth netal and the |like can al so be used.
stilbenelithium and the like. Examples of the polyfunctional organolithium

compounds may include 1, 4-dilithiobutane, reaction products of sec-butyl lithium and
diisopropenylbenzene, 1, 3, 5-trilithiobenzene, reaction products of n-butyl lithium, 1,
3-butadiene, and divinylbenzene, and reaction products of n-butyllithium, polyacetylene
compound and the like. Examples of the compound having a nitrogen-lithium bond
may include dimethylaminolithium, dihexylaminolithium, diisopropylaminolithium,
hexamethyleneiminolithium and the like.
[0098]

Organoalkali metal compounds disclosed in USP 5,708,092, BP 2,241,239, and
USP 5,527,753 can also be used. |
[0099]

Particularly preferable compounds are n-butyllithium or sec-butyllithium.
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[0102] These organoal kal i ne earth netal conpounds may
be used together with an organoal kali netal initiator
or other organonetallic conpounds. [0103] 20 The
conj ugat ed di ene pol ymer which constitutes of a
nodi fi ed conjugated di ene polyner can be obtai ned by
pol yneri zi ng the above-nenti oned conjugated diene
THeedPRunidE thind cam@oRidsanit yrksed efthauleis, ords coxgbination of two or
above-nentioned alkali netal initiator and/or
médekal i ne earth netal initiator. As the polynerization
nmet hod, an anionic polynerization reaction is
[Opd@Ef erabl e; particularly a nethod of obtaining active
25 termnals by a growth reaction by living anionic
pol yEmaniptestdfmther organedlialabietal cTinpourplsimaydnslude prganpspdium
preferably carried out by batch polynerization or a )
coppotindsy orgenopsisgiver corapiunds,yganembifivm ¢ompondsh oggaaocesium
reactor or two or nore reactors connected are 35 use
comporedsg Aodthetike - i fpeeidisicampoanisanat ineld w%@maz}a%ﬂ@ﬁe and
in which the tenperature is increased during the

potpssijmeaphthalens. obn additiana an alkexideras @a'ﬁo? pRase, OF gp amide

n be sed t he pol ynerization te

of lithap, sadiymy gnd-pofasgiun, o Hsca er?&?ée 3113 ?ﬁgalﬂﬂ%kah
150C, d f f 120
metglcompoipdy Qag gasegalgn griheravity ertﬁ%gfgmi‘i%‘%‘?ﬁﬁgﬂﬁ?

[0 l.ar compound in order to randonly copolynerize an
mati c vinyl conpound and a conjugated di ene

co , LGOSt

o R I AR o

co{?ﬁg poI né con‘pou%gmtng Endsl Fcor gomﬁ:loo'%ax@éﬁl'&}?ﬁﬁéoﬂf)ounds,

may~i nc ther’s

anfl %Péaﬁﬁé’tﬁfnﬁfuﬁ{ &poudli€t YlecHich&Empls P Beludd Bivhi€Bagnesium,
gl ycol di net hyl ether et hyl ene egcoI di butyl éther,

eﬁ%‘llﬁit?h’ﬂa%ﬁ@slﬁhy c gfopgluﬁatmm &hdehnd ﬂl'eQikBy | aRalxydnk sulfonate,
I bu et her, di net hoxy benzene, and
a oa:&nbue,Sé@axﬁmloa?raﬁla)kmnﬁ@aﬁm mbRl fidthy likecaealsobposedds
such as 15 tetranet hyl et hyl enedi am ne,
[0th2)i peri di noet hane, trinethylam ne, triethylam ne,
pyri di ne,
These organoalkaline earth metal compounds may be used together with an

organoalkali metal initiator or other organometallic compounds.
[0103]

The conjugated diene polymer which constitutes of a modified conjugated diene
polymer can be obtained by polymerizing the above-mentioned conjugated diene
compounds and aromatic vinyl compounds, using the above-mentioned alkali metal
initiator and/or alkaline earth metal initiator.  As the polymerization method, an
anionic polymerization reaction is preferable; particularly a method of obtaining active
terminals by a growth reaction by living anionic polymerization is preferable. The
polymerization is preferably carried out by batch pol_ymerization or a continuous

polymerization system with in which one reactor or two or more reactors connected are
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and qui nuclidine; alkali netal al koxide conpounds such
as potassiumtert-anylate, potassiumtert-butylate,
sodiumtert-butylate, and sodi um anyl ate; phosphine
conmpounds such as triphenyl phosphi ne; and the |ike.
These pol ar conpounds may be used either alone or in
conbi nation of two or nore. 20 [0106] The anount of

usedle RRhAIghCAHBPMHOFasIAL tenifrathe: PRI &RAatioh 81 WhithltReleffberature
according to the object and the degree of the effect.

is GRneked Huringdthe POBbrizefiod 61008nSkaftlteniperahile poBhteriBats@tcan be

on one nol of the initiator is preferable. Many pol ar

used,thepsigmeribation tempearatipeisgatietidl efrb®cR0 kan2007€, more preferably
copol yneri zati on of a conjugated di ene conmpound 25 and

fran 0o A601C, and stily mocopreferady fiwsn Wetd 1208Ct he ef f ect of
controlling the mcrostructure of a conjugated diene
[Ol®d]t , and can be used as a control reagent of
di stribution of an aromatic vinyl conmpound and a
contlt il alsoepgsibite tofadd hsmatwmount éf spglaceamisiuod s ordasto
36 the nethod for random zation, a nethod, of .
rapdarely gppelamerige amjeiomgtia vl compound andis goaingaied diengroompound,
copol yneri zation, disclagsed in JP-A-59-140211, may be
to gautgpl themecrpstmchire pba soniBgated,dieag unip angd fo,apipyethg rate of
di fied conjugated diene polyner is a 5 process which
Pogé'ﬁ%'ﬂag% qngélaftﬁ]FFg the active ternminals of the
Oﬁ@ﬂjugated di ene polyner obtained above with a | ow
[ ecul ar wei ght conpound of the above-nenti oned

o ol 100 Apsnaol Gayipclide ot bty KR g oo

di%f]}rlfeﬁ?em di&)gan%' %lgm? ﬁl LOE R mah) } é{gérg Igtgﬁg:ng ggicgpncg?%%tgﬁr,

ctive term na conj ug

A AR RTRIR et ebeh B R ol S sERARA Mok Bhonsene,

anfl Q%i%@eoicﬁﬁgjl)?ﬂ}ﬁngqgﬂtifafﬁﬁnﬁﬁ% Ledk dicgne pol ymer

conposi tion obtained by the present i|nvention cannot

tetfiyRh A¥GS chedibinine, Apiptridfibeiafd ite® T 1link, AMethylamine, pyridine,
hyst eresi s | oss pr opertl es, abrasi on'resi st ance, and

anll QufiukediAS adldlieeihalkd¥ian céhigodide sidh Bfpotddsiniorett-amylate,

nol ecul ar wei ght conmpound is nore than 5
potassium tert-butylate, sodium tert-butylate, and sodium amylate; phosphine
compounds such as triphenylphosphine; and the like. These polar compounds may be
used either alone or in combination of two or more.
[0106]

The amount of the polar compound used may be appropriately selected
according to the object and the degree of the effect. Generally, an amount of from 0.01
to 100 mols based on one mol of the initiator is preferable. Many polar compounds
have a randomization effect in the copolymerization of a conjugated diene compound
and an aromatic vinyl compound, as well as the effect of controlling the microstructure

of a conjugated diene unit, and can be used as a control reagent of distribution of an

aromatic vinyl compound and a control reagent of the amount of styrene blocks. As
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times nol, not only nodification cost increases, but
al so problens in renoving unreacted materials and the
i ke occur. A nore preferable anount is fromO0.2 to 4
times nol, with a still nore preferable anount is from
0.2 to 3 tines nol. In order to exhibit excellent
effects of the present invention, the content of the
the theftnd fot feldemiyatigatadetibé oLindahiti@itl yaddingagikt oM, 3-butadiene
whi ch the | ow nol ecul ar wei ght conpounds bond to
durmgjcogaltyagridatenne discloyetein JPsA 130elf402 fl Inyayf eauwed. t 0 100
w% nore preferably from20 to 90 wt% and still
[Oh@Tle preferably from50 to 90 ww% in the polyner. The
content of the nodified conponent can be neasured by
c hr ofptafemabletpyocesnifva ipraduoingsepadified omjogatedhdienopglpments a
into nodified one and unnodi fied one. 25 Preferable
Presessrphich comprises whetingthe getivshemminels hbthereayivigated ditae golymer
met hod of  quantatively an_aI%/zi ng the nodifying group
obgingskaheye avitirdopomoleaulpuright camppuad of theabovermeatiprsidgeneral
substance such as silica, which can adsorb the
forpplas (M 4 (&r oup conponent, 37 and using an internal
Ogéﬂandard of a non-adsorbi ng conponent for conpari son.
[ her a nmethod of adding the | ow nol ecul ar wei ght

RN e SN CER T
008§ g Bt on GRERRY DL il ekl f e LhRREELE] alen
pofEhé | S 3AE ufbuf M oAb B R PR B Pl i .1
Oy AR e e Bl ol B LS ke
poB@er cotipBsitioi/oPRiRE Byake %‘%b&ﬁ IneRARP ! BavRleRESTARY Y

reacted pronptly afteéer t end of the polynerization

baRhcédrop@tibsgRlo@chyRicpn®s 1BSY proBértiesl AbRsioA ¥&idtitte, and tensile

reaction may be carried out  in the present invention

streigdthg Whep the/dritgtt o0 B! lowasb byl e getrdompobiPls mgretthen 5
conj ugat ed di ene polyner or a part of the conjugated

tinckis e, potlophemodifichtien st inkcteasds] butallsorprobléms figreagetivg

i mproves cold flow properties. There are no specific
unteantied anateriads amsl thhdkepcer. of\ mae préforgblehmount is from 0.2 to 4
_polyfunctional nodifying agent. A nmethod of coupling a
times Imydly with r st imore greferiablg anBuatiedtom21to BHimesonplugat ed

di ene pol ynmer, followed by reacting the | ow nol ecul ar

In order to exhibit excellent effects of the present invention, the content of the

modified conjugated diene polymer component in which the low molecular weight
compounds bond to conjugated diene polymer is preferably from 5 to 100 wt%, more
preferably from 20 to 90 wt%, and still more preferably from 50 to 90 wt% in the
polymer. The content of the modified component can be measured by chromatography
capable of separation of the component into modified one and unmodified one.
Preferable examples of the chromatographic method may include a method of
quantatively analyzing the modifying group by using a GPC column packed with a filler

of a polar substance such as silica, which can adsorb the modifying group component,
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wei ght conpounds with the remaining active termnals,

a nethod of reacting the | ow nolecul ar wei ght

compound with the conjugated di ene polyner, followed

by coupling a polyfunctional nodifying agent with the

remai ning active termnals, or a nethod of reacting

both the | ow nol ecul ar wei ght conpound and the
andaisirfgiandhiearnsh ktanaad oy b hon-A0scabiagicompondie forswthpafiben.

met hod of coupling a pol yfunctional nodifying agent

wi t hEittiee a noaigdigfddihgithe hev polgentar weighit compdurislto the

reacting the | ow nol ecul ar wei ght conpounds wth the
patymerizating reactorwéer the end af polymepaationawlaané¢thopotdddinghthe low

in order to produce a polynmer having a nodifying
mejeeiilpr weightgompayng & § pive véhiclatransgér thepelymer solotign o5

Pref erabl e exanpl es of the polyfunctional nodifying
trangerringanpthes seagtns after thegpéd QEHOIWHﬁ@J@tCWé’Sﬁan- The

functional group selected fromthe group caonsisting .of
reggtion étaaR%rat@reonm@%eas Bsrrprugatsd diens pobmg iy prefaably from 0 to

’ | : g ’ 2  d )
155 B dusiBraB i rom 190 PRt ag B BIOTaP SHSRRE 3 B3
Tl S Bt fung o RGP R By Plavfrts s trgend of the
ihi ocar.box hi C aci,[dd m de group, an imno group, an
po@%?/rfzgﬁ%?ﬁf 80811]85?),3 gxeﬁgpg 'group, an al koxy silyl
Coni e ak3EHERBLSE 1 Altky el PR ARa ol a
ro Btk S, B4 05 TRE K oo Bl o
thEHbatddHiBASIARY wilh 8 P81y fhlthidRalFh O BrinShdbht BRSIOTEI DI
group, hal ogen group, conjugated di erie group, aryl

flow ?Bbkerﬁéﬂ UPTheaé ﬁ!retdaa%%)aéiki@ Yhi@EohPIoRBE oRIRE oflRadingOmy
silyl group are counted as nono-functional groups, the

pobdiroisihlah€difying fgent.C oA Aethdd &f cdaplh@abelefiGictiomal neslifying
anhydri de group, thiocarboxyl ate group,
agetittwithotha coyuydted diege polymet, folbewmebbx ydattingitie dova madecular
group, isocyanate group, and thioisocyanate group are
weight somgoaslshvitf (e cenainmlg agtive esmimsis a nfethghofapding the low
qroup and phosphorous acid ester group are counted as_
malequldryreight samipogrdwith thercquplgatedrdieneqprodymars follpanel\hiyregupling a
agent preferably used in the present invention has two
pobxgqugp@algmﬁlgﬁng agent with the remaining active terminals, or a method of
reacting both the low molecular weight compound and the polyfunctional modifying
agent canbeused. The method of coupling a polyfunctional modifying agent with the
conjugated diene polymer, followed by reacting the low molecular weight compounds
with the remaining active terminals is particularly preferable in order to produce a
polymer having a modifying group-containing polymer at a high ratio.
[0109]
Preferable examples of the polyfunctional modifying agent may include a
compound having at least one functional group selected from the group consisting of an

epoxy group, a carbonyl group, a carboxylate group, a carboxylic acid amide group, an
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functional nunmber of the above-nentioned functiona
groups in one nolecule. It is nore preferabl e that
the total sum of the functional number in the
pol yfunctional nodifying agent is three or nore.
[0111] 20 Specific exanples of the polyfunctiona
nodi fyi ng agent may include polyglycidyl ether of a
acibinhiysltide groabcopladsphate grovp, £physphite goupral epdibip grougyd
ether and glycerol triglycidyl ether; polyglycidyl
thischbonyifgreup, arthivadrboxyd atepeeupd a ldihiocarbbyyl atergroum mehiocarboxylic
phenyl groups such as diglycidyl ated bi sphenol A
acpbinydp @xoups emjpoinogsoun eh ethylengindindigghups a tiglogen group, an alkoxy
benzene, 1, 3, 5-tri gl yci dyl benzene, and pol yepoxi dat ed
silyl grobp, a5 sqrykyate geahpea thioispeyrpate gravpi acorgugated digng group, and
am ne group such as 4,4'-diglycidyl diphenyl
anpsYliind @rew-and 4, 4' - di gl yci dyl di benzyl net hyl ami ne;
| yci dyl am no conpounds such as diglycidyl aniline,
[Ognélycidyl -o-tol uidine, tetra-glycidyl-mxylene

Rl En A AT ELE TR o,
ARt ot ol o e
05k SR o B S FEH 0 o B o i peron
86 B RS AR e e o
caﬁ:!o%gf(i;éé c(l) Fﬁﬁ’%ﬁ&éfa@@%?@@e %Jg)t'/lp’i tﬁfgféa&rg g%ﬁfﬁé‘gg | ane
O ARy Mo LTI cERI MR B isocyanate group, and
thidtsb¥ydnhicIRERPHE THLRBE as BIRINERSTRAL BrkiDs, Al tidphobBha® group and

i mno group and an al koxysilyl group such as

phbbphbrods AbidRistey lgbitipydré BRRRIG o tit fuheidmakydupy/| ) A polyfierebnal
eamni ne,

madi fyingBagdhnprieferatiy tiydd id elepresent irviehtidohastinloydr )mdre pudEdn
eam ne, N-(1-nethyl propylidene)-3

functionzlatundbey of thelapete-preotianeddimetmnal groups in one molecule. Itis
N-et hyl i dene-3-(triethoxysilyl)-1-propanean ne, and 15

mdxe pB:ferabletthns thestiokal spmafyhe fuactioral hymiben inithkapadymctional

modifying agent is three or more.

[0111]

Specific examples of the polyfunctional modifying agent may include
polyglycidyl ether of a polyhydric alcohol such as ethylene glycol diglycidyl ether and
glycerol triglycidyl ether; polyglycidyl ether of an aromatic compound having two or
more phenyl groups such as diglycidylated bisphenol A; polyepoxy compounds such as
1,4-diglycidyl benzene, 1,3,5-triglycidylbenzene, and polyepoxidated liquid
polybutadiene; epoxy-containing tertiary amine group such as 4,4"-diglycidyl diphenyl
methylamine and 4,4'-diglycidyl dibenzyl methylamine; glycidyl amino compounds

such as diglycidyl aniline, diglycidyl -o-toluidine, tetra-glycidyl-m-xylene diamine,
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[0113] Furthernore, exanples may include isocyanate
conpounds such as 2, 4-tolylene diisocyanate, 2,
6-tol yl ene diisocyanate, diphenyl methane diisocyanate,
di phenyl et hane diisocyanate, and 1, 3, 5-benzene
triisocyanate. 20 [0114] Exanples may include

hal ogenat ed sil ane conpounds such as

tetrgglyeid il samiasdiphersimetheid, uagnpedyl q&lﬁheﬂyﬁmdiaﬁﬂ@@ di @d@dyl

nononet hyl trichlorosilane, nonoet hyl

arhinbmbthyt ogildirRane, andtdaplytidyt + Ichbizsamsidnesiky] cyolohérexy] and
trichlorosilane, nononethyl tribronosilane, and

copmundclevingomi ¢pplkg ighampeand ankibrey funatioge gedupdush hane
conpounds such 25 as nonochl orotri nmet hoxysi | ane,

3-gynigloxppropyliritacthoxysdane Aeglydi@hipoomiirietorpsilage, ane,
dlbronndlnethoxy3|lane trichl or onet hoxysi | ane,

3-glycidosymapylfitrgesiysians, epnkythedified siliconi) epayidized soybean oil, and
Mor eover, exanpl es may include hal ogenated tin

eppwidpisd dimsecdih as tinchloride, tinbronide, nonomethy
%%Hchlorostannunl nmonoet hyl trichl or ost annum

[0 obut yl trlchlorostannun1 nonophenyl|
trichl orgstannu bi strichl oro stqab et han

pol fatedc &Vt ES?FBBQ}H‘@g sucitas tggametﬁoxysﬂane,
S I T T
anfARPARRE e Bk Fl M grofip 5 Ziphg? ‘ gﬂgs? P?é? hyl

N- Q%@ﬁﬁ%ﬁ‘b‘l%% ﬁgﬁh’ﬁf“lg@y ShRpatiugs P o™ ©

N AR LTRSS L EREROAMY R CrPelie ot 1y
N-{ BRI RbAYIRIen8)3- @nﬁﬂﬁ)ﬁ%ﬂ}@)@l%f ﬁﬁﬂ% ai ni ng

compounds such ‘as pyronel it dride and

N-gthyli@aR-T1aHethExpigyoI pPasaRahy e am de
group-cont ai ni ng conpounds such as bi sdi net hyl am de

N-gHtrptioxysitdp@p s imyieempnkyeet hacryl ate;  carbonyl
group-contai ni ng conpounds such as
[0MU33' - di acetyl benzophenone and 15 3-acetyl propoxy
trinmet hoxysil ane; aryl vinyl group-containing
conputthetmozg eamples may include isocyanate compounds such as 2, 4-tolylene
diisocyanate, 2, 6-tolylene diisocyanate, diphenylmethane diisocyanate, diphenylethane
diisocyanate, and 1, 3, 5-benzene triisocyanate.
[0114]

Examples may include halogenated silane compounds such as tetrachlorosilane,
tetrabromosilane, tetraiodosilane, monomethyl trichlorosilane, monoethyl
trichlorosilane, monobuty! trichlorosilane, monohexyl trichlorosilane, monomethyl
tribromosilane, and bistrichlorosilylethane; alkoxy halogenated silane compounds such
as monochlorotrimethoxysilane, monobromotrimethoxysilane, dichlorodimethoxysilane,

dibromodimethoxysilane, trichloromethoxysilane, tribromomethoxysilane and the like.

[0115]
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di vi nyl benzene, diisopropenyl benzene, and

di vi nyl benzene ol i goner; and hal ogenated hydrocarbon

gr oup- cont ai ni ng conpounds such as trichl oropropane,

tri bronmopropane, tetrachl orobutane, and

3-chl oropropoxytri net hoxysi | ane. These conpounds nay

be wused either alone or in conbination of two or

nmor Mor2évelr,Ckaifipldvimay inclatie halbgenapsl tti conopoumdabuch as tinchloride,

nodi fyi ng agents may i nclude a conpound having a
tinboreide omahorgetbyigrichibrostannomgmahbethylt tyichlptdstaanime moneltmuyl
a tetra- to hexa-functional polyepoxy conpound or a
trield pypstangurh amonephsoylHrighionytaepuny andbismighlen sthidsefsinky |
o%hqu with a tetra- to hexa-functionality in total,
poifiiatogerated phaspherus semgpounsis such aatrighlovaphgbnhies 4ndct by
.coupling. Preferable conmpounds may incl ude a glyqidzi
tribromapaatPhing, phesphtia cempaungds sugh asdtispanyfphenyliphesphite, trimethyl

nol.ecul e, .in additjon, conmpound having two or pnore
PhgsRhity candfri etbi] Plpsphics ,9113 phespBatespapaieds ek ap iR,

tetragl yci.dyl xyl ene 41 di am ne, tetraglycidyl
ph&ﬂﬁﬂ%%@%ﬁ@ﬂ%Vh@%ﬁéWﬁ? tetraglycidyl
[0 -@henylenedianine, di gl yci dyl am nonet hyl

@f | ohexane, and tetraglycidyl 1, 3-bisam nonethyl

o ARR ey 5168 'F*:"%u%’?ﬁ%% %@%ﬁgﬁ@o@%?{* SHEREM e Gietny
18 : . .
T NN -
ol R S B coli iR Contfouh ] {3 phlonicific
anhydefdle And dtyréhedmhlelBRhi®ide é@pbgmger;swdte gﬁﬁfpecontz?inin§ 0

pref erabl & anmount being from 1'to 17%tinme nol.

comPddifs siéiasBistifnetS 1600k U8iphRGnd IRASHhPRMIEFol HGeMh ey e,

to the present invention conprises a content” of the

carbonlylfgreeh-camhitigigicdthpdusdiesupl by 4@I-diaodtpibaeitiphérbnétaing h
the 1ow nol ecul ar wei ght conpounds having two or nore

3-acetylprapoxyanimethogysilans; apbvioplegronp-contnieiny dompoants/such as
_groups bonds to the conjugated diene pol ymer being

divemdbenzenty, diisoppopeylbnrene 196l dividylbenrene plighmen bhg halogenated

20 to 90 wt% and still nore preferably from50 to 90

hydrocarbon group-containing compounds such as trichloropropane, tribromopropane,

tetrachlorobutane, and 3-chloropropoxytrimethoxysilane. These compounds may be

used either alone or in combination of two or more.

[0117]

More preferable polyfunctional modifying agents may include a compound
having a functional group with strong affinity with silica, and a tetra- to hexa-functional
polyepoxy compound or a compound having both an epoxy group and an alkoxysilyl
group with a tetra- to hexa-functionality in total, which exhibits a large molecular
weight effect by coupling.  Preferable compounds may include a glycidyl compound

which contains an amino group in the molecule, in addition, a compound having two or

more diglycidyl amino group in one molecule, for example, tetraglycidyl m-xylene
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W% in the polymer. Furthernore, the content of the

pol ynmer conponent in which the conjugated diene

pol ymer reacts with the pol yfunctional nodifying agent

is preferably from1 to 50 wt% and nore preferably

from10 to 30 % in the polynmer. In addition, it is

preferable that the nodified polynmer conponent in
&Min@!‘teﬁrﬂ%y&iﬂw dRin6&iphadylWeihahs, teteohyi®A prsheRAéhearhite,

or nore tertiary am no groups and one or nore al koxy
diglivtity1 arfihethethyl eRtdhenahd) and berabheidd] 3-bidmienysikyl

conponent in which the polyfunctional nodifying agent
cyclohetane t Thé pelyfimio)iog el iy epeppiyyde nsédreithet albad or in

being from50 to 100 wt% in the polyner. [0120] 25 A
combdrcdtionof tves of mateor may be added to the nodified

conj ugat ed di ene polynmer solution of the present
[OiB}ention, if necessary. Exanples of the reaction

termnator may generally include al cohols such as

met Hhisqirgfersblestoalse tlmhd%ogixmal modifyjagiagentdn ag amppuri afirom

as stearic acid, lauric acid, and octanoic. acid, .
0.9 te 3, timeromehiased pie one mp] ofithe ptivefganinal of the conjugaterd diene

to decalcify netals contaiped in the nodified .
pobargry g AuBere pacierablenmeunt is from Oltocktimes meiqaﬂﬁ? gilpore

t he. common decal ci fying net hod y 5 include a nethod
pr%’tgrag %qtg@ngg{og} §'0$3°ééﬁ%?%ﬂ?he pol ymer sol ution
[Oiﬁ) cone in contact with water, an organic acid, an

érganic acid, or an oxidizer such as hydrogen

o s BOF eTBE AL Ptk belmE 5l B prosfi iVention
o A P MR AT i
lo‘gglﬁ Al} [ oarﬁ‘cr)?gtﬁthcgﬁﬁggﬁsﬁgﬁi onj urbé Z‘?‘@e‘quﬁfigﬁ’%%? m;I |P : a}u% one ot
e AlOATHLY Beas POl 0 TR b @ i AU EPPHCLTIY from 5
to $0@Ritdol BRFe praffiatly Stehd 20 tdORBRE, Sirdlillll mére. préfedaBB] froth30 to 90

As a raw material rubber for vul canized rubbers, the
wibdirthy paliyiefsi Furthedmore, the content of the polymer component in which the
conjugated diene polymer reacts with the polyfunctional modifying agent is preferably
from 1 to 50 wt%, and more preferably from 10 to 30 wt% in the polymer. In addition,
it is preferable that the modified polymer component in which the low molecular weight
compound having two or more tertiary amino groups and one or more alkoxy silyl
groups react with, and the modified polymer component in which the polyfunctional
modifying agent react with the conjugated diene polymer, in a total, being from 50 to
100 wt% in the polymer.

[0120]
A reaction terminator may be added to the modified conjugated diene polymer

solution of the present invention, if necessary. Examples of the reaction terminator

may generally include alcohols such as methanol, ethanol, and propanol, organic acids
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controlled to 20 to 100 according to the objective.
When the Mooney viscosity is too high, the Money
viscosity is adjusted in this range by extending the
rubber with oil, taking ease of finishing operation
in the production process into consideration and in
order to inprove processability at the tinme of
sukln esisteariy, acid) laurjeragics and setencit beill] Wytenhnd thidikel | | er
and to inprove various properties because of good
[OdzHpersibility. Preferable exanples of the extender
oil may include aromatic oil, naphthenic oil, paraffin
oi | ,Maredverait impassibid to decalcidy betals eangaisahingheinedifdwosfugated
or less polycyclic aromatic conponent according to
dienepobymerotf netesp34 6ExamplapoEthe cobmnton decalpidying mwthod may
. substitute may include TDAE, MES, and the |ike i
ingludes msthwdiof ekiagtingtalshmenusiagihe pebmes sgtion jo came
(1999), SRAE nmanufactured by Japan Energy Corp., and
copiagt With @ates) anygyHc afid, amiparsanisracish PEHYRFIdIET stch as hydrogen
optional, the extender oil is generally used in an
pe{ﬂ%(iﬁﬂ@né,;epqqtlg&]tq%aqugow%qr ts by wei ght based on 100

O%ts by wei ght of the polynmer, and nore 43 commonly
[0}48m 20 to 37.5 parts by weight. [0124] In the

D A B B e
Pl bS5 Bl BRGIARL T TR S PO e

¢ _ e ‘ : e

s SO 4 B oSO of o B A LA D oty

in BY inati RAIBIInk.| PRI off € ahtid$@dan® Ry iMILAES phenol-based
dehydrating and drying the pol yner, g nmet hodpof

stabfl}EE APhBEpHoRR- B SBbilizérOAd PYRAfUPDa stk Zzat i on
using a vent extruder or the like, or a method of

[oti3nect|y devolatilizing using a drumdrier or the |ike
can be enployed. 10 [0125] A nodified conjugated diene
r andan ropmatenal rubbercbr insicatigedaiblperg fike Mudnewenbosityent
of the present invention, will now be explained in

conteallidito 2D 0d 260 ackotding tvgthe objentgat e IHéerethe Narmep oisgosty is too
.or a living random copol yner of a 15 conjugat ed di ene

highp thedvigenayevisoositpisaidivstediy this range by estendiggtharubbemeitiopil,
a mxture of a

taking ease of finishing operation in the production process into consideration and in

order to improve processability at the time of kneading, to improve dispersibility of a
filler, and to improve various properties because of good dispersibility. Preferable
examples of the extender oil may include aromatic oil, naphthenic oil, paraffin oil, and
an aromatic oil substitute containing 3 wt% or less polycyclic aromatic component
according to the method of IP346. Examples of the aromatic oil substitute may
include TDAE, MES, and the like described in Kautschuk Gummi Kunststoffe 52(12)
799 (1999), SRAE manufactured by Japan Energy Corp., and the like.  Although an
amount of extender oil is optional, the extender oil is generally used in an amount of

from 10 to 50 parts by weight based on 100 parts by weight of the polymer, and more
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conj ugated di ene and styrene as a nononer, and an
organi ¢ nonolithium conpound as an initiator in an
i nert solvent. The conjugated di ene pol yner has
preferably a glass transition tenperature of from
-100C to OC and the conjugated diene unit has a ratio
of 1, 4-bond to 1, 2-bond/3, 4-bond in a range of
cdnirmonly o020 @ D0F perts Theelphitded 20 styrene content in
the conjugated diene polynmer is preferably in a range
[0d24ffrom O W% to 50 wt % The chain distribution of
styrene in the copolyner preferably has a conplete
r andlorths presertt imeentidia et snodifiedicenjpeattd dwbé polyireer it typically
anount of isolated styrene (one styrene unit)
obtiined areaisdyticavafiib¢ salvent bsedtor thexreantionnr Thomodifiedtroningated
styrenes, and the anmpunt of chain styrene (a chain
dignspalymeregndr obfaymad fsem s solusioprbsribe %n%n pethndef Epnprample,
5 w%ar less, and nore preferably 2.5 wt% or_|ess of

a method of ghigining the pelymer by ﬁéﬁeaeg aﬁ@f sergetustheselveriiiom

st Sl Uik Rl OFLOR B0 SHE ARG HPRBERE § ymetpod of
copflgns So'tﬁshof%mﬁﬂfeﬂ@w% ool e o i Ghuder OF % ke,
orGaRPARSPEARTI (BYoEk 180 oFRE IS BRE ep By éoyed

?Qﬂlng a Iom;nvlecular meight compound having two or

nor'e tertiary am no groups and one or nore

al ko I I t

corpy ERidfted GhRlaRd en tindih IR LR, o pcterod
enfBotitHER of fh H&Qﬁiﬁ'véﬁm aw% a?w% RepHainell iPdLhilg

predet erm ned anount o ol yfunctional nodifying

0 nt, of which the sum of functionality is

preferably three or nore, reacting the mxture with

sti 14 livisg cofilioMed dienk ﬁwmapbl?m& & a Weing hdndogNEpendner of a

having two or nore al koxysilyl groups and one or nore
cohftighiied djena ahd etygne ipsbthided be usiegaiconjngated dlend ope hyikmes of a

and stirring the mxture to 10 honobgeni ze. [0127] A
compgated ditnc and siyaneds dinemenizk,aold a0 opgnymmondlghsnmedmpound as

preferred enbodi nent of the present invention. [0128
anliitivMor éosreinertaclyontd H@letcgnjugaecb dizge polyimey bag proferattly a glass

possi bl e to obtain
transition temperature of from - 100°C to 0°C and the conjugated diene unit has a ratio of

1, 4-bond to 1, 2-bond/3, 4-bond in a range of from 10/90 to 90/10. The bonded
styrene content in the conjugated diene polymer is preferably in a range of from 0 wt%
to 50 wt%. The chain distribution of styrene in the copolymer preferably has a
complete random structure. Namely, it is preferable that the amount of isolated styrene
(one styrene unit) obtained by ozonolysis be 40 wt% or more of all bonded styrenes,
and the amount of chain styrene (a chain consisting of eight or more styrenes) be
preferably 5 wt% or less, and more preferably 2.5 wt% or less of all bonded styrenes.

In order to improve the random property of the conjugated diene and styrene, it is

possible to add the conjugated diene intermittently to the solution during the
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conposition conprising two or nore nodified conjugated
di ene polyners, each obtained by causing a | ow
nol ecul ar wei ght compound having two or nore tertiary
am no groups and one or nore al koxysilyl groups in a
nol ecul e and a pol yfunctional nodifying agent to
i ndependently react with active termnals of the
potpn¢rigeved Biansle20f thomptierd fobteaictiegla hyw molecniar wzighy
t he conjugated di ene conpound or copol ynerizing the
conpojnd) anda poliyEmetiondpoadifyimnaizenhie the corgugated/dieyd polymer may
conpound. [0129] An excellent effect can be obtai ned
inelhéma trethoidi dfladding @l lewtrealeularm¢ipht epmpopnd bevisg své ngmofe
a silica-based inorganic filler, a netal oxide, and_ a
tetignadming dranpsdad iose oemarsgleoxsiyl grovpretortbeipglymgr solution after
conj ugat ed di ene polynmer according to the present
complesienjaf the polyiperization|and strinsdhe maxpee tefhortogenige, and a method
obt ai ned when synthetic silicic acid with a pripary
of gddipg predetermimed amaynt gl pelyBinclienal mogifyingpegnt, phwhich the sum
ilica-based inqgrganic filler. The fine 45 particles.,
of SinctifRality i3 eteasty BBk NPrea FRACHRGH G WS BIS W‘%&P%& addjng a
i n short .period of ., ti.ne, with exce]len
toy Byt v By iog s BENIRE o0 PR BRIk eIy o wRs Ao pre or
00d..properties. 130] .The si.lica-based i nor L C.
m8 et RyRRG iion 0 P e Blne BEIRE 3q ERIRTR fixture o
m%#& Eﬁ&e 5 in the case where the nodified conjugated
IERe pol ynmer of the present invention is wused for

[Ofﬁﬁ application of a vul cani zed rubber such as
auto-parts (e.g. tires, danper), shoes, and the I|ike.

I N tinS dFR3 Lonfb el QldnE bl &P&F,g%ggi MotHer BreférkdBdntbodiment

particle diangtér of 50 nmo S preferable.

of Heairedeabin®e@icHPl es of the synthetic silicic acid may
include wet silica and dry silica. 10 [0131] Al so,

[orxmbon bl ack may be used as the reinforcing filler.
There are no particular limtations on the carbon
bl adMoresest, accxaliny @shepresdin imantion ithis pedsibimyo olitainlaude
furnace bl ack, acetyl ene bl ack, thermal black, channe
colmpagiion goraptising twaodmbtreemodifiee coifhgited diene polymacs each
black is particularly preferable. 15 [0132] )
obtained by causing a low molecular weight compound having two or more tertiary
amino groups and one or more alkoxysilyl groups in a molecule and a polyfunctional
modifying agent to independently react with active terminals of the conjugated diene
polymer obtained by polymerizing the conjugated diene compound or copolymerizing
the conjugated diene compound and the aromatic vinyl compound.
[0129]

An excellent effect can be obtained when the filler selected from the group
consisting of a silica-based inorganic filler, a metal oxide, and a metal hydroxide is
dispersed in the modified conjugated diene polymer according to the present invention.
A particularly preferable effect is obtained when synthetic silicic acid with a primary

particle diameter of 50 nm or less is used as the silica-based inorganic filler. The fine
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The nodifi ed conjugated di ene pol yner according to the
present invention can be used as a vul cani zed rubber
by adding from1l to 150 parts by weight of a
silica-based inorganic filler and from1 to 150 parts
by wei ght of carbon black, either alone or in
conbi nation, based on 100 parts by weight of the
paptidlesrafithe Slla@turaproniptizrand ddmogbrixensl® @isparsed aué shdryperiod of
al l ows excell ent dispersion of silica and stably
tineciitbiek sellericreptogntibilipg tof produseceprodingt svithsextremebf gadudeproperties.
excel l ent effects of the present invention.
[OBjHci fically, when producing the vul cani zed rubber,
the inorganic filler and carbon black are _ .
honddersiisadtagediinerganisdil ler sartlsabasuitabliused ag o rgiptoreing filler
~with small _strain-dependabi|lity of storage nodul us, of
in ghepgsg wherg thomogified spnipeeteddigne pelymes af thgPresgnignreption is
pol ymer according to the present _invention s

useh o dheapplication t agrlqanized ReoensYchRs APtorPaats d¢-Betires, damper),
r ubbe requi red. Wien used .in , .46 _conbinati on w.th
shagiFouihe Sk o thistrases SYRERECR IR Roif SR A BRBAD RISl diameter

esent. i nvent.i o [ ot, sufficien exhi bit.ed, if
of PR GRE RS BT erro BTRRIS SISO aP e g may
. accordi to,the .present invention is too small. As a
ingfiidgs S@Eﬁ%&é‘ﬂé‘ﬁ’(?lﬂ‘&&mi ght ratio of the rodified
[Oﬁﬁ@jugated di ene pol yner according to the present
I'nvention and 5 another rubber is generally from 10/ 90

to el ; MofR
pr e?géogk?ﬁ{/ﬂ)o_ﬁ Ebggrﬁﬁ%%&%gl%ga é%él%%@h@?\i%ﬂ@gr ‘of ‘other

paftitARe imfBYohd\Gl 1 arddh Blak uset b axamphQ! oF ORISR black may
rubber, enul sion polynerized styrené-butadi ene

indHRAuMIRE blask) dé&tityme bRk YoBinh A ®thck JeHiane] BRRk( frapkies and the
styrene: from5 fo 50 % 1, 2-bond content 1n the

likbut adilrseE fufhate blhslompiRicubir§Grefebdble. hi gh-trans SBR
(1,4-trans bond content in the 10 butadi ene unit :from
[01A2]t0 95 W%, |owcis polybutadi ene rubber, high-cis
pol ybut adi ene rubber, high-trans pol ybut adi ene rubber
( 1, Zhe maodfidaberohjugatedatiene polymer achertlbog te tlee presant inveniden can
70 to 95 wt %, styrene-isoprene copolyner, -
be Ipsedaati asndeanézed rubler by odding fieom 1 tw1 30 pasts hyovgighi-dfAilica-based
_ random styr ene- but adi ene-i soprene_copol ynmer, _emnul sion
ingsganyeriiHerand fram ddenl 80 prrsiar weightelgaehanddaske pigher alone or in

copol.ynmer, enul sion 15 polyneri zed

combipatiti based Ao HiG paris by alifiod the RAWBEY much a vulcanized rubber

acrylonjtril e-butadi en - "y
partlcu%lrly ailows excellent cﬂspers?on of silica and stably exhibits excellent

performance. This is one of the excellent effects of the present invention.
Specifically, when producing the vulcanized rubber, the inorganic filler and carbon
black are homogeneously dispersed to obtain a rubber composition with small
strain-dependability of storage modulus of elasticity.
[0133]

The modified conjugated diene polymer according to the present invention is

compounded alone or in combination with another rubber, as required. When used in
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copol yner, and bl ock copol yners such as hi gh vinyl

SBR-| ow vi nyl SBR bl ock copol yner and

pol yst yr ene- pol ybut adi ene- pol ystyrene bl ock copol yner.

These may be selected suitably according to the

desired properties. [0134] 20 A silane coupling agent

may be conpounded to the nodified conjugated di ene
coptdinatien vatngashdr inabbeg cboeffitan gf the itnpeovemeatest the present invention

invention. In order to strengthen the coupling effect
is ot sufifi cieritlyoohdhited, dtlieanjunh of theanodified caijngadeddiage polymer

silica filler and raw material rubber, an organic
aceordingdo dloapresang inygniion isgomsidalll pAss eubbist goriponent, arvright ratio

of fromO0.1 to 20 W % based on the anmount of the
of ¢he medifisd cerjugited dicne pakymed afcording i theipsesest igvepdionend

sil ane_couplin ent in the anmount of this range can
angthsy uBer if gery grﬁgl Y9 Qo 95/ viprefstably fipmi 2048 ¢ 19P0/10, more

0 ffect. A nore preferabl e anount of the

prefEigRh o 0410 K00 TGRS opkr FHRT By mis it bt
poFased on fhe amunt o[ t he |I|ca based filler

%WSW Brgansende yé‘_fFé‘ZE ﬁ‘ﬁF‘?"ﬁgb he Cﬁgglg/lggegggluggn
polfrip Bt BB TR Podbrabiehentom S BlaTEBonadon SPp@iin me
buPa%Le%?%mt ﬁtgﬁ'lel(butl %0 w":txr@nﬁjgﬁi?nfs Shlf{e(lot{ g_anl bon%i'con{ent in the

coupl’ing agent” may 'l

bu d?en% tﬁbxﬁtﬁ%%'*%)) R0BY y?a Jhilafay &&dﬂb%? ‘high-cis

triet hoxyS|

pogl bRtadfent hiber, ITl t : I%&lﬁﬁﬁéﬂli 1 abb &Y 4l A8 bond content in the

mer capt opr 6py oxyS| ane,

buirdiehk @h1OR6Ed T/ H’S‘WV%L NeyhbrRLEENrBYd EdpoBRRér BiRMene-isoprene

tetrasul fide, 3-triet oxyS|Iylpropylbenzothlazole

coplimas wblutiohe polRtiferiz&Erantib@.styPbmeButhdienddpiche dopolymer,

conj ugat ed di ene pol yner having a specific nodifylng

emyisieippalemerngidn grandoinyeyrpiiceb@adiedOisopreas tomyrast) etbutsiona
strong bonding force with the silica-based filler, it

polymepiaed stytenetaorylamirile-bhaaditidicopainmed, aanylomitgiderbatadicheine
coupling agent or to add smaller anount of the

copgmer candibleakecopolypidrnspchge highasnyl§hRiew vitiyl BBRHdock
case where ot her polgrrers were used. In this case, it

copdypesaidiiodystrenbpely utadlneuenelysformpmm copolpmmen hTkgsemay

perf or mance 15 [013
be selected suitably according to the desired properties.

[0134]

A silane coupling agent may be compounded to the modified conjugated diene
polymer composition according to the present invention. In order to strengthen the
coupling effect (a mutual bonding effect) between the reinforcing silica filler and raw
material rubber, an organic silane coupling agent is added preferably in an amount of
from 0.1 to 20 wt% based on the amount of the silica-based filler. The addition of the
organic silane coupling agent in the amount of this range can provide the coupling effect
without ruining the reinforcing effect. A more preferable amount of the organic silane

coupling agent is from 0.1 to 6 wt% based on the amount of the silica-based filler.
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Furt hernore, rubber additives such as reinforcing
filler, a vulcanizing agent, a vulcanization

accel erator, a vul cani zation assistant, oil, and the

i ke can be used. [0137] Al though not particularly
limted, exanples of the vul canizing agent may 20

i ncl ude sul furs such as powdered sul fur, precipitated
[0388]f ur, colloidal sulfur, insoluble sulfur, and

hi ghly di spersible sulfur; hal ogenated sul furs such as
sul fThe orgmac kilori cdeplimnagestpdssessel & ploop hdeing affthity with the
organi ¢ peroxi des such as di cunyl peroxide and
supfiace efrsilidaang|a grpep capiabile. of Gonding 3dth davblabsandairethe polymer

preferable, with particularly preferable sul fur being
meleoiler eBxampleyef the srgapicadipnapeipling agent siayinelude

.vul cani zing agent _is generally fromO0.1 to 15 parts by
bigkd-triethox pitlyhprapylyterasyids, Bist(3-(triethesysidylhprapyigisulfide,
.and still nore_ preferably from0.5 to 5 parts 48 by
bl%@'@ﬂ?*ﬂ&ﬁé’érl)sﬁhymﬁeﬁwlﬁ‘é’ pynexeanienropyl-trimethoxypilane,

. | f th ' '
3-ietara LGP MY Ak Mo Gab e IGAHEdey i cant 2at i on
B AR A A A L S
A S P BB Nlp rs
150 g AU BP0t
orit BFsHaoh O P bl Sle Wl gl b1 ld alt B o e
or®Aid §1aRY c¥iIRtagBit ds Q@mgﬁféa%fh (R TRQGILS othbPpb! were
ecific imtations on

though there are no spet _ on the type
us€. tTHehi¥ bheeaig pdskBIe todbElis b #Bber S6:896 diﬁorﬁﬁritﬂ highef!C

oxi de, and the 1ike can be used. [0141] The
peffemdmeeci ng filler nay be conpounded into an anmount of

from1l to 150 parts 15 by wei ght based on 100 parts
[0I®6]wei ght of rubber conponents, and the vul cani zi ng

Furthermore, rubber additives such as reinforcing filler, a vulcanizing agent, a
vulcanization accelerator, a vulcanization assistant, oil, and the like can be used.
[0137]

Although not particularly limited, examples of the vulcanizing agent may
include suifurs such as powdered sulfur, precipitated sulfur, colloidal sulfur, insolubie
sulfur, and highly dispersible sulfur; halogenated sulfurs such as sulfur monochloride
and sulfur dichloride; and organic peroxides such as dicumyl peroxide and di-tert-butyl
peroxide. Of these, sulfurs are preferable, with particularly preferable sulfur being
powdered sulfur.

[0138]
The amount of the vulcanizing agent is generally from 0.1 to 15 parts by weight,

preferably from 0.3 to 10 parts by weight, and still more preferably from 0.5 to 5 parts
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agent and vul cani zati on accel erator may be added in

total in an anmount of fromO0.1 to 20 parts by weight

based on 100 parts by wei ght of rubber conmponents, for

exanple. [0142] Exanples of the oil may include an

extender oil such as aromatic extender oil, 20

napht heni ¢ extender oil, paraffinic extender oil, and
byawel phti busdicore KOEpRABIbyok & ghcafaliciubbeit @mmpphtscat i ons.

The armount of the extender oil is generally from1l to
[01BY parts by weight, preferably from2 to 100 parts

by wei ght, and nore preferably from3 to 60 parts by

wei dixanipdesed themwil Sbhizadion actaleraier ghay indluddesulfenbamide

conponents. \Wen the anount of the oil used is in
vuidanizatiemagesletdter, dithipencs vnigamizdtiont acoéletatog, a tiazbleraileagization

filler, 25 tensile strength, abrasion resistance, heat
acederptor.ardithiocarizamin ecidi vialcanizatien eeseletaton, ¢ xanfhpganiearid

0143] 49 In addition to the above-nenti oned
atiemacselerdier, gad Bghikege dThempaunt of HigsBHeanizagon iawelerator is

h t he rmdlfled conju ated dj ene pal yner acc rdln
ge@%ﬁ Jﬁﬁogﬂéééchi PRtk hrigAt pseTersl bfﬁwa;?% forkOrmazts. by weight, and

ccor di e convent hod re
Sﬂﬁmw'ge Srbi5ithrdh O pArs O aignpared o FORRAER bygveight of the

- | cium carbonate and talc, an 5 am ne-based or
d anti oxi dant, an anti ozonant, an activator

[0 ﬁﬂﬁh as diethylene glycol, a processing aid, a
kifier, wax, and the like. [0144] The vul cani zed

gfg%g{lm‘ﬁglfﬂyﬁeér Hgg@g}gé& }é’ﬂ{-{ﬁﬁ g&eomgt eeo‘hﬁé’{?%l%ﬁ‘{a%n

€ prese Invention IS

asHaH; stEAT 61 Eﬁﬁq}*ﬁ&d&lb%ﬂlglfﬂe%gnwﬁseho above- nent i oned

conponent's usi ng t rub er-kneadlng machi ne
[0BH h as a roll or a Bunbury's m xer. [0145] A
mast er bat ch can be prepared by conpoundi ng various

add e t&ififor&ie B filler May Bk cbMpolfed dntbiahlatiounnék f@hnas 150 parts
bl ack, as required, to the nodified conjugated diene

by Weign |bﬁmr01ﬁm0qmﬂﬂs by WeightE riibes esrhporeveN andihe vAlcanizing
rubber conposition wth good

agent and vulcanization accelerator may be added in total in an amount of from 0.1 to

20 parts by weight based on 100 parts by weight of rubber components, for example.

[0142]

Examples of the oil may include an extender oil such as aromatic extender oil,
naphthenic extender oil, paraffinic extender oil, and a silicone extender oil according to
applications. The amount of the extender oil is generally from 1 to 150 parts by
weight, preferably from 2 to 100 parts by weight, and more preferably from 3 to 60
parts by weight based on 100 parts by weight of the rubber components. When the
amount of the oil used is in this range, the dispersing effect of the reinforcing filler,
tensile strength, abrasion resistance, heat resistance, and the like are excellently

balanced.

[0143]
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processability, high strength, lowrolling resistance,

excel l ent wet skid perfornmance, and excellent

abrasi on resi stance can be obtai ned by producing the

mast er batch. [0146] The nodified conjugated di ene

pol ymer according to the present invention can 20

cause reinforcing fillers such as silica and carbon

bl acln ddditiva th drdpenementipned copgonesdls, thé etleanizedxubber

vul cani zed rubber made fromthe resulting conposition
confpossied, howhith thesnodified canfingabed dienecsdljaet dcgottidgiothel present

properties in the lowrolling resistance and the wet
ingditien ipeseilomap nompdse, ecoopding th the bntdnéona mvethed, oevplired

one. The tires also exhibit inproved the abrasion
amaitssefzother addidivehkikea filergubh asTérdcinmdiafiondtecndjtalgaaned

di ene polynmer can 25 be suitably used as a danper and
anfigerbagedror pherol drsgdpindioxidanta e pntiaganand, anrpsgigator such as

characteristics, the capability of honobgeneously
digthylsne glykel, # REOCRFNg:AHd, %taﬁﬂ’éern piaxpandghe 8 ke.j npr ovenent

?é flame retarding properties, tensile strength,
[0 ‘ﬂnsparency, and the like. 50 Furthernore, the

or esHivulGape 9@%3%?@10 AN A g@;gggi%gg%@ giene
poliif Sl RSHRRRL tRYpSRES Pah 624 b Pduesihy B fxine 2
abPQeV—g}%{l(gned co é}%ngnqg uy}?% b ?m Srﬁtgbnea knb hd"‘é# {ngaé‘ e S& as a roll

sper e porar parti
atibility with the polar resin.
Or$her éﬁ?e é nodi fi ed conjugated di ene pol yner

[0 ording to the present invention can inprove inpact
resi stance of engineering plastic such as pol yam de.

EXANPHESterbhithldas ﬂZ% repafedi H}f\&ﬁ{ﬁoﬁﬂdlhé Ve daRF D b AVYs a

in detail by way of exanpl'es. However, the invention

sitoa®iabél fMl0dr a8 c6:008 blaR hs3eqbRdNG thé moﬁﬁikdtdbn}dgﬁted diene
foll owi ng exanples. In the exanples below the

pobamgelaesordigeo degiryseatinbyntidie Adubbu deghpaeitioaddth gobd
Bonded styrene content 15 The bonded styrene content

préossHbilitg dighedtemngihn v jlig wsisfauca) gx ¢dilentsaetpkal performance, and
chl orof orm and neasuri ng absorbance of a 254-nm W

ex¢dllght abisgsigrhesnigtange cangwe abftained by producing the masterbatch.

[0146]

The modified conjugated diene polymer according to the present invention can
cause reinforcing fillers such as silica and carbon black to be homogeneously dispersed
therein. A vulcanized rubber made from the resulting composition, if used for tires,
can exhibit excellently balanced properties in the low rolling resistance and the wet skid
performance as compared with the conventional one. The tires also exhibit improved
the abrasion resistance and the strength. The modified conjugated diene polymer can
be suitably used as a damper and footwear, for example. In addition to these

characteristics, the capability of homogeneously dispersing the fillers can contribute to

improvement of flame retarding properties, tensile strength, transparency, and the like.
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styrene ("UV-2450" manufactured by Shimazu
Corporation). (2) Styrene chains The contents of
styrene single chain having one styrene unit and a
styrene long 20 chain having eight or nore connected
styrene units were anal yzed by gel perneation

chromat ography (GPC) after deconposition of

st y FaRBefdradhée iR diadonjiRatedididne @obager acaurdiagdd g fresent
the nmet hod of Tanaka et al. described in Polyner, 22,

invkAtdn &Gl excellén a¥brepats igfip cthenased adur aghalheomipisition.
Measured by infrared spectrumof from600 to 1000 cm |
usi Wghenthe nfodifieicodfgatdalienepiodymerstceordinisd thdyRBEENt invention
manuf act ured by JASCO Corporation). The sanple was
is aliteandpladicirasinahitaesidicsm fihelgelispacse polan pamicles ehd exvibite
used. The resultant absorbance was applied to the _
ex ¢edlept comipmtibiina wiithrthe poleetesinmi H@etetfmemg@ mestifiedoronugated diene
51 the butadiene unit, i.e., the content of 1, 2-bond.
polymer Moxonding vo theqresent Miventingrgen dmpepye pmpaisefigancgri 100C
for one mnute and the viscosity after four mnutes
engigecringpdatie suglcasrdyamideo J1 S-K6300-1. 5 (5) Ml ecul ar
wei ght and nol ecul ar wei ght distribution Chronmat ogram
of the sanple and standard pol ystyrene were neasured
usi n GPC equi pped with three columms packed wth
EW\‘/)gWr ene gel (TSKgel, manufactured by Tosoh
Ogﬁipor ation). A calibration curve was produced from
[0% measurenent result of standard pol ystyrene, and

o stFPEEH sl T PEHagr bl s o
i R A PR M PP GBol 6, Jn e
exdrhIECb AT b Qafpedwiilianalied BYHECRHBIinPeiRbdaNd

ecul ar’ wei g distr n“were measured using a

(DBorfi8l 861Gk donfdhfc- 8020" manufactured by Tosoh
Cor poration) under the conditions of an oven

t eNTRE dbHAR! sireddborddidl (Rt Haé deemiiatebplisdolVinglhedample in
15 (6) Modification ratio The nodification rate was
chiGBEBHH afd Mieaddringabkotbindeadlacdd4winh K 51iglitdy phehylagsoups of

styrene (“UV-2450" manufactured by Shimazu Corporation).
(2) Styrene chains

The contents of styrene single chain having one styrene unit and a styrene long
chain having eight or more connected styrene units were analyzed by gel permeation
chromatography (GPC) after decomposition of styrene-butadiene copolymer with ozone,
according to the method of Tanaka et al. described in Polymer, 22, 1721 (1981) .
(3) Microstructure of butadiene unit

Measured by infrared spectrum of from 600 to 1000 cm”' using an infrared
spectrophotometer (“FT-IR230” manufactured by JASCO Corporation). The sample
was dissolved in carbon disulfide and solution cells were used. The resultant

absorbance was applied to the Hampton’s equation to determine the microstructure of
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the filler using the characteristics of the nodified
conponent of being adsorbed in silica. Chromatograns
of sanple solutions containing a sanple and a | ow
nol ecul ar wei ght internal standard pol ystyrene were
nmeasur ed using the polystyrene gel GPC 20 ("HLC-8020"
manuf act ured by Tosoh Corporation) described in (5)
thabotadient ni¢,d.eq dhakomtenf bZbybhotid. manuf actured by E. 1. du
Pont de Nenours and Conpany) GPC (Colum oven
(4) Koo8eRGiscositgt ect or "Rl - 8021" manuf actured by Tosoh
Cor poration, oven t enper at ur e: 40C, THF fl ow rate:
0. 5 The/sainple wihpredutsted pt i @ Caforooma mirmte 4rel the viscesity after four
colum was determned fromthe difference of these
migptes Wwas mraasered pecording o WRTIEEPOPSL.r esul ts the
nodi fication ratio was determi ned 10 ng of a sanple
(Shml%@ulsirﬁ@lwan@m}m}aawtghy ps{ritartie vaere di ssol ved in
20 nL of THF, and 200 of the solution was injected,
i nt &Iyowamgfﬁm ofrthg sglaelﬁ A stagderd g éyrmwpr&mwmd using

Gl%r(ﬁ gqqugg ttf'[r%? ch@ltp'zg R?cfsgi M%hnp Ssa%%eeéﬁ iﬁgﬂgah@.ﬂﬁvﬁqcmd
0 the chro

bygiega ”#é%%@i?ﬁﬁ%aﬁ@%\%ma Vg Prigug Eﬁ’im%mmnt
repifi Jf%iagaa@rpé’ﬂy 5\53?%83 dalelyt %%%@“iﬂa%%ﬁ [RUBERAS
dl%gg‘ﬁir?e ?gm?'é B;‘hi’a repr es)%‘ %ﬁgafﬂe aé)levgaasolé Q‘# Eﬂh diflent,
3EBE Eoarllc ”5??535@3’5@ B 3 TR 6 olHliof CROYL) s,
mﬁ:ct@@ thté Z)coﬁ%ﬂj R AERRS" w@é‘igﬂf%d%ﬁdl’@étﬂar"ﬁéi gl?tlﬂlsmﬁﬁﬁblﬁvere

cm X cmx 8 cmrectangul ar parallelepi péed and a
méh@ihﬁéd %sﬁ@aﬂuaﬁﬁsc’ﬁ@ﬁff“ﬁﬁe LB0R0” hianafabmRkEby Tdsoh "ﬂbrporatlon) under
inclination of 30 using a rubber 10 cenent. The col
thd tiditfone PE i Yverempeahita he4D°0yand ASEHN oG ﬁata:e:,fslaomll,amn.
after being allowed to stand at 25C for one hour. The
{6y Msdificatimeratioeval uated as follows. [0148] Excellent:
The sanpl e maintained nearly the original form Good:
A pdihe nxidi§eatioh eateaeis amfaamaé by GIFE. 8ddmn Packeslamih silivmgel as
consi derabl y def or ned. rg) I
the filler using the characteristics of the modified component of being adsorbed in silica.

Chromatograms of sample solutions containing a sample and a low molecular weight
internal standard polystyrene were measured using the polystyrene gel GPC
(*HLC-8020” manufactured by Tosoh Corporation) described in (5) and a silica column
(“Zorbax” manufactured by E.I. du Pont de Nemours and Company) GPC {Column
oven “C0O-8020", detector “RI-8021” manufactured by Tosoh Corporation, oven
temperature: 40°C, THF flow rate: 0.5 mL/min). The adsorption amount to the silica
column was determined from the difference of these measurements, based on which
results the modification ratio was determined. 10 mg of a sample and a 5 mg of
standard polystyrene were dissolved in 20 mL of THF, and 200 pL of the solution was

injected into a column. The specific procedure was followed. The modification ratio
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An internal volume of 10 liter heat-controll able
autocl ave equi pped with a stirrer and a jacket was
used as a reactor. The reactor was charged with 625 ¢
of butadiene 20 fromwhich inpurities were renoved,
225 g of styrene, 5,500 g of cycl ohexane, and 0.82 g
of 2, 2-bi s(2-oxol anyl) propane as a pol ar substance,
(Yandast degermiiednirlg the fipaudd, it e (PD* RNEPL edel)pr 10ASvherein the
mai nt ai ned at 30C. A cycl ohexane sol uti on cont ai ni ng
enirepeakrapda ofdhe chrbomidgram hsingaaslatyrens colwhois assemetithet 100,
to the reactor. After starting the reaction, the
P reprasent$ thegrepke axen of theshmphe P2 egesentsabe peakt aved oftthe awadard
by generation of heat of 25 polynerization. 50 g of
pobysteane the andise peikauesat the chromatsigram ugingiarsilica cobumn isrpgsumed
from7 mnute through 12 mnute after the addition of
to e 80 Bareptesents thejanea ofdhe sample, andPdsgpresents the peplnagea of the

internal tenperature of the reactor reached 77C. After

stangassh Rolystigene erosadesighatRy + 7367 Bht Pdact®®bn, 13.5 mol

0 1-[13-(triethoxysilanyl)-propyl]-4-nethyl pi perazi ne
U%ﬁ@%ﬁ%‘é&é@?ﬂé m xture was stirred at 75C for five
es to carr%{ltgnt t,he di fication reaction f1

' h
t he TREGAPPIeCHA0: 48 2 (98 o 534 R APCH AT Parllelepiped and a
3 Qi B Rleg e st WAl eyt of 3° hAE b rber

DA B0 B TR b g
ke 08 R B0 T ARG Dok SN

[of4gjadi ene was 75 wt % the 10 content of a styrene
singl e chain having one styrene unit was 45% and the

Exe8IrR TheQanple mhintA0GQ @iy ﬂ%é%in&l&wn@.g ei ght or nore
connected styrene units was 0.5% The NMboney

Gotds Agattiof sahpleReaspieforied, Was 50 and the 1, 2-bond
content of tﬁe m crostructure of the butadiene unit

Bada$hé&&fpld has pohsyderyble defohasdd wei ght aver age
nol ecul ar wei ght (Mv) was 360, 000, the nunber average
nol ecul ar wei ght (Me) was 270,000, and 15 the
nol ecul ar wei ght distribution (Mv M) was 1.33. The
Exaogie ] cation ratio was 84% Exanple 2 A

styrene- but adi ene copol ynmer havi ng a nodified, ) )
c onpuhigiamal SahysreotB)0 lgsheat-controllable autoclave equipped with a stirrer

and a jacket was used as areactor. The reactor was charged with 625 g of butadiene
from which impurities were removed, 225 g of styrene, 5,500 g of cyclohexane, and
0.82 g of 2,2-bis(2-oxolanyl)propane as a polar substance, and the internal temperature
of the reactor was maintained at 30°C. A cyclohexane solution containing 6.75 mmol
of n-butyllithium as an initiator was added to the reactor. After starting the reaction,
the internal temperature of the reactor began to increase by generation of heat of
polymerization. 50 g of butadiene was added at a rate of 10 g/minute starting from 7
minute through 12 minute after the addition of a polymerization initiator. As a result,

the final internal temperature of the reactor reached 77°C.  After completing the
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obtained in the sane manner as in Exanple 1, except
for using
N-[2-(trinmethoxysilanyl)-ethyl]-N, N ,N -trinmethyl ethan
e-1,2-diam ne instead of 20
1-[3-(triethoxysilanyl)-propyl]-4-nethyl pi perazine.
[0150] As a result of analyzing Sanple B, it was found
palpmerizdtionceartiont 130 mpooldéd st yrene was 25 w % the
content of bonded butadi ene was 75 wt % and the Mooney
13-grigtiorysilehyl) peomyb)-§-methyipipenaine Tras added2- Bihednisbure eias
of the mcrostructure of the 25 butadiene unit was
stigrpghat THE fon fiys myinetes toeasepuhthegnedifioetiangeactione c difter the
wei ght €i/EMN) was 390, 000, the nunber average nol ecul ar
ad\ﬂél%’rﬂf g ptf misoxz@@t (BT 2 rfudictee-bugil iemathyipbgaely ke this
q(i)gg utio Mh) was 1.39. The rmdlflc‘%lonratm
p ptiong eE? Pl @We@(’é’?‘i%‘i’%mﬂ&fﬁﬁ?

havi n dified e (Sanple C) was obt ai ned
hﬁvw&%@"@lﬁ CRRRRR %Zégﬂq ampl e 1, except for using
[Oﬁétri met hoxysi l anyl)- 1,3 -di nethylim dazolidi ne

i s]t ead of 5

Lo e BRI icbb G0N il ol Hethbh REAGE A cgotent
°f3’§n{1%‘fn*l?§‘e?9 RESEs e, Fﬁﬁgﬂ%‘ SEUODRE piiictiowHh /5 Willothe
coﬁ#eﬁ@ﬁlsd %Tyreﬁfa an?ﬁ: &%M&E‘% %’lﬁé ?%e% et was 4500 ozﬂ‘fél the E(Sxﬁ@ﬁt ofa

crostructure o utadi ene unit was

stiRddé loﬁE %haﬁﬁ Hﬁhg "e%l? oPRDRICONREGED stPRE AFfs WRY 65U, The

wei ght 000, the numbér average nol ecul ar

Mw&le@hﬁsc()gﬂt)) omm@%e@%ﬁ 58Rdd (el 200inAGeh@ht ¥&he Rlicrostructure
di stribution ( M) was 1.37. The nodification ratio

of iesbifififiene Uniewid 62%. ATE¢ poleatgrdauibasideneightcivetagsBiolecular
having a nodi fied conponent (Sanple D) was 15

waghtdMrg dvais 1360000 shemumbeareerage nioledukavpdight M, gwaepr0,000, and
for using bis-(3-dinmethylam nopropyl)-di net hoxysil ane

th¢ molesuldr wiight dis@ibution i(efk.Adx)ysasl 833:| ) Therropdikipation ratio was 84%.
- 4- et hyl pi per azi ne.

Example 2

A styrene-butadiene copolymer having a modified component (Sample B) was
obtained in the same manner as in Example 1, except for using
N-[2-(trimethoxysilanyl)-ethyl]-N,N’ ,N’-trimethylethane-1,2-diamine instead of
1-[3-(triethoxysilanyl)-propyl]-4-methylpiperazine.

[0150]

As a result of analyzing Sample B, it was found that the content of bonded
styrene was 25 wt%, the content of bonded butadiene was 75 wt%, and the Mooney
viscosity of the polymer was 54. The 1, 2-bond content of the microstructure of the
butadiene unit was 60%. The polystyrene-based weight average molecular weight

(M,,) was 390,000, the number average molecular weight (M,) was 280,000, and the

molecular weight distribution (M,/M,) was 1.39. The modification ratio was 78%.
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[0152] As a result of analyzing Sanple D, it was found
that the content of bonded 20 styrene was 25 w % the
content of bonded butadi ene was 75 wt % and the Mooney
viscosity of the polynmer was 47. The 1, 2-bond content
of the mcrostructure of the butadiene unit was 61%
The pol ystyrene-based wei ght average nol ecul ar wei ght
Exadple 3as 380, 000, the nunber average nol ecul ar wei ght
(M) was 260,000, and the nolecul ar wei ght
di stAstywniedmtddidueMopolyaer havifg a ThalifreticdmpatenbiSampld ©) was
was 70% 25 Exanple 5 A polynerization reaction was
obtained isdhesamg manm as amBxamapleds except forubiogr eaction for
obta| ning Sanple A After a pol ymarlzatlon reaction,
zsﬂwwﬂamd)tle?t-tiamtbﬂﬂuwufllldlneo‘mstead of

bi sam ngmet hyl cycl ohexane which is a

1E%(tﬂﬁthPW@md)raropaHr%rw&mm@fﬁ@aand was added to the

ctor, and the m xture was stirred at 75C for two
[0 utes to carry out a coupling reaction.

T q”e”w.g b hirane Sl Gt oud 3&“@%@%%&%@
sty%)ﬁjé | % 6f the %gltltlegtno o%dgc%tgthtﬁgneo‘%s %’ o5 andgthe Mooney
“;CB%@‘ of b BB R 337 L ALl Pbotd ik R R uBee ot
bugﬁgla yZi ng angﬁgnéié%%ngoun [v?e%éfl]atv egconféﬁta{‘ “% ght
OIS P 1020 EOEHES, 7%’5“‘ QU SIS a0 90500, ang the
mél@&lﬁ%éi@ﬁrdlé’ﬁﬁmﬁﬁr ® 3 wad189nd THE %cﬁﬁ‘ﬁcaﬁ%n hﬁﬁ) was 80%.

m crostructure of t adi ene unit was 62%
Exafiip¥d yr ene- based wei ght aver age nol ecul ar wei ght
(M/v) was 350, 000, the nunber average nol ecul ar wei ght

(M Angtsredd-Bufdd(ne @opblimer havinges todifisdedogiplonent (Sample D) was

distribution (M/M was 1.30. The nodification ratio
obtadredis the safemanret ayin Exeamie &, dkedft for pdhg/ meri zat i on

reaction was carried out in the same manner as in
bissBadipicthylgmineproppl)-dimethosysilgneinsieadl ofiexane sol ut i on

containing 8.72 mmol of n-butyllithiumas an
1-[Brifristhaxysilanyloprogyld#-methylpiparazinsol anyl ) propane as a

PS%l ar substance, and 4.36 mol of

As aresult of analyzing Sample D, it was found that the content of bonded

styrene was 25 wt%, the content of bonded butadiene was 75 wt%, and the Mooney
viscosity of the polymer was 47. The 1, 2-bond content of the microstructure of the
butadiene unit was 61%. The polystyrene-based weight average molecular weight
(My) was 380,000, the number average molecular weight (M,) was 260,000, and the
molecular weight distribution (Mw/M,) was 1.46. The modification ratio was 70%.
Example 5

A polymerization reaction was carried out in the same manner as in the reaction

for obtaining Sample A.  After a polymerization reaction, 0.25 mmol of tetraglycidyl-1,
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tetragl yci dyl -1, 3- bi sam nonet hyl cycl ohexane i nstead of
1-]3- (trlethoxy3|lanyl) propyl ] -4-net hyl pi perazine. In
the sane manner as in Exanple 20 1, the polyner
solution was stirred at 75C for five mnutes to carry
out the nodification reaction. After the addition of
1.8 g of an antioxidant (BHT) to this polyner
3-bighriinogRihyihieldhekmrenvhides 4 retrpf@tttivaalgal wipdxy compound was
styrene- but adi ene copol ynmer having a nodified
addedpahe pdactoBadiid | tke MixturkdSv stieed lat 73T fanalymimgesSarcatrg out a
F, it was found that the content of bonded 25 styrene
coupling@izactidyy (Sabseguedthynh mafdificatide dedotivm diag naried sul7id the same
wt % and the Mooney viscosity of the polynmer was 76.
mafiner 4s inZExampde taxcepttthaythe medificatiosteactmnuvas aafried out by adding
but adi ene area was 62% The pol ystyrene-based wei ght
1 1akSenmgbofrb[%ﬁale@upxmlaghlﬂ-pr@ﬁd]emetlwdyp@@@nwo obtdiea
nunber aver age nol ecul ar wei (M) was 440, 000, and
eiee-buytediers sapol mrélwnauasn@dlged p@npqmw (SempleEy 1. 36.
The nodi fication ratio was 83% Conparative Exanple 2
Qtyrene but adi ene copol yner havi ng a nodified
in the sa

(r:rggpndg{] a ‘g’téu F f@m%s@plgﬁ gg{’J;Sfafl @pht&e content of bonded
3Vézt1dsOiSE : Q/o Xt‘\{lSI | r\{tegt o%%n&ed%u?a(ﬂe 273 ng'l Za%ld the Mooney

Vlica%%ﬁftthge L 0 1 S A e
ool e B e dﬂLﬁb i e e i S
(M 969350 B08 ind HEmBA! A BElsc HiFecifl wilitht i, FwROR0. 60 LEMthe

e mcrostructure o

moTEk%ﬂaQ‘%lré{ St fABut L/NE) %& 139ET §HE ni@&ifﬁ;‘&%ﬁfati&ﬁb&@’j%

was- 550, 000, the number average nol ecul ar wei ght
C&Ma}atM$xgﬁ@1@po and the nol ecul ar wei ght
distribution (MMM ) was 2.04. The nodification ratio
was Aogdiymedizationkbition Wes cegiediont Bf thp kepambhh@hsandxample 1,
anal ysis values of Sanples Ato G are shown in Table
exdept for using a cyclohexane solution containing 8.72 mmol of n-butyllithium as an

initiator, 1.05 g of 2,2-bis(2-oxolanyl)propane as a polar substance, and 4.36 mmol of
tetraglycidyl-1,3-bisaminomethylcyclohexane instead of
1-[3-(triethoxysilanyl)-propyl]-4-methylpiperazine. In the same manner as in Example
1, the polymer solution was stirred at 75°C for five minutes to carry out the
modification reaction.  After the addition of 1.8 g of an antioxidant (BHT) to this
polymer solution, the solvent was removed to obtain styrene-butadiene copolymer
having a modified component (Sample F).

As a result of analyzing Sample F, it was found that the content of bonded
styrene was 25 wt%, the content of bonded butadiene was 75 wt%, and the Mooney
viscosity of the polymer was 76. The 1, 2-bond content of the microstructure of

butadiene area was 62%. The polystyrene-based weight average molecular weight

36



10

15

57 [0156] TABLE 1 Exanple Conparative Examle 1 2 3

4512 Sanmple ABCDEF G Butadiene (g) 625 625

625 625 625 625 625 Additional butadiene (g) 50 50 50

50 50 50 50 Styrene (g) 225 225 225 225 225 225 225

n-butyllithium (mmol) 6.75 6.75 6.75 6.75 6.75 8.72

6. 75 Pol ar substance anount (g) 0.82 0.82 0.82 0.82
(M),)82as1600500, B2 nBoibef averdgeanaleculadiwéight@v 9 geast440/600) and-the

- - - 0.25 4.36 - Low nol ecul ar wei ght conpound- |
m¢keowih) weightdistributiond (M4 ;) wasLo¥é. molteanddificatinghtio was 83%.

conpound-2 (mmol) - 13.5 - - - - - Low nolecular wei t
CoopgrativcoEsampto2 13. 5 Low nol ecul ar wei ght com ound- 4
(mol) 13.5 - - - Low nol ecul ar wei ght com ound-5

( moh ptyrenphutadignediopplymer baving eingodibgd eommaes(SamphaG) was

83 67 Mooney viscosity 50 54 52 47 49 76 90 Bonded
obdaigedindhe samemanpenas s Exgmpls 1pexcept s using 1, 2- vi ny |

bond content (% 62 60 61 61 62 62 61 Wi ght average
N 1%@&%181 W@F‘gﬁﬁ)-‘tswhiﬁkmé@%@,ﬂ@%%?o, 000 380, 000

50,.000 600, Q00 550, 000 . Nunber, aver age nol ecul ar
1“63@8’@?1‘8"’@\?%?“‘%%6{ g"gwﬂ@fbﬁpﬁf’?@%oo 260, 000 270, 000
[szlél‘g, 000 270,000 Mw Mn 1.33 1.39 1.37 1.46 1.30 1.36

.04 Cold flow property Good Good Good Good Excel | ent

Excol] £l O06 PRl FE. SRS 8GR« 202001 B3 RGR! S Wnbed

pr opane

st§r§ﬁer W& 2’§{vg%,| thb ’&ﬁ@h@é%ﬁgm&yileae &r}{é:j?f? W%}ﬁi the Mooney

viscosity of the polymer was 90. The 1, 2-bond content of the microstructure of the
butadiene unit was 61%. The polystyrene-based weight average molecular weight
(My,) was 550,000, the number average molecular weight (M,) was 270,000, and the
molecular weight distribution (M,/M,) was 2.04. The modification ratio was 67%.
[0155]

The results of preparation and analysis values of Samples A to G are shown in

Table 1.

57



10

15

5 Low nol ecul ar wei ght conpound- 1:

1

nol ecul ar wei ght conpound- 2:

N-

e-1,2-diam ne Low nol ecul ar wei ght conpound- 3:
2-(trimethoxysilanyl)-1, 3-dinethylimdazoridine Low

[OdB6ecul ar wei ght conpound- 4:
bi s- ( 3-di net hyl am nopr opyl ) - di met hoxysi | ane Low
nol ecul ar wei ght conpoundTABLE 1

1N

L

-[3-(triethoxysilanyl)-propyl]-4-nethyl pi perazi ne Low
I
[2-(trinmethoxysilanyl)-ethyl]-N,N,N -trinmethyl ethan
I

N O 4 . 4 L +—} ] L\ A [ o P N =l H N | ]
N (o~ TTTEetNOXYST Ty propyr ) =4, o- ar nyarornoaazore

L
Cold flow property: Exdellent: Thexasga#pl e nmai ntdgin

parative
ixample

2

nearly the original formlf‘ELud: Apartr—of—sarpte—was

s *rodsiderlah y deforime

[0157] 1§aEPéaﬁpl es from6Aito 1® |an® ConParlatEveg F

G

Exanpl eButfdiead )3 t 0 4 RUbb®r |[cempqsieisi qngzswgr @spriepas €d 625

from;@é}ﬁm&lﬁﬁa&&e‘@ G (chlsﬁ ) s@S [raw [maherfi apS | so 50
O T T P T S T
Modi 1 IH‘FY“' J('Fl@‘ﬂ)r ed di Fxn@'?sr‘rmﬁﬂs\/r ?757( §)75n’r§15 872 | 675
Nat (Hold substerigpanow®@) 0 part %82 <>I 1}$20cl .52 tﬁ&?SI | O-8AN3" 1.05 0.82

I]’Elﬁﬂt‘fcﬁtﬁiiﬂlbtﬁﬂmé‘ﬁgen assa) 45,0 pants. Carbon bbsadk4ss

w Rk wiht ARG Peiabl ¢d133Y | Tokall Car hon. C9. 4 44 1d. )

L3 R St copb ALY ITU TSI (SO0 ot got et

tSS - —NCHO0—SRAE—6iH

R melseilar gt sorpoundys (ungl) gY—Corfp—125-10-—pants——Zi-At :
L&"}"\‘!““@“lﬁ“’m‘“m@'“@wi cacid 2. 0 partsl®Santioxildant |-

1 L ﬁlﬁlﬂ R nh;:n\rl pner Al n'p) 1.0 _narts 13.5
10 SLMCfdiﬁFatianﬂmp“@rts Vil éani z48i dnsacgelrer at @B 83 67
(N- cycMahexigosi- benzot hi azyl| sl {esam|de] 1. @9partrs 90
VUl eanbdsgichbaqep! eral ops (D phenybs gyansdiine} 1.5 | s
Par 4S vind@lidlonkR e PATTS 5 60 61 61 62 62 61

Weight average molecular weight (Mw) | 360,000 | 390,000 | 370,000 | 380,000 | 350,000 | 600,000 | 550,000

Number average melecular weight (Mn) | 270,000 | 280,000 | 270,000 | 260,000 | 270,000 | 440,000 { 270,000

Mw/Mn 1.33 1.39 1.37 1.46 1.30 1.36

2.04

Cold flow property Good | Good | Good | Good |ExcellentiExcellent

Good

Polar substance: 2,2-bis(2-oxelanyl) propane
Polyfunctional modifying agent: tetraglycidyl-1,3-bis(aminomethyl} cyclohexane
Low molecular weight compound-1: 1-[3-{triethoxysilanyl}-propyl]-4-methylpiperazine
Low molecular weight compound-2; N-{2-{tritethoxysilanyl)-ethyl]}-N,N°,N"-trimethylethane-1,2-diamine
Low molecular weight compound-3: 2-(trimethoxysilanyl)-1,3-dimethylimidazoridine
Low molecular weight compound-4: bis-(3-dimethylaminopropyl)-dimethoxysilane
Low molecular weight compound-5; N-(3-triethoxysilylpropyl)-4,5-dihydroimidazole
Cold flow property: Excellent: The sample maintained nearly the original form,
Good: A part of sample was deformed.
Bud: The sample was considerably deformed.

[0157]
Examples from 6 to 10, and Comparative Examples from 3 to 4

Rubber compositions were prepared from Samples A to G (Table 1) as raw
aterials obtained in the above Examples and Comparative Examples with the

following recipes.

[0158]
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Kneadi ng was carried out by the follow ng nethod
according to JIS K6299. 15 [0159] In first-stage
kneadi ng, a raw material rubber, fillers (silica and
carbon bl ack), an organosil ane coupling agent, oil
zinc oxide, and stearic acid were kneaded under the

Mg‘:)or}%ildtions of a filling rate of 65% and a rotor
giitedi coRIvgpted glene cppolyMEEi ng a seal ed kneader 70.0 parts
i nternal volunme: 0.3 L) equipped with a tenperature
Né FYMeEr . The 20 tenperature of seal ed kneader WA parts
at a discharge

ST DI RO 2 2025 2, s
BT IRR TR BB R AT
SR S PR SRR, 2B
OFENE 2F S b hntdfed PR oo J5REY G T, " any g0 pams

7ziubbg@ai zation accel erator were added to the
1c:orrposi tion obtained by the second-stage kneadi na',o parts

Staqsk doie m xture was kneaded in an open roll of V\IQiO%‘mS

the tenperature was set at 70C (third-stage kneadi nd).

A&%ﬁ&%@@ﬁ-iéﬂﬁ%wgﬁgg%loﬂpﬁéﬂyﬁd%ﬁ%iﬂeﬁ he third-syagfrts

kneadi ng was nol de vul ¢ani zed at 160C for a
Sutkiki od of T90 plus 5 mnutes. Properties of the ].4parts
resulting vul canized rubber were nmeasured according

Vill canlizatioh abdebeshtog (MelboHexyl 2-KehrothRRyNulRharGidep| et t Oparts
of the second-stage kneadi ng, a vul cani zation tine

Vulempigatienl ataierator (Riphemil ggardOitepf t he rubber (T90) 1\5g%rts
measured according to JI'S K6300-1. (2) bound rubber
Totdnt ent About 0.2 g of the conposition after the 169.4 parts
second- st age kneading was cut into 10 about 1 nm
c ubdsneadigpras cediedroud byshe followingmitbod peaptding to HISK6299.
mesh wire gauze) to neasure the weight. The cubes
[0l e qi pped in toluene for 24 hours and dried, and its

e B 4 A A W U3
or%vgétgshﬂatng %o&lglinlgeargeyx\@ gil,czaﬂlg g}';i tte,ea%d S;:Iélguglc ralgi L\Ialrériz ea\égcli lthgder the
conditions of a filling rate of 65% and a rotor rotation of 50/57 rpm, using a sealed
kneader (internal volume: 0.3 L) equipped with a temperature controller. The
temperature of sealed kneader was adjusted to obtain a composition at a discharge
temperature of from 155 to 160°C.  As second-stage kneading, an antioxidant was
added to the composition obtained in the first stage and the mixture was again kneaded
in order to improve dispersion of silica. The discharge temperature of the composition
was also adjusted to from 155 to 160°C by controlling the temperature of the sealed
kneader. Sulfur and a vulcanization accelerator were added to the composition

obtained by the second-stage kneading, and the mixture was kneaded in an open roll of

which the temperature was set at 70°C (third-stage kneading).
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25

regarded as the bound rubber content. 15 (3) Tensile
test The tensile strength at the tinme of cutting a
test specinen and the tensile stress at the tinme of
300% el ongati on (300% nodul us) were neasured accordi ng
to JIS K625 1. (4) Viscoelasticity ARES
Uéiﬁgoelasticity tester manufactured by Rheonetric
fkntific co. was 20 used. Tan S and nodul us of

Tl AR N L T LR T

[ d. 500). 161]1. The,P .
P36 REL AT B SR arbob o S GAEEPn
TS AL LT L o BB " o

(ngb er the dispersibility of fillers such as silica.
162] 60 The higher tan S at the | owtenperature

0C ' i . :
| v TR of P scbEhd SEECIABIAR) o BRATHEfe reiffed for
vill i zi KRy $0% 0f HieSubBE I TO0 whd 18 e fRld a%Eoﬂdl}thtBQké K8300-1.
resi stance of tires, that is, the |lower the fue

(2ybagidibbeonten( 5) Rebound resilience The rebound
resilience at 50C was neasured by the Lupke type

r ebaAeht 01268 of the Re@pbeifibeaft@chOsdtond stage kh&dli2eas cut fito
Heat build-up A Goodrich flexoneter was used to

abretabmrecites ahd placdaliinl 0H episBtbasket hadé ol (0meshOvite 8aie) to
rpm a stroke of 0.225 inches, and a | oad of 55
meagunsdie wWEigpht. hcElite dubes wergalipges initoldeneafoe 84 hyurshad dried, and its
di fference of the tenperature at the start (50C) and
weiglht wasrimeasaedr eFrost therangginto finselsble(c@mpabents inoeluene, the
an‘IO?l?liI: gft' r?llralgeer bonded with the filler was calculated. The resulting value was
regarded as the bound rubber content.
(3) Tensile test
The tensile strength at the time of cutting a test specimen and the tensile stress at
the time of 300% elongation (300% modulus) were measured according to JIS K6251.
(4) Viscoelasticity
ARES viscoelasticity tester manufactured by Rheometric Scientific Co. was
used. Tan & and modulus of elasticity (G*) were measured in a torsion mode at a
frequency of 10 Hz, while changing the strain at each measuring temperature (0°C and
50°C).
{0161]
The Payne effect (AG’) was shown by the difference between the maximum
value and minimum value in the strain of from 0.1% to 10%. The smaller the Payne

effect, the better the dispersibility of fillers such as silica.

[0162]
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An Al non abrasion tester was used to neasure the
anount of abrasion at a load 15 of 6 pounds and a
rotation of 3,000 rpm The higher the index, the
better the abrasion resistance. [0163] The results of
property neasurenents of Exanples 6 to 10 (Sanples A

to and. Conparative Exanples to 4 (Sanples F and
) E'} ke Qlﬁ%%ﬁamng atrtélsﬂ%w-ﬁmmam@ﬁ?),m eptheygtskid (srip)
arat i Exam | 7.8 9 10 3 4 sanple ABCDE
PSSy AN EGRR § 2 b bigh-tpnrszatiss (53 Caethe smelierthe
0 0

R S48 S 60 2o 0% e

Tensile Strength (MPa) 22.0 21.5 22.0 21.0 22.2 20.5
°°i‘§‘.“BP%‘6b rebound resilience (% 69.5 67.0 68.0 66.0

HRBE Gl Ao on g stance (1 ndex) 134 115
0. 6ob I RIB RS By CHaSpRaR e Lol RS Bl

reﬁllgﬁﬁt&t&%&é&gg&éog?ogg%%066 0,110 0.102 50C G Pa

(strain 3% 2.68 2.40 3.82 2.83 50C AG
(6)MHRatDbuAd-fy 88 0.51 0.83 0.45 1.40 0.90 [0165] 5
Exanpl e 11 and Conparative Exanples 5 and 6 Rubber

oI At LR MY B9 oo
1,800erph als@oké@f 0.223 feBes, and a load of 55 pounds.  The heat build-up was
indicated by the difference of the temperature at the start (50°C) and the temperature
after 20 minutes.
(7) Abrasion resistance

An Akron abrasion tester was used to measure the amount of abrasion at a load
of 6 pounds and a rotation of 3,000 rpm.  The higher the index, the better the abrasion
resistance,
[0163]

The results of property measurements of Examples 6 to 10 (Samples A to E) and

Comparative Examples 3 to 4 (Samples F and G) are shown in Table 2.
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[0166] Modified conjugated di ene copol yner 100.0
parts 10 Silica ("Utrasil VN3" manufactured by
Degussa) 25.0 parts Carbon black ("Seast KH'
manuf act ured by Tokai Carbon Co., Ltd.) 20.0 parts
Si | ane coupling agent ("Si 69" manufactured by Degussa)
(é.g parts G| ("NCL40" SRAE oil manufactured by Japan
( 9 }gy Corp.) 5.0 parts Zinc oxide 3.0 parts 15

Stearic acid 2.0 parts i 'gant
(N-i sopropyl -N -phenyl - p- nediamne) 1.0 parts

Sul fur 1.9 parts Wul cani zation ggcel erator Comparative
(N-cycl ohexyl - 2- benzot hii azyl sul f Ye) 1.0 paJ t Example
Vul cani zati on accel eratjor6( O pRenyl 8guanedi pejo 1| 53 4

parts 63adplal 162.4 parAs | TBe |[sage jmephodsEof{ F G

kGemgbmgl Mlodn&E@sedsitpg [Vag2 qussopT(Osy Tl 658 as 60 61 | 70
Exaopleaibbed dniddt @3y CONTG al 161€ [EXGTD &0 3| %65 & ¥ETE 57

usegoo%Modea (MPaPl NERSRT| MH70MPPOTTIET BISOSNPYE | 12.6

| 1 Takiie Sten@hl(VFRY] TABIEY I BRI Eo U AP 81 985 | 19.0
[ CBON@FBb] +m—1r§id MBLER) X595 &7.033,@%??‘% . STPEY Y 64.0
: PYETI03 0% (CO1é B 9721.0

VOOTTE A B F 101 99 fd§
ARSI restHIACE MARGHTS | W40 15 2 1704 115

23.
Si¢ £ 1154 1251100 | 110
U § WSt 7 O 1] 0.690 1 0,604 10

ERIGET 15680 (97552 | 0.620
V79 58°C thn 5 stlail 3%) ' 1 0.068 | 0:097 [0.077 | 0.090 [0.G66 | 0.110 | 0.102
50°C G°'(MPa) (strain 3%) | 2.30 | 2.72 | 2.65 | 2.68 | 2.40 | 3.82 | 2.83
50°C AG*(MPa) 0.33 | 0.88 | 0.51 | 0.83 | 0.45 | 1.40 | 0.90

[0165]

Example 11 and Comparative Examples 5 and 6
Rubber compositions were prepared using Samples E, F, and G (disclosed in

Table 1) as raw rubber materials with the following recipes.

10

15

[0166]

Modified conjugated diene coi)olymer 100.0 parts
Silica (“Ultrasil VN3" manufactured by Degussa) 25.0 parts
Carbon black (“Seast KH” manufactured by Tokai Carbon Co., Ltd.) 20.0 parts
Silane coupling agent (“Si69” manufactured by Degussa) 2.0 parts
Oil (“NC140” SRAE oil manufactured by Japan Energy Corp.) 5.0 parts
Zinc oxide 3.0 parts
Stearic acid 2.0 parts
Antioxidant (N-isopropyl-N’-phenyl-p-phenylenediamine) 1.0 parts
Sulfur 1.9 parts
Vulcanization accelerator (N-cyclohexyl-2-benzothiazyl sulfenamide) 1.0 parts
Vulcanization accelerator (Diphenyl guanidine) 1.5 parts
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Abr asi on resistance (index) 118 100 110 OC tan S
(strain 1% 0.879 0.951 0.855 50Ctan S (strain 3%
0.100 0.125 0.114 50C G (MPa strain 3% 3.02 3.45

3.15 50C AG (MPa) 0.64 1.15 0.82

Tabl es 2 and 3,
conjugated 10 di ene pol yner

Tat ﬁNentlon by adding silica or silica and carbon

exh| ted ani_l ease |.n
864 eldepdipeen

méagg% S ,| 0SS,
[Otf sunpti on.

confirnmed to have wel |l -bal anced

bound rubber
@e)ismg&@%pr@a%@s as used in

SO A s

and a s

@S&‘Sﬁ s ﬁtf’ég’fn%ﬁ‘gl?lggtl ng a | ow f uel

The conpositions were further

| ow f uel

cont ent

mal | roll

15
consunpt

[0168] As shown in
conpositions made fromthe nodified
according to the present

Bb&diparts

and

ihﬁéqsaltw%

i ng

i on

properties and wet skid (Q‘Ab‘i,)E performance (tan S at

the | owtenperature). The cormo itions also exhibit
excel | ent abrasion resistance. ){%ﬁgﬁq flomparativeComparative
APPLI CABILLITY 63 [0169] In addition to viFsampledd Example 6
rubber_conmpoSamplh for tire treads, B he hodi Fi ed G
conj ugempehdi Moengyotiseosity accor d{ ng 100 t hp pr@sent 118
i nvent bemdaabbdreoneatl(%bpr appl [ catépns puchsms shoesg
var i ous 3e08,Qdadiles (MP&) | ndustrial geods Py ¢EPOUNTT 143
S5 T1Tl e.-rél_sﬁylg{}e@ghmpgj orcing s(TTgggand caqugn. V\hepso
The magic g LALdg e POt gRRT ACCORETY 10 61 0
S A T R AR A s gg%‘e'e;?:;ﬁ.o:: 30
aspha!Atbr SR resistance, (in exﬁ)ﬂcl n_copfpo g onl U;Itlbowl, 110
_a.dhesu%éwl 64 _CLAING 0-879 A o d195leq | 0.855
coni uagaf @@Pér{émbﬁli”‘/ﬁer r epr esent@Pby |t hed.125 0.114
“50°C G’(MPa) (strain 3%) 3,02 3.45 3.15
50°C AG’(MPa) 0.64 1.15 0.82

[0168]

As shown in Tables 2 and 3, compositions made from the modified conjugated

diene polymer according to the present invention by adding silica or silica and carbon

black exhibited an increase in the bound rubber content and a small Payne effect (50°C

AG’) which indicates excellent silica dispersion,

In addition, the compositions showed

low tan & at the high-temperature (50°C) , a small hysteresis loss, and a small rolling

resistance of tires, indicating a low fuel consumption.

The compositions were further

confirmed to have well-balanced low fuel consumption properties and wet skid (grip)

performance (tan 3 at the low-temperature), The compositions also exhibit excellent

abrasion resistance.

INDUSTRIAL APPLICABILITY
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foll owing general fornula (1), (2), (3), or (4),
conprising a nodifying group based on a | ow nol ecul ar
wei ght conmpound having two or nore tertiary am no
groups and one or nore al koxysilyl groups in a

nol ecul e whi ch bonds to a conjugated di ene pol yner

bt ai ned by pol ynerization of a conjugated di ene
[@%#@ound or a conjugated diene polyner obtained by

ar o S Az ek SOmp Ao s, P
coRipgied icpe DS RdcomiFE %35%@q?ﬁ@%§m%%¢ G 57

,gmc;&s Alef BORR DB ?elggwg OBy R G RPannding
ARG A A &gtﬁcaf 17 R0 W e %%éﬁeﬁ%éﬁﬁl@g%d e

R e B o s e s
N REBARO RIS QHRpd3fn8h dsphhi? c&ﬂg&ﬁﬁ&?% r&dif H&nﬁéﬂ?ﬁ&{‘ an

may be substituted wth an organl groudp contal hi ng
adblesivl, andQke Itke@nd not contai ning an active hydrogen,
and which may contain an unsaturated bond; f is an
integer of 1 to 2, dis an integer of 1 to 2, and e is
an integer of 0 to 1, providedthatd+e+f=3. R5 Rde
R1I0-N 'NR -Si-(Ph (2) RO (OR3)d wherein P, R, R3,
R4, d, e, and f are the sane as defined in the genera
formula (1), R8 and R9, which may be the sane or
di fferent fromeach other, represent an aliphatic 65
hydr ocar bon group having 1 to 6 carbon atons, which
may contain an unsaturated bond; and R10 represents a
hydr ocarbon group having 1 to 20 carbon atons, which
may be substituted with an organic group containing
Si, 0, or Nand not containing an active hydrogen,
and which may contain an unsaturated bond.
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R8 RoO-N;NR7\R11 (3) (R30d-Si-Rde (P)r wherein
P, R3, R4, R7, d, e, and f are the sane as defined in
the general fornula (1); R8 and RLO are the sanme as
defined in the general formula (2); and R' represents
a hydrocarbon group having 1 to 6 carbon atons.
R6R5N-R12 -Si-P (4) R75 R 13 1 6R3 wherein P,
R3, R5, and R6 are the same as defined in the general
formula (1); R12 and R13, which may be the sane or
different fromeach other, represent a hydrocarbon

group having 1 to 12 carbon atons, which may contain
Ian unsat ur at ed boWadifigd ceniugaipd diene polimsn semjesepted by the

the sane or, different_ fraqom each other, represent a
| fﬂ?}ﬂv’ﬂ% SPRrH tﬁpaﬁla (Thik ﬁﬁ ar @3 OMmISHIEHMAPEREE Zipindased on 2
ani c containin

1 malSeul3t it Pornoti e e i oaort (ORI EAG daRHPS aag one or
it ooy At 8 nelfSE STEJRE Bon Bt o sopieated e polymer
obraine ) BB 5 ACARibsiei s Agmbbind b Enitgated diene
pORIEE obIh ol APB R, HP S bRl POR8e, cligound and an

aﬁﬁiaﬁ%{ntyéggfgﬁgm_ng the steps of: polynerizing a

conj uga ene conpound, or copol ynerizing a
conjugated diene conpound andrin aromatic vinyl
conpound in a hydrggggbpA GokNEAipyS] ne an al kal i
metal initiator and/or an @Ika(y)hm’e ear ?1 met al
initiator; and ) d

wherein P represents the conjugated diene polymer; R! and R%, which may be the same
or different from each other, represent a hydrocarbon group having 1 to 12 carbon atoms,
which may contain an unsaturated bond; R? represents a hydrocarbon group having 1 to
20 carbon atoms, which may contain an unsaturated bond; R*, R>, R® and R’, which
may be the same or different from each other, represent a hydrocarbon group having 1
to 20 carbon atoms, which may be substituted with an organic group containing Si, O,
or N and not confaining an active hydrogen, and which may contain an unsaturated
bond; f is an integer of 1 to 2, d is an integer of 1 to 2, and e is an integer of 0 to 1,

provided that d + e + £ =3,

/Ri '349
R1°--N\ 9,N—R‘—§i—(|=)f @)
R®  (OR%

wherein P, R', R, R*, d, ¢, and f are the same as defined in the general formula (1), R®

and R®, which may be the same or different from each other, represent an aliphatic
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reacting active termnals of the resulting polyner

with a | ow nol ecul ar wei ght conpound represented by

the followi ng general formula (5), (6), (7) or (8) or

a condensate thereof, having two or nore tertiary

am no groups and one or nore al koxysilyl groups in a

nol ecul ar. RGR5N-R2-N-R - Si (OR3NR43a (5) R7 wherein
hydrogatborogroum ihevingal the carbos atems rwhich froaye ponthinoan unsaturated
each othgr, represent a hydrocarbon group having 1 to
bond;andidn represents adrydsecaran group havingr taR@xathaatasoms, which may
bond;, R3 represents a hydrocarbon group having | to 20
be shbstitutad %‘E‘,W@Hﬂ BEOYD copfaining Sh e e ot Saniginieg an active
R4, R5, R6, .and R7, which nay be the sanme or different
hVé'iS’ﬁ?’ééBﬂ "ﬁ?ﬁb‘?‘?y PeMARLO NSRS ks bon group havi ng

1 to 20 carbon atons, which may be substituted with

an organic group containing Si, 0, or N and not

contai ning an active hydrogen, and which may contain

an unsaturated bond; and igfs an integer of 1 to 3.

67 R8 RL10-N ' N R1- H160.0R3) 1R4R4 (6) Re wherein R,

R3, and R4 are the same aSzdefined i@ the general

formula (5); R8 and 1ich may be the sane or

di fferent from each ZﬁﬂgfggFﬁgresent an aliphatic
hydrocarbon group having®to 6 carbon atons, which

may contain an unsaturated bond; and RLO represents a

hydr ocar bon group having 1 to 20 carbon atons, which

may be substituted wth an organic group containing
witrein®®, R RY RMG, B0Ind 104t M Uaife AUcRfd 1P HIERORE fornftl(1); R

te ond; an 'S an

whi ch 'may contaln an unsatura

and"REYgfe B danied a8 -deRBed Bl AndVgehdaRforRiila (Z); and R represents a
hydrocarbon group having 1 to 6 carbon atoms.

RORIN—R™
i
R15R14N_R1 S_Sli_p (4)
OR3

wherein P, R%, R, and R are the same as defined in the general formula (1); R'2 and R”,
which may be the same or different from each other, represent a hydrocarbon group
having 1 to 12 carbon atoms, which may contain anlunsamrated bond; and R'* and RY,
which may be the same or different from each other, represent a hydrocarbon group
‘having 1 to 20 carbon atoms, which may be substituted with an organic group
containing Si, O, or N and not containing an active hydrogen, and which may. contain an
unsaturated bond.
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Si (OR) 1R434 wherein R3, R4, and R7 are the sane as

defined in the general fornmula (5); R8 and R are the

same defined in the general forrmula (6); and R’

represents a hydrocarbon group having 1 to 6 carbon

atons; and i is an integer of 1 to 3. R6R5N-R12

R15R14N-R13SI (OR3) 2 (8) wherein R3, R5, and R6 are the

same as defined in the general fornula (5); R12 and

R13, which may be the sane or different from each

2t her, represen’ﬂwanbél ed cenjugatedydionppolymer aegordingtoiclaim 1,

v&y;r bon at qns, may contain an unsaturated bond;

Ao R i:ihe gemalcfvrm!p () (2% er ERmepresents & fysireqarban growp having

ot her, represent a hydrocarbon group 68 having 1

ltte%aabspmm%mmm PoHainwp ussatuipgibondt ed with an

organic group containing Si, 0, or N and not

contai ning an active hydrogen, and which may contain

an unsaturated bond. 4. The process for producing the

nodi fi ed conjugated diene polyner according to claim

3?ep?2§ o od boA ﬁé“ocfg%'n&‘%iqﬁw:%%dne%% ugsfed disns, polymer
R4
i S L RN A caiﬁﬁheztezhi, ""m;ch
T .
AN T TN T —
dRAE BbAl 6‘191& &&L@amn%m %ﬁeapne,gcpﬁg R ﬁs&ta{ s&%&h&smg an

conmpou d I's at | east one’'sée e group

alRANfle ifiGatef earth
1-[ S-e(t ri a?ko%dé?rlan mgropyﬂemi ‘“‘Pﬁ“’Fp. perazi ne,

1- I
| e o oo e R i

coinﬂo%nﬂ alefsiehelited b xiel folldwing Aol Fordmah Kg), (H)d@'i)obf QB) or a
cohd@ﬁa(et thepdof,0 kyrsing atwo Jor AHORY tdrtidry ahdaitioh xcuipY HridP¥hé "Br more

di ne,
allﬂoxb@d;(l@rﬁa;ﬁsdnalnkﬂu@tﬂsarl anyl ) - propyl ] - 3- al kyl hexahydr opy
rimdine,

fl)

R6R5N—-Rz—l]\l-RLSi(ORa}iR“a.; 5)
R?

wherein R' and R?, which may be the same or different from each other, represent a
hydrocarbon group having 1 to 12 carbon atoms, which may contain an unsaturated
bond; R® represents a hydrocarbon group having 1 to 20 carbon atoms, which may
contain an unsaturated bond; R*, R®, RS, and R, which may be the same or different
from each other, represent a hydrocarbon group having 1 to 20 carbon atoms, which
may be substituted with an organic group containing Si, O, or N and not containing an

active hydrogen, and which may contain an unsaturated bond; and i is an integer of 1 to
3,
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3-[3-(trial koxysilanyl)-propyl]-1-alkyl-1,2,3,4-tetrah
ydr opyri m di ne, and
3-[3-(al kyl di al koxysilanyl)-propyl]-1-alkyl-1,2,3,4-te
trahydropyrimdine. 6. The process for producing the
nodi fi ed conjugated diene polyner according to any
one of clainms 3 to 5, wherein the active term nals of
the 69 polyner or the conjugated diene polyner is
coupled with a polyfunctional nodifying agent prior
to, subsequent to, or concurrently with reacting the
active termnals of thg polymer with the |ow
nol ecul ar wei ght ¢o nd. ,7. Tge process f or
produci ng the nolli fitd .Uoﬁ SHERIR i ene Bbl yner

- according to claim6, FMhereln t he pol yfunctiona
modi fying agent is a glycidyl conpound, which
contains an amno group in a nolecule. 8 A nodified

v"‘}lg%"gar’t sﬂl@d%@z’dﬁgﬂ%nﬂ CO fl t I I g?‘}rgfp"érfs (55)} ‘{83"“‘1 R,
TN S I .
eifEp Hingtl o, .i%%@%?@%?@%@"@%?ﬂ%? el Q@#&?%'%Peﬁ'r bopid} pnd R

re%?%?:fgggl gccofgﬁﬁm an)./ _ Ee of ¢l al rrsto(}'? m@?‘big&sﬁmd

ith ol SRR 0D Bol RIS O, FEN %BBJ?‘U%"M%HW% HfBbgen, and

which may contain an unsaturated bond; and i is an integer of 1 to 3.

Rﬂ
SN
RY"—N" 'N—R?
\Rﬁ 4]

|
SOR*R*;

wherein R?, R, and R7 are the same as defined in the general formula (5); R® and R!®
are the same defined in the general formula (6); and R represents a hydrocarbon group

having 1 to 6 carbon atoms; and i is an integer of 1 to 3.

RORSN—R"?
{
R15R14N_R13_SE(OR3)2 (8)

wherein R3, R®, and R° are the same as defined in the general formula (5); R' and R5,
which may be the same or different from each other, represent a hydrocarbon group

having 1 to 12 carbon atoms, which may contain an unsaturated bond; R™ and RY,

which may be the saine or different from each other, represent a hydrocarbon group
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having 1 to 20 carbon atoms, which may be substituted with an organic group
containing Si, O, or N and not containing an active hydrogen, and which may contain an

unsaturated bond.

4, The process for producing the modified conjugated diene
polymer according to claim 3, wherein the low molecular weight compound is
represented by the general formula (5), (6), or (7) or a condensate thereof, in which R*
represents a hydrocarbon group having 1 to 20 carbon atoms, which may contain an

unsaturated bond.

5. The process for producing the modified conjugated diene
. polymer. according to claim 3, wherein the low molecular weight compound is at least
one selected from the group consisting of
I-[3-(trialkoxysilanyl)-propyl]-4-alkylpiperazine,
1-{3-(alkyldialkoxysilanyl)-propyl]-4-alkylpiperazine,
1-{3-(trialkoxysilanyl)-propyl]-3-alkylimidazolidine,
1-[3~(alkyldialkoxysilanyl)-propyl] -3-élkylimidazolidine,
1-[3~(trialkoxysilanyl)-propyl]-3-alkylhexahydropyrimidine,
17-[3-(alkyldialkoxysilanyl)-propyl]-3-alky1hexahydropyrimidine,
3-[3~(trialkoxysilanyl)-propyl]-1-alkyl-1,2,3,4-tetrahydropyrimidine, and
3-[3-(alkyldialkoxysilanyl)-propyl}-1-alkyl-1,2,3,4-tetrahydropyrimidine.

6. The process for producing the modified conjugated diene

polymer according to any one of claims 3 to 5, wherein the active terminals of the
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polymer or the conjugated diene polymer is coupled with a polyfunctional modifying
agent prior to, subsequent to, or concurrently with reacting the active terminals of the

polymer with the low molecular weight compound.

7. The process for producing the modified conjugated diene
polymer according to claim 6, wherein the polyfunctional modifying agent is a glycidyl

compound, which contains an amino group in a molecule.

8. A modified conjugated diene polymer composition comprising:

1 to 150 parts by weight of a reinforcing filler and 0.1 to 20 parts by weight in
total of a vulcanizing agent and a vﬂcanizipg accelerétor, based on 100 parts by weight
of a rubber component comprising the modified conjugated diene polymer according to
claim 1 or 2 or the modified conjugated diene polymer obtained by the process

according to any one of claims 3 to 7.

9. A ftire comprising the modified conjugated diene polymer

composition according to claim 8.
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