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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 eDESGRIBFTEN havi 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 pdOPREIED CONAEKESREDNIIENEPOLYOOR AWR h a
recent demand for reducing fuel consunption of
aut onobi | es, t RRQCESS BO DH&INQHSEBQEM ed di ene
pol ymer which exhibits lowrolling resistance,
excel l ent abrasion resistance and excellent tensile
material for tire, and 20

5r Sertles as a rubber
feal &?Eb@blllty represented by wet skid
rformance. DI SCLOSURE OF THE | NVENTI ON Probl ens to
[0 @]sol ved by the Invention [0003] 25 In order to

neceataroept B enliaefiist ANl Pohiasly digneibmen sergeess
fo @%Hﬁ&ng ﬁse mo@?nﬁ%;@ﬁ:?%% os tﬂ)(iill ﬁ%ﬂt&g F)ol %Ir Z%ﬁiléleé aqeai‘t’é%llarly,
oL e Pl BT B S
méBRHEro CS% {Hema @mﬁé, chfsgfcﬁg)t Rithedhe Rk ficd3olknédl a

50to i ch he bui I'dup exhi bits a
cofifpRkitioN ¥isihg rtl?esxh§d1|ﬁ@§ §olyﬁi@ ARl Qire torthiRidgHh® 8smpasiedn 6t the

with the | ow 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
hdaebuitdipl aif tha ligt WfeaRed. bUA aghibePfategi@P@ith M e Rebdimdresilience at
various structures, obtained by polynerization in a
50pB0SC and aRmal ednv@ ot S0uei30EC ansmily Gooditi¢hhhaatbuitdupi exhibits a
has been proposed. 10 [0004] WO 2001/ 023467 di scl oses
smanlLloyspossid oen  \Hxaotpldssof ot mbbedndtyriad onfiothe dow b ysteiebis dass
into a nodified pol yner produced by reacting a
mpyingiudeetafuoa aliblen modyisabréneviabler, polytepadignegrubbes, and the bke.
nol ecule with an active term nal of a rubber-Iike
Hpwevaigthese rpphgs waterial ngxbihibpaos twet gifid prefonancer e4b g meked for
and abrasign resistance of the 15 conposition
redening hyriergsinlosh witheutdmppising et kiderformanegs 3 methef of
. [0005] JP-A:, 11-29659 and JP- A-61-2960Q1 discl ose,
mhegwmffefanws}fmr%owa ggokyyner ferminal Al tyEgpeufadiene

am de conpound with an active,termnal, of a
coPR T HAYIRE VR YR A SR O DEH BY BPTSHZEHOT NG hygdErerTbeg
ol yner. Althoq E t hese co sitions prepared by 20
sl B ety BB PR Eeen BEPSI, e modi £ ed
[OBBA mers exhi bited i nproved hysteresis |oss and
|nﬁ¥oved abrasi on resistance, the degree of the

| PR 23487 4LDBSE PUBRLILESMELE Gl by comppugaing
siB Sk o8R0 PolyHD BRRInEL By BElh Spclyh el i Xhaving
mﬁ@ggg i n' NA tisd thbledule %thaanrﬂicﬁwfeﬁnﬁfal 8f 4 hibBerdRiEL SRR

o the nodified polynmers, those properties can

Hb®ever iY@ citsSliie B &es loboMRNVAIasid @ sisan®ost the on
into which silica is 2 conpounded exhibits inferior

copipasivaabipbinyded svidoiiip ailies watd fiill insufficieposi tion into

whi ch carbon bl ack is conpounded, therefore, it causes
[00B&E probl em of an increased processing cost.

Generally a polyner in which a functional group having

af f i iP-Ayl 1vd2619 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
compéunding 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 WC 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
copoth et Edhial infeeinp pRiceR Oy hiatkdtwieh téicbipositiai into
10 least a part of the copolyner is coupled with a
which ehibbg bhgRid cdmpdunded, Wierefore)itrcauses uincprobleal ofmduasased
However, these nodified polyners also have a probl em
protespingrcostpr GeessHlp i lpbiyneat ie whethst fuoctipral gionp hyviog affivety with
rimary amno group with fillers. In addition, the
sigwoi@ eymoduoed tenduiiediamg podreprogsssabiliss ip odmppemdingsmdihawela
to a conplicated hydrolysis step for producing a
prpblerrerfia lanitattongnadigmse.15 [ 0008] JP- A- 11- 349632
di scl oses a di ene rubber into which a nethyl ene am no
p and an al koxysilyl group are introduced and a

AR kR oo g g v
At R D -
A BB U B, B TR o
T B R
N Tl BRUEG | o PeRy Inp R ATRA TS oA, E Rt CF Bopr
PRl F TR EAS Rrstle A1) O e RRAEP AL FopPWi B, o
additfon, TRTPYREEHr g&‘&ﬁlcﬁfgi thé mohilﬁd;p?)ggﬁég Fequited P4 &mplicated

JP- A-11-189616 di scl oses a nodifi pol ymer produced
hyyol€@éteh st prodined £pfiinaBAInkas gidupane conmpound with an

active termnal of a rubber-like polynmer 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.



10

15

20

25

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.
[obPgyt ent document 1 ] WO 2001/023467 [Patent docunent

2] JP-A-11-29659 10 [Patent docunment 3]

JP- AP6A-918351 6 [dRalosed a shodified pblyfijer piddacdd BB BAtfing a

[ Pat ent docunent 5] WO 2003/087171 |[Patent docunent
cysloatihod 239 6H 4h8 tempofikhwith tan dottwentembinl] of hRuBb&rdlike40b3aer and
15 [Patent docunment 8] JP-A-2005-290355 [ Patent
a clouposiivin thdBodifivd poBaetc ANbeugh thecomBpdsiieprepared by
Pr obl ens [0011{ 20 (bjects of the present invention
compounding catbod dlagk and silice thte thej medified peliymer exhybitsthasy improved
exhi biting an excel |l ent bal anced properties annngimet
hysteresigleps andimpeeved|abrgsionyetigproe; withgutdmppisisg et ekid
apr asi on resi st ance&ﬁnd t}g‘gs_i |l e stren%éﬂ, when
pepiormaniey B compppition kads (aexdibit pROTPOResSagHIY-t he
conbi, nat i on fill i ng conmpounded to provide a
[PBF85@§§HFEF1ﬁ§%ﬁ%&”ﬁgﬁﬂgi modi fi ed pol ymer and to
ovi,de a 0Si L. onprising 25 the nodified
[PB{?PE/%“meﬁﬁmé 1&5%@9 of the present invention is to
ovide a 1] G sk Ng a conposition of the
[ ea%/?(?célgleﬂ%o#v%é‘fﬁfﬁq@égﬁg esult of extensive studies to
[ &hyg?cg%%agt?ﬂ»{,eat%?g%%ﬁ?ed problens, the 4 inventors

ave i ed conjugated di ene pol ymer

Pl { ification groups in the
[Pﬁrr%pi At FPFO (?63/08’7‘?‘?‘1 group

ecul e 1's capa of bei ng kneaded under the

[ParAfddduRieat 679P-ASk00i1@P94 he conventional conditions
enpl oyed i n general nethods of kneading the pol yner

[PatchhdeRmeAPT OAMACI 13¥ogspal 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
inkéhtd1@Wat®forad ek a\Weddahéd cnfmtsadi BaMiotgménddntiinii@Egecific
tertiary am no groups and one or nore al koxysilyl
mgdifiogtion groapsinltectbRculiis bapableds bemgdkneatupdéate domiitdons
pol ymer obtained by pol ynerization of a conjugated
mddartkarcthaponnedtional @onditipugat@dyet iargenepbingtieds ofkreadieg the
by copol yneri zati on of a conjugated di ene conpound and
padymerawidhran inorgeanisinateo alpaanchrganie mateTiak and darf thusibe selected
conj ugated di ene polyner according to item 1, wherein )
meigavidp singawi compeunslingeandiipnspnd penstastly predvge g ep@pagition with
formula (1), (2), or (3), [0013] R4 R6RSN-R2-N-R.-Si .
highgoperformarncey ingchap drshitathe Gprapletion of the presed Apeention.
t he conjugated diene polynmer; Rl and R2, which nay be
[ same or different fromeach other, represent a

e, B N R i gl 3 PO, 2L "
RN Db SRR B v on
o g B RS 5 00 Sl .88 g g
R B T TGS b R

_ _ _ _ t
R e e i

pd}rﬁg@r;ob?fﬁgecgb} SopdyrheHAREH of4 cohjhgitdd diek¥ Othptrd bidhn 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]
R’
R‘5R~”|\J—R2—b|4—|=<1—sli—(F’)f (1)
R” (OR%4
[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", RS, R(’, and R’, which

may be the same or different from each other, represent a hydrocarbon group having 1
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5 [0015] R8 Ra e RIO-N NRL-Si-(P)f (2) \R9O (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 nmay contain an unsaturated
to ROREEboa ANl hi ke BOhiibsAifeatk Bk af banidre@oud Lavdingg Bi, O,
to 20 carbon atonms, which nmay be substituted with an
or®N g h@ cghidiiing anid@ive hpdrofen, Ad wiiiciNnandortein an unsaturated
containing an active 15 hydrogen, and which may
bondnf izian imogarnddtto 2ad éschnbdoteder of| (017 hindRB is dlidteger i (RO 1,
\R11 (3) (R3 i Od-Si-Rae (P)f 20 [0018] wherein P
pre@deddhat RF e df=8, and f are the sane as defined in the
general fornmula (1); R8 and RLO are the sane as
[0dEF]i ned in the general formula (2); and Rl' 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 po@ynerrys represented by the
fol | owing general tormita $§%.3Q0019] RORSN- R12
MBRMNJH&SH-P&4w\1N“‘H_Pk (

R®  (OR%

[0016]

wherein P, Rl, R} s R4, d, e, and f are the same as defined in the general formula (1), R®
and R9, 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]
RB
R'-N| "N-R
R’ (3)
(R°0)—Si-R%
(P)
[0018]

wherein P, R, R4, R’, d, e, and f are the same as defined in the general formula (1); RS
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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5 OR3 [0020] wherein P, R3, R5, and R6 are the sane
as defined in the general fornmula (1); R12 and R13,
whi ch nay be the sane or different from each other
represent a hydrocarbon group 10 having 1 to 12 carbon
atons, which may contain an unsaturated bond; and Rl14
and R15, which nay be the sane or different from each
3.0t heThe hmEifie8 @bijugatby dicae polgaier §écdtding RAivdn @, Whéreindfe
carbon atons, which may be substituted with an organic
pdiyfes r@ﬁéﬁeﬁteﬂiblyghéfolloﬂmng)ged&aiIﬁ@inﬂxbzt (4ont ai ni ng an
active hydrogen, and which may contain an unsaturated
[Obb#ld. 15 4. The nodified conjugated di ene pol yner
according to item2, wherein R4 in the genera
formula (1), (2), or (3) is a hydr ocar bon group havi ng
1 to 20 carbon atons, whigh may contain an
unsaturated bond. 5. A ?6%535 for producing a
modi f i ed conjugatedFﬁﬂéﬁe—mﬁ+§ﬁEr corpri sing the
steps of. polynerizing a conjogéted di ene conpound or
copol yneri zing a conjugated 20 diene conpound and an
aromatic vinyl conmpound in a hydrocarbon sol vent using
alkali metal initiator and/or an al kaline earth
loﬁﬁﬂ initiator; and reacting active terninals of the

R it i S0 e TR
Wﬂ?% SR don R R 0T il B C“%ﬁ%afgaa irgnerowe
R danet;ya (LB LS, oL LR 0l O i

no eCU|ar Wwel Oun S represent
BB S0 e S Dt o
halaﬂ;’g_l to(ﬁ]) cartidh a":fOIEIQ QAdth WaS beisBhdttuted dhitBan ofing

the same or different from each other, represent a

conbaliAE 81, [N br BT idhdl @Mﬁtﬁﬁu% dPaclize ﬁ?dlﬂégéh ah® Whichwhh € fontain an

may contaln an unsat urate
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 (5), (6), or (7) or a condensate thereof,
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bond; R3 represents a hydrocarbon group having 1 to 20
carbon atons, which may contain an unsaturated bond;
R4, R5, R6, and R7, which nay be the sane or different
10 fromeach other, represent a hydrocarbon group
having 1 to 20 carbon atons, which nmay be substituted
Wi th an organic group containing Si, 0, or N and not
[ooemt ai ning an active hydrogen, and which may contain
an unsaturated bond; and i is an integer of 1 to 3.
[0023] 15 Ra R- RIO_N NRL-S(OR3);R43_; (6) 9 R
[0024] wherein R, R3, and R4 are the sane as defi ned

in the general f 20 whi ch may
be the sanme or gffferenn %% éﬁb gﬂ%btheﬂ5)represent an

al i phatic hydrocarbon gﬁbup having 1 to 6 carbon

atons, which may contain an unsaturated bond; and R10

represents a hydrocarbon group having 1 to 20 carbon

atonms, which may be substituted w th an organic group
[09%%ka|n|ng Sl, 0, or N and not contalnlng an active

ydr Q en i ch cont ai nsat u th ed bond;

W ‘?Tﬁml y lg;f SQIBe ar di regt 9@233]: gther, F‘gpresent a
hy%%ocar %}1 g|>|(-)1l1:§>7 hegvn))g 1to f2 cari onR;‘scgm.s wl%c{n may c]ontaln an unsaturated
bond; R’ represents a hydrocarbon group having 1 to 20 carbon atoms, which may
contain an unsaturated bond; R* R3 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]

8
e
R'O—N, N-RU-S(OR%)R%, (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 RY
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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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. 7. The process for producing
the nodi fied conjugated di ene polynmer according to 10
[002&mM 5, wherein the | ow nol ecul ar wei ght conpound is
represented by the followng general fornmula (8) or a
condensate thereof, [0027] R6R5N-R12
R15R14N-R13-Si (OR3)2 (8) 15 [0028] wherein R3, R5,
and R6 are the same g defined in the general fornula
(5); R12 and Rigto_phigfgmy be the same_or different
from each other, reprgsent a hydrocarbori’group having
| to 12 carbon atons,! wWhisch, may contain an unsaturated
bond; and R14 and R159(O30)R#i ch may be the sanme or
different fromeach other, represent a hydrocarbon
group having 1 to 20 carbon atons, which maybe
substituted with an organic group containing Si, O,
[0826IN and not cont ai ni ng an active hydrogen, and which

B SET B S bR B B
BB e R B RAA R e
bt paddh | 16 ki Bonfe SR A& OTATY 1o 20 car bon

7 e DS T SRR SO M i

it%?}’v@ﬁfteﬁ%@fo@ B91ekRar @ei?m?éﬁrg?o#ﬁ% fipRestited }39“’18 fgllowing

ecul ar wel ght conpoun east "one selecte

gehERATdrRgla a%ﬁc&%ﬁéaﬁ thefkoBf , ,
1-[3-(trial koxysilanyl)-propyl]-4-al kyl pi perazi ne,

[082113- (al kyl di al koxysi | anyl ) - propyl ] - 4- al kyl pi per azi ne,
1-[3-(trial koxysilanyl)-propyl]-3-al kyli m dazol i di ne,

|
R'SRMN-R13—Si(ORY), (8)

[0028]

wherein R?, R’, and R® are the same as defined in the general formula (5); R'? and RY,
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- (al kyl di al koxysi | anyl ) -propyl]-3-al kylim dazol i di
ne, 10
1-[3-(trial koxysilanyl)-propyl]-3-al kyl hexahydr opyri mi
di ne,
1-[ 3- (al kyl di al koxysi | anyl ) - propyl]-3-al kyl hexahydr opy
rimdine, 3-[3-(trialkoxysilanyl)-propyl]-I
ited$ kphereln dheIow ni@éduddiwits %tﬁ)bbhiiﬁbdxhdlﬁ refitésknted by the general
-[ 3- (al kyl di al koxysi |l anyl)-propyl]-1-alkyl-1,2,3,4-tet
fofnally @8)p @) ori7¥onecontiBnsaldiberof deshidh® ! represents abydrbearbon
nodi fi ed conjugated di ene polyner according to 15 any
grampehaying t &m0 &rban Somejwehich maylventaot annenshiaratedborsl. of
the polynmer or the conjugated diene polyner is
9. coupltegprodeshioa ppulugingrtbe modifledreovjuizgtied dieng galymsriaggording to
_to, subsequent to, or concurrently with reacting the
itege d.i whereia the loal molstulehweight sompoupyl ihatileast prsypelast g the
wei ght conpound. 11. The process for producing the

gronppansisting oh] {irériatkogylaayporonyird-alkatniesagEnego 20
1-Q—é&iﬁaﬁ%@%@&&%ﬁ%—%ﬁ@w%:25' ar no afoup 11
. 12. A pudified. con; i
- BoeErtitindbamp g B o s by el ght of a
i nf or.cing fill L £0.20 by weight i
1-{32%?%‘élk%rs@éw%w%?fﬂ-gsge#tyfuﬁwﬁu%?@é%éaﬂiyzi“’fﬁ'gg -
LB RL b BRI S R RBRM RPN ugar S i one
_ . | ) g2 ;
RS el e B S R by The
3-%@:?8&&@%&1&8{1&3%8y%]ﬂéﬁﬂn%laﬂﬁs,4-&&aﬁ§cﬁgﬁrﬁnitdﬁ;e,1%d 10 13.

re conpri I'T1ed conjuddted di ene
3-POlaWTdialkOXRAGA - BROpIACQANIVNG 2 3L AteilaR irRidine.
%gvant a{?;eous Ef}? ?egt pgg theyl g’venti on ﬁ%%%%] Due to

10t he Thipatdess for pefdubRFRBSHRAHTI K ofljugited diehd pbiymee hscording to
the formof fine particles, the nodified conjugated

andliofa ef Pahy fed 9 a0keRéidithgadtive tdirmipdlesethe polyvesn bt the coajugated
produce a conposition having a preferable viscosity

diexiei polymerkie soupledowil a lpbyfuretiordl awddi fyidgagent priov tdssubseyyent to,
of kneadi ng conditions than the conventional ones,

or gheeyrreatly suth reacting the active terminals of the polymer with the low molecular

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.

10
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fillers are conpounded. In addition, since the filler
i s honogeneously dispersed in the formof fine
particles in the matrix of the conjugated diene
polymer, the resulting conposition exhibits high
performance constantly. As a result, the vul canized
rubber conposition obtained by vul cani zing the
nodi fi ed conjugated di ene pol ymer exhibits 15 high
performance, wth excellent wet skid performance and
13. ow Ayisd emgsising ths snodificalpniugated didniegiolyane cohposition according
characteristics in a trade-off relation, as well as
toalenakl.on resistance and tensile strength in a
sufficiently bal anced manner, when the vul cani zed
rubber conposition is used for atire. In addition to
the application for a tire, the vulcanized rubber
Advningeous Bffect of tiedavestipeabl e for shoes, a danper, and
the like. 20 [0030] Furthernore, since fillers such as
[0829)i ca, carbon black, a netal oxide, and a neta

Q%gﬁlégf inah PG f%&ﬁl«?ﬁf&%@@%@@?@% Gk the form of fine
SR D e §<?1ﬁ€é%%k4lgnet PRGBS dvﬁﬂ%br?egﬂmvmon can
waitfacgﬁ SRRSO Rbying SR BRRLO WP Tl DBRRATY setecta

m&%’lﬂﬁé ka:nrgg Bf kﬁe%g r%ncoﬁﬁﬁloﬁgl ﬁ]% tﬁ:eoc!onvgﬁ(‘m f (?nes VWE& Ydifdus

onposi on use an asp t conp
OISPR(ERy 4. MRIEAH S 1 0 o 8ot

foRR oY ARE pABERS ﬂi 88 ndeffrik BFthB cBiifaBhted Q1AL bszEhe‘r She resulting

conpounded w th other polar resins, a

cobfpobi@ilbRRKiBitE RIZR PetbinddhcE @bndtI§as Alsk @ﬁﬂﬁtﬂ%&ﬂlld&ﬁﬁe& @ubber
t he i nproved cgﬁrrpatlblllty BEST MODE FOR CARRY! NG

cofgbsifiblr obf el by Ghildan{z{}cthe nidelified @nhpdicdidng polynidi@xhibits
present invention will be described. The follow ng
highhbafirmantes watheexgellean wietiskid gerfortrantce hndslomwaliysterdsés loss
present invention and should not be construed to be
properfi¢s, mhichfare the chamsteristidsnw e ttaideoff rﬂaﬁomrassmhltas abrasion
i nvention can be inplenented in a various manners to
registancsand tensile strefgaint 4 suffi¢icunthy balanced srannerewbeor thenilcanized
0032] The nodified conjugated di ene polynmer according
rubler cpappsideristusedigattiren 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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conprises a nodifying group based on a | ow nol ecul ar
wei ght conpound having two or nore tertiary am no
groups and one or nore al koxysilyl groups in a
nol ecul e which bonds to a conjugated di ene pol yner
obt ai ned by pol ynerization of a conjugated diene 15
conpound or a conjugated di ene pol yner obtai ned by
patonel Wdﬁl@&itﬁﬁ?ﬁﬁerﬂ iseffisRicetpothdideviepsmetinslaraesins, a
an aromatic vinyl conpound. The nodified conjugated
high pa€ornpaky cmnp@Eittar cintg ehslt digaipeddant thaingprvoyahconapatibility.
exhi bit the above-nentioned excellent effects due to
havi ng specific nodifying groups in the nol ecul e.
[0033] 20 The conjugated di ene pol yner which
BEShMODEIROIR UARRYING i8I T6t) MNSERETI@Nene pol yner, is
a honopol yner of a single conjugated di ene conpound, a
[083Hol ymer of two or nore different conjugated diene
conpounds, or. a copol yner of a conjugated di ene .
conpier derabrilimants of thetnreseny inyentiop it pedlesqribgd 4] The bllowing
anpl es of .the conjugated di ene conmpound nmay, i ncl] ude
%E@(osi-uaaﬁtamee%e,n injogdeste HL{strztpéh%uPrﬁ%e@h {vention M%bavllérf@} be

1, 3- ' , 3-methyl -1, 3-pent adi L .
copsigiR b HrBRES ohthg PHSFRITLSTED AN L b Erepsnk invertiangan be
PP EEL et VRSO RAGPE B el 2t Aepishi ABTLE Bt 1B
[Oggé include 1, 3-butadiene and isoprene. [0035]

npl es of the aromatic vinyl conpound may include

ot hyl Do BRER e o GE po St SO P Byt ncion

et hyl benzene, “vi'n viny

Y N R Mo 0ed D p I Bl L S R SR fiing oo
orSfore NGy UG rdpS LY O & AT RGSiITHEr S e oleculc which

styrene. '[0036] In order to prevenf cold flow of the

bohd®}d D adrgakatidedienddsi1 yiter obtiiféd/ by pélyineriddtionldT addolfighied diene

vi nyl conpounds such as divinyl benzene can al so be
congpeund boacstjegateddiens pélymef olsteintd by coprdyrhedrutibadf a conjugated

diene compound and an aromatic vinyl 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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[0037] The conjugated di ene polynmer may be either a
random copol yner or a block copolynmer. Exanples of
t he random copol yner include a butadi ene-i soprene
random 15 copol ynmer, a but adi ene-styrene random
copol ynmer, an isoprene-styrene random copol yner, a
but adi ene-i soprene-styrene random copol yner, and the
bd iide@ cithe aldiR or¢@ORABInkiiANG twdl SitnidreUt Pafferahle RRANPIRS May
in the copolynmer chain, a conplete random copol yner
inshide h, 3-bukliieae ahidisapiehat i sti cal random conposition, a
tapered random copolynmer in which the conposition has
[0@3%Japered distribution, and the |like can be 20 given.
The bondi ng pattern of conjugated dienes, that is, the
conpixeinpiasof thic arpmatiomity] can@Pund miy iackide byrdnekemetlylstyrene,
be exist either uniformy or having distribution in
aneghylgpiepesinyl sthyljenoas) vimybxylers votyl naghthalensk diphenylethylene
co oLﬁners may include a 2-type bl ock copol yner whi ch
armlég% bkei skhesearomaticyinyd kempeurslsmaybejisgd rithes giang o in

i.ch, consists of thre | ocks, .a 4-type bl ock
cc{-@wt EWAOF AofRLs Rrsf?ra Seaaplesmay tm@dr:i%@nepor
055 npl e, when a bl ock which consists of an aronmatic
(003 %y | conmpound such as styrene is indicated by S 13

and bl,ock whi ch a nj ugat ed .dj.ene_conpound.such
o bt n et eitisIERed AR e eGPy Bk ohal
whi gh. h copal r of .a romat i c . vinyl ouNnd . .
G DL iR e QB R b ok R e G i Viewpoint
| can be represented by an S-B 2-type
% §§@h§8%§ y%é?, an S-B-S 3-type bl ock copol ynmer, an
[ -S-B 4-type 5 bl ock copolyner, and the like. In the
bl ock copol yners represented by the above-nentioned

for n?ﬁ@&nfdéﬁ?ed@éﬂ%%lﬁn&fmﬁa&heim&ﬁ farf@ScdpRlymer or a block

necessarily need to be «clearly distinguished. Wen

cdpBBmidr.0 CBxﬁ'ldﬂ)lés &f the PRI¥IEdopelynadl irfilderd thitadibr®isoprene random
conmpound and a conjugat ed di ene conpound, the aromatic

copblytier,cobmadiatt-ithrehé fanldb@cdopoBnidRyanldsopeéich@yretd tdndoml y
distributed or distributed in a tapered form In

copdiyinter,arhutadieneli8ofrens ktyRnrayndoantapiotynzerpard the hikevhi Ahthe

an aromatic vinyl conpound is uniformy distributed
commpsidional distribution afvhaeronzars tr themopad ymenghaing @ repowpiete rapdom

distributed in a tapered
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
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form Two or nore of these parts may exist in the
bl ock B. Moreover, the block B may contain two or
nore segnments, each having a content of aromatic vinyl
compound differing fromthe other. Wen there are two
or nore blocks S and two or nore blocks 15 B in the
copol ynmer, the nol ecul ar wei ght, the structure of the
ardiaipiosk whizh,hagAdoiijhgatkd Hiene tomphimdsutivas Mitadiedegisbpeakand
may be either the sane or different from each other.
the OiR8 9hd/Bixahiokle svhidh s heopelymendf at aramitic esybompoaind and a
bl ock copol yner may include the structures
cangygatdaii¢reccompouhd isfindicared hy By these polyfersmah ds repzésented by an
0040] (S-B)n, S-(B-S)n, B-(S-B)., (S B).-X Ea(S-B)n]m
S8 2-pype-bd)ak @pedymef,(a8-BB:SPrype blogkerapiolyner; an S-SR E¢pae
of 1 or nore, and preferably 1 to 5, mis an integer
blaek conetymssy and the Bkeyn dinghebleela popplymers represented by the
represents a residue of a coupl i]r;]gg?gent or a residue

abgve-mnegipyed feemplamahe bomdpat ofreach blogk dees noh aecesyasily need to be
L e LR
P SRR e s S b S BB e bt
B G0 e ol Bl SRl aded e oo gt e
SRl ol Bt PRt an R ARMLARLER BofiEmy
SR R 2Bl A S A o R50lnd BURRHBR s e

foRf! YTRbiof #idr@Bf MBS EdrQ inay B iR LIERI.Y MoRAVYBe block B
havi ng active ends obtained by a growth reaction of

mhy Yoritdin @b QR hforPQgyERfs] drthilafingaQfiEht oﬂé?oﬂiﬁtﬁc vinyl compound

conj ugat ed di ene pol yner which constitutes the

diffedngd fresh 166 bihdg atWHertliherteare Bad ymbretslocks@ 4id tvo drigore blocks
present invention may be a hydrogenated conjugated

B ih theeopclgmet, yineimolzbiilat weight) yhecstrierurd ofithie abinpaositien, pad the like
of the doubl e bonds of the conjugated diene pol yner
initingse tgabrmareblotistnache &ithes theSame or diferers dioin exth other.
conj ugat ed di ene
[0039]
Examples of more general structures of the block copolymer may include the
structures represented by the following general formulas.

[0040]

(8-B)a, S-(B-S)n, B-(S-B)a, (5-B)u-X, [(S-Blalm-X, [(B-S)u-Blw-X, [(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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pol ymer in which all or a part of the double bonds
have been converted into saturated 15 hydrocarbons has
i nproved heat resistance and weather resistance, it is
possible to prevent deterioration of the product when
processed at a high tenperature. In addition, it is
possi ble to change nobility of nolecules or to inprove
conpatthdpresdny inMehtion) theedonjupated ii¢neqoigpasindehicli\somtitute the
result, such a hydrogenat ed nodified conjugated di ene
modifigdresnjeganédoditse @pobinieethapbe foadsitrere niivtureef theipolymers
applications such as application for 20 autonobiles.
havi@4B§ stieteres showinfbycthe byovetmentthmgd generél foyrowlegienat i on
of unsaturated double bonds based on the conjugated
[084Hne conpounds in the conjugated diene pol yner
according to the present invention can be arbitrarily.
sel eldres@ningeied diang pobymesavhigl) eanstitptes the mpdidied gagjugafed diene
particular limtations. In order to obtain a _ paolyper . .
PajymRer agegEngda thepyeyt nventianys peeferably aRodyerobtained by anionic

resi stagnce, the degree of hydrogenatjon Qf unsaturated
POLAETZBLR HAStoMh S preterphly wﬁwﬁgﬁ#&wg&%ﬁ%ﬂ&%&ﬁa ya

in.the conj.ugated.dien ol. r is preferably nore 15
EPRITRGED SV READIATS BOPPCREOS: o e, still more

o ferably 85% or nore, and particularly preferably
oor nmore. In order to inprove heat stability,

st T8 EpinBHRy gl ot STRBL LIk oY el ot giene
PR REIIERD dichrbielt S5 ERIR RASR ¢ ihofchiedTRafhated Gene

copb et Bbiafed BYocodV it of FarEoPthe dBGHIP BbAAHItRE conjugated

I'mtations, “the degree of hydrogenation of aromaficC

digRUian &R sahRf 8 hRitoédiBorR! O8Bick ¢ha/hmBiified cOMjRgAEd diefie

the copol ynmer of a conjugated di ene conmpound and an

polyradrah mthidh diyér a Se@NGRbe dotie borRtshaddbsenTdhy &ted if®Ssaturated
nore preferably 30% or less, and still nore

hydraeeheboabhas ir{provax Heatsssistihe: ahdgrenthen tesiyadicogeisgtossible to
can be neasured by using a 10 nucl ear nagnetic N
preenbdeterteratippall the peoddividien prpGidet] at Adightempetatard. ofn addition,
_hydrogenation, a commonly known net hod can be used. A
it isposdible itachapge mobdity bf molecules getvaimpyovasmpatibiliy with other
nmet hod of bl owi ng hydrogen gas into ) , )
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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a polynmer solution in the presence of a catalyst.
Exanpl es of the catalyst may include 15 a

het er ogeneous catal yst such as a catal yst containing a
nobl e nmetal supported on a porous inorganic material;
a honogeneous catal yst such as a catal yst produced by
reacting a solubilized salt of nickel, cobalt, or the

thhn B&%\Wnbfe refbpdbIRY S o wibre)stitlifore lpkﬁ'erab@ 8534 ot wste, and
using a netall ocene such as titanocene, and the I|ike.

pafticudg it frefeabl @ 90%d draiisie e Nk ardémtb ydiprose thbatwhability,bkdcule
hydr ogenati on conditi ons can be selected is 20

mplitity, ontanpayibfiite wdthabhe reditys) thmgiegede of hyddogenativa tin the
groups is possible by using a noble netal-supported

conjugatedsliene[polyfir iEpmiratdy fvin 3 &t 2% smeraragicrabity frow 5(11))65%,
a support-type heterogeneous hydrogenation catal yst

angistiH reorapreferablydiorad Ok 60%t , Abdough thersrare he pattigplar limitations,
supported on 25 carbon, S|I|ca al um na, dlatonaceous

the degrne oblydregengtigreef qromatic doubls bonds ;}vp%_edwyldh% aromtic yinyl
catal yst using a transition netal salt as an

coarpgw)f & @acap%am@r ofa egnjugateg digne compoup, 3 apdyan grppatig pinyl

copoBd SRS SIeTHACH S o5 oy e SRl e ﬁ%f 3 S&aﬁ@ﬂ g;rgn
prs CaE)%EQ 2n é?es ’g?eﬁf&e?glr!%e;(o&‘w o nd of |ba a%easuréd Bh ‘usmg a

drogenation cat al i bed |n JP- B-42-8704,
e RS %@geson&e?esﬂpeém&@m- B 1- 37970,
éf B-1-53851, JP-B-2-9041, and JP-A-8-109219.
éferabl e exanples of the 5 hydrogenati on catal yst

i d
T ASGE IS il KbAOAEGAR SRS A
pa?ﬁ’éiﬂirl;ﬁﬁefe?&ﬂlé’ﬁ?&r@?exﬂh&?ﬁle%ﬁ){ﬁﬁleﬂi&%f@ﬂdbﬂn ﬁy&ﬂ& en gas into

present invention s preferably represented by t
;E&&Ih@ﬂ!d&ﬁl(ﬂﬁﬁ@lﬁ re§PEEUE @ca(tﬂl%'st ( ZkamplRy of)fhe(céi)alysﬂ-ﬂxay include

0047] R4 R6RBN-R2-NR -Si-(P)t (1) R7 (OR3),
a heterogeneous catalyst such as a catalyst containing a noble metal supported 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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[0048] 15 wherein P represents the conjugated diene
polyner; Rl and R2, which may be the sane or

di fferent fromeach other, represent a hydrocarbon
group having 1 to 12 carbon atonms, which may contain
an unsaturated bond; R3 represents a hydrocarbon group
having | to 20 carbon atons, which nmay contain an

orgisaluniiat@d a3y an BlsanidmetmGongiéek &ich awhn efganomytalife
the sane or different fromeach other, represent a
comysbinad af 0 RugRayDr, bathenigel 2fedific 2ngdedinay aichmids hydrogenation
whi ch may be substituted with an organic group
catadystidescrilgedSn, JPEB-42-@704 JRAB-43e16360R-Br63-485 1ahP-Bet-3V870,
hydr ogen, and which may contain an unsaturated bond,
JR-Bils53851| M-Bg2P04l, and 1k A28-1892 K0. arPrefierabipexaptples af ghe,
and e is an integer of O to 1, provided that d + e +
hydragegatigroguayst npey ingludgrergiquonixturesof\e fianggene ppmppynd and a
\RO (OR3)d 0050] wherein P, R, R3, R4, d, e, and f
redpqiveoegagamstaliic ¢moyed: i n the general formula (1); R8
and R9, which may be the sane or different from each
(08¢ e | represent an aliphatic 5 hydrocarbon group

havi | 1. car bon, at ons,, whi ch coptain an ..
itk modidied sERuEa FenpolyiET sarite o BrSelipmtion is
0 havi n t carbon at i

orBfeEathy frsited bk e P up Bl e B Bt SRl T B0 o
[0514 nd not containing an active hydrogen, and which

mafrI contain an unsaturated bond. [00511 10 R8 R O-N'

,NNR7 "Rh1l (3)

R?,
RORON-RE-N-R-Si—(P) (1)
R (OR%)q

[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 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; fis an integer of 1 to 2, d is an integer of 1 to 2, and e is an integer of 0 to 1,
provided thatd + e + = 3.

[0049]
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(RB3O)d-Si-Rd4e (P)f [0052] wherein P, R3, R4, R7, d,
e, and f are the sane as defined in the general
formula (1); R8 15 and R10 are the sanme as defined in
the general fornula (2); and Rl1l represents a
hydr ocarbon group having | to 6 carbon atons. [0053]
R6R5N_R12 RI15R14N-R13-Sii-P (4) OR3 20 [0054]
wherein P, R3, R5, and %6 arle“Lhe sanme as defined in
t he general for nuIRéO—Qrﬂ;\,le:Q—amdP)RlB, (218 whi ch may be
the same or different fgom e@‘gﬂf)dot her,, represent a
hydr ocarbon group having 1 to 12 carbon atons, which
[068] contai n an unsaturated bond; R14 and R15, which
may be the sanme or different from each other, g
wherging® BAR 2 RAyt eparsi frewe thyrsaoe as defimesiinithe genztil femmdan(1); R
at QIrs, whi ch may be substituted with an organic group
ang Rowhighrmagbegihe same or differand fronr each other, neprgsenhameliphatic
hydrogen, and which may contain an_ unsaturated bond.
hydrocarhonggsere having} fad sarben ptomspwhichanay ontpin an unsatugafed
Rl to RL5 have neanings defined bel ow resg?ect ively,.
bondagnd R " represepisestaiiracagbanagipup havies §i4cabes atems, whigh may
R . and R2 are hydrocarbon gr.oups havj 1to 12 . .
beceb B NG PR G B AR BIHIE So G oF oKt Srrthiaipe ppactive
ont ai n unsubsti t ut ed bond d gach hydrocarbon
hygiFoRsp sheVhih may cpmtam ALsAREe O f or ent f rom t he
[Oggﬂer hydr ocar bon groups. The hydrocarbon groups nay
e ‘ei ther an acyclic hydrocarbon group or a cyclic
hydr ocarbon group. R3 represents a hydrocarbon group
having 1 to 20 carbon atonms, which nay or nmay not
contain an unsaturated bond, and may be either an
acyclic hydrocarbon group/Rir a
R'Y—N_ 'N-R’
it
3 L o4
(R°0)q—Si-R%
Pk

(3)

[0052]
wherein P, R®, R*, R7, 4, 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]
RCR°N—R'?
OR®
[0054]

wherein P, R?, R®, and R® are the same as defined in the general formula (1); RZ and RV
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15 cyclic hydrocarbon group. [0055] R4, R5, R6, R7,
R10, R14, and R15 represent hydrocarbon groups havi ng
1 to 20 carbon atoms or hydrocarbon groups having 1
to 20 carbon atons which are substituted wth an
organi c group containing Si, 0, or N and not
contai ning an active hydrogen. 20 The hydrocarbon
Wit Y batlye Qiinda\difiérentCfasth @hch Gther|ispsent b tiyérdcdrbonl group
and each hydrocarbon group may be either the same or
hattirfef lefoel 2 caficpratdths vwiittemak yoitaibamhmsatugitalipmd; RE and R,
addi tion, the hydrocarbon groups may be either an
whicly olay be tyalsaneeasrhbfferentr fourp each athery oipreseityednyslcegabmm group
group. The active hydrogen is a hydrogen which
hagtingclt io\24 cagbainj apomsy whichvinaz bs sulfstituited pohpmergasiscgrour
SioH OH NH or NH2. Exanples 25 of the hydrocarbon
cogtainipg §1i6% or Nanschoficentaiaingrncpetive hydrogen, eas whichi Iagy entain an
may include a trialkylsilanylalkyl group, a
ungatiraked kot si | anyl al kyl group, a triarylsilanylal kyl

o aitRyhesastay Sinadan GTAoN (G B Cbat’ RS hovs e
g e Pt e s P STRERFEIS Rcaieat] dispteByarrgnd k'
arfiE 4o nlo Bont b Bet e P BRaalnyy S nt 8o Froups
m‘%p grsﬁaé)éﬂcgtecgpﬁrﬁ% ﬁ&uggtgﬁt%i/ l%ox%, QHR e&égﬂ]iﬂr&a%n'\érw may be

I“‘nclu _ am noa group, _ I
oL Bl EVBRAL Hor P8 e b 0AE, Sl it

er&bs g S Efter 8h E@{c}ﬁ& hGdiO¥abEf BFdRBdr Q@é’lﬁ’éhﬁﬁ&éa?&rﬂngar&@p. R’

6 ‘carbon at ons. eseé hydrocarbon groups ‘may or

reﬂ?.@en‘f@eﬂﬁ irBcatborHoUp Rhvih g 1 €620 eRBon afdehseAhith may or may not

drocarbon group nay be either the sane or different

cohfa@ind higsatkfied bbyd] aa a0 cltlergiCitpslic Ittodaeiynag 6 or &
hydr ocar bon group having 1 to 6 carbon atons. R12 and

cyllic Bydroepb@sgiotip.hydr ocar bon groups having 1 to 12

carbon atons. These hydrocarbon groups nay or nmay not
[08%5]t ai n an unsubstituted bond, and each hydrocarbon

gr oup, nay 6b§ e&thﬁr thqssane or different fromthe

ot hét’, RyR oBarBorR grand R refiresent/hirdoecartargrogpsduyingniatp 20

be either an acyclic hydrocarbon group or a cyclic i
carpparateray eoydgeasthen groups having 1 to 20 carbon atoms which are substituted

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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15 [0057] In the present invention, R, Rl2, and R13
has a structure containing preferably 2 to 4 carbon
atons between nitrogen of the tertiary am no group and
silicon. More preferable structures are the follow ng
general formula (9). [0058] 20 R16 R18 R20 R22 R24
R26 RR8 RBO R32 -G-cC1111111 -GG - o _.. C
théydroarborDgrolp sibstifutedSvith an of@hichfrduRidhtdirihg RPdhaiRaixlude an
R27 R29 R31 R33 [0059] wherein R16 to R33 represent

alkoxgalgiegroap, anmryox yatklyl @eauph am agiaxyasy! lgeotpragd thd likes 25
carbon atons, each being the sane or different from

Exatrplestaf ¢lreshyd2@eatbonr grgay shibsttutddevish aniotganie gofupRantaRgng N may
and R9, the distance between two nitrogen atons in

inclhde a dislkytaminealyylagroum ag abhyfesylaminnaliyé gecipya diardaginoalkyl
carbon atons, wherein the carbon-carbon bond may be

greun; Aaialkylamingre] g asd the bl e bond. More preferable
Sstructures are the follow ng general formula (10), 5
0p*060] R34 Ras RB8 RAO RA2 R44 111111 C or
1S Rl G e e F T F8a L o,

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. R'! represents a hydrocarbon group having 1 to 6 carbon 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
be cither the same or different from the other hydrocarbon groups. The hydrocarbon
groups may be either an acyclic hydrocarbon group or a cyclic hydrocarbon group.
[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]
R'6 R18 R20 R22 R4 _'Rza R28 R0 R32
L] Lol I
—C—C— O v O—C-—C— o0 —¢—C—GC—C— (9
§17 §19 é21 &23 ézs ;-&27 &29 §31 éaa
[0059]

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.

20



R51 [0061] 10 wherein R34 to R5' represent hydrogen

atons or hydrocarbon groups having 1 to 5 carbon

atons, each being the same or different fromthe

others. Rll represents a trivalent hydrocarbon group

having 1 to 6 carbon atons, and preferably a

hydrocarbon group having 1 to 4 carbon atons. [0062]

15 Theegmdid thediranieugat’cR’ pal Rigthe dteaicd bag ek W Ritrogen

present invention conprising a nDdlfylng group based
at@is f the YwortdréarylagiinoVRiogps ispeeteribhdl tad tabord ions) whaem the

tertiary am no groups and one or nore al koxysilyl
cagrontigasbanrbond enayibesdithiera kinpkdibogd o a doulde bpud)at Mdredprefegable

pol ynmer does not include the conmpound havi ng
snmmmbsnumﬂnﬁb@swng@@mhmdbmmma(Nﬁ,the tertiary amno

&ﬁ? In the case of such a conpound having a 20

]bon ni trogen double bond in the tertiary am no

group, the excellent effect intended by the present

i nventi on cannot be obtained, because the viscosity of

the polynmer is increased due to side reacti ons caused

by thegarbon-nitrog quble bond, | aq#m 440 21

i npai red. processability.; [0063] The| dlfylng group
bondédcfﬁ“the dlfréa—‘ njugated

accorleﬂig to the pre&.ﬁﬁtg” nvent.i on |5R4ba.$%q‘¢4i)n a Iow
nol ecul ar wei ght. conpound having 5 two of nore (10

tertiary amno groups and one or nore. ﬁlkgx iyl

groups in-the nDIec skow nol ecul ar me?g--:conpounds
are represent i by t} F%ol | owi 1Y genema#c#emﬁul as (5)
to (8), or their: corﬁi—r%ates for exanpl e. £€H064]

R6ER NNR2-N-R -Si {OR3); R4"3i (5) R7 10 [O'O: 5]
[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 Iaccording 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 atonms, which may contain an unsaturated

bond; R4, R5, R6, and R7, which may be the sane or
inPafré@peidtssabiligm each other , represent a hydrocarbon

group having 1 to 20 carbon atonms, which may be
[0868)Jstituted with an organic group containing Si, 0, or

N and not containing an active hydrogen, and which

may Bunhadifiying groupdbudat todhdmedified cdnjugated diene polymer

of 1 to 20 3. [0066] R8 WON~ N-RI1-Si (OR3);R43_1 (6) )
acRordiz6 th Glsmiesent inventies is bsed (m3a losroRaular weightecomepawngd daving

defined in the general formula (5); R8 and R9,  which
tWeny Tire feTHary AmEnG growps Ard enr ormermalkexksibl gequps in the molecule.

represent an aliphatic hydrocarbon group having 1 to
Legv mplasylar Rteight compens ﬁﬁﬁjreem%%bbaﬂwdﬂﬁ%mg gencralfgryulas

and represents a_hydrocarbon group having 1 to 20
(Slﬁ’r(@gr?réli%‘h%",ndﬂﬁaﬁ% f?ﬁﬁx%’%lglg'ubstitut ed 5 with an

ani c group containing Si, 0, or N and not

[Ogé%t aining an active hydrogen, and which may contain

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

[0068] /R8 Rio-N~RLINR7 (7) i SIi(OR3)iR43-i 10

[0069] wherein R3, R4, and R7 gre the same as defined
in the general Ro‘iﬁiﬁpa”(l\?ﬁ;‘w?ah%ﬁ? (5)
R

[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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are the sane as defined in the general formula (6);
and R' represents a hydrocarbon group having 1 to 6
carbon atons; and i is an integer of 1 to 3. 15 [0070]
R6R5N- R12 R15R14N-R13-Si (OR3)2 (8) [0071] 20 wherein
R3, R5, and R6 are the sane as defined in the genera
formula (5); Rl12 and R13, which may be the sane or
whliréih®'eRt, 2hd ®hagothb sehbey deflrepiredRdenerahfpenokaSR®Y and R’,
group having 1 to 12 carbon atons, which may contain
whioh 1y de dhodaatt datiffereatnfibriRtdchastherRTepresenharc dliphatic hgdrocarbon
the sane or different fromeach other, represent a
grogphadiag bené garbopatoayvhigh hayop i an tusaturstedrbondsiand R '
may be substituted with an organic group 23 contai ning
re@iesents a bydrpeasipeh group bavingil ito A¢ carhomatomsewhigh maayche, subsigfuted
whi ch may contain an _unsaturated bond. Exanples of
withhan aigavie graw Iestaiaing 8t Quer fhandnnisentaininganactive hydregen, and
conmpounds represented by the general fornulas (5),
whigl may pntagy an unsatuggted bonds arfbins ap éntegerohd t@df . [ 0072]
n the general formulas (5), (6), (7), and (8), Rl and
[0 ]represent hydrocarbon groups having | to 12 carbon
atons. The hydrocarbon groups may or may not contain
an unsubstituted bond, and each hydrocarbon group may
be either the same or different 10 fromthe other
hydr ocar bon groug;.,fhg hxdrocarbon groups naybe
ei ther an acycl Rc —MydmMbdir bon group or (i cyclic
hydr ocar bon group. Rﬁﬂ}epresents a hydrocarbon group
having 1 to 20 car borsi@rdy's; whi ch may or may not
contain an unsaturated bond, and nay be either an
acyclic hydrocarbon group or a cyclic hydrocarbon
group. [0073] 15 R4, R5, R6, R7, R10, R14, and R15
[obeqr esent hydrocarbon groups having 1 to 20 carbon
atons or hydrocarbon groups having 1 to 20 carbon

witr€@ARYRT, @Rd R @restb sirhé b dfined in the general formula (5); R® and R"
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]

RRM“N-R'"®~Si(OR%), (8)

[0071]

wherein R?, R®, and R® are the same as defined in the general formula (5); R? 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
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with 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 may be either the same or different
fromthe other hydrocarbon 20 groups. In addition, the
hydr ocar bon groups may be either an acyclic
cohtaitiing 81, I or Noarmiut oontainimecdn actily Hydroger) and ghabpmayldmmtain an
active hydrogen is a hydrogen which deactivates
unisaturatggl bomdm nal s of the pol ymer such as SiOH, OH, NH
or NH2. Exanples of the hydrocarbon gro substi tut ed
Wi t rE:@mpcbe:sngwhe:algwodﬁpNMualiamwmﬁl&comyuncgcnaydeclade
trial kyl silanylalkyl gro a di al kyl aryl si | anyl al k
cogrpeupds rgpreseried bysthie gageral n%smulga bi)p(6)54725>r (8), and a con, ensate
trlaryIS|IanyIaryI group, a dial kyl al koxysi | anyl al kyl
thereofup, and the |ike. Exanples of the hydrocarbon
up substituted with an organic group containing O
[0&55 include an al koxyal kyl group, an aryl oxyal kyl

of " tRanGeap %ﬁ%ﬁ?’ o0 0 Ul B it enrkespr hpesroon
grglilpgﬂ‘%wng tgll )ﬁ ag(?ﬁ{% 0 aﬂ}g)}ry%g(}c%{}%nal k\Yp'sa}rrlrf]lyné)rama}y not contain

bt
ﬁ"ﬂ‘;‘, gjfég‘@h dres F%og%%r(ﬁgggag?ﬂ@h n%?b%% grt P@ﬁﬁﬁ be either an acyclic

el > E@r%hltgﬁ; ) pgcg rfagéyglrjc g?r??cﬁ'ﬁ&h grolii dr RE BpPQRNtE A Y Bro¥R¥%boR Group

erent fr m t he ot her

hath3I 1016 20RFbondHAHE Whith mhy bERG H8NEchtdAn au dﬁ@faﬁﬁﬂé@ Bond, and
group having 1 to 6 carbon atois. R12 and

mAYEHY €t in Byydlio Gdraeaban grivp ofa\CiyEli Hydr@cai%nogbm n
atons. These hydrocarbon groups may or nay not

[0078]t ai n an unsubstituted bond, and each hydrocarbon
group may 10 be either the sane or different fromthe

ot hek®, Ry, BRARSR §rad R’ repnesehyidrdooarivargrogrschapmgristy 20

be elther an acyclic hydrocarbon group or a cyclic
cathpdrataray drohydgeaachen grp@BhayingxateR0certvn atdras wbishians sibstituted

of the | ow nol ecul ar wei ght conpounds have the
wigleareergnie groum cestafieng Bb O, 8y Noangd nat @oma@lrtgoamum Bydrogen.

having a structure in which 15 Si OR3group condensed
Theihyerasaten grops may[qyapas) 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
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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In the present invention, R, Rl2, 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 R18 R20 R22 R24 R26
R28 R30 R32 -C-C-- or c-e - or -c-c- ¢ e c9) R17 R19

ExRnibldsF thoy dirZcartidiOur Xad sulBsGtulddOxitl) an digaiegr@ipicdiidfining N may
R33 represent hydrogen atons or hydrocarbon groups

int¢ladé mdialk ylamiboalR{ grewh)an aldybarglamiaalkyh erovp, 4 Himrgameoaltkyl
different fromthe others. In regard to the structure
grodp, R2ljalRdamedryRgrouphendiths fikace bet ween two ni trogen
atonms, in the two tertiary amno groups is preferably 1
t o R cadBorepresms aliphiatie dydroparbon geoupdhaving bdh 6 isaiban gtoyns.
be either a single bond or a double bond. Mre
5  Thesehydragarkon groupsmpy prmay polcgonfain an prsubpiiiedibendmad each
eneral formula (10), [0078] R34 R36. R38 R40 R42 R4
hy, rqcmlbongmupenabbé ei@zecgﬁe_saew]oréﬂ’éer@t tregs thepphogdydregarbon
R43 10 R4A8 R49 R50 ' 11 1
U R sepiepents & bydiocasbon wioup Bavipadap aepatamia R’ gnd R
reﬁg%slniﬁﬁ&g%% ttgn o Oldl}rJS ev?nga{ Po”Pz garrbgr}/ %51%%.“ ?ﬁgse%lgyogg’rbon
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]
|$16 F‘{13 X B R::'z:o'_:Rzz $24 - R R28 RO ,332
S A S S M
Flzﬂ' I‘;w " 'sz' quza |'Q25 _ I'R“ l|229 F|231 ,lass
[0077]

25  wherein R'® to R* represent hydrogen atoms or hydrocarbon groups having 1 to 5
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carbon atons, each being the sanme or different from
the others. Rl1' represents a trival ent hydrocarbon
group having 1 to 6 carbon atonms, and preferably a
hydr ocar bon group having 1 to 4 carbon atons. 15
[ 0080] Exanples of the |ow nol ecul ar wei ght conpound
of the above-nentioned general fornmula (5) my
catboslatisiBs, each being the same or different from the others.
N[ 2- (tr| al koxysi lanyl)-ethyl]-N, N, N -trial kyl et hane-
1, 2-1diregard'®Sthe structure of R? R®, and R’, the dlstance between two nitrogen
N-[2-(a| kyl di al koxysi | anyI) ethyl] N,N,N-trial kyleth
at@neinlthe tvi teftiarg amindgroups is preferably 1 to 3 carbon atoms, wherein the
N-[3-(trial koxysilanyl)-propyl]-N, N ,N -trialkyl propan
catboh;@rteindwind gy be either a single bond or a double bond. More preterable
3- (al kyl di al koxysi | anyl) - N, N,N -trial kyl pr
Sp@?igﬂ struct@es| aeershpws 1n the-gegeral Exﬁﬂuﬁﬂ(}é Rysi |
nyl)-propyl]-2,N N ,N -tetraal kyl propane-1, 3
[00 lani nes, 26
N-[ 3-(al kyI di al koxysi lanyl)-propyl]-2,N N ,N -tetraal k
yl propane-1, 3-di anines and the |I|ike. Mire specific
exanpl es may include the follow ng conpounds: [0081]
N-[ 2- (64 met hoxysi | arﬁak )Raet hyl ] - N, I\I' RM’ RM |Rnet hyI et han
e-1, 2- 1diamn 5
N- [ 2= (&iTret hoxynetmfsﬂcaﬁm )- et hyTTCkr-gm—ﬁ N, N di m
et hyl erBane- 1, 2- di ampﬁé 39 . :
N-[3-(tri nfethoxy3| | anyl )= propyl ] - N NN -tri rret hyI B p
ane-1,3 -di am ne, i
N [ 3- (di met hox thy-:sd-‘l-sanyl) propyl]RN-%tffﬁ/l-N' N
- di net hyl propane- I am ne, : C—C—C~—
N[3-(tri ethoxysnT”"rﬁ/ﬂ pf‘bpyl] NN N -trlF'@hhyI 2- et
hyl pr opane-1, 3-di anm ne, . N | - (di rret ho xym et hyl si
| anyl )-propyl ] -2,N N ,N -t et ram et hyl propane- 1,
3 -di am ne, 10
N- (2-di net hyl am noethyl )-N -[2-(tri nmet hoxysilanyl)-eth
[097d}- N, N - di et hyl et hane-1, 2- di am ne,
N-[ 2- (di et hoxypropyl sil anyl)-ethyl]-N -
wl{eBeir RHOVRY egprbseniipdre ghinratdrhy behyraoerbgrgrodpsamaving, 1 to 5
N-[2-(trinmethoxysilanyl)-ethyl]-N -nmethoxynethyl-N, N -
cathomeitdiyd, etdiebreng the-sanie aniifferent from the others.
N-[2-(tr| met hoxysi | anyl )-ethyl ]-N, N -di nethyl -N -(2-tr
i metRily Feprésanig ladtivglnt-hytlheeadhon groupiigvitigahiorfecarbon atoms, and
N-[2-(triethoxysilanyl)-ethyl]-N N -diethyl-N -(2-dibu
preforahist haydracaragygrevp paving d ﬁ%ﬁ@mivon 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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, 2-diam ne, and the |ike.
N-[2 (trimethoxysilanyl)-ethyl]-N N, N -trinmethylethan
e-1,2-diamne is a preferable corrpound The nodifi ed
conj ugat ed di ene polynmer which is nodified by this 20
conmpound has particularly excellent bal anced
properties in wet skid performance, |ow hysteresis
NJ[Nakylatylmly@mhnz?sprapﬂpgw NN renailityeprep a8 fdiantinedand the
vul cani zed Exanpl es ‘of the I'ow nol ecul ar
likeei Midre @p&ﬁﬁmmlﬁ)és rhieinaludy chenfotibwipedmpgpands: al
formula (6) may include: 25
[008T]3- (t ri al koxysi | anyl)-propyl]-4-al kyl pi perazi nes,
1-[3- (al kyl di al koxysi | anyl ) - propyl | - 4- al kyl pi per azi nes
N-[2-(trimethoxysilanyl)-ethyl]-N,N°,N’-trimethylethane-1,2- diamine,
1-[3-(trial koxysil anyl) - propyl ]N3 al kyl i m dazol i di nes,
N4$Z-(dimethoxymethylsilanyl)-ethyl]-N-ethyl-N’,N’-dimethylethane-1,2- diamine,

N-,%}_r[gt?ingeetlllxci(x);lsgalln?fll)lf}?r)c()]})/)?lI]JNaplyN) _ngl[ng y{grogang-llk ldla?ugg zol i di
Nﬂﬁ%@e%ﬁdx%%x IR LD R L U 1 L
NSRRI N R R T A b A
N %&‘fﬁ' 3| kﬁ,é,gss' L A0Bh o PR sl oo S B,

N SRR R T Ao B G ENY Sadlethahe 2
%é?‘gphq?l(g{% 9@”&’2’ lwlj;'%gg@ﬁmzn?r:t h£/|08i8313razi ne,

(3]e‘tl{(g(y§$[p§f)h@ﬁ‘% iy 1 ¥-1) Qﬁmgj 4- met hyl pi per azi ne

(trime ) propyl ]
NI@-}H&MMA)& '_fl JB?—methoxmethyl-N N’-dimethylethane-1,2- diamine,
3- (di ethoxyet hyl si | anyl ) -"propyl ]-3-et hyli m dazol i di

2(trimethoxysilanyl)-ethyl]-N,N’-dimethyl-N’-(2-trimethylsilanylethyl)-ethane-1,2-
T [3-(tri gt ho>¥y3| I}ényl ) - propyl ] - 3- net hyl hexahydr opyri m

diadinee,
1-[ 3- (di met hoxynet hyl si | anyl ) - propyl ] - 3- net hyl hexahydr
N$pytriethoctiysitanyl)-ethyl}-N,N’-diethyl-N’-(2- dibutylmethoxysilanylethyl) -ethane-1
3-[3-(tributoxysilanyl)-propyl]-1-nethyl- ,3,4-tetra
2Zityamiopyandrtheliike, 15 3-[3

- (di met hoxynet hyl si | anylg\J prop yI] -1 -ethyl- 1,2,3
N-[2-(trienathonysdaydr¢thy *-trimethylethane-1,2-diamine isa preferable
1- (2- et hoxyet hyl ) - 3 [3- (tr| met hoxysi | anyl ) -propyl]-im

cognppynd.di Hee 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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(2- { 3- [3
-(trinmethoxysilanyl)-propyl]-tetrahydropyrim din-

-yl '} -ethyl)dinmethylam ne, and the like. Preferable
conmpound may i ncl udes
1-[3-(triethoxysilanyl)-propyl]-4-nethyl pi perazine.
The nodi fi ed conjugated di ene 20 pol ynmer which is

TillfyllcﬁQlkbﬂysiilhhﬁ)-@ﬁiﬁjrqtmdlkhﬂﬁndaablidmbd arly excel |l ent
anced properties in wet skid performance, |ow

1-[3y@iislkesysHahydppropgliraslkghexasidsipgriasdiaes) tensil e
strength, when vul cani zed. [0084] Exanples of the | ow

1-fBe(atioldialk oxwiilghy])-peopytledrdikyiex sthydradyowedimes;t | oned 25
general formula (7) may include:

3- B—(ttmlkaﬂsdmysd)-bmwll)l*alksl—uﬂéL*sdmalwch‘ammhm»,
2- (al kyl di al koxysi | an - 1,3 -dial kylimdazol i dine,

3- @B(aﬂ“y@dialkakmlﬂ?ﬂi)-lpwi/]) -alkyls1 3i%4 ydrepwinisénes and the like.
2- (al kyl di al koxysi | |)- 1, 4-dial kyl pi perazi ne,

Mgne(sprs@ FrE3Rles digyhg fo{lpwn&g SIOBAYRESiahy dr opyr i mi di ne,

E0@83(]a| kyl di al koxysi | anyl ) - 1, 3- di al kyl hexahydr opyri mi di n
sp c f.ic § exanples may include

1-&.@29@{)?6 s )-em;[% YIBIDSTRAPGret hoxysi | anyl ) -1, 3
: d@ﬁ?%&ﬁ\%ﬁ‘dﬁvﬁ ‘P%@r‘}"’fﬂéﬂﬂl’mﬁi mi dazol i di ne,

1R S RO R T B o1 L ber azi ne, 10

1@-@ Wﬂ@yﬁwﬁ}.@gﬁp}@@l gfeﬁhwm&&w&ﬁ@hydr opyri mi di ne,

I- ?2@%*?%%?%? Oﬂ%‘&&{?}%&% FORYEIne,  hoxysi | any! )

1- [53 ((Hiﬂ@ﬁl@kjggétﬁyl%ﬂéﬂ}l ?&)?yl'] 3}-meth9lh@§£1ﬁ&ﬁ(§m‘lﬁﬁdme

trimethoxysi | any

3-@:-§h5ut62y@@ﬁﬁzxpwynyi )nehgmfwsi B9@ydhyiicpiyiimiding

et hyl di met hoxysi | anyl )
3-F}-Qi]ﬁmﬂlbkﬁﬁéthylsﬂaﬂ}&)ﬁp‘ﬂob?b}ah@tﬂj’/lony,ﬁ;Medﬂlﬁ?ﬁl.rommﬂmﬂhm

ref erabl e conpound
1 &—éthoxyaﬂtﬁ)a&-;[&-l(irmn@thgxymlaxﬁfl)dpmpylﬂm-ymmazdahm i di ne. The

(2-{3-[3-(trimethoxysilanyl)-propyl]-tetrahydropyrimidin-1-yl}-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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nodi fi ed conjugated di ene polynmer which is nodified by
this conmpound has particularly excellent bal anced
properties in wet skid perfornmance, |ow hysteresis

| oss, abrasion resistance, and tensile strength, when
vul cani zed. 20 [0085] Exanples of the | ow nol ecul ar

wei ght conpound of the above-nentioned genera

2- {)tfiggyigasﬂa]@q( MRYdihIRGIpkstizine,

1 am nopropyl ) - di al koxysi | ane,
l?dcﬁlé&oﬂysﬂbkjdb-am-m@ﬂ@]ﬁ@rww propyl ] - di al koxysi | ane

the I1ke. Specific exanples may include the
5- (tﬁhlkowsn@ly1)25 Jedinikolbegkhydfdp9fmidingiand ( 3 - di met hyl
am nopropyl ) - di met hoxysil ane, 29

5-gillsAdidikek ysjlany)-H)3- dlailayﬂxexdmdh)pydnadimewé tHedike, More specific
bi s-[ ( 3-di net hyl am no- 3- net hyl)
expmpley maydichedhiie felldvang compounds:
bi s-[ (3-et hyl met hyl am no- 3- net hyl )
2-(iriong OFY%ianEBH&c?@ﬂth)ﬁ@ldamlﬂehe like. A preferable
2- (ﬁlgﬁqgﬁﬁwmxmﬁrﬁ -hiewlimjdagokidiget hoxysi | ane.  The
modi fi ed Con]élzllﬁgttid di ene polyner which is nodified by
2-{triptho ethylpiperazing| ar |y excel | ent bal anced

2 F@Eﬁ%ﬁs‘?’t&'&%ﬁﬁ iRl s | o strength, when
éﬂﬁtﬁam 51 FEP g@@‘ hg‘%,’yygofnl& gu’lo?rl \rllveI gg:‘r‘oi nati on
5- %ﬁﬂﬁ’geﬁ*gqs”%n@hé%%l?f%&éw%%%?ﬁ. 883 by pol yrer zi ng
L T A IR 50 )

diﬁgfﬁg’%fl . Furthernore, condensat e of the | ow
ar wei ght corrpound al one or in conbination of

5-{tMRefhoxy$TRhSI) R Y-DRe (2 fthbRgktii1)-Redihii @idthe)al s of
{heecgﬁj uga ed di ene pol yrrgertgws 808% %9% Armng t he

5-{etvyldiBl eftfoiklysilanyBi g BLbi¢ afhaH Gﬁa@h&m@@mlﬂﬁﬁt arindad like.

general fornmulas (5) to (8), a nononer. containing the
A peefertiblk eompaiind/ie IZQMmethﬁmuﬂﬁi)ﬂ) of 3-tineethylimidazolidine. 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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general formula (6) as a nmjor conponent is
particularly preferable, because the conposition of
the nodified conjugated di ene pol yner obtai ned by
react the I ow nolecular weight conmpound with a
conj ugat ed di ene polyner can exhibit excellently 20
bal anced properties in | ow hysteresis | oss properties,
bissgt-eti iiintttipdirhidb prpol)-didhsasiate, b imntkylamthot Bnwithyd)
strength, when vul canized. [0089] It is preferable
propydl-dibdechdxgyil ame) 6 sfif3asthyiaieghi aminoifomethyl)arrepyd]-dimmitiooxysilane,
conpounds havi ng a nol ecul ar wei ght of not nore than
and fix0like. 2%\ frferabdel cdmpalinddnpisg3idenetdtylrmingpobyyhe dimethoxysilane.
according to the present invention conprises a
Themaodifiechepnjuaatad diensepplymerawhighvistopdified by thieregnpound has
conpound having two or nore tertiary amno qroups and
P asky exepttentbalancpd iprepertips du pest skid sharpetedsiics Jamihypteresiy loss,
bonds to a conjugated diene polynmer obtained by
abpasioprafistangeand tensile steength gﬁw&wﬁaﬁw - conpound or a
qﬁjugated di ene pol yner obtai ned by copol yneri zati on
[0 a conjugated diene conmpound and an aromatic vinyl

B R
oo RaP bt Bl SA Bl SEhH Bep A TR G potmers
T U e e
oo CEgh e ko MRSy i) Pl ¢
coRAGEAE bf #NF NIRIBu1 AL Behpbind RBnbERBMbIANIBA O 8o or

a part of the nodifired “10 conjugated di ene pol ymer

mFe YndyeGeatid Blithaétliedemiihyik WhfHel Offtgatel dicn¥ pbEmagent .

The "nodified conjugated di ene polymer obtained in
[008%]s manner was found to have inproved cold flow
properties, in addition to the above-nentioned
ef f eaheng the ldvhenolecubar wadight lcempouhidsiof thecabojy ergaemnéidneali ganeral
pol ynmer obtained by coupling with the pol yfunctional
formndas (5) tog(8agembnorhérecoatuining teflewtngolecanarbeeiglitrdompeindd of the
exhi bi ted when the anpbunt of the 15 nodified
genora) fognule d6)kscrmajoo bgmpoenenbispertsulariyireferabl beeanse the
nol ecul ar wei ght conpounds bond to the conjugated
cogipesition of hgapodiGedpanfugatad dieernphymerabtaingl By ogct 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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nore preferably from20 to 90 wt% and still nore
preferably from50 to 90 ww% in the polynmer, and the
anmount of the pol yner conmponent which the conjugated
diene polyner react with the pol yfunctional nodifying
agent is preferably froml to 50 wt% 20 and nore
preferably from10 to 30 ww% in the polyner. The
bond teenéondiligatdaladi earchdlyrael obtainaimepdlymanizdien vf asunjadatey diene
chr omat ogr aphy capabl e of separation of the conponent
coimpoandroda torgagaterbdiamdipalymedoitaieel by eopobxaendaden of a tévgugated
chr omat ogr aphi ¢ nethod may include a nethod of
dienvadoyiongd tinbamardivfatic Nyl caopound. usi ng a GPC col um
packed wth a filler of a polar substance such as o
si | ilodhe sWoveimentinnedimodified isenjngatd dieng pelymep i 8rder to exhibit
conponent and using an internal standard of a .
exgelienh ebentoefite psaert ievention the aeny of $emodifed opnjpgated diene
Al t hough the pal ystyrene-based wei ght. aver age
pobanEcempongtiwieh aovemeentionef bwvelaogew?w%bgccamv@ds bond to

ST 21285 SIS P 8 Mmoo
oGBS AR RS

ol RO e SRRmp LS Hinstn i PR Mronih § B g e modified
oo 30 s Bh e anl Abtck Bl LR ity agpye. The
mA iR G GRQCAT mb biip L) (R EEAEER & R 0 FRA
imipRdveIRb1d ffov pRPRrtRS | in BY8iRBH &R Ab ¥V Mmenford®R efrects. In the case

preferable nolecular weight distributionis from1.1

ofttife ofified Qoﬁjﬁ%ﬂéd dithe pSI9RicHSRhRed BY edeplidgwitiethe \WolyFinctional
e

constitutes 't nodi-f1 ed conjugated diene polyner
médiBondlagegt, tite Hoee pffedetdn bapmetidul aty dasbifpdeiinahé ¥maunt of the

vinyl bond (1, 2-bond and/or 3, 4-bond) content of
médified déhjigat&0dendpalyméh@mponemoriith thie low aidadutalweight
strength, abrasion resistance, and the |ike, a nore
copipefimdsdiving to theydonjugatsd dient @nlymes if preferdtby 2omt Do/ wte,
The vinyl bond content here is a proportion of the _
mereperierably foom 20 480 kg0, angd stemaremrefierably from ddaj90getewn the
di ene nononer conponents. Details of neasuring i
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.

10090
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nmet hods are described in Exanples. [0092] A process
for producing the nodified conjugated di ene polyner is
descri bed 20 below. [0093] The nodified conjugated

di ene pol yner produced by any processes can be used.
Preferabl e exanples may include a process conprising
reacting a | ow nol ecul ar wei ght conmpound havi ng two
or iRk fHe pol ystyehdibasgd oueitht avetagimoleculabveight of the

al koxysilyl 25 groups in a nolecule to an active

mdédified eafjugted diencqgmityrgadhedlddiessoatrpldd/aveordiiy taitheappi)i)cation or

pol yneri zati on of a conjugated di ene conpound or

theapetgatande df from 1986|0000 2,0001080 uueptefvyabi@wkhsgmoq:@sabuldm and

of a conjugated di ene conpound and an aronmatic Vvinyl

pr@®erigesipowedsiderationy dvbemthsanodi Geds eonjugatéddjengpalymae is a

metal initiator and/or an al kaline earth netal

noprfiik-¢xtensied polsimesta marempiprable mlysiwnwh@d vestighy average

m@léﬁ}l%rgmléla i3 freme2 Q96100 1 QQHd)OQn

ted di d '
conj ugat ed di_ene conpound or %ﬁgﬁ%llne?c[glaywtdlsmbmwn

AR i B e

mgcﬁﬁ%ﬁ?é‘n? e ROk g AP Ba g P e?éagq‘%@{?bﬁ%‘ﬁeﬁbk
m e dringy Taivuienf GRBREL epBher ol one o1 mixtur o of

[Ob@ﬁse bef ore the polynerization reaction, whereby a

ymer havi ng active termnals at a high

e L i
%earﬁfg@tdl e porﬁl%gntidﬂ Hal iréfalamgedr ?ltBo‘ﬁH (g, 2-bond

conjugate ymers may i nclu urate

anBod Bo%f)ﬁ)&)rb‘énteﬁf SNRéh 9 0y 90GC aFRA She ABRpbiREof Mkdfnical

Specific exanpl es may inciude aliphatic hydrocarbons

strehi@h, ASasii REIStan L BAAIR like 1D midexpraferatile ingliBondadddtent is from

hept ane; alicyclic hydrocarbons such as cycl opent ane,

20ay T e Xdhiee/inylbbhy borttynt lhefeain k pheportdsidoiitaé hmlount of vinyl bonds

cycl ohexane; aronmatic hydrocarbons

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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such as benzene, toluene, and xylene and the |ike as
well as m xtures of these hydrocarbons. O these,
hexane and cycl ohexane are preferable. [0095] 20
Exanpl es of the alkali nmetal initiator and al kal i ne
earth netal initiator used for the polynerization of
conj ugat ed di ene polynmers may include all alkali netal
cohipblihdinGd 1Sydrédacbonl seblehnesitgur dlkalehriztal initidtbnial/or ani dlkeline
the capability of initiating polynerization. In
caplantetat ididstor.at | east one conpound sel ected fromthe
group consisting of organoal kali netal conpounds and
or g&tust lakalynne oz appdlymet af a cmjygateddierescoprpofied aba gopolymer
used. 25 [0096] Preferable exanples of the organic
of alckajuizatad tizhe polypren and amgromatic vyl epmpaungamiich eenstimte the
conpounds. Exanpl es of the organolithium conpounds nmay
madified epnjugagd diene pabyraenis aroduesdy hiThecgrivaried diapgcompound,
conmpounds, organolithi um conpqounds of . sol ubilized
argspatisoraylcompappd, ond Andnocathen selvenipserhes theralygegzation are
[ ndent Iithign1 atomin one npl ecul e

|naep and
tregistl it s metallic FOMAOHTS: F eBIRE (MBS P2 figngt and
noye |jthiumatons in_.ane ecul e. . \WWhen a .
s gBen SR HORE B GRS S GLE CPiors D GOl on epgtiop, whereby
2 R i SR 4Ry eﬁﬁiﬁﬂ@u@“ g B pBalTa0 s b
AP Oy gl okt gh? %%loan il
. e conj ugate i ene ol ymer is
In%@?%?%%ﬂ%mg%gégﬁg%la polyftngtional organgli¥hium
[0§g ound is used as an initiator, a nodified
conj ugat ed di ene pol ymer which bonds to having | ow

ol §GhfMes oMY dr&RAPRAUBARN O 8¢l tHePolyiferi WRoP bf €07 E:ated

termnal's of the conjugated diene 10 polymer is
iR s mlah) A @8R fnirfted RPdideRBHMY afodiatic Bl dfRa®bHS AhE the

group and lithium organolithium conpounds having a
likear bperifid &imprRQANdinchide iatif)mi@ﬂwﬂfdchﬂbum fivhds batane, pentane,

tin-l1ithiumbond, and the |like are included. [0097]
hekarpemaepind Ieptanenalicycijahpdrotdsbons sachpoeyeibpentane,

include n-butyllithium 15 sec-butyllithium
cytleh¢xanetméthyl dyiclopentand) @rd hiethyh cyetphdxane; yardrhatid hydgocarbons

phenyllithium stilbenelithiumand the |ike. Exanples
suglf ast enzensl {oflueme; dndrryllensragd i likerrsuvel] as mixtures of these

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 organolithium compounds may include,
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conmpounds may include 1, 4-dilithiobutane, reaction

products of sec-butyl lithium and
di i sopropenyl benzene, 1, 3, 5-trilithiobenzene,
reacti on products of n-butyl lithium 1, 3-butadiene,

and di vi nyl benzene, and reaction products of
n-butyllithium polyacetyl ene 20 conpound and the

low inketeculat avaigie rginolithéurt compundishergamgitlium compounds of
ni trogen-1lithiumbond may include

solbitized yligormers) mbin-urganalithsmy tempavmids haviogrpne independent lithium
di i sopropyl am nolithium hexanet hyl enei m nolithium

atam ¢h ofeemblekde ahd polgfunctigeal ozganglithiure cainpewnds daviag two or more
di scl osed in USP 5,708,092, BP 2,241,239, and 25 USP

litugatoms & enemelegde.neWhsaa. mqwsyncﬂ»éh@wwqupd is used as an
preferabl e conpounds are n-butyllithiu

et e et o1 ampdeins
lowam@ecql%mgh EQH&PBP@%"%“@%@‘F@ t&mj %ﬁt tbsP?lgﬁatsvﬁ diehe
N R L %@1@%@&%&8@ irgiged as an
B AR Wﬁﬁé‘%%rﬁ@i%i%a@”d t“ﬁﬁ%ﬁgps BRI 16w motecular
ARl HE e B AR s S e on

po?}ﬁﬁi L 4 heaid pofnaréé &Fﬁrbo‘hﬁﬁl I, Prgirp%lgﬁnﬂﬂg’?&? 43 Phium,

e or ganoal k conpoan oget her

or%ﬂnﬁ)ﬁthf?ﬁg%ﬁmi%&% in! |daPoo%°1ﬁHRM§‘9§nd 1%&@9%111931 B8, a

exarrp es of the typical organoal kal i ne

tir€ithiuin BEBknd SRTKRWRcHRYd. ncl ude or ganomagnesi um

conmpounds, organocal ci um conpounds, and
[0ggganost ronti um conpounds. Specific exanpl es may

i ncl ude di butyl magnesi um et hyl but yl nagnesi um

pr ofBxahiplasl ofelgn@she-organclithiven torkpoundmayl inobuide @;butyllithium,

sul fonate, 15 a carbonate, an am de of an al kali ne
see-hutytlithiats terabatytlleiut, kehexghlittaimobdreyligkidm, phégytiRhium,

-

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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These organoal kaline earth netal conpounds nay be used

together with an organoal kali netal initiator or

ot her organonetal lic 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
Thesegraaioisthame canpetids enayibeyised eithed dlods or insdongbitdtion of two or

above-nentioned alkali netal initiator and/or
maetkal i ne earth netal initiator. As the polynerization

nmet hod, an anionic polynerization reaction is
[0108f er abl e; particularly a nmethod of obtaining active

25 termnals by a growth reaction by Iiv[n? anionic

pol YExemiplestof other erganedikalipetel compoundpmajrinduderqrganosedium

preferably carried out by batch polynerization or a |
coppAEndIueEBNONeEASYiEY ¢omuouads, §§@p@mbw¥w1ﬁ cPRPQIdsHorgARDcesium

reactor or two or nore reactors connected are %@gﬁﬁed'

paphthqlgns and

compp¥Rslsgrnddhe ke - i Sepdlis rormpewdp Baxtnsladeiodim
PolsERYRPILEIFB o APt AR ASULPEA HHEPR S5 ghamide
b d, .th I l zati i .
e S - s
e G T T P A
d i der t dom I '
Ot i c vinyl conpound and a conj ugated di ene

& e
COMpeid ggle} Rarkd @kéﬁﬁﬂ,e@\ gﬁtgg]ttygﬁ&? biddhbdik&indTeath metal

conj ugat diené u I nprove the rate of

coﬁgbm rhAPibREe oo Bghebiukfeordfbuhdd drdanbéAdBmE®nounds,
t he pol ar conpound may i ncl ude ethers such as
and BigafbM AL @poufiLt IMpeciBt RRImplEs ﬁ?&? e:lud dibihtgheagnesium,
gl ycol dinethyl "ether, ethylene glycol dibutyl ether,
ettditRityilagiiesighy CplopslibiBimygnesiuhetind tHe Gkay | Anealkokidecd sulfonate,
di butyl ether, dinmethoxy benzene, and
a carbdnbtes{arnixde lod ay hikplingpeand, métel dndahey ke aneal sodposed.ds
such as 15 tetranet hyl et hyl enedi am ne,
[0102}i peri di noet hane, trinethylam ne, triethylam ne
pyridine, and quinuclidine; alkali netal alkoxide,
conPdessierganmatkaline putlomsialipempounds may deased 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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potassiumtert-butylate, sodiumtert-butylate, and
sodi um anyl ate; phosphi ne conpounds such as
tri phenyl phosphi ne; and the |ike. These pol ar
conmpounds may be wused either alone or in conbination
of two or nore. 20 [0106] The anmpbunt of the pol ar
conpound used may be appropriately selected according
uséd) tAlehoviph eitherdficteisity Ra@petrurepolyhterehfi@cin wieh deabmperature
an anount of fromO0.01 to 100 nols based on one no
is fricrdabeel dupinigithé polyineripatidher abhstantivernperptapolgmenzatiodsan be
have a random zation effect in the copolynerization of
used, dlonpalgmtezhtioh deraparatuyois pdef2bhridora .2 Giod 8l € cnetierpyéferably
conpound, as well as the effect of controlling the
frovh Btw450°Ce and sill whreprefergbly foadl tioel28°Gni t , and can be
used as a control reagent of distribution of an
[0Hdnatic vinyl conpound and a control reagent of the
amount of sty rene bl ocks, As 36 the nethod for

ran dbmaksam%ﬁ lego add ps@ald pmoRatH qufgﬁpmpoawwd%r to
rt of 1, 3-butadiene duri nmerizati
Ta[éﬂa og{ly SeRYYMAriZEALArgRagQ yy CO‘%BRP“Bém é&&nluﬁﬁfgaienﬁc"mp"“nd’
pref rabl e process i.ed con te
o aTots pritete dink il bl BRcS e Atk
ive nal s of the conjugated di ene pol yner
pdﬁﬂ' é %@éTﬁ%rla | ow nol ecul ar wei ght conpound of
[0 above-nentioned general forrmulas (5) to (8).
t 08] It is preferable to use the | ow nol ecul ar

el (oAb By ATRY ey HelbdThert Qudh o thifutdrofuran,

on on e active term

dlétﬁ'ﬁ e%%’,l di&@a‘h%detﬂjd%@ 1y8l diiBthyl éfﬂ&”eﬁm{?l%n@@ﬂ@&tdﬂftyﬁ difer,

I ow nol’ecul ar” wel ght conpound I's [ess” than 0.

dléili’ﬂrlené $19col \WihemyZ&aer! diiTendBAROf 4B Bifier, ﬁﬁﬁ@tﬁé%enzene

nodi fied conjugat ed di enée pol'ymer conposition
an@ R{2abiBECOAWary)Prdpans aettiatyaifitieicompeaniiGhcinay e

excel lently bal anced properties of |ow hysteresis
tettanssthylethplenédiaaineadipfrridinoethane trauneshylasmine, teethylamire pyridine,
strength. \Wen the anmount of the | ow nol ecul ar wei ght
and quipodlidting; s:lkabirsetahakoxide compainds kychrastpotassiym tert-amylate,
nodi fication cost increases, but also problens in
potassiomi teig-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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unreacted materials and the |ike occur. A nore
preferable anmount is fromO0.2 to 4 tinmes nol, wth a
still nore preferable anbunt is fromO0.2 to 3 tinmes
nmol. In order to exhibit excellent effects of the
present invention, the content of the 20 nodified
conj ugat ed di ene pol yner conponent in which the | ow
théBe 2ok Ifér ran@drBizhtior; @ Makulst ibentitleatl ¢ addingabead of it ehbutadiene
pol ymer is preferably from5 to 100 wt% nore
dupihg epalbpinyrization) dieclbsed 30 JMAS9-2402 191 inal bemsel.
preferably from50 to 90 wt% in the polynmer. The
[0t ent of the nodi fied conponent can be neasured by
chromat ogr aphy capabl e of separation of the conponent
i nt A prefkrible grazess fenprodneing a mcelifictheonj@ateRrdi¢nemobyrecr is a
exanpl es of the chromatographic nethod may include a
prmwblcbfconmumrmqtmslﬂse antiak yeriminpls ofthereeningaterddignopglymer
using a GPC colum packed with a filler of a, polar
obs'n\ymit abarewith aogsnalpeylargveighticomponnd afiihe pbovernmentioned general
nodi fyi ng _group conponent, 37 and using an internal
fO@E‘HF}“dé?&’ @g a non-adsor bi ng conponent for conparison.
|ther a nmethod of adding the | ow nol ecul ar wei ght
[O ound to the poI ymeri zation reactor after the end

o1 SEPEReRB e B P 1% 1 5 Pl aiamgant prom
0. PR 6 381 i e T bRBE BRI BHAISRE anggga&@%ene
f
P"W&t Vb PERGHGP R By L A% PR SRBLHATL I

i P o g g0

polﬁﬁ&tceﬂlpaﬁﬁmbwuﬁa b9'thd ﬁese%%veﬁnmﬁnn&%w%eneﬁﬂ@n

t he conjugated di éne polymer. 10 A coupling
baIaﬁ@&I propertiBy oo waRster s 1046t propertithe alftasio @ Rdsistdnée,nld éhsile
using a pol yfunctional c}) i fying agent. Coupling the
streqith.uUgathed tif fncund of sheBow dolecub@veiglt compeuabisjnugatien 5
di ene polyner with a pol yfunctional nodifying agent
timasmnalysst onby Wodifficaorpeospmcteases, biufhsograhlemsnm spoing c
l[imtations to the order of reacting the
unpratted mmderiabnaid thotiké gequg  adyemre prefereblh emoufit is buopl 9.240 4
pol yf unctional nodifying 15 agent with the conjugated
timgis e, yish pistiH mare prefevable apnonatis ftony 0 2He 3itiesmadlecul ar
wei ght conpounds with the remaining active termnals,
n&f‘ REieT ¥ exhibit exceent leffects @f 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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nol ecul ar wei ght conmpound with the conjugated di ene

pol yner, followed by coupling a polyfunctional

nodi fyi ng agent with the remaining active termnals,

or a method of reacting both the | ow nol ecul ar wei ght

conpound and the pol yfunctional nodifying 20 agent can

be used. The nethod of coupling a pol yfunctional
andging yih igerdgestindatd 6F 4 fum-adsortjingedmpbndhefoe cqapatisen,

foll owed by reacting the | ow nol ecul ar wei ght

c onRitheds mediodofabiding ¢hreslowi moleadtr weightesomipoaihd té the

particularly preferable in order to produce a polyner
pohyanérizgtien reactof gfterghgerslgf-rotymerization opomethed ofiaddingitihghlow

ratio. [0109] 25 Preferable exanples of the |
meletuldroves ghteamiponeditof a/ping whiphrirangfey therpolyraer salutios®sound

havi ng at | east one functional group selected fromthe
tragsfgtrngcanathies raaptgr afterthe erdhobaplyneniastion canbyemployed-o uﬁ}e

a carboxyl ate . a_carboxylic, acid am

i s Rl e oo
1 aere aretirebb arasmlg ol 00: aitbHimar i BEBRD AR Xl o 90°C.
T o e BT eP ! oD et B Pins hgleF i emd of the
rofypaiieatie et Bt BIRNBE oG & cne group, and s
gp %&up‘gipﬂ ¥%ar<]:g{n? gﬁg l‘be Dk lout {ﬂntﬁg gfe‘éérﬁtiﬁ%tit)@ Gsipgaber
gr oups, e epoxy group,

pofAiRRBKAL rﬂ&ﬁﬁgrtx%g It N @o%ﬁg he 5&?15\5%%@8’)@ polyiRétibr a part of

I"'m no group, enei m roup, al ogen “group,

thé thigﬁ’élﬁédecﬂeﬂg SIS Wit a pBlyfincibAM lm i Bkl agAdinip8ves cold
al koxy gro

up ‘per one 10 al'koxy silyl group are counted

{1 propB@iet. U NP dr® RrdInobhediBS linfifalofatoiR Midet 6f ghaing the
carboxylic acid am de group, acid anhydride group,

polyfusddhbiaNydidfieg ggedtp, A ntbthidd cftaupling/d pélefieeral modifying
t hi ocarboxylic acid am de group, 1socyanate group, and
agediti witls the yanjagsted) dizne palymet, dulidveet bysreactirfg the love mellecular
groups, and the phosphate group and phosphorous acid
waghteompoonds witlethesemebiethgastive terminaty, i orthodpfoeanting the low
pol yfunctional 15 nodifying agent preferably used in |
molhenlgrweighftcompeund with thaeonjugates diensy polymen &fllowed by coupling a
functional nunber of the above-nentioned functional
polrfangsionplmedifying pegat with the rqmaining active terminals, or a method of

reacting both the low molecular weight compound and the polyfunctional modifying
agent can be used. 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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nore preferable that the total sumof the functiona

nunber in the pol yfunctional nodifying agent is three

or nore. [0111] 20 Specific exanples of the

pol yfunctional nodifying agent nmay incl ude

pol ygl yci dyl ether of a polyhydric al cohol such as

et hyl ene glycol diglycidyl ether and glycero
acﬂirdhﬂydfﬁiec%'bu@ta%b'splﬁﬁﬂ e, Gl phokplfeesu bn apitléio @rmip), 6

conpound having two or nore phenyl groups such as
thidtagbotsil dstup! £ thibiasilxeatd grbip podifidpmadoxgtapgrienp.sa thiochrboxylic

as 1,4-diglycidyl benzene, 1,3,5-triglycidylbenzene,
acidrthipo grpapoad itahe groupoan ethbngimlindogroapliadredggen group, an alkoxy

epoxy-containing tertiary am ne group such as
silyl, gtoupy iag lisocyahate glophertiloisoepartayd goipa conjitgated diene group, and

4, 4" -di gl ycidyl dibenzyl nethylam ne; glycidyl am no
angnhpovhgwupsuch as di gl ycidyl aniline, diglycidyl

-0-toluidine, tetra-glycidyl-mxylene diamne, 39
[0k18 r agl yci dyl ami nodi phenyl net hane, tetraglycidyl

- p- phenyl enedi am ne, djglycidyl . a 'nonehgyl

cyc B RERHAUNE thegu ylsioh 3@6&9{1 SERPAnR SPREEYHEFPUPs

C&%ﬁﬁ{’l?ﬁb&lﬁg gﬁ@g%ﬁ%p?ap 2 ncglsm: Er%\éig,nl '1?(')1 gl%%o,x é/th%&?elfr%it%ngroup,
hal:og{:xs// %o%ﬁ%i%ﬁ##ﬁ%g% é{syi[l lé/ﬁgr? @%p, and the alkoxy group per one
a1k i O P S X BRA GRS i TRBLIMIEE rou,
carbbRARSHEhide SO b IR B Gt B it | 2N°
dit%ﬁ%&@@iﬁgﬁég%dﬁglﬁ?ca}ﬁx&gg g&@’%ﬁ&é ‘ﬁp,hi%lgranate group, and

kyltrip ane; conpounds” havi ng an
thibf¥bERANEE GrdupARe calhtd] &BiMahdaon %@b&%, amFthedhosphate group and
N- (é}f&g_ di rretpﬁdygl gutyl i dene) - 3-(triethoxysil ?Iﬁ) -pl- prgcgpapn
phEspibRs acitihekthr grodp are counted as tri-functional groups. A polyfunctional
-di net hyl butyl rdene) - 3-(tri euoxysilyl)-1-propaneanm ne,
md¥ifyingapehtyrpfetdly ngbdne thePprédent @ivastiondias yiv of moronmnefim
ine, N-ethylidene-3-(triethoxysilyl)-1-propaneani ne,
furmtidndl mumber of the above-mentioned functional groups in one molecule. It is
N-(3-triethoxysilylpropyl)-4,5-di hydroi m dazol e.
mdre preBgrable that the total sum of the functional number in the polyfunctional

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 diglycidyi ether and
glycerol triglycidyl ether; polyglycidyl ether of an aromatic compound having two ot
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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Furt hernore, exanples may include isocyanate conpounds
such as 2, 4-tolylene diisocyanate, 2, 6-tolylene
di i socyanate, di phenyl met hane dii socyanat e,
di phenyl et hane diisocyanate, and 1, 3, 5-benzene
triisocyanate. 20 [0114] Exanples may include
hal ogenat ed sil ane conpounds such as
tetfaglycaiih hnidighandmetiaat  telpagipadyll -prphenletadidnnidesliglaoidyl
nmononet hyl trichl orosil ane, nonoet hyl
amfindmdthylrogslohange, andnetoagl ydidl -1 .8 Hisandsomethg] cywhrhekaney hnd
trichlorosilane, nononethyl tribronosilane, and
colnpsurrds hiaving anichytyegroapand andtivenfunciooglgravmsichiss ane
conpounds such 25 as nonochl orotri met hoxysi | ane,
3-gipoiddryprapyltrimetinxysitine ahglycios iproppiietheRisans | ane,
di br onodi net hoxysi | ane, trichl oronet hoxysi| ane, .
3-glysidemomiibripasilene epayy-mndifisdeiliconeoeppx)dizag soybean oil, and
Mor eover, exanples may include hal ogenated tin
epefped Hawedgdh as tinchloride, tinbromide, nonomet hyl
trichl orostannum nonoethyl trichlorostannum
[Oﬂﬁhobutyl trichl orostannum nonophenyl

S, ik UL e L SO
At a v e dREAP SO A AR RO P fine CoARNEick Spvins
oo R en Rk B B FR R o 2Te Bna Er et hyi
NP aRnah fouh Bae)- S AER BRI rdpaimigal oy 2t €
N—?ijﬂg‘ht@chgﬁhﬁﬁhpﬂé)ﬁt?ﬁﬁﬁb%@kﬁl le?roﬂhﬁaﬂa‘lﬁe

tére ate, di net hyl al ate, and di net hyl

N-ARBRMIGbAYIRIendr3 - tridiHaX il yile1 PfsPaRemine,ai ni ng
compounds such ‘as pyronel l'itic anhydride and
N-sthyligaR-Iatiehexdiy)dr-pepasaipthy mrd; ani de _
group-contai ni ng conpounds such as bi sdi net hyl am de
N-@lrpahex ysitylpebipyhid)s-dihydebempdazyleet hacryl ate;  car bonyl
gr oup- cont ai ni nhg conpounds such as
[0W34' - di acetyl benzophenone and 15 3-acetyl propoxy
tri met hoxysil ane; aryl vinyl group-containing
c onfomthesnare.cdxamples anayi ingluge iseeyamate compounds such as 2, 4-tolylene

di i sopropenyl benzene, and di vi nyl benzene oIigonEr' and
diinmy@g@n,af écfolylene diisocyanate, diphenylmethane diisocyanate, iphenylethane

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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hydr ocar bon gr oup-contai ni ng conpounds such as

trichl oropropane, tribronopropane, tetrachlorobutane,

and 3-chl oropropoxytri nmet hoxysil ane. These conpounds

may be wused either alone or in conbination of two or

nore. 20 [0117] More preferable polyfunctiona

nodi fyi ng agents may i nclude a conpound having a

f unMorevvet, egiraples Wal inclbdeoingo gehhted itih\compbindyl dutk as tiadhdoride,

a tetra- to hexa-functional polyepoxy conpound or a
tinbronndenortvating thdilbroatanmpoxyiogpethyp trichiorastamivng ysidbutyl

group with a tetra- to hexa-functionality in total,
trichiidrobtasxin, bhomophehyd tgehlomkisomin, andbistachjio stfnfyt ethatey

coupling. Preferable conpounds may include a glycidyl
pOb'bnggmaﬂed plivisplores enrapands suchras tachjerophosphineraad

nol ecul e, in addition, a conpound haV|nﬂ two or nore
trlhrpgoylwwneanhmh@ eumpqundssuchyes ésnonkiphenyl phesphie.drimethyl

tetraegC|d m xyl ene 41 di am ne, tetraglycidyl

phasphiecAnditd Vlr@mamr@ ap¢phosghate P@rypounds suchi as trimethyl
henyl ene n di gl yci dyl am nonet hyl
Phgin‘F‘@f?é‘Qé‘ﬁ% S $agl ycidyl 1, 3-bisam nonet hyl
Of}ﬁl ohexane. The pol yfunctional nodifying agent may be
[ d either alone or in conbination of tvvo or nore. 5

[“.‘%ﬂw& iaRbah A% RO SRS Bpb iR R BE ST Pprp et
ad@ﬁ 5’ %?‘e é?%e@xﬂgal ﬁhg@f t@?eRn Ll afé dh'ﬁ%tﬂ#flg@ thaqgltetiﬂla dimgthyl

nor e 'prefe

18(;8 g?eé% rr%d.r{ J%&f%&ﬁt?ﬁgi%tgrboglfﬁﬁhds sully 5@pyro1nelht1c
anhyikil@land E&M&lbﬁ%ﬁ?&ﬁd&%&)&@ﬂf& %ﬁ&@@%&ﬁ onBEfiRg di ng

to the présent 1 nvention conprises a content of The
coﬂig&hﬁds %ﬂc}i?&s’lhhtﬂﬁﬂéﬂﬂdﬁrhﬂé] lea%m Hnﬁéiﬂ‘ﬁﬁﬁﬁmpdlﬁn&tﬁh&?l ate;

| ow nol ecul ar "wei ght conmpounds having two or nore

carbefifli gbyp-edtitaifing cotipduidicucings $4'-diatet@batephetoink vhd

groups bonds to the conjugated di ene pol yner being
3-geewlpopddyrinetioxysildnef ayllvifyvgréap-omitasiningeioatpabhds fuchas

20 to 90 wt% and still nore preferably from50 to 90
divin b énzend) diipeprypenylbefzanehardntiviaylbehzene oligemer; ahd hilegenated

pol ymer conponent in which the
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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conj ugat ed di ene polyner reacts with the

pol yfunctional nodifying agent is preferably fromlto

50 wt% and nore preferably from10 to 30 wt% in the

polymer. In addition, it is preferable that the

nodi fi ed pol ymer conponent in which the | ow nol ecul ar

wei ght 20 conpound having two or nore tertiary am no
dighiasetraivi@ylanfihodipticdyRhdthane, tetdaylycidgl pppenyl@diamine,

with, and the nodified polynmer conponent in which the
digletigylunghoaehl] cyehdickatengndigtnglycidgalct, 3wisdminbmethyl

conj ugated diene polyner, in a total, being from50 to
cydlobexanés | Thd prdyfnattyorat mofiTiaglagednay beazmed iedher alone or in

term nator may be added to the nodified conjugated
conhberatiop of twreor memwl uti on of the present invention, if

necessary. Exanples of the reaction term nator nay
[OY&heral Iy include al cohols such as nethanol, ethanol,

and {)_ropanol , organic acids 42 such as stearic acid,

| aur§ i§ psfprgbledn ysolbe pabifenciions] modifiang agentin aneamquuag of from

Q121] Moreqgver, it is possjble to decalcify netal )
0-&06&9 Aitiecs mel haped orvefiermelrtd ﬁfwgtt@almﬁiogﬂs oIugAteA diene

| f necessary. EX | es of the n. decal.ci fyin
polyBigioq iy BrotEP GBS HBOR 182t ol VB agre
usj ng th ol yner uti.on tq conme in contact wth
pr%aﬁkﬁ%ngpﬁ%ﬁgma%ﬁgtog meBe ganic acid, or an
mﬁ)@ldi zer such as hydrogen peroxide, and separating
he aqueous |ayer. [0122] Furthernore, an anti oxi dant

ray ) Fied , . _

pol ;/ﬁrrlgr . gr%@%ﬁ%ge‘ig%{nqm@gnof % ﬂeﬁfé?ﬁodﬁggﬁn}glgg?t%n
St QN ; A8ipdfertin which th

cofBid SHAFDR LRI E! UASgBrod B e whic

low nfIIEub Weigt conPo@ilsHAMREtWE of Hlo¥e fettiarfanim ?‘_%uﬁsf aridéhe or
anti oxi dant may I nclude a phenol -based “stabilizer, a

md?8 aEPRMlyB gl*b@gﬁﬂorﬁisa@'tﬂei obfjugail diche polyinikr beiggsleferably from 5
stabilizer. [0123] 15 As a rawmaterial rubber for

to VOO &l merk prefebubdl s froinl B0 thoonetys, \and 61l imiore peferably from 50 to 90
controlled to 20 to 100 according to the objective.

withiarth¢ palyideo n Rurtheswars; thy cotentad 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 polyfuncticnal
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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hi gh, the Mooney 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 kneading, to inprove dispersibility of
a 20 filler, and to inprove various properties because
su€H asospalicAicRip Bfusictid] ind odtimicidd) veaterexaindat Eike.Oof t he
extender oil may include aromatic oil, naphthenic oil
[OyHaffin oil, and an aromatic oil substitute
containing 3 wt% or |ess polycyclic aromati c conponent
ac c dvickieorger} it ist prasibietth ddcabdifyl iR8t4B. cobtaaed|ie theohodified conjugated
aromatic oil substitute may include TDAE, MES, and
dlemlae)ownm iflesesidrpd Fxampiest ofdheikonBuonidesalnifying methed may
512) 25 799 (1999), SRAE manufactured by Japan
ayebod of extasting imeetals ke causingibeipelyaer selnénmio come in
extender oil is optiognal, the extender oil is
cogfeﬁérlatr Pgten B PTEa acichrAmRersatic acidoon anpxidizessughats Aydsggen
wei (Eased on 100 parts by wei ght of the pol yner,
Pe%HE& separatipg theAdugousIBYRr20 to 37.5 parts by wei ght.
24] In the present invention, the nodified
j ugat ed di ene polyner S typically obt ai ned as a

L
po R%r?eg] t pr%fe%glbl? te;'cg |[)1g¥ ?{1@8 F% %)omomg&d] r??iu% Erﬁfo%gdég l f inchille a

mﬁ%ﬂgﬁ%ﬁ%ﬁgﬂ%ﬁﬁa QX utivh %f‘{ﬁfg (Sdlﬁpd atédrlﬁene polymer

ra I'ng an rylng pm

in %ev f offent.C gr%‘%gﬁbm the EntRRi B ﬁl@lﬂ&"éﬁﬂleﬁéfl-based

atilizati using a vent extru er or the

staBilizRr, H%B&ﬂroﬁfs—l&ﬂsé@&%ﬂiz&ez\éﬂ' Adulfubk-Bhded sibbilgr. 2 dr um
drier or the like can be enployed. 10 [0125] A

[o1p3di fied conjugated di ene random copol yner which is
one of preferred enbodinment of the present invention,
W | |Asnomwbmariipl @bbédor wldatizdd rubleds, 26d MBohéwvismsity is
conj ugat ed di ene honopol yner or a |iving random

contogl Edyto20 tol 0dadbrdingjauhebbjdctives néVhercthe Moomeg vissosity is too
obt ai ned by using a conjugated diene or a m xture of a

higho Hielaomsy wscesity mrdjustegrie ties rngeabyrentending thermibler with oil,
organi c_nonol i t hi um conpound as

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

[0

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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an initiator in an inert solvent. The conjugated diene

pol yner has preferably a glass transition tenperature

of from-100C to OC and the conjugated diene unit has

aratioof 1, 4-bond to 1, 2-bond/3, 4-bond in a

range of from 10/90 to 90/ 10. The bonded 20 styrene

content in the conjugated diene polyner is preferably
coimnchly BOGE200H 37r50pared bitweighto 50 Wt % The chain

di stribution of styrene in the copolynmer preferably
[oIg a conplete random structure. Nanely, it is

preferable that the anount of isolated styrene (one

st yrintie prasen) invbdtiing the rhydiHedemtjymsitesl dienegidlywnes is typieally

of all bonded styrenes, and the anmount of chain '
obtainadesa sphitioh af thecolvsntused dorghe edaghion. orThegnedified eeniagated
be 25 preferably 5 wt%or |ess, and nore preferably
dienepoljmyer san be gbtained ftom thenaition by thetnpwn methed.d eForigxample,

i nprove the random property.of the conjugated diene
a rpefod pf Qlupiping;the p@ymsbﬁx filiering aftes geparatingdhs plyent ga

R T LR TR g
B L T R BATAAT 3 P
T R S A a—

[Oﬂgﬁ or nore al koxysilyl groups to the pol yner solution
after 5 conpletion of the polynerization and stirring

the i _ . _ :

pr edoUifel chftupARRARAL EGuoR KopSIviE: Wfich i onPpfiratirred
enfd81Hent OF tho &Rt iRPertio) wif ndwW BEEXAMALA InVdetal.

preferably three or nore, reacting the mxture with
[0Blg)rring, adding a |ow nolecular weight conpound

having two or nore al koxysilyl groups and one or nore

t er tA Bying a5hjigated QRS hdrBopdIPmEEHTa liNiNg rdndyinn@pplgienef a

and stirring the mxture to 10 honobgeni ze. [0127] A
conjudated ditne and stgrhe ik sbteined by asikg & opgligared diese anomivgnre of a

preferred enbodi nent of the present invention. [0128]
cofiffighted ézne rnd styrene ds aqonomeh) @ng e seganici memiithiom dompoynd as

possi ble to obtain a conposition conprising two or
anrimitietonirf ined selyertu g The donfingated diehgpalymer kasameferably a glass

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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obt ai ned by causing a | ow nol ecul ar wei ght conpound

having two or nore tertiary am no groups and one or

nore al koxysilyl groups in a nolecule and a

pol yfunctional nodifying agent to independently react

with active term nals of the conjugated diene 20

pol ynmer obtai ned by pol yneri zing the conjugated di ene
polatepiakkitch. OIExaaphds\ofitiid methgd forreadtiagjalgwtntsleclil@nvecight

conpound and the aromatic vinyl conpound. [0129] An
compowmld andta i ffaatticmahmbdifping agere do teconjugeated ididne polymer may

sel ected fromthe group consisting of a silica-based
indlwderagaethod bt hdding a bowreiokdcubax wetight eomipeundstaxingttydros ate

Is 25 dispersed in the nodified conjugated diene
terpastyyamino groups andhope o more afoxssihl growps it thepolymer solution after

particularly preferable effect is obtained when
completine of thegiohymasrizatien endgtirring thermnixgirg to hemegeaize, and a method

di ameter of 50 M or less_ is used as_the silic -q$se

of pgrpgyareretermined pmowntofinolyfunstiopal mpdifiaag agenfipt whigh B sum
of Bt GReli s oGl HPech GuiTF et g BB itk Spige. adding a
e R e
[ tabl d i nforcing.fil
mejhisr oty F R tropre ® eSS R inenel e S bl e o
hoR$§§ﬁ££ invention is wused for the application of a
vurcani zed rubber such as auto-parts (e.g. tires,

[O@Fper), shoes, and the like. In this case, synthetic
sificic acid with a primary particle dianmeter of 50

M o mb&$ied bSnjBEREEERRE Block ks ?ﬁ@l’ 18 aR¥BENbrBerel eflBBdiment
synthetic silicrc acid may 1nclude wet silica and dry

of fielprésent ihPerdt®h31] Al so, carbon bl ack may be used as
the reinforcing filler. There are no particular

[0128]i t ati ons on the carbon black used. Exanples of the
carbon black may include furnace bl ack, acetyl ene
bl adkoredvesracedrdivigeao khe priesenn fvedtiacik js @ssiplei tb ebtafmal t he
like. O these, furnace black is particularly

compesitomtineprisifg (W@ 2horemeodifiel] éangugatesiniengatobymetis cench

pol ymer according to the present invention can
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

45



10

15

20

25

be used as a vul cani zed rubber by adding from1 to 150
parts by weight of a silica-based inorganic filler
and from1l to 150 parts by wei ght of carbon bl ack,
either alone or in conbination, based on 100 parts by
wei ght of the polynmer. Such a vul cani zed rubber 20
particularly allows excellent dispersion of silica and
pagichdsloy tiexdflldpiatesprempel aad hompgenfeousindispersdhing shertqredaod bf
the excellent effects of the present invention.
tinBpeith £xwHehtyreprothenibifityotd prodige apeodust withicxremelytgood properties.
the inorganic filler and carbon black are
[OF®dogeneousl y di spersed to obtain a rubber conposition
wth small strain-dependability of storage nodul us of
el adbesilicg-bas iporgaep filaecanpdsor hewpitablvjusehesaireinfereing filler
| ymer accordin%éto the present invention is

._po | : . .
in @»@rﬁﬁ%ﬁuﬁ@% th apdilied conjugaberdiang PARDES ol{he Ressentinvention is
rupber, as required, We ed i 46 conbinatjon with
usei Bt feanp g of pBlcaR PELTBBF S5 af RUPGVERENE 5F (RBDCD)
res .hvention is nat sufficiently exhibite i f.
shisc i i S of IS crsamRR R U AsSd OFh  HEATY Rgivi diameter
cordi,ng.to th resepnt .i.nventi.on i.s tqQ makll . As.a
of 3Lt 1 i ekt €5, PiEfeapE VR e Rt tcigatid thay
. ' | . ymer according to the present
“K%%%Qﬁﬁﬁgﬁggﬂ%ﬁﬁf%ﬁ%{her rubber is generally from 10/ 90
[Oﬂﬁ 95/5, preferably from20/80 to 90/10, nore
préferably from30/70 to 80/20. Exanples of other
r ubbgg, WEpoh BRLK ﬂ%g%tdéécﬁés the ?&ﬁforcin@ Al sameRNBe no

rubber, enul sion polymerized styrene-butadi ene

paftiRBRlF MltatiosUntht eboR Bla¥ltBéddZ © ExhAPRS BF BRRaftMIRL may
styrene: from5 to 50 wt% 1, 2-bond content in the

indhuteaflirRBEbIAER, taceth TeAEbIhOK, tRerBid] Blabkt,, chhrg blackRErafhia, and the

(1,4-trans bond content in the 10 butadi ene unit :from
1iké0 O6th3ke, flirdce Blavk-ig particolayth piefeiablee rubber, high-cis

pol ybut adi ene rubber, high-trans pol ybut adi ene rubber
[0132)4-trans bond content in the butadiene unit : from

70 to 95 W%, styrene-isoprene copolyner , _ _

but d8¢e owdifi gated cligro Ipphiener asesirding o thegirgsent inyention can

random st yrene- but adi ene-i soprene copolgnerh enul si on
be peadareryulesgized melther By gdding fron: bt EWerarts by megight of a silica-based
. copolﬁnﬁr, emul si on 1%3E$Iynﬁrized . .
inaggameflderaad Jrogm il £ § $Gpastscbyy @l of sadon lack, either alone or in

acrylonitril e-butadi ene  copalyner, and_bl ock .
o BigfiGFmbreed RO Py veigHRPE tSERITTESE v SHEH 2 SelRanippbber
particularly allows excellent dispersion 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 ymer and pol ystyrene- pol ybut adi ene- pol ystyrene
bl ock copol yner. These may be sel ected suitably
according to the desired properties. [0134] 20 A
silane coupling agent may be conpounded to the
nodi fi ed conjugated di ene pol yner conposition
according to the present invention. In order to
combinanigi With ahbiber wbbe thegffelofahe ingprovdniailt ob thiegiresgnt invention
effect) between the reinforcing silica filler and raw
is masefficantly ekhibited, afithe ag@ontoofahe modifred wphjugated dient pplymer
added preferably in an anount of fromO.1 to 20 wt %
actoading tothe tpresesinoventioofis tobensill | As-arablest chimpbrent, arfveight ratio
addition of the 25 organic silane coupling agent in
of theanedibiethconjigatdsi dienepripmeraccording tedhe presas uplentien and
effect wthout ruining the reinforcing effect. A nore
angfherfrabbslivgeneraibyt fram 19&@ to P Inpreferably fom 28 kg $RY10, more
agent is fromO0.1 to 6 wt% based on_the anpunt of the
preferably fram 3@ Otte BP/2P. Examplessaio Bbeg amavcingluge patural rubber,
couplin ent pqQssesses .a grou aving affinit ith
polyisgbreng FybhEE CaLEp PRINTEF RS HrRe BB E FRPolm e Rl
Wi th doubl. e [ e_pol yrer, I I Ex | es.
poljhicpipta iz S Prosled Siee: SR 5 arTD Wich) |1 R IRESEYin the
i,S-13-(tLie x¥si Lyh)propyl)stst fi .
bulfior o frorg 1O NE P BB §B8 L Rtn pBRd content in the
iSe [ 2=t i het - ' L4
sl B DY LS s i
J .
PO, b A jent n the
bufaich@ it f 588y 7000 D5184), bivReneAdprdhelddBolyR | biRtddiene-isoprene
conj ugat ed di ene pol yrrer "having a specific nodifying
coftl AHEY, SS1ERGHIpAIgmeAzddBndIe S8 Téne IhtddistR kbR EneLApbinies, @
strong bonding force with the silica-based filler, it
emulsidOsaiibiezédo rafiddrh stybéhedsliidiemris@ireddlcopbmmirCersulkione
coupling agent or to add smaller anount of the
polynpained stgtehasaerybmipile-hotadigra toppdymenpayleditsietbutddiene
case where other polyners were wused. In this case, it
copadymperssintd (bdockaopblyeiers such abbigh vimyhSBR-tavovinyd $BR fblagker

performance. 15 [0136] Furthernore, rubber additives
copplpherandipel ystxoens-pa)ybuthdiene-pelystitene hlogk egpaigear. , Tese may

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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vul cani zation accel erator, a vul cani zati on assi stant,

oil, and the |ike can be used. [0137] Although not

particularly Iimted, exanples of the vul canizing

agent may 20 include sulfurs such as powdered sul fur,

preci pitated sul fur, colloidal sulfur, insoluble

sul fur, and highly dispersible sulfur; hal ogenated
[08s$l)f urs such as sul fur nonochloride and sulfur

di chl oride; and organi c peroxides such as di cunyl

per hie deganitcsikihe teupling agsit popsessex iadoupHavirpedBnity with the

sul furs are preferable, with particularly preferable
sudadefafisilivaiand) a gpmpciapaide ofibdniting wih [douie bofdsain dlopel ymerf

the vul cani zing agent is generally fromO0.1 to 15
molequles  Hixamplestat the greartie siddsieycoppling 4gest may i®lysigrt s by
weight, and still_nore preferably from0.5 to 5 parts
bl&ﬂé-&CM}QHYI)MQB%tW@@de,@H35(tbyﬂlﬂéysgm)-mw}(lirélsulﬁde,
.rubber_conponents. [0139] Exanples of the i
bisglgr (tagthoxysilghetbdi-etesuliide, 3rmgrqaptoptrpyl-rieetheerdangy de

3-SR B PP A batey SIS oo cel or aror
TS oS A B Y Sk i
cotjubfied fide POt nfiog P oAb EPhk BuREeEH BB Bind Gresent
S S o S0 ST i
orrgft?ﬁ §dc§]ﬁoﬁv€f 06roRhicklifhe &HP?%a@W%H%maﬁgr irﬁcéﬂi@l)f the

ough there are no spec mtations on t type

i dligne LuphiRL 484t A8 cordpired Withithe 84s8 WHefe Rfibrthol whés
Oqgﬁ}de, an&ﬁﬁhg i&e g%nﬁbe used.e[0141] The‘lﬂ%oﬁJn were

uséd®| 1Th EHiS t4d@, it id poRSibIERY obRITCAFIMBEINEEpdsition with Righetnt of
froml to 150 parts 15 by wei ght based on 100 parts
petiyrmvdcght of rubber conponents, and the vul cani zi ng
agent and vul cani zati on accel erator maybe added in
[0r3défal in an amount of fromO0.1 to

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 sulfurs such as powdered sulfur, precipitated sulfur, colloidal sulfur, insoluble
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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20 parts by wei ght based on 100 parts by wei ght of
rubber conponents, for exanple. [0142] Exanples of
the oil may include an extender oil such as aromatic

extender oil, 20 naphthenic extender oil, paraffinic
extender oil, and a silicone extender oil according to
applications. The anobunt of the extender oil is

bygesight daked dnl 10D garfs Oy WaligRf tise RBberBi@bhentfr ef er abl y
from2 to 100 parts by weight, and nore preferably
[0f39gm 3 to 60 parts by weight based on 100 parts by
wei ght of the rubber conponents. Wen the anount of
t he Bxianples ed thesvulsaniZation aartpeatot iney dichplerassutfgneihilet
of the reinforcing filler, 25 tensile strength,
vulthniastioraccesiasiram thequrbe vl candzition ancaisratan @ thiaeolkividisagization
excellently balanced. [0143] 49 In addition to the
aceglrsgtor, meithiasadamio agid zatianeacgeleratoni o xanthagepieracid
conposition, in which the nodified conjugated diene )
vulcapigation ageelsratnrnandithe like pFlasamgunt pﬁ%w&@nlza%ow:@al,erator is
nprise, according o the conventional ne

t hod, .
ge?”%%’}b? i 0. LirbLhpartsdiy Weisil prederaly fioan Pi3da 19 parts Fvgwelght, and

.such as .cal.cium carbqnate. and.talc, .,an am ne- bas
stif T, BreGAR I Bt SoREEHa Ay et B PPHORRARS B Weight ofthe
ctivator such as diethylene glycol, a processing
rulihercompenenR { i or . wax. and the |1ke. [0144] The
[Oﬂﬁﬁcanized rubber conposition, in which the nodified
conj ugated diene polynmer according to the present
| NV iR irrd 1€ o ARG ORI ID YT ok % Bizkflon
above-nent I oned conponents using the “known
assist SltedHoRM Dthc TRAY AR BUGRe B Be i@l Or a Bunbury's
m xer. |[0145] A masterbatch can be prepared by
[Opgppounding various additives such as a silica-based
filler and carbon black, as required, to the nodified
CONJTHE ¥iffdrélh € filler thy PO LBsundsE Hte bR Gmbentid¥drodi €$E€ NS0 parts
i nvention. A rubber conposition with good
by et basddidni 1100, pahts i wadi gl 0@ hubbel @thpadehisghdrths alcariziag
excel | ent wet skid performance, and
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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excel | ent abrasi on resistance can be obtai ned by
produci ng the masterbatch. [0146] The nodified
conj ugat ed di ene pol yner according to the present
invention can 20 cause reinforcing fillers such as
silica and carbon bl ack to be honbgeneously di spersed
therein. A vul cani zed rubber nade fromthe resulting
conpeadditi®ito thé abis@dnémiontd e@fponeasthexidahized rubber
excel l ently bal anced properties in the low rolling
compsdigdg e evhivhdhé medifiet] cokjudated diche poipnee aa®rdiogpathegresent
with the conventional one. The tires al so exhibit
invenfiomisaded, vy @immaisemTcordgigdd drc@naentianhkemsthod,rgqwired
The nodi fi ed conjugated di ene pol yner can 25 be
ameuits if bthensdstitives like adillse suchrag chlsbmnearbonateandtalenph e.
In addition to these characteristics, the capability
amste-brsad geplenakbased pntinxidans gniantiozanant A agliyatar sHel #%ut e
.to_  inprovenent of flame retarding properties, tensile
diethylenecglycolia prasesaing did; a tagkifiaryikan, apd the lis. Fyr ¢ her nor e,
t he nodi fied conjugated di ene pol ynmer according to the
[Okw%sent i nvention exhibits excellent aggregate grip
when,used as an.asphalt conposi.ti.on. W he.nmodi f i.ed
coniTHg hisanar b Ror o R g i e et e, Fged dist

pobPYER gl o s GRERALASH o B3 o Bl P

SRR SRBOAEHL i RFRPLRAi e s asa o

or@%ﬁ{bﬁy‘gnﬁfiﬁ he present i nventi on can I Npr ove irrpact
resistance o engi neering plastic such as pol yam de.

[0 MPLES 10 [0147] The invention is described bel ow
In"detail by way of exanples. However, the invention

show gladigbateR cﬁﬁ)ﬁé?fnrepﬁ@d 8§ cBRboehdingVdrRfhs a@ditibes such as a

foll owi ng exanples. In the exanples below the
silieabRscaSile aed aarbbry Black, by rédutred,ab tieywnodified chgjdgated diene

Bonded styrene content 15 The bonded styrene content
polynic¥acovading &b therprevent ibyemtioa s o Avrublger ichmpssitip withigood
chl orof orm and measuri ng absorbance of a 254-nm W
prdcesgability highestrehgty lowpsllofg resstaneenexdetiens veet 5Kid performance, and
manuf act ured by Shi mazu Corporation).
excellent abrasion resistance can be obtained 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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(2) Styrene chains The contents of styrene single

chai n having one styrene unit and a styrene long 20

chai n having eight or nore connected styrene units

wer e anal yzed by gel perneation chronmatography (GPC)

after deconposition of styrene-butadi ene copol yner

Wi th ozone, according to the nethod of Tanaka et al.

desFuith@thore) tRRomydified caRjugdtéd diehd P8liiner 4&prding to the present

M crostructure of butadiene unit Measured by infrared
invepiat exhibicf excelbant 688 egate 6P Ghemusel assinragpladt donfpositied.

25 spectrophotoneter ("FT-1R230" manufactured by JASCO

Cor Méineat the modifRdeosjngpled dianapoliings absading to temisesent invention
_ disulfide and solution cells were used. The resultant
is ;xthemondastie rown, thyypesie gan Bnely dispersp polar pariejgsandyexhibits

determ ne the mcrostructure of 51 the butadi ene unit,..
exqellgnt, compatibiity with thg polar resigondherefory, thipwadifiedi P%Hgaﬂﬁé diene

The sanple was pre-heated at 100C for one mnute fe\nd
polyHisT 9?696@&3f@alaﬂwpntflaﬁ?nﬁom%t%@%gnmw}s ceo

accordin S—K 300-1. 5 (5) Mol ecular weight and
en?fﬁ?eé’&lﬁlpé%t YAMIA¢ 1 i on Chr omat ogr am of t he

sanpl e and standard pol ystyrene were neasured using

GPC equi pped with three colums packed wth

I rene gel (TSKgel, nenufactured by Tosoh

E)@v%‘g!ig“ on). A calibration curve was produced from

t4i7$ measurenent result of standard pol ystyrene, and

nol ecul ar wei ght and the nol ecul ar wei ght 10

di Strhk Rlleh@6h %fde§&m%h %e}%vsm%kéfltﬁﬁ%éﬁof &) y ARGV aN the

(THF) was used as an el uent. as | e was

invéh8SPEh6al hdt béQomdtrel ad bking 'Iiﬂnfetl% §ﬁ| fHﬂb ﬁ(e%%lpﬂeﬁ Visthe

injected into a colum. Thé nol ecul ar wei ght and

exdiRplechilow, me»s le§livete dnaliized® By URS followigsheétRsissi Nng a
zHﬁﬂ,det ect or C-8020" manuf%ctured by Tosoh

(1)@Bunded aﬁyremre)comﬂer the conditions of an oven
tenperature at 40C and a THF flowrate of 1.0 niL/ mn.
15 (U6} bdudbdfstyrend amtent (wid6)Twas davetnfineidty dissohdngthessmple in
nmeasured by GPC col unm packed with silica gel as the
chiprdfoem andinegsuring absabanct of a 264-tm GV light byrphieryil gebups of
conmponent of being adsorbed in silica.
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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Chr omat ograns of sanpl e solutions containing a sanple

and a | ow nol ecul ar weight internal standard

pol ystyrene were neasured using the pol ystyrene gel

GPC 20 ("HLC-8020" manufactured by Tosoh Corporation)

described in (5 and a silica colum ("Zorbax"

manuf actured by E. 1. du Pont de Nenours and Conpany)
the@Btadi &l unifi.e. Othe Bonitehd-dTA20-bondlet ect or "RI - 8021"

manuf act ured by Tosoh Corporation, oven tenperature:
(4 A6hneYHiscbkiopv rate: 0.5 nl/m n). The adsorption anmount

to the silica colum was determ ned fromthe

di f The sample ofasphebeatereatd 00U fartose nbingte dnd thewhscokityafter four

results the nodification ratio was determ ned. 10 ng
migftenwasmpisuraatcordigty JB-K630@rhdar d pol ystyrene were

di ssol ved in 20 nL of THF, and 200 L of the solution
(SnMdslecilay weightandineleenlaoveight distibutigieci fi ¢ procedure

was followed. The m)dificationratio 52 (99 was i

det é?hmm@agr@rm ofghe ssnle and standard polygtyrens weng megsyred using

GPE et it heke: o Bﬂr}@{wﬁ%[%éﬁ@@%%%aﬁ%ﬁﬂﬁpﬂ%wed
P
by &eip}b@@m)@tll?r eE A EBetion W fervs Seditad i Derpevyees
resyft Bt St pRE e bcthgthe i Techi FEBE A fPer 'n&éa%nve‘ght
dlsh%%t%{l?)??%neplg Q\ﬁas% %d am gt{ f)lrdfo?!?{aﬁ fﬁtfgufgpﬁﬁzﬁed@én fluent

area o St an poI ene

St %mpl{) basdi %&)(l)véd @‘?1!1]9 of 'gﬁlyaﬁ& (ﬂ%egoﬁﬁﬁ F{QO@ Aphas

cm X cm X cmrectangu

inj Q@E@Ht(% Q| d The nfi‘)lec%la? WelghP aftdmdlR08r Wafh$ ﬁfétﬂ‘&iﬂoﬁ Yere

e wth an inclination of 30 using a rubber

meafiFBdhsind § RI @elehof ¥ Y QRO hinfBstuRd Bk UREGHICHporation) under
observing the sanple after being allowed to stand at

theXpRditiohs 6N S tempPdiBtufEaU0ES atieh THIVROW aite df 89 mL/min.
follows. [0148] Excellent: The sanple maintained

(6)Mdadilfigatidberatio i gi nal form Good: A part of sanple was

def orned. 15 Bad: The sanpl e was consi derably

def Gheecbdifidakanyite was freasunedebnGP Cvoolwme padked Withi silésa gel as

heat - control | abl e aut ocl ave equi pped with a stirrer
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 “CO-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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and a jacket was used as a reactor. The reactor was
charged with 625 g of butadi ene 20 from which
impurities were renoved, 225 g of styrene, 5,500 g of
cycl ohexane, and 0.82 g of 2, 2-bis(2-oxol anyl)propane
as a pol ar substance, and the internal tenperature of
the reactor was mai ntai ned at 30C. A cycl ohexane
(%3 dlap tetetiniged béih g tHefofimula, [TVO(P2 >0P3 AP Lt B4)] ixt IdOpwhasinathe
Initiator was added to the reactor. After starting the
entiregeik amea of theehtanhaogram Usarpepaystyrene toltina is esstmed to be 100,
began to increase by generation of heat of 25
P1peprgsentsi thapéakrareddf the sdmplet Bitepresenta thequtale areaof therstandard
of 10 g/mnute starting from7 mnute through 12
polystyvane, tht entiretpeak angd iof therchodmatogramyusing # silicaeplumn is assumed
initiator. As a result, the final internal
to beeh% PArepresests the arep of thegemples anb B4 epresents thg peak area of the
mpl eting the 53 pol ynerization reaction, 13.5 mol
Staaéardpob'stwm E"Pﬂﬁ%%hqtgﬁw B2 5P3pyP4 =40et hyl pi per azi ne
dded. The m xture was stirred at 75C for five
U%ﬁ‘ﬁﬁ%@?ﬁ@’?ﬁﬂy out the modi fication reaction. After

tehﬁﬂh? 35%5"8%%%%#@@% 13001 § S0 1k By letgpiped and a
TR AN
“‘?ﬁ“m O REO Lol SR bty whd S at NP Al IARRAN Biing
i LR R R

[osjgngl e chain having one styrene unit was 45% and the
content of a styrene long chain having eight or nore
Ex641AE athe GampéiRdiftaliet inSarlPéhe 1 fdim. Mooney
vi scosity of the polyner was 50 and the 1, 2-bond
GooaA gadt oPfaniple wik defosthedict ure of the butadiene unit
was 62% The pol ystyrene-based wei ght average
BadvTlecsahmpile waetqiidetadbly defasnedo0, 000, t he nunber average
nol ecul ar wei ght (W) was 270,000, and 15 the
nol ecul ar wei ght distribution (M,/ M) was 1.33. The
nodi fication ratio was 84% Exanple 2 A
Exampledne- butadlene copol ymer having a nodified

corrponent Sanple B) was obtained in the sane nanner
' velume oy @diter leat-cansiofigble 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

33



10

15

20

25

N-[2-(trinmethoxysilanyl)-ethyl]-N, N, N -trinethylethan
e-1,2-diam ne instead of 20
1-[3-(triethoxysilanyl)-propyl] -4-nethyl piperazine.
[0150] As a result of analyzing Sanple B, it was found
that the content of bonded styrene was 25 wt% the
content of bonded butadi ene was 75 wt % and the Mooney

polvhregiastidnyreadtionh €3 .palrioteof was 54. The 1, 2-bond content
of the mcrostructure of the 25 butadi ene unit was

1-[Bqthethidxgsitmiyl)sirgpdid-heth ddipemzifetwa\addedje Thel moaiirawas
weight (M) was 390, 000, the nunber average nol ecul ar
stimned] gtt5°C Kor) fivearnin2 8B (0 08Ty eutdhe medifivatieriehctioneiAftear the
di stribution (MvV M) was 1.39. The nodification ratio
additien 788 g SantivsidatdBETA2 s4-di-tertebuivitrtneghiéphenph ity iy
havi % a nodi fi ed conponent (Sanple C) was _obtained
polymer plutiemthesphyesat was rempved sorpbtainistyrene byfadieng copsilyiger
2-(trinmethoxysilanyl)-1,3-di met hyli m dazol i di ne
hayipg g maqlifigd component (Sample A).
-[ 3-(triethoxysilanyl)-propyl]-4-nethyl pi perazi ne.
(0 51] As a result of analyzing Sanple C, it was found

conSEHPLEE Vb AR AR B eapdrepRal pghod to B that i sayrent
of BoriE e Pt B B AR BErasl i RS 28
L T e
G T A S s P
Mabasy $3%sityler s dyrfierwad S0 £10hO Y A8LERDNEorkER @E iSHEEiﬁicrostructure

havi ng a nodi fi'ed” conponent (Sanple D) was

of BehatadRMe uflit W8 6291 THRPOGfsty#end-basbd MeTUhe averagesaeRtular
for using bis-(3-dinmethylam nopropyl)-di net hoxysil ane

welighs (Maypwad 360,000, the number average molecular weight (M,) was 270,000, and

1-[3-(triethoxysilanyl)-propyl]-4-nethyl pi perazine.
the[rhdiedllar weight distribution (M/M,) was 1.33. The modification ratio was 84%.
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 aresult 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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As a result of analyzing Sanple D, it was found that
the content of bonded 20 styrene was 25 wt% 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
Exfrvpde 3vas 380, 000, the nunber average nol ecul ar wei ght
(Ma) was 260,000, and the nolecul ar wei ght
di stArdtyrené-butadivhé dépolymer hhvitig a mhbéified dompomint (Bamypde Cp was
was 70% 25 Exanple 5 A polynerization reaction was
obtamediimme@ameimamheassialmamlmhrexa@t ffor ushng r eaction for
optainingi nple A. After a polynerization reaction,
2-(gimethepis a@fl) 1 3tdimgthybimigazolidine Hgtead of
3- bi sam nonet hyl cycl ohexane which is a
1-[Btricthoxypitanybrigppybityeeibipinesa#indund was added to the
reactor, and the m xture was stirred at 75C for two
(0 1|§|i|1utes to carry out a coupling reaction.

S SR 2 o B
styﬁr%gl i %ﬁé}l't%;]aﬁee&(:tten? of ﬂlandeﬁ%{]{adlee%e%ts 79%‘%{ E gle%/looney

viskgedof e SRR S ik 2ot PRt SHE pRGbGRRRe of e
bR b e QBP0 The bR Gertised WA Avef e Budl o fine
MbPﬁgée@b 0,600/ B YfunYRer agéa%g dlﬂ‘bﬁtcﬁ’ﬁr gﬁ%&fem{g%as%ﬂ%g and the

but adi ede was 75 wt % Vi Scosity of
mol81aP VeVghe tiswutidA (ML) was?t. PRN dTlfeOrHB&i!ﬁEatﬁfn &ﬁ@ was 80%.
mcrostructure of the butadiene unit was 629
Ex@fabist yr ene- based wei ght average nol ecul ar vvel ght
(M,,) was 350,000, the nunber average nol ecul ar
vei ghtyréfdbutadisnddpobifer anihgtahfodified espaient(Sagiple D) was
di stribution (MN/M) was 1.30. The nodification ratio
obtaimsd &Bfe sarfe mpanat ds\in Exxapiel I etcepb fok usimgy mer i zat i on
reaction was carried out in the same manner as in
bisgR akimpEthylemineprop)-dinostheryisilapednstyad athexane sol uti on
cont ai ni r11g 8.72 mmol of n-butyllithiumas an
1-[Bftriethoxgsilanyl) agopyl b#-npethylpipstazingx ol anyl ) propane as a
pol ar substance, and 4.36 mmol of
[0158} r agl yci dyl - 1, 3- bi sani nonet hyl cycl ohexane i nst ead of

As a result 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 (M,/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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1-[3-(triethoxysilanyl)-propyl]-4-nethyl pi perazine. In
the sane manner as in Exanple 20 1, the pol yner
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
solution, the solvent was renoved to obtain

G A PR oL P B S o
i e i o oL

coﬁﬁlli(;ﬂ‘g I@J&g %h eSlR&Q‘ﬂf%tl%r U] rﬁg ﬁ'cﬁt}’oaneaétﬁﬂ R c)AfF?é'd N the same

ond e mcrostructure of

mahRH&rad g Eﬁanaﬁl%q WepPhdf thIBﬁ)dE’t?éaﬁ% Yéa%ﬁ@n Ras esdrive bgmy adding

aver age nol ecul ar wei ght vvas 600, 000, the
11. m;l ﬁth%l mqsq&wn&ly@wi 11{’64@) O6i8in aand
nol ecul ar wei ght strl t| on I\/h) was 1. 36.

styﬁﬁe-umwnle%apmgﬂlef Bavif: maﬁ%%con@@ﬁaﬁr(amm Eﬁxanpl e 2
A styrene-but adi ene copol yner having a nodified
[016B8Tponent (Sanple G was 5 obtained in the sane
manner as in Exanple 1, except for using
N- ( AstarreaftuabapalykingSaomld F-id was Givng dihas it chnzenit of bonded
i nst ead of
styfien 3vas 25 vett dheysinkteant pf horsied byta}ime N@s ﬁ§ Ingqo end thiedooney
[0154] As a result of anal zmg C it was found
ViseQrifyy of e prdymetivasot9. b drgde 2-bpo §pmtrfé° themicrestiyctyre phhe
content. of bonded but adi ene was 75 wt % and the l\/boney
butpdlicae it yrapp2%ne The pylysransaseul waight average gl ecudaiy dsit
of the mcraostructure of the butadje uni t 61 %
(Myhwap bt 440, therambes averags fgﬁlec'al%w LVAELD 23% the
mog M/\gar sy Sgyéh%w@on é@gﬂ{/mnvp m &igﬁjolnar%ng/\evag gg%

dlstrlb |on1 MV Mn) was 2. 04. The nodi fication ratio
ngraé“f@/o al'5?3‘3[10155] The results of preparation and

ana!g%/pol)?rnéﬂ'ﬂaﬁgg r&ctioiiRY Etrit b it S 1RMhet Bs in' le 1,

except 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 aresult 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

56



10

15

[0156] TABLE | Exanple Conparative Examle 1 2 3 45
1 2 Sanple 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
(MQ) ¥8s 400600 2 unkisdh Wietagd inoleahlanweighy (Mg vaggerdD,000mid)the
- - - - 0.25 4.36 Low nol ecul ar wei ght conpound-1
mol¢vatal Jvelght Qistribution {U,AG ) was 1.86v rnDhenodidicatian gtio was 83%.

conpound-2 (mmol) - 13.5 - - - - - Low nol ecul ar
Compagitive Exagapler®td- 3 nmol - - 13.5 - - - - Low nol ecul ar
wei ght conmpound-4 (nmol) - - - 13.5 - - - Low

ol dctyrene-tatadiane capabwnerchasingampdified component (SarpleG) was
Modi fication ratio (%9 84 78 80 70 83 83 67 Mboney
obtained ds theysame nspngnasqn Exgmpl BExcapb fofdling yr ene cont ent

%;/21’5625 25 25 25 25 25 25 1,2-vinyl baond content (%
N- thogysibylprepyly4. ssdihydiognidazale Wé‘édl‘?ﬁ | ecul ar wei ght

My) 360, 000 390, 000 370, 000 380, 000 350, 000 600, 000
I-Iét(m%lwysl dropXlkf-BethHBineEf % wei ght (M) 270, 000
01%%?’ 000 270, 000 260, 000 270, 000 440, 000 270, 000,

[ M 1.33 1.39 1.37 1.46 1.30 1.36 2.04 Cold flow

D 05 0 S SO B G B
syl S ot s S 8 B Moy wap 2 ot and e Yiggeey
o o et S S st o hpmistpgmepge of he
butadiene unit was 61%. The polystyrene-based weight average molecular weight
(M, 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



Low nol ecul ar wei ght conpound- 2:
N-[2-(trinmethoxysilanyl)-ethyl]-N, N ,N -trinethyl ethan
-1,2-diami ne Low nol ecul ar wei ght conpound- 3:

2-(trinmethoxysilanyl)-1,3-di met hyli m dazori di ne Low
nol ecul ar wei ght conpound- 4:
bi s- ( 3-di net hyl am nopr opyl ) - di net hoxysi | ane Low

[ors6l ecul ar wei ght conpound- 5:
N-(3-triethoxysilylpropyl)-4,5-di hydroi m dazole 10
Col d flow property: ExceITﬁeBﬂtE 1The san‘pl e mai nt ai ned

m—Good—Apart—of —sanpie
def orned. Bad: The sanpl e was corlimndlerably defo
[0157] 15 Exanpl es from6—tpo—10;Tand G uparra:§|

60 parative
r e
Xample

V
Exanples from3 to 4 ibher S?ti né A pfer}\ d2
from Sanplely A to G (Tabke [1)Bas| r fw mBtefiBls| F | G
obt ai negtbige tghe above [Exanp| &35 and2Cojmmas aft ieee | 625 625

EXanplagsnaitubdind @  TOI| Oy Nig foech pss.| [ H158] 5658 50 50
agated i

Nat ot PEBRR—30-0-pa

mant IF‘:-’PP‘;V“W‘HH(“H\?D De gussia) 72| 675

(" SBelstubkdste ammmiBact ur £ d.0y | 082
Bolydumpiddial Bodfyinpiage @m0 U aatier ed -
Wmo@@l% %ﬁ@) con%po@ndﬁ %&l&) - -
LI ACT O e, Oy Janan Zine |
Lol %f'niqﬁﬂdé..ja' i ol
o ' h%componngﬂf(ramo’i)\ - -

loguldr weigh & N Lt onamf-c8) L O piar e | 135

VuI c&hdlﬁanqnmocﬂ{dcel eraf o# (D Bheny$0 guath di n#s) 1 67

83
part s Mobmy @bcosdt 9. 4 parf s50Knea®i nig Was| cérrj etd out 79y| 90
t he pnadalsvie BGte@inod accsr df ng tio 26l § KB29P. 25 25 25

1,2-vinyl bond content (%) 62 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 molecular 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 [ExcellentExcellent) Good

Polar substance: 2,2-bis(2-oxolanyl) propane
Polyfunctional modifying agent: tetraglycidyl-1,3-bis(aminomethyl)} cyclohexane
Low molecular weight compound-1: 1-[3-(triethoxysilanyl }-propylj4-methylpiperazine
Low molecular weight compound-2: N-[2-(trimethoxysilany])-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.
Bad: 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
materials obtained in the above Examples and Comparative Examples with the
following recipes.

[0158]
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15 [0159] In first-stage kneading, a raw nmateri al
rubber, fillers (silica and carbon bl ack), an

or ganosi | ane coupling agent, oil, zinc oxide, and
stearic acid were kneaded under the conditions of a
filling rate of 65% and a rotor rotation of 50/57 rpm

using a sealed kneader (internal volunme: 0.3 L)

Moifisdapaihgsictidienetcopgigmet ure control ler. The 20  70.0 parts
tenperature of seal ed kneader was adjusted to obtain a
Natwpalpolsherri on at a di scharge tenperature of from 289 pads
160C. As second-stage kneadi ng, an anti oxi dant was
Silwd dditrasil VS” ammplesturedby Dogassaled in the first st#idearts
and the m xture was agai n kneaded in order to inprove
Carhiog acki( 6yeast KH{ mapufactpned iy Teked Cgbondimdrtddur e 810 paws
_conposition was also adjusted to from 155 to 160C by
Silanerroupling aggnt (81698 mpanusactired by Degessakal ed 25 knedddarts
Sul fur and a vul canj zation accel eratgor were added to
Oik (RN C d0poRAE; akmangaciyned dydpprankneege6p@)st age -0 parts
. kneadi ng, and the m xture was kneaded in an open_rol |
ZingoXidghi ch the tenperature was set at 70C (thi rd- StCaRfE!S
kneadi,ng). 59 [0160] The conposition obtained ina,t pearts

Stegtit pAdst age kneadi ng was nol ded and vul cani zed &t

. [HeTe T I ] es. Properti
Mﬁﬁ’gg?‘ggﬁﬂ??‘ﬁgﬁylﬁ r@g"'ﬁ‘?/ ggﬂ?@%‘%ﬁ%& measur ed 1%Spa9tfs
ording to the followi ng nmethods. 5 (1) T90 Aftlgrparts

conpl-etion of the second-stage kneading, a )

Vu%é i‘iQtﬁLrﬁ%E:él?{létJri(@c cﬁ)%‘éﬁl-ezdb%ﬁgghé%%@n%{&? 20%1 @ parts

eru 90) S neasure Ing to J

Vult@di28ioh actdbralYDihHeHPRRantdaidh ent  About 0.2 g of 1ishurts

conposition after the second-Stage kneadi ng was cut
Totapt 0 10 about 1 mm cubes and placed in a Harri s'169.4 parts
basket (made of 100 nesh wire gauze) to nmeasure the

wei Yhtadidgwacchiaed satty tHe ARGihHmietHodepeoriimg t@ 4ISQ62.

and dried, and its weight was neasured. Fromthe
[0188Dbunt of insol ubl e conponents in toluene, the anount

of rubber bonded with the filler was cal culated. The

r eshi fiistsfagekneadingsa ravegatediedrubber filers ¢ailich andodaehon black), an

cont ent .
organosilane coupling agent, oil, zinc oxide, and stearic acid were kneaded under 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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15 (3) Tensile test The tensile strength at the tine
of cutting a test specinen and the tensile stress at
the tinme of 300% el ongati on (300% nodul us) were
nmeasured according to JIS K625 1. (4) Viscoelasticity
ARES vi scoel asticity tester manufactured by Rheonetric
Scientific Co. was 20 used. Tan 6 and nodul us of
[018bpsticity (G ) were neasured in a torsion node at a
frequency of 10 Hz, while changing the strain at each
meaShé cagpositigaestaiibedin( tAEHRkstaded@eadih g Wad Inoldxel ddy ne
effect (AG) was shown by the difference between the
vulomnizedanl 60% foalayeriad df TP plus Mmviabtes. | Propbies of thiemesviting
fromO0.1%to 10% The smaller the Payne effect, the
vulbatizesk rubbe vetire peasiired adcoyding tof the Fedloving oisthedssi | i ca.
0162] 60 The higher tan 6 at the | owtenperature
(1)(90), the better the wet skid (grip) performance. The

|l ower tan 6 at the high-tenperature (50C), the smaller
t heAfigyeerapletionsof the second-stage kaeading a vulranization tige required for

resistance of tires, that is, the |ower t
valga G JDTiH thesrbbst (R A MERIEe] areoEngio TS BaTher

resilience at 50C was neasured by the Lupke type
(Z)erB%‘ﬁjﬂJg%err%‘ﬁ"itence tester according to JIS K6255. (6)

et A 9 i Rptro e R SheoPlslR ffting s g dovo

S8 T SR ot el T e oo
el S8 ThOC SR BT 5 o

welght Wil AREGIr&] ‘ﬁf&ﬂﬁh?%@éﬁt% insBRib® cdli‘%%)élkéﬁt%@n tdluene, the

) .
asure the amount o

abrasion at a
amount of rubber 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 6 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]

60



10

15

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 nmeasurenments of Exanples 6 to
10 (Sanmples Ato E) and Conparative Exanples 3 to 4
(Sanples F and G are shown in Table 2. 61 [0164]
TABLE 2 Exanple Conparative Examle 6 7 8 9 10 3 4
SanPhehigh& tah Babthe 16v-tGapgremnd(0RO) tisy/beties thesvdt gkidZ g6)
63 58 66 62 70 bound rubber content (% 64 61 62 60
perfiméBeds 7 308 Modn B as thedu dieteptfatifre 130°C) ithe ?matkerohqz 6
12.6 Tensile Strength (MPa) 22.0 21.5 22.0 21.0 22.
hysp@¥edis 1b8s and the Emalerdheblliesicsistanceof tiges,abatgs, ghre lowssthy ﬁlel
66.0 69.0 62.0 64.0 Heat buildup C 19.0 19.5 20.0 20.0
conpgmptions, 0 21.0 Abrasi on resistance (index) 134 115
120 113 129 100 110 OCtan S (strain 1%0.690 0.624
(5)@1693'51@8613911@ 680 0.552 0.620 5oc tan S (strain 3%

?_g 0,097, 0. 77 0. %3 0.0.066 1 0 e,1‘_/02 50C Gb

(st § Febgynd res! l%cez'ﬂ 2Wesmfa%%e Hhegebaypd
0.33 0. 88 83 0. 45 1. 40 0. 90 [0165] 5

res‘%ﬁ%@%“l?%’ﬁb“@&%@?@e Exanpl es 5 and 6 Rubber

ions were prepared using Sanples E, F, and G
(6)%@1294% in Table 1) as raw rubber materials with

th eAf@AC!d%\é{l ?lgxcgrﬁgﬂép\%gs usleg 1§ Rleasure the heat build-up at a rotation of

1,800 rpm, a stroke of 0.225 inches, 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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Modi fi ed conjugated di ene copol ynmer 100.0 parts 10
Silica ("Utrasil VN3" manufactured by Degussa) 25.0
parts Carbon bl ack ("Seast KH' nmanufactured by Tokai
Carbon Co., Ltd.) 20.0 parts Silane coupling agent

("Si 69" manufactured by Degussa) 2.0 parts Ql

("NC

140" SRAE oi|l manufactured by Japan Energy Corp.) 5.0
[01p&rts Zinc oxide 3.0 parts 15 Stearic acid 2.0 parts
Anti oxi dant (N-isopropyl-N -phenyl -p-phenyl enedi ani ne)
1.0 parts Sulfur 1.9 pafrtASLE\/le cani zati on accel er at or

2] 2-hon

Cxwi |

z:

(: C‘y’CI GhSX‘y: 2—benzotrhi o vaga oulfcuallluc; 1+—6 8
Vul cani zation accelergator (D phElxymph:uanl di ne) Figgg{gﬁvc
arts 62 Total 162.4 i‘)&ét\ 7|||c Sge- "§“U"ii) o3 4
|1nnﬂfl: ner ana o e e e Ah e PoN ¥ :
2 OpRGY VISCOSIY [0, 6." “;53“c P*5§ L7 W
ﬁo id mubber coptentPal  1a8fe (365, 1690 13 P01 03, t43 57
o Mpdilug 228 2B 130 4126 1 12.6

17 ,
l\m?;‘i‘-rlﬂleStrEM Mia) 01 g 21, L%@T '%g o)
86°Grebaond resdiense (3e) 14 ¢APA67% | 680 [ 060,

N’Wfo 19.0
i 35%64.0
gf% 21.0

St r eAlpahbuiMupyCig g 14 B.08"19-502080AH0) [ K0

oAbrasiom resistance findex) o4t 134il1 Bl [C120 |510Y [0129;

0100 | 110

Abr@i€itamd (srain i %hce (il QhIQ) 0624 | Pe3 S Hcb20 | 0.680

0.552 1 0.620

50°C tan § (strain 3%) 0.068'] 0.097 | 0.077 | 0.090 | 0.066

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) 033 [ 088 ]| 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.

[0166]

Modified conjugated diene copolymer

Silica (“Ultrasil VN3” manufactured by Degussa)

Carbon black (“Seast KH” manufactured by Tokai Carbon Co., Ltd.)
Silane coupling agent (“Si69” manufactured by Degussa)

Oil (“NC140” SRAE oil manufactured by Japan Energy Corp.)

Zinc oxide

Stearic acid

Antioxidant (N-isopropyl-N’-phenyl-p-phenylenediamine)

Sulfur

Vulcanization accelerator (N-cyclohexyl-2-benzothiazyl sulfenamide)

Vulcanization accelerator (Diphenyl guanidine)
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100.0 parts
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5.0 parts
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OCtan 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 [0168] As
shown in Tables 2 and 3, conpositions nmade fromthe
nodi fi ed conjugated 10 di ene pol ynmer according to the
present invention by adding silica or silica and
Totglar bon bl ack exhibited an increase in the boundl62.4 parts
rubber content and a small Payne effect (50C AG)
whi The $and igatheds edarhdiag tindinehamingdivapeuspropertiesnas used in
addition, the conpositions showed lowtan S at the
Exdmplbs 6 enpeamt Gomp4a0@) Examplesthbhd Aysrensdi s Thoresultseld
a small rolling resistance of tires, indicating a | ow
medsueing poopstiigs aroshowhie TablePosi ti ons were further 15
confirmed to have well -bal anced | ow fuel consunption
[Olp¥bperties and wet skid (grip) performance (tan S at
the |l owtenperature). The co 05|t|ons al so exhi bit
excel I ent abrasion resi & | NDUSTRI AL

APPLTCABILTTY 63 [0U169] Tn AddTon tﬂ QY tizeComparative
rubber composition for tire trea8&MPEHL | Erahblecd] Example 6

conj ugat ed Rzepte PO yer accordingEo the pFesent G

Ve R NIdoRe TR0y PPl Cajgions | suchs as shogss

var O R WIBEE Cottert (Oh) maustTijalr ggodus Dy §$)rrpoundlggg

AR [T ARSI MM Tl W SN L

[asa¥an

;i,;p nr;@g vesvu I! ﬁ@ gu CIT—CTTIC r]i)’S' L':-I (\bb\iﬂ-:s‘- :[:1 lU1I5.p

can b¥0°Gaekpund sesilignce (%) gani ¢ 1itess colmpoPl onl afL0

asphal t _cHeasdbuildupiC a resin conpd®iiion %0 ~23.0

adhes Abmsioarresisthmcel (index) 64 CLAIIMS 118 A nodiofi ed 110

conj uga0¥dtadi e@Eraipdl)rer conprifsi AR78 nmbdi 09Phg pr duBSS

based os5p°@ tan B\¢tml 3%y ar wei ght odapound 0425 ng| t vinll4

OF " TTOT5@°E & IN[PA)Y(s#4th 39:)3T OUPS dnd poE of  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 & at the low-temperature). The compositions also exhibit excellent

abrasion resistance.

INDUSTRIAL APPLICABILITY
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5 nore al koxysilyl groups in a nol ecul e which bonds to
a conjugated di ene polyner obtained by polynerization
of a conjugated di ene conmpound or a conjugated di ene
pol ymer obtai ned by copol yneri zati on of a conjugat ed
di ene conpound and an aromatic vinyl conmpound. 10 2.
The nodified conjugated diene polyner according to
[016912i m 1, wherein the polyner is represented by the
foll ow ng general formula (1), (2), or (3), R4
R6 RaNdBRiohH & uBhnieédubbérldompasition R tite teadi) dreansdifed
represents the conjugated diene polyner; Rl and R2,
conyuyatad dimne gobyrhérercsanding to thedprédent mwentionormbaakedioner
represent a hydrocarbon group having 1 to 12 carbon
appéitativms suchhasshoes yarbaustaatopars; and sedusiriat gebds dy¢ompeunding
represents a hydrocarbon group having 1 to 20 carbon
fillexs ownh aswtinfiircinayiliceandicatbem UWhen theanedifiehennjugated drene
R6, and R7, which may be the same or different from
polymetaceendéng torthp prssent inveniigniisachemaplastic alastamst. Aigcan begsed
to_ 20 carbon atons, which n? be supstituted with an
for an inosgani RN FORPREIHPR apsEhalt epmpasitiog, 3 FfginfYmposition, an
cont ai ni ng.an active hydrogen, and which may contain
adhgsive,8d i lif%d bond; f is an integer of 1 t0 2, dis
an integer of 1 to 2, and e is an integer of O to 1,
provided that d + e + f = 3. WONRS Roe NRL-Si-(P)f
(2) 25 R (6R3)d 65 wherein P, Rl, R3, R4, d, e, and f
are the sanme as defined in the general formula (1), R8
and R9, which may be the sane or different from each
ot her, represent an aliphatic hydrocarbon group
having 1 to 6 carbon atonms, which may contain an
unsaturated 5 bond; and R10 represents a hydrocarbon
group having 1 to 20 carbon atons, which may be
substituted with an organic group containing Si, 0, or
N and not containing an active hydrogen, and which
may contain an unsaturated bond.
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R8 RIO-N\NR7 \Rli (3) ~R30d-Si-Rde (Pk 10
wherein P, R3, R4, R7, d, e, and f are the sane as
defined in the general forrmula (1); R8 and R10 are
the same as defined in the general fornmula (2); and R
represents a hydrocarbon group having 1 to 6 carbon
atons. 15 3. The nodified conjugated di ene pol yner
according to claim1, whe€lLalINM& he polyner is
represented by the follomﬁng general formula (4),
R6RSN- R12 R15R14N-R13-Sii-P (4) OR3 20 wherein P,
R3, R5, and R6 are the sane as defined in the general
1. f orAwiodifiet)confagated ditnRpalymenisomiprising ateodifingsgnoup besed on a
different fromeach other, represent a hydrocarbon
lowgneolggnlarusightcpompoynd havieg b'dhoranmertm YRINGEyOuNs #Nd ORE or

an unsaturated bond; and R14 and whi ¢ch. may fym
moneradkazypHy] groups in éﬂdﬁculFerW’éhemﬂSdp Hecpnsusétsii disgg polymer

hydr ocar.bon group 66 haV| 1 to 20 rbon at ons,
obigiELby mlymslézaénsmgf AcaRBgataS fieng RO Q,ragqoauﬁated diene

cont Si or N a not. c nt |n| n

PRy &’éﬂedg%%? RzAign S PR HE erap A B
fﬁ nodi fied conjugated di ene pol ymer accor di ng

aro‘PSt‘%YlgV oPOHAdr ein R4 in the general formila (1),

(2), or (3) represents a hydrocarbon group having 1 to

20 carbon atons, which may contain an unsaturated

bo . : pali fil: ' d
2, DOnfe Iﬁoﬁnﬁe@ wrgﬁgpeé fnd 915&215{8% fBoREe £ didifirh, Gttt e

di ene F1sin

polﬁﬁ&ﬁ%@eﬂ@d@ Ql?é‘foHGth%dgeegbﬁF ForRIPQYNE), 0P(3),

copoly rzing conj ug
R4
RERON-R?— —N- -R'- s. Py ()
R (OR%),

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 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.

R R
R1°—N\ "N-R'™- sl—(p)f (2)
R (OR
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di ene conmpound and an aromatic vinyl conpound in a

hydr ocar bon sol vent using an alkali netal initiator

and/or an alkaline earth netal initiator; and reacting

active termnals of the resulting polynmer with a | ow

nol ecul ar wei ght 15 conpound having two or nore

tertiary am no groups and one or nore al koxysilyl

groups in a nolecule. 6. The process for producing the

nodi fi ed conjugated di ene polymer according to claim 5
whérein® @' eRt) R*h@, o, o Mirke eled dadrte aseliefihed mahpgerredhlifsrmula (1), R

represented by the following 20 general fornmula (5),
and ®), whixh thay betheaamend diffeatm fioneeashfother, represent an aliphatic

R6R5N- R2- N-R1- Si (OR3); R43_; (5) R7 wherein R and R2,
hydsbéatbomgrgup katihg 1 s@ freabon dioiise wivth mhasoeantgie hn snsaeyrated

represent a 25 hydrocarbon group having 1 to 12 )
borelntxbR ‘aepresentsvnhydrosraborc gmoup haviag 1 in 20 caber agmspyhigh may

R3 represents a hydrocarbon group having 1 to 20, )
be substiatedavitngn onganicigronp consIming it 4,91 Hh £oRtangYg an active

bond; R4, R5, R6, and R, which may be the sane or
hydfpgene prthwhichpgy W%W@F‘Séb@%‘gnt a hydrocar bon

group having 1 to 20 carbon atonms, which may be

substituted with an organic group containing Si, 0, or

N and not containing an active hydrogen, and which

may contain an unsaturateg bond; and i is an integer

of 1to 5 3. 8 ~RrR{0-N—aAtRL-Si (OR3);R43-i (6) R

wherein R, R3, and R4 argithe samggjas defined in the

o
general fornmula (5); Nnd.4R9, 10 which may be the
sane or different flt%ﬁﬁb*%g

URet her, represent an
al i phatic hydrocarbon gf®up having | to 6 carbon

atons, which may contain an unsaturated bond; and R10
represents a hydrocarbon group having | to 20 carbon
atons, which may be substituted w th an organic group

whﬁ&g{ RIR? RY Isia d, © an®@F add tBOShniOs deBiRbdinthe gerdaldoinhie (1); R®
ydr ogen, ‘an
and R'° are the same as defined in the general formula (2); and R represents a

hydrocarbon group having 1 to 6 carbon atoms.

3. The modified conjugated diene polymer according to claim 1, wherein the

polymer is represented by the following general formula (4),

RCRON-R™?
|
OR?

wherein P, R3, R’ , and R® are the same as defined in the general formula (1); R'2 and RP s
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
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whi ch may contain an unsaturated bond; and i is an

integer of 1 to 3. 15 R8 RIO-N NR7 R1, (7)

Si (OR3)i R43-i wherein R3, R4, and R7 are the sane as

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

the same as defined in the general fornula (6); and

R11 represents a hydrocarbon 20 group having 1 to 6
have®d PRIV PERHE atamd, WhikE m§ beRtBgRiite®vith dh@rganid/grotpe

process for producing the nodified conjugated diene
conPhiigsi, QN sihdibticOntaitlidd 47 &ctivehedigen,tahé whitlt may contain an

nmol ecul ar wei ght conpound is represented by the
unshturdted\bargl. general formula (8) or a condensate

thereof, 68 R6R5N R12 R15R14N-R13-Si (OR3)2 (8)

wherein R3, R5, and R6 are the sane as defined in the

general formula (5); R12 and R13, 5 which may be the
4. sanBhomodifiefl eonjngated dienepelymst hesording pr daign2, wherein R in the

hydr ocarbon group having 1 to 12 carbon_atons, which
geners) ferorla( 1), (gh on iDaepresanétr hshacarbomienun hayipg k1% 20 carbon

whi ch may be the sanme or different from each other
atomgyviish may £opta srunsayratet brid. having | to 20 carbon

atons, which may be substituted with an organic group

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

5. b PPebe LB BT bR bt TR g e

ot cqg;ugated di ene polyner according to claim6,
R Erein the | ow nol ecul ar wei ght conpound is

PR Yot Do A gl Bl ol
il RREA s 15 4054 AN Oy AR st
alkf1P el fHALNShd/ G anTRcihE eshic RV fREA6r; dhéne pol yner

according to claimb, wherein the | ow nol ecul ar

Wei gaktifpiEHOs Rminalsdf theRSElIAR BoBflee Witth ohvamvlebidlar weight

compound having two or more tertiary amino groups and one or more alkoxysilyl

groups in a molecule.

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

general formula (5), (6), or (7) or a condensate thereof,

RBRSN—Rz—rlsl—R1—Si(0R3)iR43_i

l ®)

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

67



10

15

20

group consisting of
1-[3-(trial koxysilanyl)-propyl]-4-al kyl pi perazi ne, 20
1-
[ 3- (al kyl di al koxysi | anyl ) - propyl ] -4-al kyl pi perazi ne,
1-[3-(trial koxysilanyl)-propyl]-3-al kyli m dazol i di ne,
1- [3 -(alkyldi al koxysil anyl)-propyl ] -3 -alkylim
confkdi ah inghitiigted bond;[RBR? (R hid RQovtieH may by thersameldr different
- al kyl hexahydropyri m di ne, 1-
froxh_%gaabmyié gépaédeﬁwlsjrdrmbdn poopihling1 ad RY carbaa btpdrspopiiich
m di ne,
maP b Sulstitutad with ys iotganic groyy apydihing-Sa) Gydr-N aRt] Botdoninisgan
ydropyri m di ne, and
acti¥e hgdrogerk yand veidhomys cordain [ap upsasypteld-bond] dogd)iig arvinteger o£1 to
trahydropyrimdine. 69 10. The process for producing
3. the nodified conjugated di ene pol yner according to
any one of clainms 5 to 9, wherein the active term nals
of the polymer or the conjugated diene polyner is
coupled with a polyfynctional nodifying agent prior
to, subsequent to, Hor goncurrently mﬁ@p reacting the
active terninalfs oi t N poti@eiRwith t he’ | ow nol ecul ar
wei ght conpound. 11.RThe process for producing the
nmodi fi ed conj ugat ed di ene pol yner according to claim
10, wherein the pol yfunctional nodifying agent is a
Lycidyb c und. which 0. cont aj ' [sT¢:0) 9
whitgh ok T Bre e B ap eSS M SE AR DR R

i'ed con eneé”’pol ymer

ti PR .
TR R iy W Bk e UL flofion
L . b 0 ' R10

ok 8 USRI O/ ReRL, AR A ShEIARL Ko

repfedBREH hGHIBRABER kroupMRVing 1118 20RArHER AtdmE W hbEBE Qthstituted
di ene pol ymer according'to any one of clainms 1 to 4 or

with B8 offdicf gre6h EsMiHER SR 00 dire endAbtYTRIaiRE i AaiVellydidgen, and
process according to any one of clains 5to It. 13. A

which mEayCcofitdin si tigsaturstedbond: iafd i xom) inggérast 1dodne pol yner
conmposition according 20 to claim12. 70

RS
e
RN N-R’
"R
mir R pd
Si{OR")iR 3.

@)

wherein R?, R?, and R7 are the same as defined in the general formula (5); R® and R"®
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.
7. The process for producing the modified conjugated diene polymer according to

claim 5, wherein the low molecular weight compound is represented by the following

general formula (8) or a condensate thereof,
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RGRSN_R12
|
RSRUN-RV-Si(ORY, (&

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 a hydrocarbon group
having 1 to 12 carbon atoms, which may contain an unsaturated bond; and R" and RP ,
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
claim 6, 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.

0. The process for producing the modified éonjugated diene polymer according to
claim 5, wherein the low molecular weight compound is at least one selected from the
group consisting of 1-[3-(trialkoxysilanyl)-propyl]-4-alkylpiperazine,
1-[3-(alkyldialkoxysilanyl)-propyl]-4-alkylpiperazine,
1-[3-(trialkoxysilanyl)-propyl]-3-alkylimidazolidine,
1-[3-(alkyldialkoxysilanyl)-propyl]-3-alkylimidazolidine,
1-[3-(trialkoxysilanyl)-propyl]-3-alkylhexahydropyrimidine,
1-[3-(alkyldialkoxysilanyl)-propyl]-3-alkylhexahydropyrimidine,
3-[3-(trialkoxysilanyl)-propyl]-1-alkyl-1,2,3,4-tetrahydropyrimidine, and
3-[3-(alkyldialkoxysilanyl)-propyl]-1-alkyl-1,2,3,4-tetrahydropyrimidine.
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10.  The process for producing the modified conjugated diene polymer according to
any one of claims 5 to 9, wherein the active terminals of the 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.

11.  The process for producing the modified conjugated diene polymer according to
claim 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 a 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 claims 1 to 4 or the modified conjugated diene polymer obtained by the

process according to any one of claims 5 to 11.

13.  Atire comprising the modified conjugated diene polymer composition according

to claim 12.
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