- 1 - Description Title of Invention: MCODI FI ED CONJUGATED DI ENE- BASED
POLYMER, METHOD FOR PRODUCI NG THE SAME, MODI FI ED CONJUGATED DI ENE- BASED
PCLYMER COMPCSI TI ON, AND TI RE Technical Field [0001] The present
invention relates to a nodified conjugated diene-based pol yner, a nethod
for producing the sane, a nodified conjugated di ene-based pol yner
conposition, and a tire containing the conposition. Background Art [0002]
Soci al request for environment protection, such as reduction of carbon

di oxi de em ssion, has increased a demand for autonobile fuel efficiency.
In such a present situation, devel opnment of materials exhibiting | ow
rolling resistance for autonobile tires, particularly for tire tread-which
directly contacts with the ground,Ddasrbeenodenanded. On the ot her
hand, fromthe viewpoint of the safety, materials which are excellent in
wet skid resistance and - 2 - which also have abrasion resistance and
strength sufficient for practical use are required. [0003] As

rei nforci ngd ¥549 &t’s et ¥ treads, carbon black, silica and the |ike are

advantage of achouig ™ SMOEraret Thsdy Fer Shitenr 108 ne et ok o
resistance o 10004lue ve Qaf Mo QUherhand, b0, contraste Lo,Lhe hydr ophobi c

nat ure of car ack''s ace,"siTicta su i's”hydrophrTic and has | ow

affinity f@oﬁﬂ@%ﬁﬁrﬁ%ﬁﬁﬂﬁ@ﬁ% ry%{)@r s, which causes poorer

di spersibility Ica I n conjugated di ene-based rubber conmpounds than
the carbon black. In order to inprove the dispersibility and inpart bondi ng
between the silica and the rubbers, a silane coupling agent needs to be
added. [000&chnical Ia«€onsi derati on of such problens with silica, attenpts
of introducing functional groups having affinity and/or reactivity to
silica to tl®Qadl ymer chain end have been nmade. By introducing functional
groups to the chain ends which have nigh nobility, the hysteresis |oss can
be reduced by i Apeovireg ctrite idivepdrisinbitd ltatesf 181 |4 e dint icohj ugat ed
di ene- based rubber conpounds and further, by .

conjugated diene-based polymer, a method for producing

the same, a modified conjugated diene-based polymer

composition, and a tire containing the composition.

Background Art
[0002]

Social request for environment protection, such as
reduction of carbon dioxide emission, has increased a
demand for automobile fuel efficiency.

In such a present situation, development of
materials exhibiting low rolling resistance for
automobile tires, particularly for tire tread which
directly contacts with the ground, has been demanded.

On the other hand, from the viewpolnt of the safety,

materials which are excellent in wet skid resistance and



- 3 - reducing the nunber of free polyner chain ends via interaction with
the filler particles. [0006] For exanple, there are proposed a
nodi fi ed di enebased rubber obtained by reacting a nodifier having a

gl ycidyl am no group with a polynmer chain end (for exanple, see Patent
Docunent 1), a nodified di ene-based rubber obtained by reacting

gl yci doxyal koxysilane with a polyner chain end (for exanple, see Patent
Docunent 2), further a nodified di ene_based rubber obtained by reacting an
al koxysi | ane contai ning an ami no group with a polynmer chain end (for
exanpl e, see Patent Docunents 3 and 4), and conpositions thereof with
silica. A technol ogy is al so proposed in which a diene-based rubber is
pol yneri zedVusthg2 &Spol§¥anePronaPrianrshpEapery aB 2atEsd tni ti ator, and
thereafter is dified wwth a podifier such as a glycidylamno group to

i ncrease th%uﬁgﬁﬁé?ngff?ﬁnBF?SHéFP eHSBoF§ﬁeF68Hégﬁdends, t her eby i nprovi ng
the perfor 883?f a conposition constituted of the diene-based rubber and
silica, that is, the silica dispersibility, and reducing the hysteresis

| oss (for exa : t .+Prioc_Art. Do s . Rat ent
Docunent [Ooog?isgaﬁe;ﬁ?f%%%%pn%n%%?gf%tg?%\ag%ﬁafwstﬁgﬁ’cé%;é?%%tnvﬁl%f 3467 -

4 - Patent DpLusRning: 1J8Pangse,Pat eptvkat doRen N f7- 233217 Patent
Docunent 3: Japanese Patent Lai d-Open No. 2001- ¥58834 Pat ent Docunent 4:

Japanese Patent ttad d>fOpem Naw 2903-rdidAdS- Rag ent | Decupegt ;5: Japanese
Pat ent Lai d- Open No. 2006- 306962 Summary of Invention Problens to be

Sol ved by tdaévdmventi of §O008Fing lokomeyeereknsr eeest aypdars, further fuel
ef ficiency has been required and the devel opnment of rubber conpositions
with nore ridcedeihyst erestisel oss hasdbeesideaanded. [ 0009] Qbj ect s
of the present invention are to provide a nodified conjugated di ene-based
pol ymer whi EH/C4hen nade into a vul canizate containing a silica-based

inorganic filler, exhibits excellent bal anced properties between the | ow
hyst eresi s | oss Endtbr sPeras dstiibgalrdliFigt s sat et Yre uehd BePivet i gki d

;ffgztanced?$$éégwg%qg$8%$%qéf cParac%gristicir has %ggasiog resistanpe_anq
gth s nt* f ctTdalr vsel®and Sattsfi 88Ya%G6od processability;
a met hod fcﬁy&¥65%%4{%léﬁ§ B8 5 affinity for conjugated diene-

based rubbers, which causes poorer dispersibility of

silica in conjugated diene-based rubber compounds than

the carbon bklack. In order to improve the dispersibility

and impart bonding between the silica and the rubbers, a

silane coupling agent needs to be added.

[0005]

In consideration cof such problems with silica,

attempts of introducing functiocnal groups having affinity

and/cr reactivity to silica to the polymer chain end have

been made. By introducing functional groups to the chain

ends which have nigh mobility, the hysteresis loss can be

reduced by improving the dispersibility of silica in

conjugated diene-based rubber compounds and further, by



- 5 - nodified conjugat ed di ene-based pol ymer conposition; and a tire
containing the conposition. Means for Solving the Problens [0010] As
a result of exhaustive studies to solve the above-nentioned problens with
conventional technol ogies, the present inventors have found when a nodified
conj ugat ed di ene-based pol yner obtai ned by pol ynerizing a conjugated di ene
conpound optionally together with an aromatic vinyl conpound using a
speci fic pol yfunctional anionic polyneri,zation initiator, and nodifying
l'iving polymer end with a conpound havi%g specific functional groups
conpounded with inorganic fillers, particularly a silica-based inorganic
filler, and further vul cani zed, the vul cani zate has an excel |l ent bal ance
bet ween t her¢dwechysgt ehesismbesscandrpeoperltives céhanednts Fafkety such as
the wet skid resistance and the | owtenperature characteristics, has
abrasi on resitsthpeelaRdvstRehhehTddiirrcPeént iFdfSpractical use, and
satisfies a good processability. These findings have led to the conpletion
of the preséﬁ@oﬁhvention. That is, the present invention is as
follows. [0011] _- 6 - nmodi fied conj ugated di ene:based pol yner
havi ng a si 1yl GRourSHIRET 1 Lot W ERC ORE BT Sabr & HYROLY gr 9UBGS and one or
nore nitro o] t ha| d : onj : i - based

gﬁgsgﬁ PﬁbggFiggthﬂéa SpegegktERS S Rgﬂg%ﬁ%@ di.ene-ba

pol ymer, e no conj uga I'ene-"base ol'yner’ beéing obtai ned by
pQ'Y”Ef'Z'“@19cf&?199§£8dg9bﬁﬂew§EHPQUBQayﬁérCQH%HM”%hUZHQ%rae%%%@ﬂ%@ted
di ene conpound wth an aromatic vinyl conpound, by using a

pol yfuncti opaé aatentcopelMaRfi zali anmbAkthationiphepakeddf kommapol yvi nyl
aromati ¢ conmpound and an organolithium conpound in a range of a nolar ratio
(the pol yvisiyt a arnedab iy creoapoundql veEheoargarokiyshil eRec aapdurd b o0fymker-om 0. 05
to 1.0, so as to obtain the conjugated di ene-based pol yner, and by
reacting a thaimgepadl yher erdmplet heceoRpugatedodumretbdsed fpottymer awith a
conmpound having a silyl group substituted with two or nore al koxy groups,
and one or moiefhi¢drdgencaponsd fobker pplained byheegsdiifidedconj ugat ed
diene-basegﬁfolyner according. to item[1] described above, wherein a

nmodi ficati Faky ol Heber APhedl ByRdn2BnolintCadserBed16ht 8 R°¢dMGMm of gel

per meati on chromat ography measur ement usi silica particle-packed col um
'S 7806 by OSR or SHar 6tot - S9albf goraper Bprent DoCkRBRLsH FEY donj ugat ed
diene-baseqﬂggl¥%gr ac ordinghto i ?QEL%]SQEi %] descri bed above, wherein a

. OS?_ 1S ered . . .
nolar ratio O poryvinyl “aromati ¢ conpound to the organolithium

conpound is in & rangg Ofody o Ol d 4, 0,485 d 0P 4knich a diene-based
rubber is polymerized using a polyfunctioconal anionic
polymerization initiator, and thereafter is modified with
a modifier such as a glycidylamino group to increase the
number of functionalized polymer chain ends, thereby
improving the performance of a composition constituted of
the diene-based rubber and silica, that is, the silica
dispersibility, and reducing the hysteresis loss {(for
example, see Patent Document 5).

Prior Art Documents

Fatent Document
[0007]

Patent Document 1: International Publication WO 01/23467



[ 4] The nodi fied conjugated di ene-based pol yner according to any one
of itens [1] to [3] described above, wherein the conpound having the silyl
group substituted with two or nore al koxy groups, and one or nore nitrogen
atons is represented by the followng fornula (1): [0015] 3/ Fe'.6 1
(RO)-SI-RRNR "I I 2 R(3,") (1) [0016] wherein each of RI and R2

i ndependently represents an al kyl group having 1 to 20 carbon atons, or an
aryl group; R3 represents an al kyl ene_group having 1 to 20 carbon atons; R4
and R5, may be identical or different fron1each ot her, represent a
hydrocarbon group having 1 to 6 carbon atons, and forma 5 or nore-member ed
ring structure together with two adjacent N, R6 represents a derocarbon
group havi n§2ierb QGCEQEBEnzatQﬁﬁanése Pgtengy drgeaPBeR dicoup Subst i t ut ed
with a heteE???g?1haV|ng no active hydrogen and having 1 to 20 carbon
atons, or a gano-substituted silyl group; and mis an integer of 2 or

3, 10017] ot by, the febhowin formula (2} 0018l b3 Ak N6 (RO -S-RR R
1 2'N
158834
Patent Document 4: Japanese Patent Laid-Open No. 2003-
171418
Patent Document 5: Japanese Patent Lald-Open No. 2006-

306962

Summary of Invention
Problems to be Solved by the Invention
fooos]

However, in recent years, further fuel efficiency
has been required and the development of rubber
compositions with more reduced hysteresis loss has been
demanded.

[0009]

OCbjects of the present invention are to provide a
modified conjugated diene-based polymer which, when made
into a vulcanizate containing a silica-based inorganic
filler, exhibits excellent balanced properties between
the low hysteresis loss and properties regarding the
safety such as wet skid resistance and low-temperature
characteristics, has abrasion resistance and strength
sufficient for practical use, and satisfies a good

processability; a method for preoducing the same; a



wherein the definitions of Rl to R6 and mare the sane as in the fornula
(1) described above; and R7 represents a hydrocarbon group having 1 to 20
carbon atons, a hydrocarbon group which nmay be substituted with a

het er oat om havi ng no active hydrogen and having 1 to 20 carbon atons, or a
triorgano-substituted silyl group. [0020] [0021] [5] A nodified

conj ugat ed di ene-based pol yner, wherein in gel perneation chronmatography
measur ement using a polystyrenic gel -pagked colum, - 9 - t he peak
area on the | owest nol ecul ar wei ght side accounts for 20 to 50% of an area
of a whol e chromat ogram and a nodification ratio determ ned by an
anount adsorbed onto a colum used in _gel perneation chromatography

measur enent "84St hged SPPPEE2part fePeepacked PR $OTBY% Ry livs's %1 nor e.
[0022] [ 8] . A ne%hod.fortgroducin%.%.nndified‘conjugated di enebased
pol ymer, coftpFiEfng tha 8t 8fs t8f: COPO>1ag8i ng a pol yvinyl aromatic
conpound with an organolithiumconpound to prepare a pol yfunctional anionic
polymeri zation initiator in a range of a nolar ratio of the polyvinyl
aromati ¢ cogpoynRdele Eheyongapgli bhiumsgenpound of from 0.05 to 1.0;

pol ymeri zing a conjugated diene conpound, or copol ynerizing a conjugated
di ene conpoundiwith an aromatic vinyl conpound by using the polyfunctional
ani oni ¢ polynerization initiator, so as to obtain a conjugated di ene-based
pol ynmer; and As 4 ededing &r | évhagspolynmetuendsofot Belcenghgat ed

di ene-based polynmer with a conpound having a silyl group substituted with
two or norealabkoxyegtoopsd andbdresowinbr ecnivenddgenadt arehnp@23es,- 10 -

[ 7] The net hod for producing the nodified conjugated di ene-based
pol ymer accohdi pgesentt énmvpbsiodesseivbedoabdvehenher sonidimel ar ratio of the
pol yvi nyl aromatic conpound to the organolithiumconpound is in a range of
fromo0.1 totoRaBIare02d]engrbased pofrackerhéd 1R6A BrodGeRGtiid Wodi fi ed
conj ugat ed di ene-based gol mer accordin%,to item[6] or [g% descri bed
above, wher &PR/PABCEONPOGRE RAVPAGE SPEyPgrddp "8GBSFELuted ™ Wlth two or

mor e al koxy, groups. and,one or fipne, niLrogen atons s fepresented by the

foll ow ng formu afly:y P J P poty
anionic polymerization initiator, and modifying living
polymer end with a compound having specific functional
groups compounded with inorganic fillers, particularly a
silica-based incrganic filler, and further wvulcanized,
the vulcanizate has an excellent balance between the low
hysteresis loss and properties related to safety such as
the wet skid resistance and the low-temperature
characteristics, has abrasicon resistance and strength
sufficient for practical use, and satisfies a good
processability. These findings have led to the
completion of the present invention.

That 1s, fthe present invention is as follows.

[CO11]

[1!



[0025] R4 13/6 (RO)-Si-R-N, 1 2 Rp-nm) (1) [0026] wherein each of Rl and
R2 i ndependently represents an al kyl group having 1 to 20 carbon atons, or
an aryl group; R3 represents an ai kylene group having 1 to 20 carbon atons;
R4 and R5, may be identical or different fromeach other, represent a

hydr ocarbon group having 1 to 6 carbon atons, and forma 5 or nore-nenbered
ring structure together with two adjacent N, R6 represents a hydrocarbon
group having 1 to 20 carbon atons, a hygracarbon group substituted with a
het er oat om havi ng no active hydrogen and having 1 to 20 carbon atons, or a
triorgano-substituted silyl group; and mis an integer of 2 or 3, [0027]
or, by the following formula (2): %0028] Fie 13 4/NN.5 (Rﬂ%-St-R—R m 2
(3-m) 1 R7 [0029]* ke bt hed neCWdfAF FoRsCBE " RISED RBL¥REnT'aVélfhé sane as

Ln phe forng%gy(1%B§ﬁ§c%%§§giggﬁv§; ang R7ere%re%enps %ﬁ%§dro%arbon_group
aving 1 to ca a , §ar &P pORegPEUP A & F& °S&Bst i t ut ed
with a heterogtom haying no,actye hydrogen and haying 1,40 20 carbon
atons, or a Trlorgano-sugstl ut ed - Si yP gr oup. FOE Sf
conjugated diene-based polymer,

the modified conjugated diene-based polymer being
obtained by polymerizing a conjugated diene compound, or
copolymerizing a conjugated diene compound with an
aromatic vinyl compound.

by using a polyfuncticnal anionic polymerization
lnitiator prepared from a pelyvinyl aromatic compound and
an organcolithium compound in a range of a molar ratio
(the peclyvinyl arcmatic compound / the organolithium
compound)} of frcm 0.05 to 1.0, so as to cbtain the
conjugated diene-based polymer, and

by reacting a living polymer end of the conjugated
diene-based polymer with a compound having a silyl group
substituted with two or more alkoxy groups, and one or
more nitrogen atoms.

(CD12]

[2]

The modified conjugated diene-based polymer
according te item [1) described above, wherein a
modification ratic determined by an amount adsorbed onto
a column of gel permeation chromatography measurement
using silica particle-packed column is 78% by mass or

nore.




[0031] [9] A nodi fi ed conjugated di ene-based pol ynmer conposition,
conprising 0.5 to 300 parts by nmass of a silica-based inorganic filler with
respect to 100 parts by nass of a rubber conponent conprising 20 parts by
mass - 12 - or nore of the nodified conjugated d ene-based .pol yner
according to any one of itens [1] to [5] described above. [0032] [10]

The nodi fied conjugated di ene-based pol yner conposition according to item
[9] described above, further conprising-0.5 to 100 parts by mass of carbon
black with respect to 100 parts by mass of the rubber conponent conpri sing
20 parts by mass or nore of the nodified conjugated diene-based pol yner.

[ 0033] [11] The nodi fied conjugated di ene-based pol yner conposition
according tolP¢&f [9] or [10] described above, wherein the silica-based

i norganic figﬁer has a nitrogen adsorption specific surface area of 170
nk2/ g or mor é: [0034] [12] A tire conprising the nodified conjugated

di based I t di t f it 9] t 11
desori bed above. THVANEGeBhe B {647 6o 0Tt ROERFP SRC[ DOSETEE. | The pr esent
[ ti j difiLed ' d_di 7.b I whi_ch, wh
made i nio o Vil canrgare e o TR e A PR AR R gune 11T er.

has an excewhent batapncsrbetyesn)theqloviahyshenesia ana and prapert!es

regarding safety such as the wet skid'resistance an ow-tenperat ure
characteri strgsnchasnhannabbaghbonar €si shanceaand arstreRgbhsybficisent for
practical uses, and satisfies a good processability; a method for producing
the sane; aloodafied conjugated di ene-based pol yner conposition; and a

tire. Mode for Carrying Qut the Invention [0036] Herei nafter, an
enbodi nent (#eéreinafter, referred to as "the present enbodinment") to carry
out the present invention wll be described in detail. The present

invention is notThd miadidf ted tdenTudd owi ndl endodd sedtpobndevar i ous changes
and nodifications may be nmade within the gist to carry out the present

i nvention. T@@@g?lng to any one of items [1} to [3] described above,
wherein the compound having the silyl group substituted

with two or more alkoxy groups, and one or more nitrogen

atoms i1s represented by the following formula {1):

{0015]
4
R10_ L2 /R\ 6
(RO)_-Si—R N\RS/N—R (1)
R 3m)
[0016]

wherein each of R' and R? independently represents an
alkyl group having 1 to 20 carbon atoms, or an aryl
group; R’ represents an alkylene group haviﬁg 1 to 20
carbon atoms; R’ and R°, may be identical or different
from each other, represent a hydrocarbon group having 1
tc 6 carbon atoms, and form a 5 or more-membered ring
structure together with two adjacent N; RS represents a

hydrocarbon group having 1 to 20 carbon atoms, a




In the follow ng, a nodified conjugated diene-based pol ynmer according to
the present enbodi nent will be described together with a nethod for
produci ng the sane. [Mdified conjugated diene-based pol ymner] A
nodi fi ed conjugated di ene-based pol ynmer according to the present enbodi nent
is one which is obtained by polynerizing a conjugated di ene conpound, or
copol yneri zing a conjugated di ene conpound with an - 14 - aromatic vinyl
conpound by using a pol yfunctional aniogic polynerization initiator
prepared froma pol yvinyl aromatic conmpound and an organolithi um conpound
in arange of a nolar ratio (the ponvinyI aromati c conmpound / the
organollthlunlconpound) of from0.05to 1.0, so as to obtain a conjugated
di ene- based ﬁ@F?ﬁéFboﬁnérpégcﬁPﬁ@tPtWtﬁ& peltymer hef@d oGt h & 00U dat ed

di ene-based pol yne th a conpound havin sily oup substituted with
two or nore g?k%?ykﬁé%ﬁﬁgn ﬁﬁgpgﬁ§18ﬁ ﬁDFg %P F&ﬁ%ﬁ%aPGﬁgﬁfaﬁH'ﬁhlch has a
silyl group, substltuted g@&@ % g‘ 1 rera kOXé roups, and gpe Qr

ni t rogen atons “oA“t'Re®ER3in -end 8% e 9¢ 8HFug {'&d dﬁgngrbégléﬂﬁﬁlf

[0038] [ Method.,. fgr prodUC|ng a nodified conjugated di ene-based polyner]

A et hod for produ0|ng a nodified conjugated di enebased pol yner according
to the preseptjembodi nent conprises the steps of: reacting a pol yvinyl
aromati ¢ compound with an organolithium conpound to prepare a

pol yfunctiopal BRi eAkcrpol ywehhzabi-enlknibhator in a range of a nolar ratio
of the polyvinyl aromatic conpound to the organolithium conpound of from
0.05 to 1.0f0018] polynerizing a conjugated di ene conpound, or

copol yneri zing a conjugated di ene conpound with an aromatic vinyl conpound
by using the polyfunctional - 15 - anionic polymerization initiator, so as
to obtain a conjugated dlenerﬂased pol ymer; and reacting I|V|ng

pol ymer ends of the conj tq@ di ene polyner with a conpound having a silyl
group substltutedomdﬂ¥$mg_mr'hﬂre al koxy groupsf{2and one or nore nitrogen
atons. [0039] BY . eactnng a living polyner end of the conjugated

di ene- based pol ymer wit ™ cgyfpound (modifier) having a silyl group
substituted with two or nore al koxy groups, and one or nore nitrogen atons,
a nodified f@ 'ggated di ene-based pol yner can be obtained in a formin

whi ch one o al koxy groups have been di m ni shed fromthe structure of

the origin i a t ol n r, anmpl e.
[ 0040] % P?%Jyﬁ?gillfllgfﬁ% 3%%99%@%585 B% ?\A %??(%J%OH{%H& t?b)e oA gl) 1

2 RO4n)R pgM the formula (1) described above; and R’ represents a
hydrocarbon group having 1 o 20 c¢arbon atoms, a
hydrocarbon group which may be substituted with a
heterocatom having no active hydrogen and having 1 to 20
carbon atoms, cr a triorgano-substituted silyl group.
[0020]

[0021]
[5]

A modified conjugated diene-based polymer, wherein
in gel permeation chromatography measurement using a

polystyrenic gel-packed column,



Pol ym(Polym) 2 11k21[1 PolymU -1- (R0O)-Si-A---P- (R0)-Si-A-I- ROQUImM)
12irn-2) | 2 R34,,)R (340 ( 3 ) [0041] In the fornmula (3) shown
above, Polym represents a conjugated diene-based pol ynmer chain; and R and
R2 each i ndependently represent an al kyl group or an aryl group. - 16 -

A represents an organic group containing a nitrogen atom and mis an
integer of 2 or 3. [0042] Herein, kJ_represents a reaction rate
constant when a first polynmer chain |s_@ﬁacted wi th an al koxy group bonded
to one silyl group, and k2 represents a reaction rate constant when a
second polynmer chain is reacted therewith. A steno effect around the

nodi fier, and the |like make kJ_ > k2 > -, and dependi ng on_ the types of A
and R2, t he drff%?%n%%aFnafﬁe FRaERFOR°VEPE FBP?HEQaBeESHQEtléﬁé

Therefore it is |y diffi ult for all of the | koxy groups in the
same nndrfr@?c?Bn? EPIM%Phtplélﬁg boPVmér Séngd. @ W'(ElwkleTherefore, by addi ng
a suffrcren% amunt o of _a nmodifier so that the nolar nunber of the al koxy
group becones “Sufrrerent with respect to the nolar nunber of the |iving

pol yner ends, a éﬂ%cﬁi?E’c&{{’ﬂbﬂgl‘i‘é@%d&@@@?ﬁ%ﬁgd% VIR gino a silyl group

substituted mnth one or nore al koxy groups on a polynmer end can

obtained. [Q843lved on¥bth EB3REE! ukadl he Brdi t.ed coniWgat ed d'ene based
pol ymer according to the present enbodi nent, materials to be used and

condi tions tbhrpredugeaphe pebyueemant u@@n@e%ﬂshb&@at eget-hen ol ddie
production process thereof. (Polyfunctional anionic polynerization
initiator) cellnn-is 78% Biyrstssaopohyfencti onal anionic polynerization
initiator to be used in a step of polynerizing a conjugated di ene-based

pol ymer as aCprestage in which the above-nentioned |iving pol ymer ends of

t he conjugated di ene-based polyner is nodified wwth a conpound (nodifier)
havi ng a si k§l group substituted wth two or nore alkoxy groups, and one or
nore nitrogen atons be described. [0044] yfuncti onal anionic

pol yneri zation r%n??%ﬁ?ﬁ tan %%p%?%b%ge@ %9dt€é%@|ﬁ@néu%6F99|99PD§ronatlc

conpound mntgsgg Ségﬁﬁgtﬂtgbﬁgkﬁgl g tge steps of:

reacting a polyvinyl aromatic compcound with an
organclithium compound to prepare a polyfunctional
anionic polymerization initiator in a range of a molar
ratio of the polyvinyl aromatic compound to the
organolithium compound of from (0,05 to 1.0;

polymerizing a conjugated diene compound, or
copolymerizing a conjugated diene compound with an
aromatic vinyl compound by using the polyfuncticnal
anionic polymerizaticn initiator, so as to obtain a
cenjugated diene-based polymer; and

reacting a living poclymer end of the conjugated
diene-based polymer with a compound having a silyvl group
substituted with two or more alkoxy groups, and one or
more nitrogen atoms.

[0023]



Exanpl es of the preparation nmethods in a hydrocarbon sol vent may include a
nmet hod in which an organolithium conpound and a pol yvinyl aromatic conpound
are reacted, a nmethod in which an organolithium conpound and a conj ugat ed
di ene conpound are reacted, and thereafter, a polyvinyl aromatic conpound
is reacted therewith, a nmethod in which an organolithium conmpound and a
nonovi nyl aromatic conpound are reacted, and thereafter, a polyvinyl
aromatic conpound is reacted therewith,;gnd a nmethod in which an
organol i t hi um conpound is reacted in the presence of two or three of a
conj ugat ed di ene conpound and/or a nonovi nyl aromatic conpound and a

pol yvi nyl ar tic conpound. [00451 - 18 - A pol yfunctional anionic
polynerizatﬂggainitiator is particularly preferable which is prepared by

the nethod i d b | vent in which i t hi d and
a pol yvinyl ar omt? CEopouRA: aP6OPESCERA . ERECHBERGE EHEr 8FRCER whi ch an

or ganol i t hi yr n n nd. a conj.ugated di.ene . .co nd, are .reacted, and
Chereat ter. LhTBoN R, B e e o P S e B iR, By e
met hod t her gi 0Lk [ = or ganek.i.t hi : o] .S T .0 the
presence ofQggg%g?ngaﬁgégérgﬁglgo%goghg gﬁggggggﬁy%?%gk%éfgﬁg%ﬁgn%g%pound.
I'n order totachheverkhroacegheratibapoand stabil iazakiner off therprpoduction of
a pol yfunctional anionic polynerization initiator, in the preparation, a
Lewi s base ts preferably added to the system [0046] <Pol yvinyl aromatic
conmpound> Exanpl es of the polyvinyl aromatic conpounds used in
preparation[0€2ajpol yfuncti onal anionic polynerization initiator may

i nclude o-, m and p-divinyl benzene, o-, mand p-diisopropenyl benzene,
1,2,4-trivin§lbenzene, 1,2- vinyl-3,4-dinethyl benzene,

1, 3-di vi nyl napht hal ene, 1, 3,5- trivinylnaphthal ene, 2,4-d[vin¥lbiphenyl,
3,5, 4" - trivinyl BipHeniirod 17T dpypAYya1 Y 4L de b Ay F beAzens ) aAdted
1,5,6-trivin¥1-3,7-dieth | napht hal ene.. These nmay be _used singly or
concurrent | L FRETHBSBF H%ﬂgmer-afgoidlng topaf-EficdiPar Py diVi nyl benzene and

di i sopropenyl benzene are preferable, and the polyyvinyl aromatic conpound
my be a ni%?ﬁ?gl% go??oﬁg’awgeﬁ??goﬁngCPWQPEBF.%FHXPﬁeacﬁé yﬁf i ndustri al
utilization f j . 1] X e_Ls nom I a nt ageous.
[0047] “<Con} st o8 i G5 Samaind S RonButay K et 6 Eafpot S

For the preparabion.of-aqpl ¥funct onakoantonl eqpelyIRE Z8liheq; iy tiator, a
conj ugat ed di ene conpound and/or a nonovi nyl aromatic conpound may be used
t oget her w thrtihea abpye- nenti oned pol yvinyl aromatic conpound.

Exanpl es of the conjugated di ene conpounds may include 1, 3-but adi ene,

i soprene, 2{@sdthethyl- 1,3- butadiene, 1, 3-pentadiene,

3-net hyl -1, 3- pent adi ene, 1, 3- heptadi ene and 1, 3- hexadi ene, and
particularly 1,3- butadiene gnd i soprene are preferable. Exanpl es of

t he nonovinyl aropmtic c oBods gmy include styrene, p-nethylstyrene,
a-net hyl styrene, RATREIRyNogabeRe, " vinyl xyl ene @rd vi nyi napht hal ene, and
particularly styrene iRgRreferable. The conjugated di ene conpound
and/ or the nonovinyl aromatic conpound are added preferably so that the

pol ystyrene ﬁ@gévalent wei ght - aver age nol ecul ar wei ght of a pol yfuncti onal
ani oni c poI@ Zation initiator as neasured by CPC (gel perneation

chr omat ogr aﬁ%]ey%‘eiﬁ éé\cﬁ o? r%ﬂ]a}}c{)gﬁgggg%%ﬁf églg‘n%[ (&Otjfo 21:%’5%% 'S aér}ld or e

preferably 1'n range- of

alkyl group having 1 to 20 carbon atoms, or an aryl
group; R’ represents an alkylene group having 1 fo 20
carbon atoms; R' and R®, may be identical or different
from each other, represent a hydrocarbon group having 1
to ¢ carben atoms, and form a 5 or more-membered ring

structure together with twe adjacent N; R® represents a




<Organol i t hi um conpound> Exanpl es of the organolithium conmpounds used
in preparation of a polyfunctional anionic polynerization initiator my

i ncl ude nono-organolithi um conpounds such as n-butyllithium
sec-butyllithium tert-butyllithium n-propyllithium iso-propyllithium and
benzyl i thium and pol yfunctional organolithium conpounds such as 1, 4-
dilithiobutane, 1,5-dilithiopentane, 1,6-dilithiohexane,
1,10-di li t hi odecane, 1, 1-dilithiodi phenyl ene, dilithiopol ybutadi ene,

di l'ithiopolyisoprene, 1,4- dilithiobenzene,

1,2-dilithio-1, 2- diphenylethane 1,4- dilithio-2-ethyl cycl ohexane,

1,3, 5- tr|I|th|obenzene and 5- tr|I|th|o 2,4, 6- trlethylbenzene

Mbno- organo@Y?ﬁ?%ﬁ?%%ﬁp%ﬁﬂHE BFthBu%prlgﬂlﬁﬁF §ECBUP?FP|Fh|un1and

tert- butylllthlu are artlcu ef.era 0 dr ocar bon

sol vent > hydr%& np?es 5?u?h§uﬁy%¥6§é?goﬂlgglgehF %B gﬁ bﬁgﬁQQaPlon of a
pol yfunctio i y i nLLi at oL i n¢l ude allphatlc
hydrocarbon%ééhcﬁ Qg&% ?gﬁegggeﬁ an e%éneban E(ﬁéeérﬁtgﬁgﬁgétl|cycI|c - 21 -
hydr ocar bonsy s&igha @S- §ﬁ{}§é99€1@£@@659991Céf%@fiexéﬂé mafd ?Eoﬁﬁkbge
hydrocarbons such as benzene, toluené and xylene. [0050] <Lew 6ase>

In the preparati®n of a pol yfunctional anionic polynerlzatlon initiator,
the addition of a Lewis base in the system can achi eve the accel erati on and
stabilizati bmo®d?]the production. The Lewi s base may include tertiary
nonoam nes, tertiary diamnes and |linear or cyclic ethers. Exanpl es of
the tertiaryr monpaniaese hhywimgl fidemebapoébihds such as tri met hyl am ne,
triethyl am ne, nethyldlethylanlne 1, 1- di met hoxyt ri nmet hyl am ne, 1, 1-
dlethoxytrlh%ﬁ%@ ami ne, 1, 1-diethoxytriethylam ne, N, Ndi nethylfornmani de

di i sopropyl acetal and N,Ndingthylfornanide di cycl ohexyl acetal.

Exanpl es of the tertiary diaﬁﬁnes may i nclude conpounds such as

N, N, WN1-tetrameth ldlanlgquLh@ne N, N, N , Wtetranet hyl et hyl enedi am ne,

N, N, W N1- t et r ametR@)mSofaridi & ne, N, N, N , N - {2tranet hyl di ani nobut ane,
N, N, WN - tetranethyldm@gh ﬁbntane tetranethylhexanedlanlne
di pyperi di nopent ane and di pi geri di noet hane. Exanpl es of the linear

et hers nay gﬂyiype di ret hyl ether, diethyl ether, ethylene glycol dinethyl
et her, di et hyl ene gl ycol dlnethyl ether, triethylene glyco

d'”Eth| ethafr and G1ed raet hyl enendigetiyle etdien s o Exaapkes ot o he
cyclic ethers include conpounds such as tetrahydrofuran

bi s(2- oxol ainyl)ret henenu s 2t D S{@sc0Xet@NYhJPE OPARE, R’ represents a

1, 1- bi s(2- oxol anyl ) et hane, 2, 2-bi s(2- oxol anyl) but ane,

2, 2- bi s(5- netdyydez@2=toxol @nyly) propane andh 20 carbon atoms, a
2,2-bis(3,4,5-trinmethyl-2-oxol anyl) propane. Anmong the Lewi s bases
descri bed aboWecpriafrerablw artel ¢iv invey Nyt amilne. Bndt¢diet byl ami ne, which are
tertiary monoamines, N, N, N ,N -tetranethyl ethyl enedi anmine, which is a
tertiary ditsiares zaml hastimhyer cfariare antioPehi st 2-haxbhany| Jprdpane,

whi ch are cyclic ethers. The Lewi s base descri bed above may be used
singly or i b TS on O % vior ‘Gt ot Spppsauted silyl group.

[0030]

[0031]

[2]

A modified conjugated diene-based polymer
composition, comprising 0.5 to 300 parts by mass of a
silica-based incrganic filler with respect to 100 parts

by mass of a rubber component comprising 20 parts by mass




The anmount of a polyvinyl aromatic conpound used in preparation of a

pol yfuncti onal anionic polynerization initiator is set in a range of from
0.05to 1.0 nol with respect to 1 nol of an organolithium conpound.

Ther eby, a pol yfunctional anionic polynerization initiator having a nol ar
ratio of a polyvinyl aromatic conpound / an organolithium conpound in a
range of fromO0.05 to 1.0 can be obtai ned. A | arger use anount of a
pol yvinyl aromatic conpound with respec{,to an organolithium conpound

i ncreases the proportion of a nolecular chain end to which a functional -
23 - group is inparted by a nodification reaction of a conjugated

di ene- based POl ne S describgg | ater, achi eves inprovenents in the

affinity fof-af r?LB%rEQEtWQ?ﬂ FFt FORISORLES. Fa&BE partccPe 'a&descri bed
| ater,. k .a_bal bet .t he | hyst is | d.th t
SKi e st et R AR Fet B oRTudLEDa dhdngohasad BEyer LoREaG 1 on,

and al so acpb@y§§ i nprovenents in the abrasion resistance and the strength.
By contrast, a smaller use anmobunt of the polyvinyl aromatic conpound with
respect to the)organolithium conpound nmakes good the processability in
kneadi ng a conposition thereof or otherw se. A Money viscosity of the

m xed rubber conpounggan ke ssefugstan andex-9isprosessability. Too high a
Mooney vi scosity of a m xed rubber conpound causes adverse effects such as
an increasecomp@oiet ocoasunpting dueitema Bl S@ekhravtar guevien kneadi ng, and
al so causes uni form sheet fabrication to becone difficult in a sheeting
process afterrinendiogpr Aningt énpt toolPOwerrthebhysteresits ckabsngeneral |y

i ncrease the Money viscosity of a m xed rubber conpound, which causes
inferior priokdslsapi tiityespecistpnpbPt rartsobkenpsshefMsbreyubbscosity not
too high. Fromthese bal ances, the amobunt of the polyvinyl aromatic
conpound i sSCPFRPEFEDI OTRE 55 +ARge oP2FFENT Y. 1265 OX5MABHE, Chpik&epr ef er abl y
inarange of . fromO.1 to 0.45, and still nore - 24 - preferably in a
range of fr%ﬁﬁ%%ﬁ? oC%?h?gaF?ﬁ P LEPBCPEEBLIPHOY™BE - t he or ganol i t hi um
conmpound. | ] In the case of adding a Lewi s base when a

pol yfuncti ona a%ionic polynerization initiator is prepared, the Lewi s base
is added prefgrably in a range of from30 to 50,000 ppm and preferably in
a range of from 200 to 20,000 ppm wth respect to the above-nentioned

sol vent used in tthe yeparal i Qh-Afgd hies Rol dinetd anal, paioni

pol ynmeri zation initiator. In order to sufficiently devel op effects of
t he reacti aronaseel erat | ancangi sgabb| i zahi op; the[addi 4beRrohe30.pRHLOr nore
is preferable, and in consideration of securing flexibility in the

m cr ost r uctwiraread} usiereni licr-abdater iporyaet ¢ zat i barpreeessniandqgsgparati ng
the Lewis base froma polynerization solvent in a process in which the

sol vent i s atscoveredh afretifhe pot faeei zatk ont ahd0 put/id ied,mdte. addi tion of
50, 000 ppmor |ess is preferable. The tenperature in the preparation
of a pol yfuéiZddal ani oni c pol ynerization initiator is preferably in a
range of fr%ﬁgloc to 140C, and nore preferably in a range of from35C to
110C. [ tenperature is preferably 10C or higher fromthe viewoint
of the productivity, and preferably 140C. - 25 - or Iomg% {n order to
suppress side reacti-on$ dle 0¥ Hi'h 1% rgiugate Gaction tine
for prepari i tional_anionic polynmerization initiator depends on
the reacti g%%tegin%g;rl%qg,c%nlﬁoﬁls TH AT a%@%l%? ¥7 o5 AR ¢ ﬁéerﬂ%urs.

[ 0053] (Conjqug d diengshas; ) A conj ugat ed di ene- based

pol ymer ianﬂqufgggjbg%%re ?%gpﬁgﬁyf%bation of the nodified conjugated

di ene-based pol yner according to the present invention is obtained by

pol ymeri zi ng a conjugat ed di ene conpound, or copol ynerizing a conjugated

di ene conpeurtnwadecarn aromediL o MHvoomaund by using the above-nentioned
pol yfunctional anionic polynerization initiator. [0054] In a

pol ymeri zatlidere 5dr ocess of a conj ugated di enebased pol yner, the
above-nmenti oned pol yfunctional anionic polynerization initiator may be
prepared i n advd@heepirasanpr edeceartdoned roedcter 2 andifedd e jregat@r, in
whi ch the polynerization of a conjugated di ene conpound, or the

copol yneri gaenembefsed corjyugat edh ditenesiconpouid wittch arverometictei nyl
conpound is carried out, to carry out the polynerization reaction; or the
pol yfunctional anionic polynerization initiator may be prepared in advance
in a reactor in which the polynerization or the copolynerization is carried
out as described |l ater, and




- 26 - predeterm ned nononers may be fed to the reactor to carry out the
pol yneri zati on reaction. It is preferable fromthe viewpoint of the
productivity and quality stability in mass production of a polyner that a
pol yfuncti onal anionic polynerization initiator is prepared in advance in a
predeterm ned reactor, and is fed, as required, to a'reactor used for the
pol yneri zati on of a conjugated di ene conpound, or the copol ynerization of a
conj ugated di ene conpound wi th an aropef{c_vinyl conpound. The
pol ymeri zati on of a conjugated di ene-based pol yner can be carried out as a
batch process or as a continuous process with one reactor, or two or nore
series of reac%ors” The polynerization in a batch reactor is preferably
carried out “PPoftBABIVReRpdiRE 68566t aPARTAG A Cpoliyier  h@visngra hi gher
nodi fication rai&onkn a nndifhc?tion r%acéion descri bed later. [0055]

© & of g

<Pol ar conpoun PR4ABFEAREEEAT OHj Byated edilend 58séd %ol yner ,

for the pur .ran ¢capol rizing,an aromatic vinyl conpound with
a_conj?gatSgggﬁgfégégnggg%%?lfgéSéggtﬁuﬁﬁggea&ft 8nfﬁ%l§$ﬁ fthe )

m Ccrostruct Yrg; ] d : rther .faor € purpose
of i nproving tﬁg %ol%n%??zgg?o% ?aﬁgﬁgﬁggkﬁﬁé F?Egécgeg%gFﬁcgﬁnhﬁﬁ of the

followi ng pghasheQ8PeHNd-IRYtBE-RAERE. 1 zt2inyth sut ﬁqgh%SfBE the pol ar
conpound may i nclude ethers such as tetrahydrofuran, diethyl ether,

di oxane, ethyhenecglygaebsdi arthyktethers et Bybangrabycahdibutyl jet her,

di et hyl ene gl ycol dinethyl ether, diethylene glycol dibutyl ether,

di net hoxybengened 202-brsleinxyothaykypeopanasdt €ikdarynaiyAeegonpounds
such as tetranet hyl et hyl enedi am ne, di pi peridi noet hane, trinethyl am ne,
triethyl am $esnpyrigederahdngui nocbodi hneonal kali aetietal al koxi de conpounds
such as potassiumtanyl ate, potassiumt-butyrate, sodiumt-butyrate and
sodi um anyl ate, and phosphi ne conpounds such as tri phenyl phosphi ne.

These polagqconppunds may be used singly or in conbination of two or nore.

[ 0056] “Fhet Use" HEd 0Pl blofarnEenpboid is sel ected according to
the purpose; and fhe degree of the effect, but is generally fromO0.01 to 100
nol with regpec§ to 1 nol of lithiumin added pol yfunctional anionic

pol ymeri zati on iy.ti;at ch;.a | ar, conmpound can b usqg f or

contr ;)I ling ; he Ffi (?Irlglsat%rtue_crtggjien peﬁlﬁq%l_mp%;zn@eraei lennaepﬁ etV i e r%‘lber
amount accofglingd o,.a. desi re&h, Vil 4 e nt .. n pol ar
conpounds sinultang%usly have an e%?ec?ive ?%ﬁ%gn$%%tF%% %??%%%Ein t he

copol ymer i ziatieoit iofn avCoNjpigal ek digne conpound: W th an, aronptic vinyl -
28 - conpound, and can regulate the distribution of the aromatic vinyl

conpound, andrareguiraties trives stymenet ockhanmNiowing edSodi handonizat i on

nmet hod, a nethod may al so be used in which a part of 1,3-butadiene is

i nterm ttentdsicaddethdnydshercbunss of c4 thies reo pod y e | Zadié oni @isidesies i bed in

Japanese Patent Laid-Open No. 59-140211. [0057] <Conjugated di ene conpound>
gist to carry out the present inventiocn.

[0037]

In the following, a modified conjugated diene-based
poiymer according to the present embodiment will be
described together with a method for producing the same.
[Modified conjugated diene-based polymer]

A modified conjugated diene-based polymer according
to the present embodiment is one which is obtained by
polymerizing a conjugated diene compound, or

copolymerizing a conjugated diene compound with an



Exanpl es of the conjugated di ene conpounds used in the synthesis of a

conj ugat ed di ene-based pol yner may include 1, 3-butadi ene, isoprene,
2,3-dimethyl-1, 3- butadi ene, 1, 3-pentadiene, 3-nethyl-1, 3-pentadi ene, 1, 3-
hept adi ene and 1, 3- hexadi ene. Above all, particularly 1, 3-butadi ene and

i soprene are preferable. These nmay be used singly or in conbination of two
or nore. If allenes and acetylenes are contained as inpurities, since the
modi fication reaction described later_ig;inhibited, the total concentration
thereof is preferably 200 ppmor less, nore preferably 100 ppmor |ess, and
still nmore preferably 50 ppmor |ess. [0058] <Aromatic vinyl conpound>
Exanpl es of the aromatic vinyl conpounds used in _the synthesis of a

conj ugat ed @FeRBrhasBdNBdl FREPORE PHCPﬁ&@gSPyP@%@ﬁﬂ&ﬁ%%QEﬂ%n%ﬂ%ﬂﬂic

a- et hyl styrene - 29.- vinyl et hyl benzene, vinyl xyl-ene, vi_nyl napht hal ene
2nd_di phony PeLRPEAES ABBY &TFR 2 AT ERERPERRy TSPy Bndei Y “priter abl e, These
may be used, sLAGLY OLoRoGAMPLARL LAN 0f M0 ,QF TR €.l 0059 i5Pal ymeri zati on
sol vent > conjugg?e di'ene-based polyner is potynerizZzed in a

predet erm nednsol ¥enk. no1ar -EXAEPI 28,00 LG 80hVERLA0 she disgd iRy 4 ncl ude
hydr ocar bon- based sol vents such as saturatéed hydrocarbons and aromatic

hydr ocar bongne Spegkhb¢iexaunl esnbhenegf oray ropchude ali phat,i ghwdr acar bons
such as butane, pentane, hexane and heptane; alicyclic hydrocarbons such as
cycl opent anepteyel ehesanagagetihylieyel-bperidape 1gne riethyl eecloatiexane; and
aromati ¢ hydrocarbons such as benzene, toluene and xyl ene, and hydrocarbons
conposed of liheése poktueesenfB06@] tkPolkyme tigadeidon ieardbtisea> colymerThe

pol ymeri zati on tenperature of a conjugated di ene-based pol ynmer is not
particul arlyithnft edmasuhdnhasagnphe tsédpér argne issibene tatt aghivgiiha tviovi ng
ani oni ¢ pol ynerization progresses, but preferably OC or higher fromthe

vi ewpoi nt of Tt Her Pr 8duetyvEr§Irand 2apfePerablty "PZECIAI TPeREr H4O8H-t he

Vi ewpoi nt of gufficiently securing the nodification reaction anobunt to the
living - 38" Pofgheradng tter gﬁ@“@oﬁﬁPéFﬁGHtSP FHE%pSanéﬁifﬁFﬁon. The

tenperaturea%?ognre 8referggly in a_range ottggoghzg t%slgocth%pd stil
nore preferably ¥nh P%ﬁge o? Prom 30"t “85&-"~4 Fﬁe popynerlzation
t enperature b Nt o d, | iderati.o t lynerization being
an exothern?%g?%ag?ﬁgn?%fE#?hg?hﬁyggggglgﬁ%h& ?ﬁggﬁeggl?gﬁ%ératures of the
nmonomer and;hegsol vent, controlling the nononmer concentration, and cooling
and heating fromoutside the reactor. [0061] Bef ore the above-nenti oned

conj ugat ed ditefeogonpeUPdodar@ABt kem¥bAYl cc0rPAYNGadRd POkYEELiaZaLI ON
sol vent each singly or a m xed solution thereof is fed to the
pol ymeri zatpohymeagti on, allenes and acetylenes as inpurities may be
treated using an organonetal conpound in advance. Thereby, the anount of
l'i vi ng pol ynmer ehdndigfot ef¢thepnodiificat & omodebttdonoheeogatsdadhiegh-
concentration, allow ng achieving a higher nodification ratio.
based polymer according to the present embodiment
comprises the steps of:
reacting a polyvinyl aromatic compound with an
organoiithium compound to prepare a polyfunctiocnal
anionic poclymerization initiator in a range of a molar
ratio of the polyvinyl aromatic compcund to the
crganolithium compound of from 0.05 to 1.0;
polymerizing a conjugated diene compound, oY

copolymerizing a conjugated diene compound with an

aromatic vinyl compound by using .the polyfunctional



[ 0062] <structure of a conjugated diene-based pol ynmer> In the case
where the wet skid characteristic is attached nuch inportance to in a
nodi fi ed conjugated di ene-based pol ymer conposition containing a nodified
conj ugat ed di ene-based polyner and a filler described - 31 - later, the
content of an aromatic vinyl unit in a conjugated diene-based polyner is
preferably from1l to 50% by nass, nore preferably from 10 to 45% by nass,
and still nore preferably from20 to 4008 by nass. The content of the
aromatic vinyl unit in the conjugated di ene-based pol yner before the

nodi fication is preferably 1% by nmass or nore fromthe viewpoint of
obt ai ni ng an excel l ent wet skid resistance, and preferably 50% by mass or

| ess from t RBLOT &RpBPAYTEF 1ERE L PBWLRY SEELEEI s SP0SS &Rd OPfe Labrasi on

resi stance. %0063% . _The %ro orthon of a ééz- or 3,4-linkage in a

conj ugat ed GrRhBYRhFE G SRSEH FﬁgaPQ YifeéneBdsed pol yner before the

nodi fication is e ably.from10,t0 80% S more.preferahbly from 15
to 70% by nass, éﬁﬁééﬁ??lyh%%%gp?%+%?%ﬁl§“ ¥o§?2§h?ocgg@§%§ %%s@%gne The
proportion 9f, 2:,1 , A=l eyl a.canjugate i.en it

conj ugat ed %%e%%%ﬁagégﬁpgléﬁ%?eﬁggp?é?é?gbgyS%g&}bgrgggs%8§%E%F§%§?
described above fremthgcviewpeibnt, ghoabtai Bhag-aR excebl-ent el shi d

resi stance, and preferably 80% by mass or | ess fromthe viewpoi nt of the

| ow hyst erestsntoss and the abrasi on resistance. The conononer

di stribution of conjugated diene and aromatic vinyl in a conjugated

di ene-aromaf ?¢39j nyl copol ymer chain is such that the conjugated di ene and
the - 32 - aromatic vinyl may be distributed uniformy or nonuniformy in
a nol ecul ar chaify therebing or hayibe pregeatr aesdbbdckse conjugnetlhe ot her
hand, in the case where the acquisition of excellent |owtenperature

char act eri stie’etRBagegurpdseer nwathodi FPeECcEBA uBatédidrénbalased apol yner
conposition c§£%ainin a nodified con%ugated di ene-based pol ynmer and a
filler descit Joeer, Sthatebht8nt W of M ah ar 8HalPE v RAFPXUNPE CHR St he

conjugated diene-aromatic vinyl copolyner is preferahly 10%b Ss or

| ess, and n%?g %?%f%?a%?§eapﬁ%ﬁ%%%$yﬁ%?m8f ?h&ogbﬁfﬁ a¥883898ﬁ§gaThe
proportion @ 1,2:.97 -lin e.Ln Lygat e Lepe.unjt.of a

conj ugat ed d%%ﬁ%- ase %%? %%% g%go?% %Egggéﬁf?%agigﬁ%ﬁslﬁrg éFébly 30% by

mass or |essye and nore prefesablyu25% by MBSS0n 1 h88Sshed rrifienythe

respective conponent ratios are i1n the range descri bed above, a conposition
having a | owtghass-éranstheoprt goper ahynerand excehbi;Agihnthew tenperature

characteristics can be obtained. [0064] <Mdifier> The nodified conjugated

di ene- basedf@blywetg ateondi 9 (80 &heapresemblenbodi ment has |iving pol yner

ends nodified with a nodifier. In detail, the nodified conjugated

di ene- basedl ot Yher according to the present enbodi nent can be - 33 -

1 kq 1 Polym 1
Polym—Li + (R O)m—?i—A (R 0%;;1—'?%—1\ + ROLi
(3-m} Rz;s.-ml
1 TMym K, 1 {Ponh 1 (3)
Polym—Li + (R O};_T]Sli—A — (R Ol"T”SIi“A + ROLi
2 2

(3-m) R {3-m)

[0041]
In the formula (3) shown abcve, Polym represents a
conjugated diene-based polymer chain; and R' and R® each

independently represent an alkyl group or an aryl group.



obt ai ned by producing a conjugated diene polyner by polynerizing a

conj ugat ed di ene conpound descri bed above, or copol ynerizing a conjugated
di ene conpound with an aromatic vinyl conpound by using a pol yfunctional
ani oni c polynerization initiator described above, and reacti-ngdiving

pol ymer ends of the conjugated di ene-based polyner with a conpound
(nodifier) having a silyl group substituted with two or nore al koxy groups,
and one or nore nitrogen atons. [0065] ;5 - The conpound, used for the

nodi fication reaction, having a silyl group substituted with two or nore

al koxy groups, and one or nore nitrogen atons includes

hydr ocar byl oxysi | anes having a cyclic,amno group containing,two or nore

ni trogen atoms, % Pt by t hed 7Bl F oW RGP T oPHERARERY: &, RIGTPRED
1C»---Si--R—EN 5NR 12 R(3.0 § 1 % %hﬁrein each of Rl and R2

i ndependent Fy°Fepradeft sSafarRyFI§folp Kavifng 1 to 20 carbon atoms, or an
aryl group;[E§4§gpresents an al kyl ene group having 1 to 20 carbon atons; R4
and R5, may be r1dentical or different fromeach other, represent a

hydrocarbon group.havi ngy 1 49,6 Larhon, atans, ; 4nd-JQf M, > M« rEPr%ﬁn Erenrber ed

ring structure together wwth two adjacent N, R6 represents a -

hydr ocar bonz gf odp: hgvi pge £R22A ¢arbedcabamyitd RydeQGaKROGr@feuUP Which
may be substituted with a heteroatom having no active hydrogen and having 1

to 20 carbopoatiedstoosnd sil9Lggrousybahtit ut eflesidyénos ospreandioni s an
integer of 2 or 3, or, by the followng formula (2): RB 13 (R0)-Si-R -RN
mM 2 R (3-mitR/cé¢23tamhewkben theedehibnpbilgnsrothRin te Réaamédm are the
sanme as in the formula (1) described above; and R7 represents a hydrocarbon
group havi nghdr¢wei20. cay eore ratconst, f e thyadrcooat bdre graodipf isebstatditelde w t h a
het er oat om havi ng no active hydrogen and having 1 to 20 carbon atons, or a
tri organo- shbstinakedksit iz gr oup;arehdidnairdioss byt oXdysi bares e¢bntai ni ng
functi onal %Agu S S chégs not her gxclic am ne, a non-cyclic am ne, an
an'tsocy .

i mne and TYeT i adusi Tameston TEtRoterthat in the

above, the ,active hydrogen refers to a hydrogen atpom bonded N and the
T Res whi cHRaASs W HATel eUr arausts vl vy | Ragakhl i eont towet £

Di CtiOnary)SIlpgpl%ﬁ@eglng505¥8u5§g§5utﬁgjggmgbmodE%QE}'to react

with living polymer ends.

Therefore, by adding a sufficient amount of a
modifier so that the molar number of the alkoxy group
becomes sufficient with respect to the molar number of
the living polymer ends, a modified conjugated diene-
based polymer having a silyl group substituted with one
or more alkoxy groups on a polymer end can be obtained.
[0043]

With respect fo the modified conjugated diesne-based
polymer according to the present embodiment, materials to
be used and conditions to produce the polymer will be
described together with the production process thereof.

(Polyfunctional anionic polymerization initiator)



Further, in the above, the triorgano-substituted silyl group refers to a
group represented by the general fornula: -Si R63 (three R8 represent
organi c groups which - 35 - may be identical or different from each other,
and preferably represents an al kyl group). [0072] Speci fic exanpl es of
t he hydrocar byl oxysi | anes having the cyclic am no group represented by the
above fornula (1) are shown bel ow Exanpl es thereof may include 1-[3-
(triethoxysilyl)propyl]-4-nethyl pi perazjfe, 1-[3-

(di et hoxyet hyl sil yl ) propyl] - 4- net hyl pi perazi ne, 1-[3-
(trinmethoxysilyl)propyl]-3-nethylimdazolidine, 1-[3-

(dlethoxyethyIS|I¥%% gyl%%3 eth | i m dazolidine, 1-[3

(triethoxysilyl)p € ¥ﬁ9@ﬁ k%%?ﬁr%%??PﬁFdPﬂ%ymirlZatlon

3-(dinmeth | hyl h hyd di
g k??lbagoxy5| y?;%¥ %B gg%lﬁﬁtﬁ TE % %X%O 3@%&%&3?@p%??nldlne 3-[ 3-

(2ot hoxyet I3k F)&%?%.l%{e%'ﬁ DLLBF et bORRI BTy
t

th t I I hyl
R Rt et et ol kg e

[
i
(
r
[
di met hoxynet byt sbhybappopyhkrdis(hbuiet Byl siiky hpipapbaziae,

[ 3-(tributoxysilyl)propyl]- 4-(trinmethylsilyl)piperazine, 1-[3-
di et hoxyet liyybgi Eyey propylhe3a Etinizet bybapl gubsaidazeli dline, tiw[ 3+ - 36 -
triethoxysilyl)propyl]-3-(trimetnylsilyflimdazolidine,
[3-(dinEtM©R§nelhqksibempsopymﬁ 8ne(bri methyhsickphkhexabydr epydi m di ne,
[3- (triethoxysilyl)propyl]-3- (trimethylsilyl)hexahydropyrimdine and
[4- (tricphokgs¢ryPhsButyl]-4-(tr nethylsilyl)piperazine. Above al
eferably used are 1-[3- (triethoxysilyl)propyl]-4-nethyl piperazine, 1-[3-
rlnethoxygg@%?§propyl] 3-net hyl i m dazol i di ne, 1-[3-
;

r

t

triethoxysilyl) 3- et hy] hexah dro rimdjne, 1-

3-(triet hoxysi | @B]rxe%m ﬁ'l?ﬁiﬂt %%%%Je%%*ﬂ% initiator
[3-(triethox L)pr 1% t lnethy I azo |ne and 1-[3

trlethoxys?? %@T §¥ ¥rreg%%yP%|?yF?%¥ éﬁyglgﬁypﬁ 8mp8H8anre
ref erabl e ﬁgg%]. % Lethoxysi!y 11-4 nethylplpera2|ne and

1-[ 3- (trlethoxyS| %%o%ylff)1>§ ﬁ%t %géﬁg¥5|lyl)piperazine [ 0073]

Speci fic exanpl @sgaqff the iy dnpcarhyd oxysi danes: hayi ngnty%fdl%&&rmno

group represented by t he above fornula (2) are shown bel ow. Exanpl es

t hereof maysdhedmleny [ Bnclude a method in which an organolithium

(trimethoxysilyl)propyl]-1, 3-di net hyl i m dazoli di ne, 2-

(di et hoxyetdwyhsdlyd )ardd 3z dbe@l iyl myi dazohs dideco@pound are reacted, a

(triethoxysilyl)-1, 4-di et hyl pi perazi ne, 2-

(di met hoxy et Hyd i 1y 1k 1¢H4- & net dyhpl per dzn nepmbeund 3dd-a

(triethoxysilyl)-1, 3-di propyl hexahydropyri m di ne, 5-

(di et hoxyet®y 519531194 19 3onf et Py hexA bR olpwtm‘s@. nend{phereafter, a

[3-(2- dlne%ﬁgﬂan]neethyl) 2- (et hyl di met hoxysi

i mi dazoli di }ﬁ_Vqu_)I equqlt%ﬁ nﬁwgﬁq{ nes lseacged therewith, a
(trinmet hoxysi

3- b 2- met hox - h hyd di
5. (et hyl di r{gﬁ%@&ﬁrﬁ y“.’l_}}ic;l_ garblr%enzegn Et);/lum cgégognéogf\{“ mmclnqgv1nyl
t hyl -h h dyl th d lidi
5 di et % s.ﬁo ex%%%p%ﬁé‘ O R ot kTR
Eg tri et hoxysidy T Lol %L;%l%&cgy%?' Pe?%@fé(ﬁletherew1th and a
(3-

[
3-
(
1-
(
1-
(
1-
(
(
1-
1
1-
p
(
(
[
1-
(
p

di met hoxymer hy propy pI perazi ne,

tri et heorsdd vilin RRORWL) X@(E[-E r
(3- dlethoxyethyIS|IyIS%%ﬁ?%f%ﬁ%?%E%ﬁ%%@ﬁexa yd@@%y%?hg%?ﬁ%Ed{i¥[3-(2-
di met hyl amineetgnd Jerd- Iretihyd diethoxy s+ yil- @51@9.‘{(}31:@(1 diene
i m dazol i di n-1-yl1]-ethyl}-di nmet hyl am ne, 5-(3-
tri met hoxysidmouprdpy Ads 3 bicsrd 2t hoxyet tyd ) cotiexahy dsepys i m di ne,
5- ( 3- et hyl di net hoxysi | yl - propyl) -

3- bi g- ( 2alivetrhwll sadoplgtihy | Jonrexattydr opyri m di ne, 2-
[3-(trinmethoxysilyl)propyl]-1,3- bis(trinethylsilyl)imdazolidine,
2- (di et hoxylétyisi | y1)- 1, 3-bis(triethylsilyl)inidazolidine,
2-(triethoxysilyl)- 1,4-bis(trinethylsilyl)piperazine, 2-
(di met hoxymet hyl silyl)-1, 4-bis(trinmethylsilyl)piperazine and
5-(triethoxysilyl)-1,3- bis(tripropylsilyl)hexahydropyrimdine. - 38 -
Above all, preferable are 2-[3-
(trimethoxysilyl)propyl]-1, 3-di net hyl i mi dazoli di ne and 2-
[3-(trinmethoxysilyl)propyl]-1,3- (bistrinethylsilyl)imdazolidine. [0074]

t

2
2-
2-
5-
5-



Hydr ocar byl oxysi | anes, used as a nodifier and other than conpounds
represented by the above fornulae (1) and (2), containing functional groups
such as a cyclic amne, a non-cyclic amne, an nmne and an isocyanate, and
cyclic azasilanes will be described. [0075] Speci fic exanpl es of the
hydr ocar byl oxysi | anes having a cyclic am no group are shown bel ow.
Exanpl es thereof may include [3-(1-

hexanet hyl enei m no) propyl Jtri et hoxysi Lapg, _[ 3- (1-

hexanet hyl enei m no) propyl Jtri net hoxysil ane, [2-(1-

hexanet hyl enei m no) et hyl Jtri et hoxysil ane, [2-(1-

hexanethyleneininq%eth | 1trinmethoxysilane, [3-(1- ' S ,
pyrrolidinyl)prdpy T%Y%@?ﬁ%k?@?ﬂaﬁ%%oPSC(ED ymerization initiator is

l'i di nyl trimeth i [3-(1-
Ropt anet hy! GG BENGPor SpyT Fe T atoxy kg © gepgred by the method
dod t hyl im | t.ri.et hoxysi | 3-(1- o
nexaret hy! enel i RO BrGBy 1l SO et Ry g iarid g toiun
Loxamet 1Y | cBekabBouPEARYL] dhethonyet BLALIANe kBTt sre3%eacred

Specific exanples of the h car byl oxysi I anes ving a non-cycli€ am no
group are shownmbehew. thereikXanplaschheneal (aRy 11iRelvde d3vound and

(di nmet hyl am no) propyl Jtri et hoxysil ane, [ 3-

(di met hyl anz neppiopgytitr arehBoxyspbang, al-3- reacted, and thereafter,

(di et hyl am no) propyl Jtri et hoxysil ane, [ 3-

(di et hyl am acppltopyh{iramenhoxyscbapeunf24is reacted therewith, and

(di met hyl am no) et hyl Jtri et hoxysil ane, [ 2-

(di net hyl anthe)eehypfit Ehapehoxysi waneh p3monc-organolithium compound

(di met hyl am no) propyl ] di et hoxynet hyl si | ane, [ 3-

di but yl anmi nbpriopyFiedi eihbkgsprapence of a conjugated diene compound

N, Nbi s(trinmethyl silyl)am nopropyl net hyl di met hoxysi | ane,

N, Nbi s(tri et hyd smiﬁaamo%r BBy FLFi ABETRBRYS: | ane,
MRttt BBt st A A

N, Nbi s(tri ' ) am nee ltr] xysi Lane .

N, Nbi sEt [ %%ﬁﬁ%ﬁ%ﬂ Abe ‘%&H@??gg?ﬁs{. &ng, Polyfunctional

N Nbi s Ty am xySiTang, |
N N b (111 et Ry 51713 Ak hoet T st hyt o ot Roxyar Tang™ P05771° * Speci fic

exanpl es ofLdues iy ©cas byt oxysibapesahayi pg BRei Bi,80-Qroup are shown
bel ow. Exanpl es thereof may include N (1, 3-

di met hyl but i 4aene) - 3-(tri et hoxysilyl)-1-propanam ne, -

(1-met hyl et hyl i dene)-3-(triethoxysilyl)-1-propanam ne,

Net hyl i denet3I(itviret hoxysid tyild - deqmpopanan ne, N-(1- - 40 -

met hyl propyl i dene)-3-(tri et hoxysilyl)-1-propanam ne,

N( 4- N, N- di et hy Fgaimmdisen 2 i tden o131t letarmnyesi il oy Honteoypraop anssd niey
N- (cycl ohexyl i dene)-3-(triethoxysilyl)-1- propanam ne,

1-[3-(tri et 1YY profpyA |RA BLURE Ryl d} nifaziol @ polymerization

1-[3-(trinmethoxysilyl)prop -4,5- di hydroi m dazol e,

N-(3-triet ﬁ&x@ﬁ%ﬂ%?@ﬁ&fﬂ%@e i hydtoi #idarote/invibenzene, o-, m-
N-(3-isopr si].yl propyl)-4,.5- di hydroim dazol e, an
N—(3-nethy?%?ﬁ%hé&?@ﬁﬁ%#%ﬁ%ﬂg%ﬁgqﬁ%ﬁé%ﬁ}még{%Fﬁ%ﬁ&Qﬁ CRpYYR] 1<
Specific exanmplies; of_ I g%gg | oxysi | anes Vi an isocyanatge group
are shown beﬁym = éﬁ@ia éﬁ?ﬁ%ﬁ%bg%%%éﬁY%ﬁ;ﬁh&ﬁ%&halener £88

i socyanat oprraRyltiBINRXYSIHANG By i pyl{rd ef hoxysil ane, 3-
isocyanatopropyfﬁé{%@%diethoxys??ané?i?ﬁygﬁggﬁgH§h’ §’é’4

| socyanat oprapy it iibigeRF-QROXYSid-ane @t 17 | 8(Brrethylbenzene an
trimethoxysilyl propyl)isocyanurate. [0079] Speci tic exanples of the
cyclic azasi l5ame tedrieyNdss ,ar-el ishown RRIIOWa lene . BXaRRLER L NeLe0fs By

i ncl ude N-n-butyl -aza-2,2- di nethoxysilacycl opent ane,

N- et hyl - az&i2g2vdicet moxy-wéremetlnylisi Itagy Jropentane, N-allyl -aza- 2, 2-

di met hoxysi |l acycl opentane and 1-trinethylsilyl-2, 2-

di nmet hoxy- | -aza- 2-sil acycl opentane. - 41 - [0080]



Anmong the nodifiers described above, the conpounds represented by the above
formula (1) or formula (2) are preferable, and particularly the conpounds
represented by the above formula (1) are preferable. These nodifiers
may be used singly or concurrently in two or nore. [0081] (Modification
reaction) The nodification reaction of the conjugated di enebased
pol ymer using the nodifier described above will be described. The
reaction tenperature, the reaction tine, and the |ike when the nodifier is
reacted with Iiving polymer ends of the tconjugated di ene-based pol yner are
not particularly Iimted, but the reaction is preferably carried out at 0C
or higher and 120C or |ower and for_ 30 sec or |onger. [0082] The
modi fier is preflrBblyuaddéd doviRAtbeheenat andnBlascRUADERYdPeRASARKOXY
group bonded to a silyl group in the nodifier added is in a range of from1l
to 5 times £hé POEAPTABIEr AUADEFSOPCLYVRTYM GERIEITHEd GRPAYdEY may
ponfunctioBaI ani.oni c polyngrizqtiog i ni,tiator % scri hed gboge, nor e
preferably Ph & PARGBT6f Ofr 6mv 175 £E93PFiFEEETS. re%mnd stiFl*®nore
pref?r?b'y L0s8 [ nggdggagﬁgg?1t§l§9a%i%nt!%%%‘ £ the E%%Hk%h%fQﬁﬁ%g”nt of
acquiring a predetermned no i fication rati 6 and ma ing “one or “fror € al koxy
gr oups renai Lfhed ] I - based nol ecul ar chain end
portion, th%gn%g???ggg?gbgrg ggaggigggggg%g%'that the total nolar nunber of
an al koxy grnoup7bonded to a silyl group in the nodifier added is one or
nore tines the total nolar nunmber of |ithiumcontained in added
pol yfuncti onabnanyenka pekyseeb@gbuaA kAt hahok idescrirbedtakove, and from
t he vi ewpoint of the cost, nore preferably 5 or less tinmes. [0083]
The cont ent cohpaupdbynmer having the functional group conponents in a
nodi fi ed conjugated di ene-based polyner, that is, the nodification ratio
is, in the case Whereha coapasition wsi agethefuwndifipedlceniagated
di ene-based pol yner according to the present enbodinent is nmade into a
vul cani zat ePCpYBEE: ABFYORBIABY IRAERSE oF RBPEUJABEE PEefner BIMpPo8s% by mass or
nore, and still nore preferably 90% by nmass or nore, in order to nake a
good baIanc@nﬁé?ﬁe@nmgﬂﬁvﬁaﬁﬁh SPBRESFsCPBRSURAI MENe PRt S8R §oFESNStance,
and acquire aghﬁg gsign resi stance andEStreng;h sufELcient for practical
uses. h Pt FRAY Polk®rat PB6f P78% bYY reds OBF tibr §°FRRVEE " obt ai ned as
descri bed above ol Li t .- 43 - e i al | enes and
i&%ﬁﬁ&gg &f ?%e £Eéﬁ%&ﬁ£%% %fgﬁg Qéﬁ%&uggg 8£

acetylenes as inpurities in e Co I 'ene conpound as descri bed

above, a treatment wethgd-thergof. ;apdr-the, pol womnhzahien tenperature.
[ 0084] A neasurenent nmethod of the content of a polymer having the

functional ghoupisnEpPonentpethatiibse, t Renbedificatipantatienei s1pref erably
one by chromat ography whi ch can separate nodified conponents containing
functional pepupsiand sntod| Birdxeonpoaenksd partiAsltbeymeasur ement met hod
by chromat ography, a nethod is suitable which uses a gel perneation

chr omat ogr aphyad GPGr zoflummopackedawet hrafpokbiesubst ance such as silica
whi ch can adsorb the functional group conponent, and quantitatively

det ermi nes the rodiMR oot ioh ¥l ooy Usi hgpzoena i er pahpsta@saray of a

non- adsor pti ve conponent for conparison. [0085]

include styrene, p-methylstyrene, a-methylstyrene,
vinylethylbenzene, vinylxylene and vinylnaphthalene, and
particularly styrene is preferable.

The cconjugated diene ccompound and/or the monovinyl
aromatlic compound are added preferably so that the
polystyrene equivalent weight-average molecular weight of

a polyfunctional anionic polymerization initiatocr as

measured by GPC (gel permeation chromatocgraphy}! is in a



The wei ght - average nol ecul ar wei ght (GPC neasurenent: pol ystyrene
equi val ent nol ecul ar wei ght) of the nodified conjugated di ene-based pol yner
according to the present enbodinment is preferably from 100,000 to

2,000, 000, nore preferably from 200,000 to 1,000,000, and still nore
preferably from 250,000 to 500,000, in consideration of the processability
and physical properties. - 44 - In the case where a conjugated

di ene-based polyner is polynerized in_a,hatch process, in the nol ecul ar

wei ght distribution in GPC, a plurality of peaks is observed. The peak on
the | owest nol ecul ar weight side is considered to be mainly a conponent
whose pol ymeri zation has been initiated and produced by a nonofuncti onal
conponent i A2A9Bolyf dEer GRAl tionidd, &% mna g e Risdrgert lahodhta of a

pol yfunctional conponent gives excellent physical properties such as the

| ow hyst er e§F&IF08S gﬁﬁmagrggpoﬁfké§%§¥ﬁhce, whereas it worsens the
processabi l i ¥, herefore the peak area on the | owest nol ecul ar wei ght side
is preferabﬂ@ #8dm 20 to 50% By regulating the nolar ratio of a

pol yvi nyl aggggggglggggg n%o%g%u n..organol i t hi um conpound when a
pol yfuncti onal “anioni c pol ymerization initiator is prepared, and the anount

of a modifier addednbn.LhesabpuesfEahboned tanaggpoliiaspeakaanea on the
| owest nol ecul ar weight side can be made 20 to 50% as described above.
[0086] pAtbekadieeniwoat ed direnethased ROINIBIC s 1SHRiectad 40 a

nodi fication reaction with a nodifier described above, a reaction

term nator faythetaddedy Ainalpakym@nhoselrdfanen ias inequongbunds 4mch

The reaction term nators usable are generally al cohols such as nethanol,
et hanol andapr opantly] larganing aeicd®usydh ias: isteartes tadiud,y Illauhiisamgei d and

octanoic acid; and water and the like. ~ After a conjugated di ene-based
pol ymer i s Bubfeptedltoiamppdisbirearioyd lrigadiimodnitealzy ldontdiured dnt t he
pol ymer may be dem neralized as required. As a dem neralization

net hod, a nBPhBdurstised wAreR B kG IIf SrERaRsise Ukt 65 larf-or gani ¢ aci d,

an inorgani g.acid.or an oxidizing agent such as hydrogen peroxide into

contact wt lzlEgF9ﬁﬁFa§8ku%?éﬁdg&lggﬁp§ﬁptﬁgﬁalé/6§ﬁgﬁﬂﬁ€¥éﬁﬁ?ﬁ¥“§eparates

a water |ayer ter conj ygat ed .di,ene-based polyner is subjected to
$itadnt Leaed

10-dilithiod aan = 1thio g
a modi ficatibn reaction’ “Gh2anti oxi OB F {0 ’a pol yner sol ution.

The anti oxi dant , |k 10l.1.c stabili.zer : rus- based stabilizers
and.sylfur-géggahggggggﬁggEgggb808§%ﬁqthléﬁgﬁg}%ggﬁgg%fo?’%btaining the
modi fi ed coanygeaggbghgeﬁépa§¢§—eth%%&oanQL@u@aehgl%Q%aB@@Sqn%~¢”b0dl”ent
froma polynmer solution, conventionally known nethods can be appli ed.

For exanpl eg;ai gt bod-Ennwigh1ahtaEna, sal, vent-tirs 1hemavedndy st eam

stripping or the like, the polynmer is filtrated, and further dewatered and
dried to obtaBpstheipotyier?, a, sethaodthylwkncknkhe pol ymer solution is -
46 - concentrated in a flushing tank, and devolatilized by a vent extruder
or the like, a rmé&hodoofamdtechiyndevobatntiszoAgnbyuaydlt ubhdomer sec-t he
| i ke, and ot her_ nethods can be applied. [0088] [Modified conjugated
di ene- basedopbVyhekEhtvrpesit fenf-butyllithium, are particularly

preferable.

[0049]

<Hydrocarbon solvent>

Examples of the hydrocarbon solvent used in
preparation of a polyfunctional anionic polymerization

initiator may include aliphatic hydrocarbons such as

butane, pentane, hexane and heptane; alicyclic



The nodified conjugated di ene-based pol yner conposition according to the
present enbodi nent contains 20 parts by nass or nore of a nodified

conj ugat ed di enebased pol ynmer as have been described hitherto with respect
to 100 parts by mass of the whole of rubber conponents, and 0.5 to 300
parts by mass of a silica-based inorganic filler with respect to 100 parts
by mass of the rubber conponents containing the polyner. [0089]
(Silica-based inorganic filler) As,a silica-based inorganic filler
contained in the nodified conjugated di ene-based pol ymer conposition
according to the present enbodinment, a solid particle containing Si02 or

Si 3A1 as a mai n conponent of the structural unit can_be used. Exanpl es
t her eof mayhVAEPGAECSRE| EBChcRAYCYEAPESNRRES, 20PaCERACE6HS Ear ERT

wol | astonite, nontnorillonite, zeolite, and inorgani ¢ fibrous substances
such as gl ad§°F¢#bef, hydrggarbons Sﬁ?EiPFCQ?Bé§ES'iﬁ@ﬁ&&ﬁ@capﬁlﬁg SWrose
surface has ﬁggﬁ hydr ophobi ci zed, and a m xture of a silica-based inorganic
filler and ani Brganic filler other than silica types can al so be used.
Above all, §£é&ggTﬁggeglass fiber are preferable, and silica is nore

pr ef er abl e. e Silica usable is funed silica, precipitated silica,
synthetic silic il | 1ke : Lpitated silica
is preferable, I?J%kﬁﬁﬁkéﬁﬁéﬁgﬁﬁi%§|? %%ygﬁggﬁﬁﬁ%%%e§E§?§nghibited
effect of tb@l%ﬁ@f@Mgﬂﬁah KAiEraebur ergbapagt ehbst bes aandwtikevwel ski d
resi stance. [0090] In the nodified conjugated di ene-based pol yner
conposi tiontaecoydibg tont henpeesenheenbodigeat iohr amdt be aviiewpaitnbnof
acquiring an abrasion resistance and strength good for practical uses, the
ni trogen adsodrphéonrspectfion.surface area of a silica-based inorganic
filler as neasured by BET adsorption nethod is preferably from 170 to 300
m2/ g, and nore pief erebly $aoen 2P ioc300e nR¢ytlary magodeseefbed above,

t he bl end amount of a silica-based inorganic filler in a nodified

conj ugat ed Heehtbagedl pBiyfEr 2B8npodBREFoATI §YFlom 655SE§-300 parts by nass
Wi th respect to 100 parts Py mass of . the rubber, K conponents o&taining 20
parts by nmass or=ffftR-of A nﬁ%ﬁf?%ﬁF%%ﬁYU@%?%ﬁmﬁ?%ﬁémﬁﬁséﬁcgﬁ Ymer, but the
anount - 48 - is grefer blé ££9n1§ht9a%ggepa%gs ?¥ assheand nor e
preferably FrORY20"t0°100 partS By -Hdss © P PHe“brend amount of a

ilica-b i I Ll [ - , 1t ffect of
i Cron of ‘THE T T erYI 8 REE 120l apBar By Soalr ey r T That " dxceeds 300

. not " y . hat.excgeds 3QO
parts by ”H§§etﬁ8§y9k§H§Eﬁg?hhﬁﬁ¥,Oﬁ,Eh@i@thbﬁ?t?@é%ﬁyﬂﬁﬂﬁﬁéﬂ'@,NL||er i's
deteriorated, the processability of the conposition is worsened, and the
mechani cal gixengihrdearfagesdi Wobghoplye Rettprekanall &~ [ 0091] (Carbon

bl ack) Car bon bl ack may be added to the nodified conjugated
di ene- baseddpetynel feconpasdei oncaslaneeynf areicng.filler other than the
silica-based inorganic filler. Car bon bl ack of any class of SRF, FEF,

HAF, | SAF, SAF d&inkniheed ke cam bertusedy Alzmiben bhacknisupeef erabl e which
has a nitrogen adsorption specific surface area of 50 nR2/g or nore, and a
DBP oi | abserppdendaf sgohnmis18oNgl ', N'-teThamptifddappdhemefhanear bon bl ack
is preferably from0.5 to 100 parts by mass, nmore preferably from3 to 100
parts by melSsV:BRnhdVstlierraBeelpreferyabrgatrBans t §-HolNpafts by mass, with
respect to 100 garts pg mass qf the rubber conponents containing 20 parts
by mass or horE*BF-EREPRBBPRFE42ROAF ughit EdVdr €ne pol yner.

tetramethyldiamincbutane, N,N,N',N'-
tetramethyldiamincpentane, N,N,N',N'-
tetramethylhexarediamine, dipyperidincpentane and
dipiperidincethane.

Examples of the linear ethers may ilnclude dimethyl

ether, diethyl ether, ethylene glycol dimethyl ether,



- 49 - In order to devel op performances, required for applications
such as tires, such as the dry grip performance and el ectroconductivity,

t he amount added is preferably 0.5 part by nass or nore, but is preferably
100 parts by nmass or less fromthe viewoint of the dispersibility. [0092]
(Metal oxide and netal hydroxide) To the nodified conjugated

di ene- based pol yner conposition according to the present enbodi nent, netal
oxi des and netal hydroxides may be adgegzogher than the silica-based
inorganic filler and the carbon bl ack. The metal oxide refers to a
solid particle having a chem cal fornula MKOy (Mrepresents a netal atom
and x and y are each an integer of 1 to 6) as a nmin conponent of the
structural dapEhvafdengtatooxiddestiyableéhgre frorcgkatpire allwwioda, titani um
oxi de, magnesi um oxi de_and zinc oxide, A mxture of a netal oxide and an

i norgani ¢ f PH8FRBE heEPERaARet- S ragithdd emgy B8 e(sed. ether. The netal

hydr oxi de refers_to umn n1hgdrox'de, magnesi. um hydr oxi de, zirconi um
hydr oxi de and t he 3T ?S[%gg%T (¥ Fahe EBB%FFn@nabBﬁF)ComPOU?Hé RBENT i ed

ot ol L oper PaROd BRI IRY BOTRITLiL BT ettLAg 1 9, bhe R goent

enbodi mrent fmay contarn a i Fane~co plrn he sil ane

coupl i ng_agent bas, a.LYAGHE0N, 0f -puNANCEYG LAS ) NERLAC! i on Jbetueen t he

rubber conponents”a e silica- I'nor gani and "has “gr oups

exhi bi ting @iéiﬂh&Y}ﬁQEaQé,bQDQaBE%N%¥mﬁEh§1EECBx%ﬁah@@)F%@%%hec%ﬂRP”e”tS

and the silica-based inorganic filler. anpl es of the silane coupling

agent may ipchudesbisa| 8~ tiinethoxysi-byd) =apkopyibohatrasul fide, bis-[3-
(triethoxysilyl)-propyl]-disulfide and bis-Fg-
(triethoxysilyl)Areirhy1iké eteasal fices §0094] bdbeabbead proetapica sil ane
coupling agent is preferably from0.1 to 30 parts by mass, nore preferably
fromO0.5 to220 parmsthylamnsse and stikbhpoeaipeef shabhyafreomelttieris parts
by mass, with respect to 100 parts by mass of a silica-based inorganic
filler deschrPbedmabove. N/ N/ N'IKF'rhelppeadhakstnt lehedigmiane wbdphi ng agent

is less than 0.1 part b¥ mass with resgect to 100 parts by mass of a
silica-baseﬂsi%oFgﬁﬁ?%r i fFafirgn arfleettvahprlepduerreddcaniot e 2~

obt ai ned, agdoﬂ% )unt thereoﬂ.eﬁgeeding io pa gs by mass is not needed.
[0005] O bR PG BTP T X1 ngrhfodl Fi ed<Lof] GGAEET  di ene pol ymer . a
si11ca based | nangan G, {l Wl 8le SALPON, DY agk, and, o NeL [LLheLs, 2d 2 silane
coupling agent i's not particutarty 11nited:

in combination of two or more.

[0051]

The amount cf a polyvinyl arcmatic compound used in
preparation of a polyfunctional anionic pelymerization
initiator is set in a range of from 0.05 tec 1.0 mol with
respect to 1 mol of an organcolithium compound.

Thereby, a polyfunctional aniconic polymerization
initiator having a molar ratio of a polyvinyl aromatic
compound / an organclithium compound in a range of from
0.05 to 1.0 can be cbtained.

A larger use amount of a polyvinyl aromatic compound

with respect to an organolithium compound increases the

proportion of a molecular chain end to which a functional



- 51 - Exanpl es thereof may include a nelt kneadi ng nethod using a
usual m xer such as an open roll, a Banbury m xer, a kneader, a

singl e-screw extruder, a tw n-screw extruder or a nulti-screw extruder, and
a nmethod in which each conponent is dissolved and m xed, and thereafter, a
solvent is heated and renoved. Above all, the nelt kneadi ng net hod
using a roll, a Banbury m xer, a kneader or an extruder is preferable from
t he vi ewpoi nt of the productivity and_SZQOQd kneadability. Ei t her of
a nethod in which a nodified conjugat ed di ene-based pol yner and vari ous

bl endi ng agents are kneaded at one tine, and a nethod in which these are
mxed in a plurality of tinmes can be applied. [0096] (Vulcanizing agent)
The nodi fi edreBh] UfatBdaditene byasedicgdifymart ioanmyesiatiion adcerding to the
present enbodi nent may be made into a vul cani zed conposition which has been
subj ect ed t6CRIVAPEGAI JaEN6nPRFES REAY ™Rt A Sa dpgIcEamies dg tedent .

Exanpl es of _vul cani zi.n agents usabl e_are radical generating agents such as
organi c perﬁ?#d@geﬁnam 78VEBRPGandE, L85 fd TdBnpaudds, amit S0 conpounds,

pol yam ne conpounds, sulfur and.sul fur c ounds., - 52 - .The sul fur
conpounds nﬁ%@?ﬁévaa@ GUFPuf TORACRI %?Fﬁg?%gﬁltfl&rledia@hIdt’frsicd’é;eéii sul fi de
conpounds a |y I sul f.i nt of a
VUl Gani 21 ng Sont e 6endrar § PRARTOC0R o8 3 St dohy Haser an

preferably frem Qnd Eﬁelﬁeﬁa%k§db¥eg§§%anWEF@nr%SR%QHfE%dlg%nB%%%%e@y mass
of the rubber conmponents containing the nodified conjugated direrie pol yner.

As a vul canizahikopzFetihgdl yeerveshberakh¥nknaws metbodsngarcke applied, and
t he vul cani zati on tenperature can be set, for exanple, at 120 to 200C, and

sui tably atiddbotrendBO€. 1h00RAZ] abYuktani zakienaaceekerattde ardength.

vul cani zati on aid) I n vul cani zati on, a vul cani zation accel erator may
be used as Bequbrnedast, a Asad!eul oari aabuoh acceher goayyviagavent i onal
wel | -known nmaterials can be used, and exanples thereof nay include

sul f enanm de3roJahaidiaeBouUnHi WitAhs regbdehyde- anenes gaalbdélpdamanmoni as,

t hi azol es, thioureas and dithiocarbamates. As_a vul cani zation aid, zinc
oxi de, stear?PRPALTd BAYCEnecPikENearrpESasBRI 1LY Imméngadiagoant of a

vul cani zati on _accel er at i'S genera from0.01 to 20 parts by nmass, and
preferably ??%ﬁ?@?gl?% géeﬁﬁ? SOByO%hé§WlﬁFth'@é%%%%?yt lﬁﬁﬁsbéyt%f - 53 -

e Ol obhg, Y RRR LR sIReSRLR GO0 BLIY BY LYl Lled gRY) Hgated diene
processability. Too high a Mooney viscosity of a mixed
rubber compound causes adverse effects such as an
increase in power consumptiocn due to a rise in a torque
in kneading, and alsoc causes uniform sheet fabrication to
become difficult in a sheeting process after kneading.

An altempt to lower the hysteresis loss generally
increase the Mooney viscosity of a mixed rubber compound,
which causes inferior processability. It is important to
keep the Mooney viscosity not teo high. From these
balances, the amount cf the polyvinyl aromatic compound

is preferably in a range of from 0.1 to 0.5 mel, more

preferably in a range of from 0.1 tco 0.45, and still more



To the nodified conjugated di ene-based pol yner conposition according to the
present enbodi nent, a rubber softener may be blended in order to inprove
the processability. As a rubber softener, mneral oil, or a liquid or
| ow nol ecul ar wei ght synthetic softener is suitable. A m ner al
pil-base?hrubb$¥ spftenerlcalled process gil or extgn?e: oiL usgg to
i nprove the softening, volunme increase and processability of rubbers is a
m xture of aromatic rings, naphthene rixngs and paraffin chains; the m neral
oi | - based rubber softener in which the carbon nunber of the paraffin chain
accounts for 50% or nore of the total carbon is called a paraffin type, one
in which the carbon nunber of the naphthene ring accounts for 30 to 45%is
cal l ed a naptthepgetypkl andabde Ph gﬁ@@hotﬁetﬁrBHQtiEiéarﬁéﬁpﬁﬁﬁbéP
exceeds 30%is called an aromatic type. As a rubber softener used in the
present enboditent? the ﬂ%%ﬁ?%%h%h%§%ecﬁﬂ8PBPdthe paraffin type is
pref erabl e. 5 The anpunt of a rubber softener blended is preferably from
0 to 100 paP?% %& mass, nore preferably from 10 to 90 parts by mass, and
still nmore pref efr?%}’et Sads ot farc?&“l‘r?*gg 40, 99 PALLSe by, fmss, wi th respect to
0

100 parts by mass he rubber conponents containing the nodified
conj ugat ed gi eng, PO YIRL éﬁiéﬁﬁcb%8PQmQPPHQEiBB ankebherrsoftener exceeds

100 parts by nass wth respect to 100 parts by mass of the rubber
conponent s,y bl eed-Qutthé tLéabkertoe0ccunddandpiheeeanri;ses a rhalet hat
tacki ness is caused on the conposition surface, which is not preferable.
[0099] (Rubberfconponend s-0fhed tian hhe ppdftredlgonphugaredgdi effie- based
pol ymer) For the nodified conjugated di ene-based pol yner conposition
accordi ng tordme2 pd esenk O eddodbment wiahr ubbeeytpbbytke ebhee-t han a
modi fi ed conjugated di enebased pol ynmer descri bed above can be used as one
of the rubbesniconpohentsvent condinati bhewpt Areketaddi #fel"€onj ugat ed

di ene- based pol yner. Exanpl es of such a rubbery pol yner nmay include a
conj ugat ed EW%%%Q%%§b@“%bI?%%@nb? ROhyHrbgénhied sbbstaRe& -thereof, a
random copol ynmer_ of a. conj ugated di ene-based conpound and vi nyl aromatic
conmpound, or a Qﬁﬂﬁﬁﬂiﬁj%ﬂéiagﬂﬁﬁg%ﬁe %%ﬁfo%.%ggé%F%o%gl r of a

conj ugat ed di ene-based ¢ ound and.a_vinyl .aromatic nd, _or
hydrogenate%ﬁ%% 5 %n%%c?ggf%g%?naa%%n Fgﬁékﬁégggg%bl§ﬁ§?gagg 1ggng?ural

rubber. [0190] .z 55 fore is Psféygpgéyagﬂhy- rcéﬂgggékgehbx pey include

but adi ene rubber or a %ydroge%ated su nce thereo I soprene rubber or a
hydr ogenat ed. subst@anee-Lher epf, styrgnenbutadienernubbesoktasAydiagenat ed
substance thereof, a styrene-butadi ene bl ock copol yner or a hydrogenat ed
substance thergoés @oSiyELDEEL EbASHPHIBEsSUCANASsapstyt eng- tBeprLenesbl ock
copol yner or a hydrogenated substance thereof, and acrylonitrile-butadiene
rubber or aphyelrdgenat edo subst anceithesedienf0101p procesFhén which

non- di ene- based pol ynmer may include ol efinic elastoners such as

et hyl ene- priopy| enevembbes , rethyé enedpedpyl ehkediehgneubberion and

et hyl ene- but ene-di ene rubber, ethyl ene-butene rubber, ethylene-hexene
rubber and B¢hyfeeé- obltenaddibber; cbub§t OPUbBER, OBr off hated butyl rubber,
acrylic rubber, fluororubber, silicone rubber, chlorinated polyethylene
rubber, epi®HO?OMYRi n rubber, a,-unsaturated nitrile-acrylic

est er-conj ugat ed .di ene copol ynerj zed rubber, urethane rubber and

pol ysul fide rubbgls ﬁ?ﬁRﬁﬁgt re 1fh69V§ﬂFﬁﬂ§a?%%H%?y3€oﬁyners descri bed
above may be. A mpdifled, 1 ubber, whi by as. beep, Laparted.wth; g funct i onal
gr oup. se rubbery po}yners naym%e tsed singl'y or "in conbi nati on of

two or nDrgbrefeﬁgbiy[géog]range of from 10°C to 140°C, and more

preferably in a range of from 35°C to 110°C.
The temperature is preferably 10°C or higher from

the viewpcint of the productivity, and preferably 140°C



In the case where a rubbery pol ynmer described above is incorporated to the
nodi fi ed conj ugated di ene-based pol yner according to the present

enbodi ment, and is used as one of the rubber conponents, the ratio of the
nodi fi ed conjugated di ene polymer / the rubbery polymer described above is
preferably 20 / 80 to 100 / O, nore preferably 30 / 70 to 90 / 10, and
still nore preferably 50 / 50 to 80 / 20. [0104] For the nodified
conj ugat ed di ene-based pol yner conpositien_according to the present

enbodi ment, various types of additives, such as softeners and fillers other
t han t hose descri bed above, and further thermal stabilizers, antistatic
agents, weather resistive stabilizers, age resisters, colorants and

| ubri cant s, Cay BETuLEd ORCERT ot FEPRARGEs SGE d&7ading T KBiob%@ of the
pr esent |nv%nthon The filler specifically may include cal ci um

car bonat e, ResFURCCAFHSfat e, alunlnun1sulfate and barium sul f at e.

Exanpl es of a sof. gn?éa%g%arge%ﬁgd%g 95£ ?L§8?V|HF§ 9.8 ul ate the

hardness and fluidity o pr odu paraffin, castor

oi I and linggednotl po1ymefization A A%l%ﬁ%tbgerg?EDEEa@A'EEE’éﬁgﬁiubrtic

agent, weather resistive stabilizer, age resi col orant i cant,

known mat er Lahseeanube,appki ¢d. ih0L0SLnlyE b8l from 5 The, mdifd edhganj ugat ed
di ene- based pol yner conp03|t|on according to the present enbodi ment can be-

made into tipes3by vul cani zati on nol ding the conposition according to the
ordi nary method. The conposition can be used as various types of tire
menbers, butCpnefigrabtydised-pasedcwodryigras tire tread materials. Exanpl es
[ 0106] Herei nafter, nodified conjugated di ene-based pol yners and
conposi tions usifhg-enmeseawidl| dbendessrededobymaayinf thpecthte Brampkes and
Conpar ati ve Exanpl es, but the present invention is not limted thereto.
[0107] [AnaF9§|§Oﬁé€h66§laﬁ ganphespedifiedTRengngifses ddfersamaisesl A to R
descri bed Iatgr were carr,ied out by the follomnn%GWEthods 1 Bound

styrene anobit¥Y™er acaordiffe ﬁa§hﬁa8€eFﬁP5 ek ﬂ8P09ﬁ1§%1@ﬂP€ﬁ'b§hd t he
bound styre un % by TRSS asured b e absorption at WV 254
g o BRaBUTYEEsud oY <OR Rial?l FEERE BomPXalil

nm usi ng a group Mg devi ce used was

UV- 2450, ”HQSpQ¥y§Q£H§958 QDEanhgéQéh diene compound with an

aromatic vinyl compound by using the above-mentioned
polyfunctional anionic polymerization initiator.
[0054]

In a polymerization process of a conjugated diene-
based polymer, the above-mentioned pclyfuncticnal anicnic
polymerization initiator may be prepared in advance in a
predetermined reactor, and fed to a reactor, in which the
peolymerization of a conjugated diene compound, or the
copolymerization of a conjugated diene compound with an
arcmatic vinyl compound is carried out, to carry out the
polymerization reaction; or the polyfuncticnal anionic
polymerization initiator may be prepared in advance in a
reactor in which the polymerization or the

copolymerization is carried out as described later, and




(2) Mcrostructure of butadiene noieties (1,2-vinyl |inkage anmount) A
sanpl e was nade into a carbon disulfide solution; an infrared spectrum was
measured in a range of from600 to 1,000 cm1 by using a solution cell to
determ ne a mcrostructure of butadi ene noieties according to the

cal culation formula of Hanpton nethod from absorbances at predeterm ned
wavenunbers. A neasurenent device used was FT-1R230, made by JASCO Cor p.

[0109] (3) Mooney viscosity A sample was preheated at 100C for 1 mn,
and the viscosity after 4 mn was neasured according to JIS K 6300. [0110]
(4) Mol ecul ar weight and nol ecul ar wei ght distribution A chr omat ogr am

was neasured by GPC using a series of three colums each packed with

pol yst yreni Brgefterbleed| BpnGREEht BayMRe KRY Wer éhget ermi-REd tPr 6mray
calibration curve using standard polyst¥renes; and the ratio of a | owest
mol ecul ar wWeitghtpeBR-4FB8R1EB tHR FBEAlF'BBak area was cal cul ated to obtain

| t | | wei ght k tio. ,- 59, - A | uat d
Let rahydr of ur an {TI51 BT Xab el AR LEROWBE o hs Pl | owa: guar d

| . T o 20l T T .. . G60QQHHR
TeKgel GHO0OHER™ Tokper chbostk v 2Rt R R E IR Rer o e deasur ed

under the ¢ L n.o : e_of - flow rate of
10 U min ard heTng aARe der skt arEC e cnos™ ohds Bt ¥Redn et g

10 ng of a sanplervesidi ssepyedsi mn20avknet THFa apdq208rpinther eof was
injected for the nmeasurenment. [0111] (5) Modification ratio B

appl ying theegbasact eniistsctéd, Wascheguipdtif | ed goppenent i:secadsetbed in
GPC colum packed with a silica-based gel, and by using a sanple solution
cont ai ni ng shsanpl enandzat s¢andard pohystytededipokysbypensadiscmot-hadsor bed
in the colum) having a nol ecul ar wei ght of 5,000, both chronmatograns of
GPC of the @bpveyhent iohednpof yst gpehicagefl dokbancandoGRE Faddeaby Tosoh
Corp., CCP8020 series, build-up type GPC system AS-8020, SD- 8022, CCPS,

CO 8020, RI3BYPAY16fVsiVicarPaseddecol ums (guard colum. DIOL 4.6 x 12.5
mm 5 mcron; colums: Zorbax PSM 1000S, PSM 300S, PSM 80S, oven
tmmmaUMeofiﬁfﬁﬂﬁﬁ%Wyﬁ%%ﬁ(ﬁ§%ﬂ%@$%§@%ﬁ%ﬁ%ﬁumnganm
detect or, andltggragsorged anount 1o t he si%igahcolunn - 60_- was neasured
fromthe diffelence therebetween t 3" defarfii RA“ 5 nBATFTE&tPOn*Fafi o t her eof .
10 mg of the, sanpl I I [ 0 THE_t ther with 5 ng of the
standard po %@tyréﬁ%%agﬁgéggg %fg%fg? erg% g angﬁagg?anc?é%gfor t he

measur ementseriecs of NBeSPEGHS I C PIOGRAURG. I Nyol vas::  he fotal of peak areas
of the chromatogram usi ng the pol ystyrenic columm was defined as 100, a

sanpl e peakr &4 € Wass denot €185y Ptarandd acReakraneanef v1 bgpst andard

pol ystyrene was denoted as P2; and the total of peak areas of the

chr omat ogr arbwsimgnd he sé 1 yicar basedn ok unngwas defli nedaason00ataosanpl e
peak area was denoted as P3, and a peak area of the standard pol ystyrene
was denot ech asoddf 1tdhiehon t heaopddh | dattohbedt Lat€98 was cal cul ated by the

calculation[ggggyla of [1 - (P2 x P3)/(P1 x P4)] x 100.

<Polar compound>

In production of a conjugated diene-based polymer,
for the purpose of randomly copolymerizing an aromatic
vinyl compound with a conjugated diene compound, for the
purpose of controlling the microstructure of the
conjugated diene moiety, and further for the purpose of

improving the polymerization rate, and the like, a small

amount of the following pclar compound may be added.




[0112] (6) dass transition tenperature (TQg) A DSC curve was recorded
whil e the tenperature was being raised from-100C at 10C/ m n under a
nitrogen atnosphere, and a mddl e point tenperature of the glass transition
was defined as a glass transition tenperature. [0113] [ Pol yfuncti onal
anioni c polynerization initiator] (Preparation of polyfunctional anionic
pol yneri zation initiators a to c, and e and f) - 61 - After an
autoclave of 10 L in internal volune_gqngped with a stirring apparatus and
a jacket were cleaned and dried, and the atnosphere inside was replaced by
ni trogen, 1, 3-butadi ene, cycl ohexane, tetrahydrofuran and divi nyl benzene,
whi ch had been subjected to a drying treatnment, were added thereto,

n-but yl it hi um asntheas autlelthe amell 2 heyonkeend gaey et brda abRETat 75C,
under the conditions shown in Table 1 shown bel ow to prepare pol yfunctional
ani oni ¢ pol §#eri zat Fohrphveraferan, dietkyl phBeprePaPERr6n Sghﬂfﬁéne

oni c_pol $¥Ek | o8t FeRrehyarateran, dicthy apere: -
(atio. by N Patit BULTS chen FBR=Eo. =LYy CBAPRPI ACHHIY] Ryl Benzene,

p- di vi nyl benzene, . et hyl vi nyl benze nd. i he | i,ke nd_havi

G Vi ny bensbreEbheant PLVTon S vy By rmes: wisouader ™ol e e

di vi nyl benz d t he. | vakl ab bVi nyl benzene m xture
descri bed a%%@%?ﬁfh%¥ﬁ?5fngfﬁgggg%gbghgﬁﬂ?'s%éamb?ﬁq%able 1 was expressed
as a divinylbenze fi%%?gﬁg ht.conyeyt efli Ry &@gr?psuﬂgst baceonkent of

inmpurities. [0114 1] Anionic Polynerization Initiator a b c e f
Di vi nyl benzenef gh e { BYB Ry Behyhk khbheM( @l p2deridinoethane,

trimethylamine, triethylamine, pyridine and guinuclidine;
alkaline metal alkoxide compounds such as potassium-t-
amylate, potassium-t-butyrate, sodium-t-butyrate and
sedium amylate, and phosphine compounds such as triphenyl
phosphine.

These polar compounds may be used singly or in
combination of two or more.
[0056]

The use amount of a polar compound 1s selected
according tc the purpose and the degree of the effect,
but is generally from 0.01 to 100 mol with respect to 1
mol of lithium in added polyfunctional anionic
polymerization initiator.

Such a polar compound can be used for controlling
the microstructure of the polymer diene moiety in a
proper amount according to a desired wvinyl linkage amount.

Many of polar compounds simultaneously have an
effective randomization effect in the copclymerization of

a conjugated diene compound with an aromatic vinyl



42 84 127 232 104 104 104 104 104 - 62 - (NB L) DVB/ NBL( ol ar

compound, and can regulate the distribution of the
aromatic vinyl compcund, and regulate the styrene block
amount .

As a randomizaticn method, a method may also be used
in which a part of 1,3-butadiene is intermittently added
in the course of the copclymerizaticon as described in
Japanese Patent Lalid-Open No. 59-140211.

[0G57]
<Ccnjugated diene compound>

Examples of the conjugated diene compounds used in
the synthesis of a conjugated diene-based polymer may
include 1,3-butadiene, isoprene, 2,3-dimethyl-1,3-
butadiene, 1,3-pentadiene, 3-methyl-1,3-pentadiene, 1,3~
heptadiene and 1,3-hexadiene. Above all, particularly
1, 3-butadiene and isoprene are preferable. These may be
used singly or in combination of two or more.

If allenes and acetylenes are contained as
impurities, since the modification reaction described
later is inhibited, the tofal concentration therecf is
preferably 200 ppm or less, more preferably 100 ppm or
less, and s5till more preferably 50 ppm or less.

[0058]
<Aromatic vinyl compound:>

Examples of the aromatic vinyl compounds used in the

synthesis of a conjugated diene-based polymer may include

styrene, p-methylstyrene, a-methylstyrene,




ratio) 0.10 0.20 0.90 0.60 1.10 Butadi ene(g) 1000 1000 1000 1000 1000
Oycl ohexane(g) 4800 4800 4800 4800 4800 THF(Pin) 500 500 500
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vinylethylbenzene, vinylxylene, vinylnaphthalene and
diphenvylethylene. BAbove all, particularly styrene 1is
preferable. These may be used singly or in combination
of two or more.

f0059]

<Polymerization sclvent>

A conijugated diene-based polymer is polymerized in a
predetermined solvent.

Examples of the sclvent to be used may include
hydrocarbon-based solvents such as saturated hydrocarbons
and aromatic hydrocarbons. Specific examples therecf may
include aliphatic hydrcocarbons such as butane, pentane,
hexane and heptane; alicyclic hydrocarbons such as
cyclopentane, cyclohexane, methylcyclopentane and
methylcyclohexane; and aromatic hydrocarbons such as
benzene, toluene and xylene, and hydroccarbons composed cof
these mixtures.

[0060]
<Polymerization condition>

The rolymerization temperature of a conjugated
diene-based polymer is not particularly limited as long
as the temperature is one at which a living anionic
polyimerization progresses, but preferably 0°C or higher
from the viewpoint of the productivity, and preferably
120°C or lower from the viewpoint of sufficiently

securing the modification reaction amcunt to the living



500 500 [0115] (Preparation of a polyfunctional anionic polynerization
initiator d) After a cooling tube and a dropping funnel were set on a
three-way flask equi pped with a nagnet stirring bar, and the atnosphere
i nside was replaced by nitrogen, slightly pressurized nitrogen was
circulated inside; and with the sealed state in the system 99.0 nL (100
mmol ) of a cycl ohexane/ n-hexane m xed solution of secbutyllithiumof 1.01
mol /L, 13.9 nL (100 nmol) of triethylam @e and 10 nL of cycl ohexane were
introduced to the three-way flask, and stirred and m xed at 20C.
Further, 7.91 g (50 nmmol) of n}dllsopropenylbenzene purified by
reduced-pressure distillation was drogped thereto at roomtenperature over
3 hours, andotvherneddskytsti Fhedcpoplesippups tHeppreparerazgsipiunct i onal
ani oni ¢ polynerization initiator d. [0116] [Styrene- butadlene copolyners
production bf°ShRPFesaAFe Kp PeExSnBrEeres Hpile A) Fangcest. from 2ay
autoclave of 10 liters in internal volune equipped with a stirrer and a
j acket and E%pé%?ézofaQﬁn§Ef¥%HW9¥ﬁIE%Pf%r%%%%e¥%t%r%a%%% Psebrad A0
reactor; g g ? but adi ene, 273 g of styrene, 4,800 g of cycl ohexane, and
0.85 g of 272 ~bi s{Q oxol anyl ) propane as a pol ar substance whi ch all had
been cleared of n or;,and the
%ﬁ@“ﬁéi¥§gﬁ%%ﬁ@ﬁ%@”ﬁ@mp¥ﬁé@uf@aégﬁdbé 8H€r§f§8& in

tenperature insi d at 42C e po yfunctlonal

pol ymeri zati@nsintthat 9n 8rprepapsdyrsrdeserbhedeabgvenvasched i@ ct he
reactor so that the anount fed became 10.5 mmol in terns of the anpunt of

l'ithium addedsction, AFteehthebst aetruohtihe pakyferbzatinparkeackisont due to
heat generation caused by the polynerization, the tenperature inside the
react or stathedrdooméseandnththeoliraak,t enperaltliegi nsedechhaereact or
reached 75C. After the conpletion of the polynerization reaction, 5.25
mol of 1-[@eycenetrhoxysi| ghiipropyifigdangehhypkphpetazitneunasdaddée to the
reactor to carry out the nodification reaction at a tenperature condition
of 74C and ¥®#C5%#t n. After 2.1 g of an anti oxi dant

(2,6-di-t-th% cresol: BHT) was added to the pol yner solution, the

sol vent was'? ﬁ% ed by steamstripping, and the resultant was subjected to

drying treat d to obt but adi e
copol ynar  havi i 2 T FY e eBrpBRent O snpre Ayt oo SEAEe L AGLERS

anal ysi's of %@{&%l{up% bonded, St X1 8NBoATRUDS MRS RO LY MRS S5 AN the

bonded but adi ené anopun
singly or a mixed soluticon therecf is fed to the

polymerization reaction, allenes and acetylenes as
impurities may be treated using an organcmetal compound
in advance. Thereby, the amount of living polymer end
before the modification reaction becomes a high
concentration, allowing achieving a higher modification
ratio.
[0062]
<Structure of a conjugated diene-based polymer>

In the case where the wet skid characteristic 1is
attached much importance to in a modified conjugated
diene-based polymer composition containing a modified

conjugated diene-based polymer and a filler described




The Mooney viscosity of Sanple A was 55. The 1, 2-1i nkage anount of
the mcrostructure of butadi ene noieties, as determ ned by the cal cul ation
according to Hanpton nethod fromthe nmeasurenent result using an infrared
spectrophot oneter, was 57% The nodification ratio determ ned from
GPC using the silica-based adsorption colum was 88% The anal ysi s
results of (Sanple A) are shown in Table 2 shown below [0117] [Exanple 2
(Sanple B) and Exanple 3 (Sanple C] - 31 -The kinds of the pol yfunctional
anioni c polynerization initiators described above, the anounts thereof
added, and the amounts of 2, 2-bis(2- oxolanyl)propane and

L% it beust | YAPLORYLL: 4 crst by LpLperang, adieg wece odi st od a5
ones as in &ﬁg £:8) LP:ALALOC(SATBLECE) an (SARBLe Chron 1 - The

anal ysis res styrene aV|n odi f i ed

conponent, an a r o] 5] wn | ow. -
65 - [0118] B GTE%S,(H3%§|59E§f9%b1§ %rﬁﬁag?ogpagg o ylgég%teﬁggin

i nternal voée5@1eﬁ@t@pegemekﬂbays&kbmeQoa@e aokagketaaad capabl e of being
controlled in tenperature was used as a reactor; 777 g of butadiene, 273 g
of styrene, 4, 80thg &inttatt ohexene, amdaﬂlﬁlvgnpi unit in the

2, 2- bi s(2-oxol anyl ) propane as a pol ar substance, which all had been cl eared
of inpuritiesningadvandeenaebesetapgédmen bthéoreacher poandithe ioenper at ure
inside the reactor was held at 42C. The pol yfunctional anionic

pol yneri zatbPoalénslpiat b8 dvdesesi bedmabovérofn 618 maskppantepds of the
anount of |ithium added, and 4.8 mol of nornal butylllthlun1mere m xed,
and the nlx@%?%l%b%gtﬁ@ne¥ealﬂénﬁheeFeééﬁérfESlStaﬁFeth?§~tlne the ratio

of the ponV|n% abf |c congound and lithiumadded.to the p rlzatlon
system was Bt 2832 thQY RESsPAr Le8f Fﬁ@mp5pﬁn¥F?Y8998ﬁ Pgaé fon, due

to heat genfratlon caused Eé aok ézatlon g erature i nsi de t he
reactor started Yo rfsers Fh%n Ft ﬁﬁ@%gPufgslﬁ et he react or

reached 74C After the conpletion of the polynerization reaction, 6.93
mmol of 1- [% (trlethoxysilyl)propyl] 4- et hyl pi perazi ne was added to the

reactor to carryput, ggﬁgggggﬁl&ﬁiéop;jeaggp@mg@lgkgggpeﬁaéure condi ti on
of 73C and for 5 nln - After 2.1 g of an antioxidant (BHT) was

added to th@o@p&g@@éd5@1@$é0ﬁmlthefselMeﬂgu@eeeaeamgee bYsstiegan se-ppi ng,
and the resultant was subjected to a drying treatnment by a drier to obtain

a styrene- bt fdi eneneopod yfecahadvnngsappredetbbdycorpanent toSanpl eyD)

The anal ysis results of (Sanple D) are shown in Table 3 shown bel ow. [0119]
mass, more preferably from 15 to 70% by mass, and still
more preferably from 25 to 65% by mass.

The proportion of a 1,2- or 3,4-linkage in a
conjugated diene unit of a conjugated diene-based polymer
is preferably 10% by mass cor more as described above from
the viewpolnt of obtaining an excellent wet skid
resistance, and preferably 80% by mass or less from the
viewpoint of the low hysteresis loss and the abrasion
resistance.

The ccmconomer distribution of conjugated diene and

aromatic vinyl in a conjugated diene-aromatic vinyl

copolymer chain is such that the conjugated diene and the




[ Exanple 5 (Sanple E), Exanple 6 (Sanple F) and Exanple 7 (Sanmple G ]

A styrene-but adi ene copol yner was obt ai ned using the pol yfunctional anionic
pol ymeri zation initiator b as in [Exanple 2 (Sanple B)] descri bed above,
and then, the kinds of nodifiers were altered as shown in Table 3 and Tabl e
4 shown below to carry out the nodification, to obtain styrene-butadiene
copol yners having a nodi fyi ed conponent (Sanple E to Sample G. The
anal ysis results of (Sanple E) to (Sanpje G are shown in Table 3 and Table
4 shown below. [0120] [Exanple 8 (Sanmple H)] The kind of the pol yfunctional
ani oni c polynerization initiator described above, the anpbunt thereof added,
and the amounts of 2, 2-bis(2- oxol anyl) propane and
1-[3-(trietﬁ%&?@FF?lYb?ﬁby%f¥4benﬁ%ﬁ?FbgBEFQZPHéfﬁaﬂéﬂ f&re adjusted as
shown in Table 4. _- 6£¥-,shomn el oy, and the_production condjtions used
the same on@S"B8IFATfE ahpl @ %OFQE Fe A flPotBBFSP ' ( Sanpré h?. The
anal ysi s resuéég gf a g£¥rgne-butadiene copol yner having a nodified
conmponent, ?%anp? ?ﬁ, afe“Shown in Table 4 shown bel ow. [0121]

[ Compar at  ve Exagple,d (Sample.l)] 1, tne A% autoglave, of JO.LItersoin
a jac e o

internal volume equipped with a stirrer an et and capabl ¢ bei ng
control led Lp tenpeiahHr eoNas-HeedaR8r8 F8ACLOEer{£¥18s0f shyt adi-gRee 273 g
of styrene, 4,800 g of cycl ohexane, and 0.62 g of

2, 2-bi s(2- oxpl anybdi pf OpaANecA$udapeliani subsbabes, pwhiebrakbmpadibeen cl eared
of inpurities in advance, were charged in the reactor; and the tenperature
i nside the teactonimgsahebdiaied2€njugatddcycknhexanedspbitimen eadt ai ni ng
7.5 mmol of nbutyllithiumas a polynerization initiator was fed to the
reactor. a TAfter dhecsiled bhtethe pbeyaenigati ofi reaetrboAfidue to heat
generation caused by the polynerization, the tenperature inside the reactor
started to YiBel andtthe Ehparonghperatudechaspdenehecr advér reached 71C.
After the conpletion of the polynerization reaction, 0.28 nmmol of
tetraglycid?%P%}%m%¥séﬁ1HB%E?H?%EVCFB%e&én@aﬁésoédéééstoaPHemPéﬁctor, and

stirred at 70C for, 2 mn Lo carry out .the modificatign eacti o,

Lol et epeys Y prpell g Ty Bl grrggpc ben L ogeatadcher ot
unit of a conjugated diene-based polymer before the
modification is preferably 30% by mass or less, and more
preferably 25% by mass or less.

When the respective component ratios are in the
range described above, a compesition having a low glass
transition temperature and excelling in low-temperature
characteristics can be obtained.

[0064]
<Modifier>

The modified conjugated diene-based poclymer
accerding to the present embodiment has living polymer
ends modified with a modifier.

In detail, the modified conjugated diene-based

polymer accerding to the present embodiment can be



After 2.1 g of an antioxidant (BHT) was added to the polynmer solution, the
sol vent was renoved by steam stripping, and the resultant was subjected to
a drying treatnment by a drier to obtain a styrene-butadi ene copol yner
havi ng nodi fi ed conponents (Sanple 1). The

tetragl yci dyl- 1, 3- bi sam nonet hyl cycl ohexane was a nodifier having 4
reaction sites with living polyner ends, and was added in order to suppress
the cold flow by naking a part of a polyger macronol ecul ar. By
contrast, in (Sanples Ato H), since use of a polyfunctional initiator had
an effect of suppressing the cold flow because a part of a pol yner becane
hi gh nol ecul ar wei ght after the nodification, there was no need for the
nmodi fi cati oc byl iedray PEPdyTing3a BPeaRPAGREL Hy PEfcPORERERe LY As a
result of analysis,of (Sanple.l), the bonded styrene anoun S.26% by
mass; and the! %Héalﬁétﬁd gﬁéuﬂﬁﬁﬁatdﬁﬁ§e7ﬁ@@p¥H8gN68ﬁ§§lgﬁggEQQNﬁ’of t he
pol ymer was_66. 1 The. 1l 2-Iinkage %ngugt ﬁf th% gh%gpatk%p%%re of

but adi ene not et TRIIYEET §ét 8P nfnEd" By SPRE“cAr Elifat TR HESoraithg *Fo Hanpt on
met hod fro Sur n i - LN r.gphot: er, was
A e e e S
silica-baseg, ad30f PLL POk IR MRS r8LUs -ThEaNaLYSLS Begulbs @fing

st yrene- but'adi'ene copol yner havi ng nodi fied conponents (Sanple |) are shown
in Tabl e 5 shewg bebowne0dR2E of thel CoNpagyatiMedExappbes2d( sanmgherJ) and
Conpar ati ve Exanple 3 (Sanple K)) The ki nds of the pol yfunctional

ani oni ¢ polwneki zatbepoundt iabat sideschabedgahowe,] yilhgrampunt s t her eof
added, and the kinds and the nounts of 2,2-bis(2- oxol anyl) propane and
nodi fi ers asldesit weneeddivushetwasoshowmei alTableaboshewnabel owe amd t he
production conditions used the same ones as in [Exanple 1 (Sanple A)]

descri bed abeve totoprannatSadpl e J) and (Sanple K). The anal ysi s
results of styrene-butadi ene copol yners having a nodified conponent,
(Sanpl e J) b%%6%banple K), are shown in Table 5 shown bel ow. [0123]

Provided that *1 . to *7 in Table 2. to Tapble 5 shown below i ndicate the
For ! bw ng. marmouts cmdugo & &y bPog aPRE R 3NN PELOM LACH S8
tetragl yci dyl-1, 3-bi sam nonet hyl cygcl ohexane * 3. ‘

155 0t ROk 1 91 T by AL Bt R BT Berdziagh Fye o more alkoxy

1-[3-(triethoxyst] vl )Rr oRY 1l s 4o LT hTRLRYLET LyL)hRI PREFALRE - 70 -

hydrocarbyloxysilanes having a cyclic amino group

containing two or more nitrogen atoms, represented by the

following formula (1):

4

R
1 - BN
R O)"TS';—R—N\R_,VN—R
R(M)

6

(1)

wherein each of R' and R® independently represents an
alkyl group having 1 to 20 carbon atoms, or an aryl
group; R° represents an alkylene group having 1 to 20
carbon atoms; R and R5, may be identical or different
from each other, represent a hydrocarbon group having 1
to & carbon atomsz, and form a 5 or more-membered ring

structure together with two adjacent N; R® represents a



5: 2-[3-(trinmethoxysilyl)propyl]-1,3- dinethylimdazolidine *6:

[ 3- (di net hyl am no) propyl ] tri net hoxysi lane *7:

1, 3-di met hyl-2-im dazolidinone [0124] [Table 2] Exanple 1 Exanple 2
Exanple 3 Sanple No. A B C Butadiene (g) 777 777 777 Styrene (Q)

hydrocarbon group having 1 to 20 carbon atoms, a
hydrocarbon group which may be substituted with a
hetercatom having no active hydrcocgen and having 1 to 20
carbon atoms, or a tricorganco-substituted silyl group; and
m is an integer of 2 or 3,

or, by the following formula (2}:

[

R
N
(RO)—8i-R—K_ R (2)
2 N
R 5.m) ﬁ,

wherein the definitions of R' to R® and m are the same as
in the formula (1) described above; and R’ represents a
hydrocarbon group having 1 toc 20 carbon atoms, a
hydrocarbon group substituted with a heteroatom having no
active hydrogen and having 1 to 20 carbon atoms, or a
triorgano-substituted silyl group; and
hydrocarbyloxysilanes containing functional groups such
as ancther cyclic amine, a non-cyclic amine, an imine and
an isocvanate, and cyclic azasilanes.

Note that in the above, the active hydrogen refers

to a hydrogen atom bonded to O, N and the like, which
have a high electronegativity ("Kagaku Jiten (Chemicail
Dictionary)", published by Tokyo Kagaku Dojin Co., Ltd.).
Further, in the above, the triorgano-substituted
silyl groun refers to a group represented by the general

formula: -SiR®; (three R® represent crganic groups which




273 273 273 Pol yfunctional InitiatorKi nd Anobunt added (Li amount) a b c

(nmol) 10.5 13.7 20.5 n-Butyllithium (mmol) - - - Amount of polar substance
added*1 (g) 0.85

may be identical or different from each other, and
preferably represents an alkyl group).
[0072]

Specific examples of the hydrocarbyloxysilanes
having the cyclic amino group represented by the above
formula (1) are shown below.

Examples therecf may include 1-[3-
(triethoxysilyl)propyl]-4-methylpiperazine, 1-[3-~
(diethoxyethylsilyl)propyl]-4-methylpiperazine, 1-[3-
(trimethoxysilyl)propyl]l-3-methylimidazolidine, 1-[3-
(diethoxyethylsilyl)propyl]-3-ethylimidazolidine, 1-[3-
(triethoxysilyl)propyl]-3-methylhexahydropyrimidine, 1-
[3-(dimethoxymethylsilyl)propyl]-3-
methylhexahydropyrimidine, 3-[3-({tributoxysilyl}propyl]-
i-methyl-1,2,3,4-tetrahydropyrimidine, 3-[3-
(dimethoxymethylsilyl)propyll-1-ethyl-1,2, 3, 4-
tetrahydropyrimidine, 1-(2-ethoxyethyl)-3-[3-
(trimethoxysilylipropyl]limidazolidine, (2-{3-[3-
(trimethoxysilyl)propyl]ltetrahydropyrimidine-1-
yllethyl}dimethylamine, 1-{3-(triethoxysilyl}propyl]-4-
(trimethylsilyl)piperazine, 1-[3-
{dimethoxymethylsilyl)propyl]l-4-
(trimethylsilyl)piperazine, 1-[3-(tributoxysilyl)propyl]-
4-(trimethylsilyl)piperazine, 1-[3-
(diethoxyethylsilyl)propyl]-3-

{triethkylsilyl)imidazolidine, 1-[3-



1.09 1.68 Anpbunt of TGAMH added*2 (mmol) - - Anmount of nodifier-1 added*3

(nmmol ) 5.25 6.93 10. 25 Amount of nodifier-2 added *4 (mmol) - Anmount of
nodi fier-3 added*5 (nmmol) - - Anount of nodifier-4 added*6
_36_

(triethoxysilyl)propyli-3-(trimethylsilyl)imidazolidine,
1-{3~-(dimethoxymethylsilyl)propyl]-3-
(trimethylsilyl)hexahydropyrimidine, 1-{3-
(triethoxysilyl)propyl}f3~
{trimethylsilyl)hexahydropyrimidine and 1-[4-
(triethoxysilyl)butyl]-4- (trimethylsilyl)piperazine.

Above all, preferably used are 1-[3-
(triethoxysilyl)propyl]-4-methylpiperazine, 1-[3-
(trimethoxysilyl)propyl]l-3-methylimidazolidine, 1-[3-
(triethoxysilyl)propyl]-3-methylhexahydropyrimidine, 1-
[3~-{triethoxysilyl)propyl]=4- (trimethylsilyl)piperazine,
1-[3-(triethoxysilyl)propyl]-3-
(trimethylsilyl)imidazolidine and 1-[3-
(triethoxysilyl)propyli-3-
(trimethylsilyl)hexahydropyrimidine, and more preferable
are 1-[3-({triethoxysilyl)propyl]-4-methylpiperazine and
1-[3-(triethoxysilyl)propyl]-4-(trimethylsilyl)piperazine.
[0073]

Specific examples of the hydrocarbyvloxysilanes
having the cyclic amino group represented by the above
formula (2) are shown below.

Examples thereof may include 2-[3-
(trimethoxysilyl)propyl]-1, 3-dimethylimidazclidine, 2-
(diethoxyethylsilyl)-1, 3-diethylimidazolidine, 2-
(triethoxysilyl)-1,4-diethylpiperazine, 2Z2-

(dimethoxymethylsilyl)-1,4-dimethylpiperazine, 5-



(mol ) Amount of nodifier-5 added*7 (nmmol) - - Mdification ratio (%
88 92 95 Mooney viscosity 55 61 66 Bonded styrene anount (% 26 26

- 37 -

(triethoxysilyl) -1, 3-dipropylhexahydropyrimidine, 5-
{diethoxyethylsilyl)-1,3-diethylhexahydropyrimidine, {2-
[3-(2-dimethylamincethyl)-2-(ethyldimethoxysilyl) -
imidazolidine-1-yl]-ethyl}-dimethylamine, 5-
(trimethoxysilyl)-1,3-bis- (Z-methoxyethyl) -
hexahydropyrimidine, 5-(ethyldimethoxysilyl)-1,3~bis~ (2-
trimethylsilylethyl)-hexahydropyrimidyl)-1,3-
dimethylimidazolidine, 2-{3-diethoxyethylsilyl-propyl)-
is3-dlethylimidazolidine, 2-(3-triethoxysilyl-propyl)-
l,4-diethylpiperazine, 2-{3-dimethoxymethylsilyl-propyl)-
l,4-dimethylpiperazine, 5-(3-triethoxysilyl-propyl}-1,3-
dipropylhexahydropyrimidine, 5-(3-diethoxyethylsilyl-
propyl) -1, 3-diethylhexahydropyrimidine, {2-[3-(2-
dimethylaminoethyl)-2-{3-ethyldimethoxysilyl-propyl) -
imidazeclidin-1l-yl]-ethyl}-dimethylamine, 5-(3-
trimethoxysilyl-propyl)-1,3-bis-(2-methoxyethyl)} -
hexahydropyrimidine, 5-(3-ethyldimethoxysilyl-propyl)-
1,3-bis-(2-trimethylsilylethyl)-hexahydropyrimidine, 2-
[3—-{trimethoxysilyl)propyl]-1,3-
bis(trimethylsilyl)imidazolidine, 2-{diethoxyethylsilyl)-
1,3-bis(triethylsiliyl)imidazolidine, 2-{triethoxysilyl)-
l,4-bis{trimethylsilyl)piperazine, 2-
(dimethoxymethylsilyl}-1,4-bis(trimethylsilyl)piperazine
and 5-(triethoxysilyl)-1, 3~

bis(tripropylsilyl}hexahydropyrimidine,



26 1,2-Vinyl bond anmount (% 57 57 57 dass transition tenperature (O
-28 -28 Wi ght -average nol ecul ar wei ght (Mv) (thousand) 378 395 424
Nunber - aver age nol ecul ar wei ght (M) (thousand) 265 262 243 Mw Mh

_38_

Above all, preferable are 2-[3-
(trimethoxysilyl)propyli-1, 3-dimethylimidazolidine and 2-
[3- ({trimethoxysilyl)propylli-1,3-
(bistrimethylsilyl)imidazolidine.

[0074]

Hydrocarbyloxysilanes, used as a modifier and other
than compounds represented by the above formulaes (1) and
(2}, contalning functional groups such as a cyclic amine,
a non-cyclic amine, an imine and an isocyanate, and
cyclic azasilanes will be described.

[0075]

Specific examples of the hydrocarbyloxysilanes
having a cyclic amino group are shown below.

Examples thereof may include [3-(1-
hexamethyleneimino)propyl]ltriethoxysilane, [3-(1-
hexamethyleneimino)propylltrimethoxysilane, [2-(1-
hexamethyleneimino)ethyl]triethoxysilane, [2-{1-
hexamethyleneimino)ethyl]trimethoxysilane, [3-(i-
pyrrolidinyl)propylltriethoxysilane, [3-(1-
pyrrelidinyl)propyl]trimethoxysilane, [3-(1-
heptamethyleneimino)propyl]triethoxysilane, [3-(1-
dodecamethyleneimino) propyl]triethoxysilane, [3-(1-
hexamethyleneiminoe)propylldiethoxymethylsilane and [3-(1-
hexamethyleneiminec)propyl]diethoxyethylsilane.

[CO7T6]

-28



1.43 1.51 1.74 Ratio of the | owest nol ecul ar weight peak area (% 50 42
- 72 - [0125] [Table 3] Exanple 4 Exanple 5 Exanple 6 Sanple No. D E F
But adi ene

- 39 -

Specific examples of the hydfocarbyloxysilanes
having a non-cyclic amino group are shown below.

Examples therecf may include [3-
{dimethylamino)propylltriethoxysilane, [3-
(dimethylamino)propyl] trimethoxysilane, [3-
(diethylamino)propyl]ltriethoxysilane, [3-
(diethylamino)propyl]trimethoxysilane, [2-
(dimethylamino)ethyl]triethoxysilane, [2-
(dimethylamino)ethyl]ltrimethoxysilane, [3-
(dimethylaminc)}propyl]ldiethoxymethylsilans, [3-
dibutylaminopropyl]triethexysilane, N,N-
bis(trimethylsilyl)aminopropylmethyldimethoxysilane, N,N-
bis(trimethylsilyl)aminopreopyltrimethoxysilane, N,N-
bis(trimethylsilyl)aminopropyltriethoxysilane, N,N-
bis(trimethylsilyl)aminopropylmethyldiethoxysilane, N,N-
bis(trimethylsilyl}aminoethyltrimethoxysilane, N,N-
bis(trimethylsilyl)aminocethyltriethoxysilane, N,N-
bis{trimethylisilyl)aminoethylmethyvldimethoxysilane and
N,N-bis({trimethylsilyl)aminoethylmethyldiethoxysilane.
[0077]

Specific examples of the hydrocarbyloxysilanes
having an imino group are shown below.

Examples thereof may include N-({1,3-
dimethylbutylidene)-3-(triethoxysilyl)-.-propanamine, N-
(l1-methylethylidene)-3-(triethoxysilyl)-l-propanamine, N-

ethylidene-3-({triethoxysilyl)-1l-propanamine, N-{l-

31



(g) 777 777 777 Styrene (g) 273 273 273 Pol yfunctional InitiatorKi nd Anount
added (Li anmobunt) d b b (mmol) 6.3 13.7 13.7 n-Butyllithium (muol)

methylpropylidene)-3-({triethoxysilyl)-1l-propanamine, N-
{4-N,N-dimethylaminobenzylidene)-3- {triethoxysilyl)-1-
propanamine, N-(cyclohexylidene)-3-{triethecxysilyl)-1-
propanamine, 1-[3-({triethoxysilyllprcpyl]l-4, 5~
dihydroimidazole, 1-[3-(trimethoxysilyl)propyl]l-4, 5-
dihydrcimidazole, N-({(3-triethoxysilylpropyl)-4,5-
dihydreimidazole, N-(3-iscpropoxysilylpropyl)-4,5-
dihydroimidazole and N-{3-methyldiethoxysilylpropyl)-4,5-
dihydroimidazole.

[0078]

Specific examples of the hydrocarbyloxysilanes
having an isocyanate group are shown below.

Examples therecof may include 3-
isocyanatopropyltrimethoxysilane, 3-
isocyanatopropyltriethoxysilane, 3-
isocyanatopropylmethyldiethoxysilane, 3~
isocyanatopropyltriisopropoxysilane and tris (3~
trimethoxysilylpropyl)isocyanurate.

[(0079]

Specific examples of the cyclic azasilane compounds
are shown below.

Examples thereof may include N-n-butyl-aza-2,2Z2-
dimethoxysilacyclopentane, N-ethyl-aza-2,2-diethoxy-4-
methylsilacyclopentane, N-allyl-aza-2,2-
dimethoxysilacyclopentane and l-trimethylsilyl-2,2-

dimethoxy-l-aza~2-silacyclopentane.



4.8 Amount of pol ar substance added*1 (g) 1.01 1.09 1.09 Anount of TGAVH
added*2 (mmol) - - - Anmpunt of nodifier-1 added*3 (mmol) 6. 93 Amount of
nodi fier-2 added*4 (nmol) 6.93

[0CBO]

Among the modifiers described above, the compounds
reﬁresented by the above formula (1) or formula (2) are
preferable, and particularly the compounds represented by
the akbove formula (1) are preferable.

These modifiers may be used singly or concurrently
in two or more,

[0081]
(Modification reaction)

The modification reaction of the conjugated diene-
based polymer using the modifier described above will be
described.

The reaction temperature, the reaction time and the
like when the mecdifier is reacted with living polymer
ends of the conjugated diene-based polymer are not
particularly limited, but the reacticn is preferably
carried ocut at 0°C or higher and 120°C or lower and for
30 sec or longer.

[00B2]

The modifier is preferably added so that the total
melar number of an alkoxy group bonded to a silyl group
in the modifier added is in a range of from 1 to 5 times
the total molar number of lithium contained in added
polyfuncticnal anionic polymerization initiator described

above, more preferably in a range of from 1.5 tec 3 times,



Amount of nodifier-3 added*5 (nmol) - 6.93 Anmount of nodifier-4 added*6
(nmol ) Amount of nodifier-5 added*7 (mmol) - - Mdification ratio (%
90 92 91 Mooney viscosity 65

_42_

and still more preferably in a range of from 1.5 to 2.5
times.

From the viewpoint of acquiring a predetermined
modification ratio and making one or more alkoxy groups
remaln at a modified conjugated diene-based molecular
chain end portion, the modifier is preferably added so
that the total molar number of an alkoxy group bonded tc
a silyl group in the modifier added is one or more times
the total meclar number of lithium contained in added
pelyfunctional anionic polvyvmerizaticn initiater described
above, and from the viewpoint of the cost, more
preferably 5 or less tTimes.

[0083]

The content of a polymer having the functional group
components in a modified conjugated diene-based polymer,
that i1s, the modification ratio is, in the case where a
composition using the modified conjugated diene-based
polymer according to the present embodiment is made into
a vulcanizate, preferably 78% by mass or more, more
preferably 86% by mass or more, and still more preferably
90% by mass or more, in order to make a good balance
between the low hysteresis loss and the wet skid
resistance, and acgquire an abrasicn resistance and
strength sufficient for practical uses.

The medification ratio of 78% by mass or more can be

obtained as described above by controlling the



61 59 Bonded styrene anmount (% 26 26 26 1, 2-Vinyl bond amount (% 57 57 57
G ass transition tenperature (CC) -28 -28 -28 \Wight-average nol ecul ar
wei ght (Mv) (thousand) 401 392 395 Nunber - average nol ecul ar wei ght (vh)

concentrations of allenes and acetylenes as impurities in
the conjugated diene compound as described above, a
treatment method thereof, and the polymerization
temperature.

[0084]

A measurement methcd of the content of a polymer
having the functional group component, that is, the
modification ratio, 1is preferably cne by chromatography
which can separate modified components containing
functiconal groups and unmodified components.

As the measurement method by chromatography, a
method is suitable which uses a gel permeation
chrematography (GPC) column packed with a polar substance
such as silica which can adsork the functional group
component, and gquantitatively determines the modification
ratio by using an internal standard of a non-adsorptive
component for ccmparison.

[C085]

The weight-average mclecular weight (GPC
measurement: polystyrene equivalent molecular weight) of
the modified conjugated diene-based polymer according to
the present embodiment is preferably from 100,000 to
2,000,000, more preferably from 200,000 to 1,000,000, and
still more preferably from 250,000 to 500,000, in
consideration of the processability and physical

properties.



(thousand) 258 252 258 MM Mn 1.55 1.56 1.53 Ratio of the | owest nol ecul ar
wei ght peak area (% 36 44 41 - 73 - [0126] [Table 4] Exanple 7 Exanple 8
Sanpl e No. ,

In the case where a conjugated diene-based polymer
is polymerized in a batch process, in the mclecular
welght distribution in GPC, a plurality of peaks is
observed. The peak on the lowest molecular weilight side
is considered tec be mainly a component whose
rolymerization has been initiated and produced by a
moneofunctional component in a polyfuncticonal initiator
mixture. A larger amount of a polyfunctional component
gives excellent physical properties such as the low
hysteresis loss and abrasion resistance, whereas it
worsens the processability, therefore the pezak area on
the lowest molecular weight side is preferably from 20 to
50%.

By regulating the molar ratic of a polyvinyl
aromatic compound and an organclithium compound when a
polyfunctional anionic polymerization initiator is
prepared, and the amount of a medifier added in the
above-menticned ranges, the pezk area on the lowest
molecular weight side can ke made 20 tTco 50% as described
above.

[0086]

After a conjugated diene-based polymer is subjected
to a modification reaction with a modifier described
above, a reaction terminator may be added in a volymer

seluticn as required.



G H Butadiene (g) 777 777 Styrene (g) 273 273 Pol yfunctional Initiator Kind
Amount added (Li anmpbunt) b e (mmol) 13.7 28.9 n-Butyllithium (mmol) -

The reaction terminators usable are generally
alcohols such as methanol, ethanol and propanol; organic
acids such as stearic acid, lauric acid and occtancic
acid; and water and the like.

After a conjugated diene-based polymer is subjected
to a modification reaction, metals contained in the
polymer may be demineralized as required.

As a demineralization method, a method is used which
brings, for example, water, an organic acid, an ineorganic
acid or an oxidizing agent such as hydrogen peroxide into
contact with a polymer scluticn to extract metals, and
thereafter separates a water lavyer.

After a conjugated diene-based polymer 1is subjected
to a modification reaction, an antioxidant may be added
to a polymer solution. The antioxidant includes phenolic
stabilizers, phosphorus-based stabilizers and sulfur-
based stabilizers.

[0Cc87]

As a method for obtaining the modified conjugated
diene-based polymer according to the present embodiment
from a polymer solution, conventionally known methcds can
be applied.

For example, a method in which after a solvent is
removed by steam stripping or the like, the polymer is
filtrated, and further dewatered and dried to cbtain the

polymer, a method in which the polymer soluticon is



Amount of pol ar substance added*1l (g) 1.09 2.31 Anmount of TGAMH added*2
(nmol ) - Anmount of nodifier-1 added*3 (nmmol) 14.5 Anount of nodifier-2
added*4 (mmol) Amount of nodifier-3 added*5 (nmol) _  Anmount of

nodi fier-4 added *6 (mmol) 6.93

_46_

concentrated in a flushing tank, and devolatilized by a
vent extruder or the like, a method cf directly
devolatilizing by a drum drier or the like, and other
methods can be applied.

[0088]

[Modified conjugated diene-based polymer composition]

The modified conjugated diene-based polymer
composition according to the present embodiment contains
20 parts by mass or more of a modified conjugated diene-
based polymer as have been described hitherto with
respect to 100 parts by mass of the whole of rubber
cecmponents, and 0.5 to 300 parts by mass of a silica-
based incrganic filler with respect to 100 parts by mass
of the rubber components containing the polymer.

[0089]
(Silica-based inorganic filler)

As a silica-based inorganic filler contained in the
modified conjugated diene-based polymer composition
according to the present embodiment, a sclid particle
containing S1i0; cr Si3Al as a main component of the
structural unit can be used.

Examples thereof may include silica, clay, talc,
mica, diatomacecus earth, wollastonite, montmorillconite,
zeolite, and inorganic fibrous substances such as glass

fiber.



Amount of nodifier-5 added*7 (nmmol) - - Modification ratio (% 93 96 Mooney
viscosity 64 62 Bonded styrene anmount (% 26 26 1,2-Vinyl bond anount (%
57 56 d ass transition tenperature (O

A silica-based inorganic filler whose surface has
been hydrophobicized, and a mixture of a silica-based
incrganic filler and an inorganic filler other than
silica types can also be used.

Above all, silica and glass fiber are preferable,
and silica is more preferable.

The silica usable is fumed silica, precipitated
silica, synthetic silicate silica and the like, but abocve
all, precipitated silica is preferable, which most
ocutstandingly has a simultaneocusly exhibited effect of
the improvement in fracture characteristics and the wet
skid resistance.

[0090]

In the modified conjugated diene-based polymer
compositicon according to the present embodiment, from the
viewpolnt of acquiring an abrasion resistance and
strength good for practical uses, the nitrogen adsorption
specific surface area of a silica-based inorganic filler
as measured by BET adsorption method is preferably from
170 to 300 m*/g, and more preferably from 200 to 300 m%/g.

As described above, the blend amount of a silica-
based inorganic filler in a modified conjugated diene-
based polymer composition is from 0.5 toc 300 parts by
mass with respect to 100 parts by mass of the rubber
components containing 20 parts by mass or more cof a

moedified conjugated diene-based polymer, but the amount



-28 -29 Weight-average nol ecul ar wei ght (Mv) (thousand) 411 398
Number - aver age nol ecul ar wei ght (M) (thousand) 266 227 MM Mh  1.55 1.75
Ratio of the | owest nol ecul ar wei ght peak area (% 39 24 - 74 - [0127]
[ Tabl e 5] Conparative

is preferably from 5 to 200 parts by mass, and more
preferably from 20 to 100 parts by mass.

If the blend amount of a silica-based inorganic
filler is less than 0.5 part by mass, the effect of
addition of the filler is not developed; by contrast, if
that exceeds 300 parts by mass, the dispersibility of the
silica-based inorganic filler is deteriorated, the
processability of the composition is worsened, énd the
mechanical strength decreases, which are not preferable.
[0091]

(Carbon black)

Carbon black may be added to the modified conjugated
diene-based polymer composition as a reinforcing filler
other than the silica-based inorganic filler.

Carbon black of any class of SRF, FEF, HAF, ISAF,
SAF and the like can be used. A carbon black is
preferable which has a nitrogen adsorption specific
surface area of 50 m°/g or more, and a DBP oil absorption
of 80 ml/100 g.

The blend amount of a carbon black is preferably
from 0.5 to 100 parts by mass, more preferably from 3 to
100 parts by mass, and still more preferably from 5 to 50
parts by mass, with respect to 100 parts by mass of the
rubber components contalining 20 parts by mass or more of

the modified conjugated diene polymer.



Exanpl e 1 Conparative Exanple 2 Conparative Exanple 3 Sanple No. | J
But adi ene (g) 777 777 777 Styrene (g) 273 273 273 Pol yfuncti onal
InitiatorKi nd Anobunt added (Li anount)

In crder to develop performances, required for
applications such as tires, such as the dry grip
performance and electroconductivity, the amount added is
preferably 0.5 part by mass or more, but is preferably
100 parts by mass or less from the viewpoint of the
dispersibility.

[0092]
(Metal oxide and metal hydroxide)

To the modified conjugated diene-based polymer
composition according to the present embodiment, metal
cxides and metal hydroxides may be added other than the
silica-based inorganic filler and the carbon black.

The metal oxide refers to a solid particle having a
chemical formula MxOy (M represents a metal atom, and x
and y are each an integer of 1 to 6) as a main component
of the structural unit, and metal oxides usable are for
example alumina, titanium oxide, magnesium oxide and zinc
oxide. A mixture of a metal cxide and an inorganic
filler other than metal oxides may be used.

The metal hydroxide refers to aluminum hydroxide,
magnesium hydroxide, zirconium hydroxide and the like.
[0093]

(Silane coupling agent)

The modified conjugated diene-based polymer

compositlion according to the present embodiment may

contain a silane coupling agent.

K



- f b (mol) - 54.3 15.1 n-Butyllithium(mmol) 7.5 - - Amount of polar
subst ance added*1 (0) 0.62 4.38 1.21 Anobunt of TGAWVH added*2 (mmol) O0.28 -

The silane coupling agent has a function of
enhancing the interaction between the rubber components
anc the silica-based inorganic filler, and has groups
exhibiting affinity for or bondability with each of the
rubber components and the silica-based incrganic filler.

Examples of the silane coupling agent may include
bis-f3-{triethoxysilyl)}-propyll-tetrasulfide, bis-[3-
(triethoxysilyl)-propyl]l-disulfide and bis-[2-
(triethoxysilyl})-ethyl]l-tetrasulfide.

[0094]

The blend amount of a silane coupling agent is
preferably from 0.1 to 30 parts by mass, more preferably
from 0.5 to 20 parts by mass, and still more preferably
from 1 to 1% parts by mass, with respect to 100 parts by
mass of a silica-based inorganic filler described above.

If the blend amount of a silane coupling agent is
less than 0.1 part by mass with respect to 100 parts by
mass of a silica-based inorganic filler, an effective
blend effect cannot be obtained, and an amcunt thereof
exceeding 30 parts by mass is not needed.

[0095]

A method of mixing a modified conjugated diene
polymer, a silica-based inorganic filler, carbon black
and other fillers, and a silane coupling agent is not

particulariy limited.



Amount of nodifier-1 added*3 (nmol) 4.00 27.2 - Anount of nodifier-2

added*4 (mmol) - - Anount of nodifier-3 added*5 (mmol) - - - Anmount of
nodi fier-4 added*6 (nmmol) _ - Anount of nodifier-5 added*7 (nmol) -
_51 —

Examples thereof may include a melt kneading method
using a usual mixer such as an open roll, a Banbury mixer,
a Xneader, a single-screw extruder, a twin-screw extruder
or a miuilti-screw extruder, and a method in which each
component is dissolved and mixed, and thereafter, a
solvent is heated and removed.

Above all, the melt kneading method using a roll, a
Banbury mixer, a kneader or an extruder is preferable
from the viewpecint of the productivity and a good
kneadakility.

Either of a method in which a modified conjugated
diene-based polymer and various blending agents are
kneaded at one time, and a method in which these are
mixed in a plurality of times can be applied.

[00906]
(Vulcanizing agent)

The modified conjugated diene-based polymer
composition according to the present embodiment may be
made into a vulcanized composition which has been
subjected toc a wvulcanization treatment with a vulcanizing
agent.

Examples of vulcanizing agents usable are radical
generating agents such as organic peroxides and azo
cempounds, oxlme compounds, nitroso compounds, polyamine

compounds, sulfur and sulfur compounds.



- 15.1 Modification ratio (% 81 97 90 Mooney viscosity 66 60 56 Bonded
styrene anmount (% 26 26 26 1,2-Vinyl bond anobunt (% 56 56 57 d ass
transition tenperature

The sulfur compounds may include sulfur monochloride,
sulfur dichleride, disulfide compounds and polymeric
polysulfide compounds.

The use amount of a vulcanizing agent is generally
from 0,01 to 20 parts by mass, and preferably from 0.1 to
15 parts by mass, with respect to 100 parts by mass of
the rubber components containing the modified conjugated
diene polymer.

As a vulcanization method, conventionally known
methods can be applied, and the vulcanization temperature
can be set, for example, at 120 to 200°C, and suitably at

140 to 180°C.
[0097]

(Vulcanization accelerator and vulcanization aid)

In wvulcanization, a vulcanization accelerator may be
used as reguired.

As a vulcanization accelerator, conventional well-
known materials can be used, and examples thereof may
include sulfenamides, guanidines, thiurams, aldehyde-
amines, aldehyde-ammonias, thiazoles, thicureas and
dithiccarbamates. As a vulcanization aid, zinc oxide,
stearic acid and the like can be used.

The use amount of a vulcanization accelerator is
generally from C.01 to 20 parts by mass, and preferably

from 0.1 tec 15 parts by mass, with respect to 100 parts



(C -29 -28 -28 Wi ght-average nol ecul ar weight (Md) (thousand) 390 388 256
Nunber - aver age nol ecul ar wei ght (M1) (thousand) 291 208 178 MV vh 1. 34
1.87 1.44 Ratio of the | owest nol ecul ar wei ght peak area (%

by mass of the rubber components containing the modified
conjugated diene polymer.

[0098]

{(Rubber softener)

To the modified conjugated diene-based polymer
composition according to the present embodiment, a rubber
softener may be blended in order to improve the
processability.

As a rubber scftener, mineral oil, or a liquid or
low-molecular weight synthetic softener is suitable.

A mineral oil-based rubber softener called process
0ll or extender oil used to improve the softening, wvolume
increase and processabllity of rubbers is a mixture of
aromatic rings, naphthene rings and paraffin chains; the
mineral oil-based rubber softener in which the carbon
number of the paraffin chain accounts for 50% or more of
the total carbon is called a paraffin type, one in which
the carbon number of the naphthene ring accounts for 30
to 45% is called a naphthene type, and one in which the
aromatic carbon number exceeds 30% is called an aromatic
type. As a rubber softener used in the present
embodiment, the naphthene type and/or the paraffin type
is preferable.

The amount of a rubber softener blended is
preferably from 0 tfo 100 parts by mass, mocre preferably

from 10 to 90 parts by mass, and still more preferably



68 18 62 - 75 - [0128] [Production of rubber conpositions] [Exanples 9 to
15, and Conparative Exanples 4 to 6] The sanples (Sanple A to Sanple
K) shown in Table 2 to Table 5 shown above were used as raw materi al
rubbers, and according to the formnul ati ons descri bed bel ow, rubber
conpositions containing the respective raw material rubbers were obtained.
[0129] Mbdified conjugated diene polyners (Sanple A to Sanple K): 70.0
parts by mass Natural rubber (whose Moongy-vi scosity was adjusted to 60 by
mastication): 30.0 parts by mass Silica (Utrasil VN3, nade by Evonik
Degussa GrbH): 75.0 parts by mass Carbon bl ack (Seast KH(N339), made by

Tok Carb . Lt d. ): ) il i 169,
Tade by EvontRagut S BB AT ok s By e P e o YT D dhaes
NC140, ”ademQ¥SJBﬁa@hgn?ﬁ%%egoﬁgm%onéﬁt§ E%%E%l%ﬁn@a%%ez%%%fPﬂége 2.5

parts by mass Stearic aci part's by mass Anti oxi dant
(N'|SOprOPYthbuQB@@M|d@eﬁ@epﬁh9ﬁﬁg|antﬁe%hezb@eﬂ@réﬁoQMtngﬁsa - 76 -

Sul fur: 1.7 parts by mass Vul cani zati on accel erator (N-cycl ohexyl-2-
benzot hi azykaubkirnasirdeherle%cpatiss 10y MRS$Ss by mass with respect to
100 parts by mass of the rubber components, bleed out is
lisble to occur, and there arises a risk that tackiness
is caused on the compositicon surface, which is not
preferable.
[C099]
(Rubber components other than the modified conjugated
diene-based polymer)

For the mcdified con’jugated diene-based polymer
cemposition according to the present embodiment, a
rubbery polymer other than a modified conjugated diene-
based pclymer described above can be used as one of the
rubber components in combination with the modified
conjugated diene-based polymer.

Exanples of such a rubbery polymer may include a
conjugated diene-based polymer or a hydrogenated
substance therecf, a random copolymer of a conjugated
diene-based compound and a vinyl aromatic compcund, or a
hydrogenated substance thereof, a block copolymer of a
conjugated diene-based compound and a vinyl aromatic
compound, or a hydrogenated substance thereof, a non-
diene~based polymer, and a natural rubber.

[0100]



Vul cani zati on accel erator (di phenylguanidine): 1.5 parts by mass The total:
236.4 parts by mass [0130] The rubber conpositions were each kneaded
by the follow ng nethod. A seal ed kneader (internal capacity: 0.3 L)
equi pped with a tenperature control device was used. _As a first stage
kneadi ng, the raw material rubbers (Sanple A to Sanple H, natural rubber),
the fillers (silica, carbon black), the organic silane coupling agent, the
process oil, the zinc oxide and the stemri€ acid were kneaded under the
conditions of a filling ratio of 65% and a rotor rotational speed of 50/57
rpm At this tine, the tenperature of the kneader was controlled, and
a rubber conposi jon Se. obtal a di nperat ur.e (rubber
conmpound) of fro%135% 0-160C. yme ? ECl%gs gggeco % %ge kneadi ng, after
the rubber sagﬁaegqep%agegdo@s AesaElned Aoy e pas ‘;,%%' &4 £Q Joom

t enperature, e anti oxl dant was a ereto e m xture 'was again
kneaded to hgepQgﬁetB@bgb§p%&sLoyy@Eoga%a%bbl%@bs%%%%el&hkﬂ@%fcase the
di scharge tenperature - - (rubber compound) was regulated at 155 to
160C by thestgﬁpﬁéabutad@@nbr@bb@%rtbe knagdebgenatedAi@s 6@« Ng, as a
third stage kneading, the sulfur and the vul cani zati on accel erator were
added t her etbeandfkneadedrbycabutpedecnhel blsek abpéQ@methereafter, the
rubber conpound was nol ded, and vul canized at 160C for 20 mn by a

vul cani zat i bHdppegssated supbtenceheheukedni zasitomenphy sileslitopregperiches of
t he rubber conposition were neasured. The neasurenent results of the
physi cal pr®peft FESTaRe—$RBRACIA PABKCE 6oPelvasire o8 shbwalriseledw.te0131]
Each physical property of the rubber conposition was neasured by the nethod
descri bed b%PBﬁFaQBSU%HeFSBEeraBQn?éﬁﬁionltriAﬁoﬁFt@ d3 egeof VPRE T (Bber
conpound afte t.he conglg op gf t he second stage kneadi ng step was cut
into a squa?e ?rgggﬂﬁ i CBUE R &7BAFPTs cage (made of 100- mesh net al

gauze), and gﬁ %E Thereafter, the rubber conpound was i mrersed in
tol uene for urs thereafter subjected to a drying treatnment, and

vei ghed. The,a 'ﬁ%ﬁﬁdﬂénéh§a£8@b§él§ﬁéﬁ HQ? Ih@ﬂu&@”bygﬁﬁﬁgcd'e”e based
pol ymer + the natural rubber) bound he filTers was calculated fromthe

?Evunt 3; uadi ssehyed ggaﬁoagnéﬁhya@ﬂetpgogygeg@tkgab@E t e hiulber bound to
° propylene-diene rubber, ethylene-butene-diene rubber,

ethylene-butene rubber, ethylene-hexene rubber and
ethylene-octene rubber; butyl rubber, brominated butyl
rubber, acryliic rubber, fluororubber, silicone rubber,
chilorinated polvethylene rubber, epichlorchydrin rubber,
o, P-unsaturated nitrile-acrylic ester-conjugated diene
copolymerized rubber, urethane rubber and polysulfide
rubber.
[0162]

The various rubbery polymers described above may be
a modified rubber which has been imparted with a
functicnal group.

These rubbery polymers may be used singly or in

combination of two or more.



fillers to the rubber amobunt in the original rubber conpound was

determ ned. [0132] <Conpound Mooney Vi scosity> The viscosity was
measured by using a Money visconmeter and according to JI'S K6300-1. After
t he rubber conpound after the third stage kneadi ng step was preheated at
130C for 1 mn, the rotor was rotated at 2 rpm and the viscosity after 4
mn was neasured. [0133] <Tensile strength> The tensile strength of a
vul cani zed test piece was neasured by the tensile test nmethod according to
JI'S K6251. A larger index value indicates a better fracture resistance.

[0134] <Viscoelasticity paraneter> The viscoel asticity paraneter of a
vul cani zed tjesth3pi ece was neasured using a viscoelasticity tester (ARES,
made by Rheonetrics Scientific, Inc.) on a torsion node. Tan6 measur ed

at 0C at a frequencyhef ciBeHzhapd a stbaenyobol%meas ddetiridddashamrei ndex of
the wet grip performance. A |larger index value indicates a better wet grip
per f ormancels incoTapéameasaoedhat m50Q fateda domgquerneyd afiel@®Hasand a strain
of 3% was defined as an index of the fuel- - 79 - efficiency

char act eri sPPe YMArsgglchardingdér aleu@riendindateady ogl iettter afngeliseffses ency
per f or mance. AG , representing a difference in the storage nodul us
(G) betweeRSaPlst PAi b Cof UOPER, SRHPLOGH tkas tdef iidd Ca® Tarktiendex of t he
Payne effect i

Payne, of fechoghetll Ler i desoralue Indicales = fel Lol dLsporsbilily of
et ShodLUbeARLECdonL 0L RgE dBs ERny o1 kg 8 en presion
o0 2) , BPIPIELOISNEY, py g 0799, KOOSR AT oAt el e
50 / 50 to 8O / 20.
[0104]

For the modified conjugated diene-based polymer
composition according to the present embodiment, various
types of additives, such as scofteners and fillers other
than those described above, and further thermal
stabilizers, antistatic agents, weather resistive
stabilizers, age resisters, colorants and lubricants, may
be used within the ranges not damaging the cbiject of the
present invention.

The filler sgpecifically may include calcium
carbonate, magnesium carbonate, aluminum sulfate and
barium sulfate.

Examples of a softener to be blended as required in
order to regulate the hardness and fluidity of target

products may include fluid paraffin, castor oil and

linseed o0il.




Exanpl e 9 Exanpl e 10 Exanple 11 Exanple 12 Modified conjugated di ene-based
polymer A B C D Conpound Mooney viscosity 44 50 60 55 Bound rubber
content(% 70 74 81 75

As the thermal stabilizer, antistatic agent, weather
resistive stabilizer, age resister, colorant and
lubricant, known materials can be applied.

[0105]
[Tire]

The modified conjugated diene-based polymer
cemposition according to the present embodiment can be
made into tires by vulcanization molding the composition
according to the ordinary method. The composition can be
used as various types of tire members, but preferably

used particularly as tire tread materials.

Examples
[0106]

Hereinafter, modified conjugated diene-based
polymers and compositions using these will be described
by way of specific Examples and Comparative Examples, but
the present Invention is not limited thereto.

[0107)
[Analysis methods of samples]

The analyses of Samples A to R described later were
carried out by the following methods.
(1) Bound styrene amount

A sample was made inte a chloroform solution, and
the bound styrene amount (% py mass) was measured by the

abscrption at UV 254 nm using a phenyl group of styrene.




Physi cal properties of vul canizate Tensile strengthi ndex 101 100 99 95
Abr asi on index resistance 108 113 120 115 Tan6 at OC index (strain of 1%
103 105 104

A measuring device used was UV-2450, made by Shimadzu
Corp.

[0108]

(2} Microstructure of butadiene moieties (1,2-vinyl
linkage amount)

A sample was made into a carbon disulfide scolution;
an infrared spectrum was measured in a range of from 60C
to 1,000 cm™ by using a sclution cell to determine a
microstructure of butadiene moileties according to the
calculation formula of Hampton method from absorbances at
predetermined wavenumbers. A measurement device used was
FT-IR230, made by JASCQO Corp.

[0109)]
(3) Mooney viscosity

A sample was preheated at 100°C for 1 min, and the
viscosity after 4 min was measured according tc JIS K
6300,

[0110]
(4) Molecular weight and molecular weight distribution

A chromatcgram was measured by GPC using a series of
three columns each packed with peolystyrenic gel:
molecular weights (Mw, Mn) were determined from a
calibration curve using standard polystyrenes; and the
ratio of a lowest molecular weight peak area to the total

peak area was calculated to obtain a lowest molecular

welght peak area ratioc.




107 Tan8 at 50C index (strain of 3% 77 67 60 66 AG (strain of index 3%
70 42 37 42 - 80 - [0137] [Table 7] Exanple 13

An eluate used was tetrahydrofuran (THF).

The columns used were as follows: guard column:
TOSOH TSKguardcolumn HHR-H, and columns: TOSOH TSKgel
GeO0O0OHHR, TSKgel G5000HHR, TSKgel G4000HHR.

The molecular weight was measured under the
conditions of an oven temperature of 40°C and a THF flow
rate of 1.0 mL/min and using an RI detector (HLC8020,
made by Tosoh Corp.).

10 mg of a sample was dissolved in 20 ml of THF, and
200 pL thereof was injected for the measurement.

[0111]
(5) Modification ratio

By applying the characteristic in which a modified
component is adsorbed in GPC column packed with a silica-
based gel, and by using a sample solution containing a
sample and a standard polystyrene (polystyrene is not
adsorbed in the column) having a molecular weight of
5,000, both chromatograms of GPC of ﬁhe above-mentioned
polystyrenic gel column and GPC (made by Tosoh Corp.,
CCPBO20 series, builld-up type GPC system: AS-8020, S5D-
8022, CCPS, C0O-8020, RI-8021) of silica-based columns
(guard column: DIOL 4.6 x 12.5 mm, 5 micron; columns:
Zorbax PSM-1000S5, PSM-300S, PSM-60S, oven temperature of
40°C, THF flow rate of 0.5 ml/min) were measured using an

RI detector, and the adsorbed amcunt to the silica colunmn




Exanpl e 14 Exanple 15 Exanple 16 Mdified conjugated di enebased polynmer E F
G H Conmpound Mooney viscosity 51 48 45 88 Bound rubber content(% 75 72 71
84 Physi cal properties of vul canizate

was measured from the difference therebetween to
determine a modification ratio thereof.

10 mg of the sample was dissolved in 20 mL of THF
together with 5 mg of the standard polystyrene, and 200
pL of the soluticn was injected for the measurement.

The specific procedure involves: the total of peak
areas of the chromatogram using the polvstyrenic column
was defined as 100, a sample peak area was denoted as Pl,
and a peak area of the standard polystyrene was dencted
as P2; and the total of peak areas of the chromatogram
using the silica-based column was defined as 100, a
sample peak area was denoted as P3, and a peak area of
the standard polystyrene was denoted as P4; then, the
medification ratio (%) was calculated by the calculation
formula of [1 - (P2 x P3)/ (Pl x P4)] x 100,

[0112]
(6) Glass transition temperature (Tg)

A DSC curve was recorded while the temperature was
being raised from -100°C at 10°C/min under a nitrogen
atmosphere, and a middle point temperature of the glass
transition was defined as a glass transition temperature.
(0113]

[Polyfunctional anionic polymerization initiator]
(Preparation of polyfunctional anionic polymerization

initiators a to ¢, and e and f)



Tensile index strength 101 100 101 94 Abrasion index resistance 115 110
107 112 Tan6 at OC index (strain ofl1% 105 103 103 106

After an autoclave of 10 L in internal voclume
equipped with a stirring apparatus and a jacket were
cleaned and dried, and the atmosphere inside was replaced
by nitrogen, 1,3-butadiene, cyclochexane, tetrahydrofuran
and divinylbenzene, which had been subjected to a drying
treatment, were added thereto, n-butyllithium was then
added, and they were reacted for 1 hour at 75°C, under
the conditions shown in Table 1 shown below to prepare
pelyfunctional anionic polymerization initiators.

For the preparation of the polyfuncticnal anionic
polymerization initiators, a divinylbenzene mixture (made
by Nippon Steel Chemical Co., Ltd.) containing m-
divinylbenzene, p-divinylbenzene, ethylvinylbenzene and
the like, and having a divinylbenzene concentration of
57% by mass was used.

Since the divinylbenzene used was the commercially
availlable divinylbenzene mixture described above, the
divinylbenzene amcunt shown in Table 1 was expressed as a
divinylbenzene net weight converted by removing the
content of impurities.

[0114]

[Table 1]

Anionic
Polymerizaticon a b c e f
Initiator

Divinvylbenzene (g)
{DVB)
n-Butyllithium {q) 104 104 104 104 104

21 42 84 127 232




Tana, at50C index (strain of3% 64 71 77 69 AQstrain of
[0138] [Table 8] Conparative Exanple 4 Conparative Exanple 5

55 45

I ndex 3% 38 48

(NBL)

DVB/NBL ‘molar| o 14 | g.20 | 0.40 | 0.60 | 1.10
ratio)

Butadiene (g) 1000 | 1000 | 1000 | 1000 | 1000

Cyclohexane (q) 4800 | 4800 | 4800 | 4800 | 4800

THE (ppm) | 500 500 500 500 500

[0115]

(Preparation of a polyfunctional anionic polymerization
initiator d)

After a cooling tube and a dropping funnel were set
cn a three-way flask equipped with a magnet stirring bar,
and the atmosphere inside was replaced by nitrogen,
slightly pressurized nitrogen was circulated inside; and
with the sealed state in the system, 99.0 mlL {100 mmol)
of a cyclohexane/n-hexane mixed solution of sgec-
butvilithium of 1.01 mol/L, 13.9 mL (100 mmol) of
triethylamine and 10 ml of cyclchexane were introduced to
the three-way flask, and stirred and mixed at 20°C.

Further, 7.%1 g (50 mmol} of m-diisopropenylbenzene
purified by reduced-pressure distillation was dropped
thereto at room temperature over 3 hours, and
continuously stirred for 15 hours to prepare a
polyfunctional enionic polymerization initiator d.

[0116]
[Styrene-butadiene copolymers: production of Samples A to
K]

[Example 1 (Sample A)]




Conpar ative Exanple 6 Modified conjugated di ene-based polyner | J K Mooney
viscosity of m xed rubber conpound 36 130 45 Bound rubber content(% 63 88
54 Physi cal properties of vul canizate Tensile strengthindex 100 91 94

Abr asi on

An autoclave of 10 liters in internal volume
equipped with a stirrer and a jacket and capable of being
controlled in temperature was used as a reactor; 777 g of
butadiene, 273 g of styrene, 4,800 g of cyclohexane, and
0.85 g of 2,2-bis(2-oxclanyl)propane as a polar substance,
which all had been cleared of impurities 1n advance, were
charged in the reactor; and the temperature inside the
reactor was held at 42°C.

The polyfunctional polymerization initiator a
prepared as described above was fed to the reactor so
that the amount fed became 10.5 mmol in terms of the
amount of lithium added.

After the start of the polymerization reaction, due
to heat generation caused by the polymerization, the
temperature inside the reactor started to rise, and the
final temperature inside the reactor reached 75°C.

After the completion of the polymerization reaction,
5.25 mmol of 1-{3-(triethoxysilyl)propyl]-4-
methylpiperazine was added to the reactor to carry out
the modification reaction at a temperature condition of
74°C and for 5 min.

After 2.1 g of an antioxidant (2,é-di-t-butyl-p-
cresol: BHT) was added to the polymer sclution, the
sclvent was removed by steam stripping, and the resultant

was subjected tc a drying treatment by a drier to obtain




I ndex resistance 100 102 89 TanE, atOC index (strain of1% 100 105 95
Tan6 at 50C index (strain of 3% 100 92 106 AG (strain of 3%index 100 82

a styrene-butadiene copolymer having a mcdified component
(Sample A) .

As a result of analysis of Sample A, the bonded
gtyrene amcunt was 26% by mass; and the bonded butadiene
amount was 74% by mass.

The Moocney viscosity of Sample A was 55.

The 1,2-linkage amount o¢f the microstructure of
butadiene moieties, as determined by the calculation
according to Hampton method from the measurement result
using an infrared spectrophotometer, was 57%.

The modification ratio détermined from GPC using the
silica-based adscrption column was 88%.

The analysis results of (Sample A) are shown in
Takble 2 shown below.

[0117]

[Example 2 {(Sample B) and Example 3 (Sample C)]

The kinds of the polyfunctional anionic
polymerization initiators described above, the amounts
thereof added, and the amounts of 2,2-bis{2-
oxolanyl)propane and 1-[3-(triethoxysilyl)propyl]-4-
methylpiperazine added were adjusted as shown in Table 2
shown helow, and the production conditions used the same
ones as in (Sample A) to cbtain (Sample B} and (Sample C).

The analysis results of styrene-butadiene copolymers
having a modified component, (Sample B) and (Sample C},

are shown in Table Z shown below.



114 [0139] When the nodified conjugated di ene-based pol yner
conpositions of Exanples 9 to 16 using (Sanples Ato H - 81 - shown in
Table 6 and Table 7 above were conpared with the conposition of Conparative
Exanpl e 4 using Sanple | and the conposition of Conparative Exanple 6 using
Sampl e K shown in Table 8 above, it was found that in the silica-bl ended
conposi tions, the bound rubber content increased, and the Payne effect was
small, so the dispersibility of the silEBa-was excellent; and tano at a

hi gh tenperature was |largely reduced, so the hysteresis |oss was snall, and
alowrolling resistance of the tire was achieved, thus providing an

excel | ent fq@ﬁl%ﬁficiency. It was al so found that tano at a | ow
tenperature was high, so the wet skid resistance was good, and a bal ance
between the | ow fugl copsynptipp1ang,the wet skid resistance was good.

The abrasion resistance was greatly inproved, and the tensile strength was
good. Thereforgutbtihas beenof oundrkhal, the-pradif kedugen) ugat ed

di ene-based pol yner according to the present invention has a perfornmance
bal ance superuapptd pakyner stobtrairmeddy krewett eclinel=0gies of beifly t her,
t he conposition of Conparative Exanple 5 using Sanple J, which was a

pol ymer obt abnédoby epoliymeempatriagmresiwag aispal yisurctrieeralod nitiatorothavi ng
a higher (polyvinyl aromatic conpound / lithium ratio than the range
accordi ng tButheipnesenrt! 3 gvent iscryretigd &/ Mi0gh dvicscosialphefxarte rajisher
conpound, and exhibited - 82 - deteriograted processability. The | ow fuel
consunpt i onl - 8br EsPén2r é5P4EdrRcEXEAG TN SINCE SIS Srfgtth Heddt I et G feri or

to the cases, of  Ex es (n which the (polyvinyl aromatic _conpound /

| Cthiam st PO s L eRe bR &HgS L4EE 0T g 18 PHG T5esent et GIE Hue o
faulty knea?hgg d e;to, gerd%t %Eqra%%qt%roce%§aglgt .:ﬂy%f f%%% it has
been found af Ithe Ppo yviﬁyF arématic cgnﬁguﬁg A5 Thitd ratio has a

| arge influence, on the Egge%%agbb'ty and the performance bal ance. [0140]

[ Producti on of “r ubbér compositions] [ Exanples 17 to 23, and Conparative

Exanpl e 7] Rubbges 9@@8@&&59@5aﬂ@6ﬁiQbﬁéh?ﬁ9r9§éﬂgohh§n§%ﬁ9k%§ (Sanpl e
Ato Sanple G and Sanple |I) shown in Table 2 to Table 5 shown above as raw

material rulbeescrapdaasgerdi BF 50 3f emdul ati eesmshewn el awoMrdids ed
conj ugat ed di ene-based polyners (Sanples Ato Gand I): 100.0 parts by nass
Silica (UttashiuMN3ddradeahy BvéenimkoDegussaraaiHpnt29.10 thdnts wWay amass
Carbon bl ack (Seast KH(N339), nade by Tokai Carbon Co., Ltd.): 20.0 parts
by mass Silahgcdouphilnghageakt(15e69asmadenbyeBy oni kKhBegessac@rbH): 2.5
parts by nass . ' _ ,
At this time, the ratioc of the peolyvinyl aromatic
compound and lithium added to the polymerization system
was 0.284.,
After the start of the polymerization reaction, due
to heat generation caused by the polymerization, the
temperature inside the reactor started to rise, and the
final temperature inside the reactor reached 74°C.
After the completion ¢f the polymerization reaction,
6.93 mmol cf 1-[3-({triethoxysilyl)propyl]-4-
methylpiperazine was added to the reactor to carry out-

the modification reaction at a temperature condition of

73°C and for 5 min.



S-RAE oil (JOMO Process NC140, nmade by Japan Energy Corp.): 3.0 parts by
mass - 83 - Zinc oxide: 3.0 parts by mass Stearic acid: 2.0 parts by mass
Ant i oxi dant (N-isopropyl-N -phenyl - p-phenyl enediamne): 1.0 part by nass
Sulfur: 1.9 parts by mass Vul cani zation accel erator (N cycl ohexyl-2-
benzot hi azyl sul finam de): 1.0 part by mass Vul cani zati on accel erator

(di phenyl guanidine): 1.5 parts by nmass The total: 162.9 parts by mass A
kneadi ng step, and a nol ding and vul canbgati on step were carried out as in
Exanples 9 to 16 and Conparative Exanples 4 to 6 descri bed above.

After the vul cani zation, physical properties of the rubber conpositions

were measured. The.ppasuregept Lasuhtsoof qhhe RBYSH Cal pLapeyt i8S +aLe shown
in Table 9 and Table 10 shown bel ow. [0141] [Table 9] Exanple 17 Exanple

18 Exanple #81ymer solution, the solvent was removed by steanm
stripping, and the resultant was subjected to a drying
treatment by a drier to cbtain a styrene-butadiene
copclymer having a modified component {(Sample D} .

The analysis results of (Sample D} are shown in
Table 3 shown below.

[0119]

[Example L (Sample E), Example 6 (Sample F) and
Example 7 (Sample G)]

A styrene-butadiene copolymer was obtained using the
polyvfunctional anionic pelymerization initiateor b as in
[Example 2 (Sample B)] described above, and then, the
kinds of modifiers were altered as shown in Table 3 and
Table 4 shown below to carry out the modification, to
obtain styrene-butadiene copolymers having a modifyied
compconent (Sampie E to Sample G).

The analysis results of (Sample E) to (Sample G} are
shown in Table 3 and Table 4 shown below.

[0120]
| [Example 8 (Sample H) 1

The kind of the polyfunctional anionic
pelymerizaticn initiator described above, the amount
therecf added, and the amcunts of 2,2-bis(Z2-
oxolanyl)propane and 1-[3-(triethoxysilyl)propyl]-4-

methylpiperazine added were adjusted as shown in Table 4




Exanpl e 20 Modi fied conjugated di enebased pol yner A B C D Conpound Mboney
viscosity 79 85 88 87 Bound rubber content(% 70 73 75 73 (f)P wl0 -HN -P-H
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shown below, and the production conditions used the same
ones as 1n [Example 1 (Sample A)] to obtain (Sample H).

The analysis results of a styrene-butadiene
copolymer having a modified component, (Sample H), are
shown in Table 4 shown below.

[0121]

[Comparative Example 1 (Sample I1}]

An autoclave cof 10 liters in internal volume
equipped with a stirrer and a Jjacket and capable of being
contreolled in temperature was used as a reactor; 777 g of
butadiene, 273 g of styrene, 4,800 g of cyclohexane, and
0.2 g of 2,2-kis(2-oxclanyl)propane as a pclar substance,
which all had been cleared of impurities in advance, were
charged in the reactor; and the temperature inside the
reactor was held at 42°C.

A cyclohexane solution containing 7.5 mmecl of n-
butyllithium as a polymerization initiator was fed to the
reactoer.

After the start of the polymerization reaction, due
to heat generation caused by the polymerization, the
temperature inside the reactor started to rise, and the
final temperature inside the reactor reached 71°C.

After the completion of the polymerization reaction,
0.28 mmol!l of tetraglycidyl-1,3-bisaminomethylcyclohexane
was added to the reactor, and stirred at 70°C for 2 min

to carry out the modification reaction. Thereafter, 4.0



sib oHk (:),> Tensile index strength 103 101 101 102 Abrasion i ndex
resi stance 108 115 118 115 Tan6 at OC index (strain of 1%

mmol of 1-[3-(triethoxysilyl)propyl]-4-methylpiperazine
was further added thereto to carry cut the modification
reaction at 69°C and for 5 min.

After 2.1 g of an anticxidant (BHT) was added to the
polymer solution, the solvent was removed by steam
stripping, and the resultant was subjected to a drying
treatment by a drier to obtain a styrene-butadiene
copolymer having modified components (Sample I).

The tetraglycidyl-1,3-bisaminomethylcyclchexane was
a modifier having 4 reaction sites with living polymer
ends, and was added in order to suppress the cold flow by
making a part of a polymer macromolecular.

By contrast, in (Samples A to H), since use of a
polyfunctional initiator had an effect of suppressing the
cold flow because a part of a polymer became high
molecular weight after the modification, there was no
need for the modification by tetraglycidyl-1,3-
bisaminomethylcyclohexane.

As a result of analysis of (Sample I), the bonded
styrene amount was 26% by mass; and the bonded butadiene
amount was 74%.

The Mooney viscosity of the polymer was 66.

The 1,2-linkage amount of the microstructure of
butadiene moieties, as determined by the calculation
according to Hampton method from the measurement result

using an infrared spectrophotometer, was 56%, and the



102 103 104 103 - 84 - Tan6 at 50C index (strain of 3% 89 82 75 79
AG (strain of index 3% 80 66 50 61

modification ratio determined from GPC using the silica-
based adsorption column was 81%.

The analysis results cf a styrene-butadiene
copolymer having modified components {(Sample I) are shown
in Table 5 shown below.

[0122]

[Comparative Example 2 (Sample J) and Comparative
Example 3 (Sample K)]

The kinds c¢f the polyfunctional anionic
pelymerization initiators described above, the amounts
thereof added, and the kinds and the mounts of 2,2-bis{2-
oxolanyl)propane and modifiers added were adjusted as
shown in Table 5 shown below, and the production
conditions used the same ones as in [Example 1 (Sample
A) ] described above to obtain (Sample J) and (Sample K).

The analysis results of styrene-butadiene copolymers
having a modified component, (Sample J) and (Sample K),
are shewn in Table 5 shown below.

[0123]

Provided that *1 to *7 in Table 2 to Table 5 shown

below indicate the following compounds.

*1: 2,2-bis(Z2-cxclanyl)propane

¥2: tetraglycidyl-1l,3-bisaminomethylcyclohexane

*3: 1-[3-(triethoxysilyl)propyl]l-4-methylpiperazine
*4: 1-[3-(triethoxysilyl)propyl]-4-

{trimethylsilyl)piperazine



[0142] [Table 10] Exanple 21 Exanple 22 Exanple 23 Conparative Exanple 7
Modi fi ed conjugated di ene-based polyner E F G 1 Conpound Money viscosity
86 83 81 74 Bound rubber (% content

- 70 -

*5: 2-{3-{trimethoxysilyl)propyl]-1, 3-
dimethylimidazolidine
*6: [3-(dimethylamino)propyl]trimethoxysilane

*7: 1,3-dimethyl-2-imidazclidinone




74 71 68 67 Physical properties of vulcanizate Tensile index strength 102
101 100 100 Abrasion index resistance 117 113 107 100 Tano at OC

_.71_,
[0124]
[Table 2]
Example | Example | Example
1 2 3
Sample No. A B C
Butadiene (g) 777 777 777
Styrene (g) 273 273 273
Polyfunctional 2 b -
Initiator Kind
Amount added (rmol) 10.5 13.7 20.5
(Li amount)
n-Butyllithium (rmmol) - - -
Amount of polar
substance added*1 (9} 0.85 1.039 1.68
Amount of TGAMH added*2 (mmol) - - -
Amount of modifier-1
added*3 (mmol) 5.25 6.93 10.25
Amount of modifier~2 (rmmol) _ _ _
added*4
Amount of modifier-3 (mmo1 ) 3 3 B
added*5 ©
Amount of modifier-4 (rarmo ) 3 _ 3
added*6 i
Amount of modifier-5 (rmol ) ~ N _
added*7 ©
Modification ratio (%) 88 92 95
Mooney viscosity 55 61 66
Bonded styrene amount (%) 26 26 26
1,2-Vinyl bond amocunt (%) 57 57 57
Glass transition (°c) _28 -8 _5g
temperature
Weight-average
molecular weight (Mw) (thousand) | 378 395 424
Number-average
molecular weight (Mn) {thousand}| 265 262 243
Mw /Mn 1.43 1.51 1.74
Ratio cf the lowest
molecular weight peak (%) 50 42 31
area




(strain ofindex 1% 103 100 98 100 Tans5, at50C (strain ofindex 3% 77 87
95 100 AG (strain index of 3% 58 70 92 100

_72_

[0125]
[Table 3]

Example Example Example

4 5 6
Sample No. D E F
Butadiene {g) 777 777 777
Styrene (g) 273 273 273
Polyfunctional
Initiator Kind d b B
fmount added (mmol) 6.3 13.7 13.7
(L1 amcunt}
n-Butyllithium {mmol) 4.8 - -
Amount of polar
substance added*1 tg) 1.0l 1.09 1.09
Amount of TGAMH (mmol) _ _ ~
added>*2 m
AZmount of modifier-1
added*3 {(mmol) 6.93
Amount of modifier-2
added*4 (mmeol) - 6.93 -
Amount of modifier-23
Sdded*5 (rme 1} - - 6.93
Amount of modifier-4 (mmol) _ _ B
added*&
Amount of modifier-5 ( 1 _ _ _
added*7 mmol)
Modification ratio (%) 90 52 91
Mooney viscosity ©5 &1 59
Bonded styrene amount (%) 26 26 26
1,2-VYinyl bond amount (%) 57 57 57
Glass transition
Q _ —_ —_

temperature e 28 28 Z8
Weight-average
molecular weight (Mw) {thousand) 401 392 395
Number-average
molecular weight (Mn) (thousand) 258 252 258
Mw /Mn 1.55 1.56 1.53
Ratic of the lowest
melecular weight peak (%) 36 44 41
area




[0143] It was found as shown in Table 9 and Table 10 shown above t hat
in the nodified conjugated di ene-based pol yner conpositions of Exanples 17
to 23 using (Sanples Ato G described above, even in the case where the
silica and the carbon bl ack were bl ended in nearly equal anounts, the bound
rubber content was |arge, and the Payne effect was small, so the
dispersibility of the silica was - 85 - excellent; and tano at a high
tenperature was | ow, so the hysteresis t9ss was small, and the rolling
resistance of the tire was low, thus effecting an excellent |ow fuel
consunpti on. It was also found that the | ow fuel consunption and the
wet skid resi % ce exhibited an excell ent bal ance. Further, the
abrasion re ce and the tensile strength were good al so. [0144]

[ Producti on 95 ) bggadlene pol ymer] [ Exanple 24: Sanple L] An

aut ocl ave F 8 L in internal vol ume equi pped with a stirrer and a jacket
and capabl e of being controlled in tenperature was:tigas as &xzeactor; 920 ¢
of but adi ene, 4,830 g of cycl ohexane, and 0.017 g of -2, 2- g
bis(2-oxo|1§¥hﬁpgoggne as a polar substance, whichr afl™ had beepg cieared of

i mpuri ti es rin-agvanee—were—<€harged—i-p—the+eactor—and the tenperature

i nsi de t he [FBEREHF Ras hel d at 55C Frie Dolvfuﬁé?lonal iMitiator a
prepared asSdeseritbed above was fed to t hdaneact or 303t hat| t k&zanount fed

becane 10. bpsmpFuhBrienss oh:thergpount of TTthium added. Aftel the
start of thglﬁgaction, due to heat geﬂeration capsed Py tHe poﬁynerlzation,

the tenperat i the reactor, start e,—ant—the—FHnal

t enper at ur e fﬂm‘lﬁr}* %@??ﬂgﬁo?m?g‘%;i g“m D) ” L 55T Ar 1P the
conpl etion TB@hElbbFQhﬁmization r eact |oﬁmm5125 nmol of
1-[3-(tri ethoxyst | yf) poopy liudstarthy plpera2|ne was added to the react or
to carry ouiddidernodification reaction at §'tenperatu%eo%cnditﬁoﬁlof 83C
and for S Mbunt ot MERT, 2 Lala0t A A e lsorution

(2, 6-di-te UUL F €SO —brt was—aaaea—to0—tnRe—por-yer4sor-ution; t he

sol vent mafAT%%% éﬂ H@O§%§5%¥s%rlpplng,gﬁﬁbjpe resultant |was gubjegted to
a drying t AR by a drier to obtajn butadiene pol ynmgr having a
nodi fi ed colpomentof Saogl £ié)-2 Th %Iy3|s resultg of Sanple L are
shown in Tadbd&=d44 shown bel ow. [0145] 25 (Sanpl e|M and Exanple 26

(Sampl e N) [amcunt O KbH0s; 0f_the poiyrun0t|ona| aniom ¢ _pofymerization
initiatons&ﬁ& &4§ed ove, the annunts ttierlelof laddeds and t he-anpunts of

2, 2-bi s(2- UAu.auy propane—and—1 H-ri-ethoxysilyl ) propyl}-4-

met hyl pi pefd# dﬂ%éﬂaﬁbﬁ%@%ﬂ@ered as shgwn i n Tabl g 1y shown_bel ow
Ct her cond %@Qﬁ% ere the sane ones as in Exanplle 24 to carry out the
pol yner i zatAromnieaef iromdi 0ie@bt @i n butadienejpolyners having a nodif|ed
conponent (&#&igd-es M and N). {mmo L) - -

Modification ratio (%) 93 96
Mooney viscosity 64 62
Bonded styrene amount (%) 26 26
1,2-Vinyl bond amount (%) 57 56
Glass transition

temperature °c 28 m29
Eigﬁ??ﬁ;‘aqe molecular | o hsand)! 411 398
igﬁi?i‘;ifage molecular 1 . usend)| 266 227
Mw /Mn 1.55 1.75
Ratio of the lowest

molecular weight peak (%) 39 24

area




- 87 -

shown bel ow.
The kind of the nodifier was altered,

conponent (Sanple 0 and Sanple P).
and P are shown in Table 12 shown bel ow.

The anal ysis results of Sanples Mand N are shown in Table 11

and ot her

[0146] [ Exanple 27 (Sanple 0) and Exanple 28 (Sanple P)]

conditions were the sane
ones as in Exanple 25 to obtain butadi ene polyners having a nodified:

The anal ysis results of Sanples O
[0147] [Production of a

styrene-but adi ene pol ynmer for blend] [Production Exanple 1 (Sanple Q]

An autoclave of 10 L in internal

vol une equi pped with a stirrer and a

j acket and capabl e of being controlled in tenperature was used as a

reactor; Y g gi but adi ene, 273 g of styrene, 4,800 g of cycl ohexane, and
0.48 ¢ of 2, 3T (2- oxol anyl ) propane as a pol ar substance, which all had
been clearengﬂl%ng?rlties in advance, were charged in the reactor; and the
t enper at ure_i nsi he reactor was held at cycl ohexane sol ution
containing|5.8 mml of nbutyllithium asen@apetingChzadion vientdnrateriwgs fed
to the reactor. After the start oftEtadmelpol VinBrapatsd én) klyerie hegat
gener ati on | saysednby the pol ynmerizati on, the tenperature 88 & insi|de the
reactor stagt€ethikeerise, and theqsjinal temperatyre insyde {he reactor
reached 73_Suﬁ%%gr the conplethgzof he ngynerlzatbgp Feactiofy; 6. 38 mol
of rmet hanol g{d%un lcgj'n to-thereactor to termnate the reaction: Af t er
2.1 g of an;antiox|dant (BHT) was added to the pol ynertsol tion, bt he
solvent was re LShea rstpping, —and-theresultant—was—subjected to
a drying treat%%ﬁ?lqﬁ % drler tencabt aj n an wnnodi fi ed5413yr ¢ne- butadi ene
copol yrer A the—analysts—+esulHtstof—Sample Qare—shown in
Tabl e 13 shd éﬁﬁﬁﬁﬁﬁﬁ?“Wh1AR1 [ BFHCt Lon Ex 2 (Sanple Rl - The
amount of nMBUFVIPFHHﬂ@ﬁlwaS altgyed {o 7.5.mewl|, and ihe anount 101
2, 2-bi s(2- n?&"ﬂsﬁﬁ\I}F‘? ptii5aNe vas altered to 062 ner conditiions
were the sahfeouwhest aRCAM Prcdu&gﬂmplry Exanpl e1,4qQ carry-out!the .
pol yreri zat®#ied éacti an fter the start ofl the polynerization, due to
heat gener aticomtcabised by the rization, 4 he tenperature inside the
react or stariEdieo-tisgkledand the final tenperature inside the reactor
reached 73Qmount of (mmol) _ _ _

modifier-2 added+*4

Amount of

modifier-3 added*5 (rmol) - - -

Amount of

modifier-4 added*é {mmo L) N B -

Amount of

modifier-5 added*7 tmmol) B - 15-1

Modification ratio (%) 81 97 990

Mooney viscosity 66 60 56

Bonded styrene (%) 26 26 26

amount

1l,2-Vinyl bond (%) 56 56 59

amount

Glass transition

temperaturs (°C) 29 ~28 ~28

Weight-average

molecular weight {thousand) 3990 388 256

(Mw)

Number-average

molecular weight (thousand) 291 208 178

(Mn}

Mw/Mn 1.34 1. 1.44

Ratio of the

lowest molecular (%) G8 18 62

weight peak area




After the conpletion of the polynerization reaction, 5.0 mml of
1-[3-(triethoxysilyl)propyl]-4- nethylpi perazine was added to the reactor

to carry out - 89 - the nodification reaction at a tenperature condition
of 72C and for 5 mn to obtain a styrene-butadi ene copol yner haying a
nodi fi ed conponent (Sanple R). The anal ysis results of Sanple R are

shown in Table 13 shown below. [0149] In Table 11 to Table 13 shown bel ow,,
3, 5 and 6 indicate the foll ow ng conmpounds. *1: 2, 2-bi s(2-oxol anyl) propane
*3: 1-[3-(triethoxysilyl)propyl]-4-nethyl pi perazine *5:
2-[3-(trinmethoxysilyl)propyl]-1,3- dinethylimdazolidine *6:

[ 3- (di net hyl am no) propyl Jtri net hoxysil ane [0150] [Table 11] Exanple 24
Exanpl e 25 Exanple 26 Sanple No. L M N But adi ene

[0128]
{Production of rubber compositions]
[Examples 9 to 15, and Comparative Examples 4 to 6]
The samples (Sample A tc Sample K) shown in Table 2
te Table 5 shown above were used as raw material rubbers,
and according to the formulations described below, rubber
compositions containing the respective raw material
rubkbers were obtained.
[01292]
Modified conjugated diene polymers (Sample A to Sample
K)y: 70.0 parts by mass
Natural rubber (whose Mooney viscosity was adjusted to 60
by mastication): 30.0 parts by mass
Silica (Ultrasil VN3, made by Evonik Degussa GmbH): 75.0
parts by mass
Carbon black (Seast KH(N339), made by Tokai Carbon Co.,
Ltd.): 5.0 parts by mass
Silane coupling agent (5169, made by Evonik Degussa
GmbH) : 7.5 parts by mass
S-RAE oil (JOMO Process NC140, made by Japan Energy
Corp.): 37.5 parts by mass
Zinc oxlde: 2.5 parts by mass
Stearic acid: 2.0 parts by mass
Antioxidant (N-iscopropyl-N'-phenyl-p-phenylenediamine):

2.0 parts by mass



(g) 920 920 920 Styrene (g) - Pol yfunctional Initiator Kind Anount added
(Li amount) a b c (mol) 10.5 13.7 20.5 n-Butyllithium (mol) -

- 76 -

Sulfur: 1.7 parts by mass

Vulcanization accelerator (N-cyclohexyl-2-

benzothiazylsulfinamide): 1.7 parts by mass
Vulcanization accelerator (diphenylguanidine): 1.5 parts
by mass

The total: 236.4 parts by mass
[0130]

The rubber compositions were each kneaded by the
following method.

A sealed kneader (internal capacity: 0.3 L) equipred
with a temperature control device was used. As a first
stage kneading, the raw material rubbers (Sample A to
Sample H, natural rubber), the fillers (silica, carbon
black), the organic silane coupling agent, the process
0il, the zinc oxide and the stearic acid were kneaded
under the ceonditions of a filling ratio cf ©65% and a
rotor rotatiocnal speed of 50/57 rpm.

At this time, the tempsrature of the kneader was
controlled, and a rubber composition was obtalined at a
discharge temperature (rubber compound) of frcm 155 to
160°C.

Then, as a second stage kneading, after the rubber
cempound obtained as described above was cooled to room
temperature, the antioxidant was added thereto, and the
mixture was again kneaded to improve the dispersion of

the silica. Also in this case, the discharge temperature



- Anount of polar substance added*1 (g) 0.017 0.023 0.034 Anmount of
nodi fier-1 added*3 (mmol) 5.25 6.93 10.25 Anmobunt of nodifier-3 added*5
(mmol) - - Amount of nodifier-4 added*6 (nmol) - Modification ratio

(rubber compound) was regulated at 155 to 160°C by the
temperature control of the kneader.

After ccoling, as a third stage kneading, the sulfur
and the vulcanization accelerator were added thereto and
kneaded by an open roll set at 70°C,

Thereafter, the rubber compound was molded, and
vulcanized at 160°C for 2C min by a vulcanization press.

After the vulcanization, physical properties of the
rubber composition were measured.

The measurement results of the physical properties
are shown in Table 6 to Table 8 shown below.

[0131]

Each physical property of the rubber composition was
measured by the method described below.
<Bcund rubber content>

About 0.2 g of the rubber compound after the
completion of the second stage kneading step was cut into
a square of about 1 mm, put in a Harris cage {(made of
100-mesh metal gauze), and weighed.

Thereafter, the rubber compound was immersed in
toluene for 24 hours, thereafter subjected to a drying
treatment, and weighed.

The amount of the rubber (the modified conjugated
diene-based volymer + the natural rukber) bound tc the
fillers was calculated from the amount of undissolwved

components, and the proportion of the rubber bound to the



(%9 87 90 93 Mvoney viscosity 53 62 65 Bonded styrene amount (% 0 0 0
1,2-Vinyl bond amount (9% 18 18 18 Wi ght - average nol ecul ar wei ght ( Mn)

(thousand) 421 428

fillers to the rubber amount in the original rubber
compound was determinead.
[0132]
<Compound Mooney viscosity>

The viscosity was measured by using a Moconey
viscometer and according to JIS K6300-1. After the
rubber compocund after the third stage kneading step was
preheated at 130°C for 1 min, the rotor was rotated at 2
rpm, and the viscosity after 4 min was measured.
[0133]
<Tensile strength>

The tensile strength of a vulcanized test piece was
measured by the tensile test method accerding teo JIS
K6251. A larger index value indicates a better fracture
resistance.
[0134]
<Viscoelasticity parameter>

The viscoelasticity parameter of a vulcanized test
plece was measured using a viscoelasticity tester {(ARES,
made by Rhecmetrics Scientific, Inc.) on a torsion mode.

Tand measured at 0°C at a frequency of 10 Hz and a
strain of 1% was defined as an index of the wet grip
performance. A larger index value indicates a better wet
grip performance.

Tand measured at 50°C at a frequency of 10 Hz and a

strain of 3% was defined as an index of the fuel-




434 Nunber - average nol ecul ar wei ght (M) (thousand) 298 288 279 - 90 -
MV WMn 1.41 1.49 1.56 Ratio of the | owest nol ecul ar weight peak area (% 48
38 30 - 91 - [0151] [Table 12] Exanple

efficiency characteristic. A smaller index value
indicates a better fuel-efficiency performance.

AG', representing a difference in the storage
modulus (G') between at strains of 0.1% and 10%, was
defined as an index of the Payne effect. A smaller index
value indicates a better dispersibility of the fillers
such as silica.

[0135]
<Abrasion resistance>

The abrasion amount of a vulcanized test piece was
measured using an Akron abrasion tester and according to
JIS K6264-2, and at a ioad of 4.1 N and at 1,000
rotations, and was indexed.

A larger index value indicates a better abrasion

resistance.
[C136]
[Table &]
Example | Example | Example | Example
9 10 11 12
Mods £1 X X .
odified conjugated diene-based 2 B c 5
polymer
Compound Mooney viscosity 44 50 60 55
Bound rubber centent (%) 70 74 81 75
Tensile strength  index 101 100 99 g5
W , | Abrasion index | 108 113 120 115
, o | resistance
) UI T o
6.5 Tand at 0°C index | 103 105 104 107
B (strain of 1%)
>y v o
£ gg | Tand at S0 index | 77 67 60 66
05 (strain of 3%)
o , .
gf) (strain of index 70 42 37 142




27 Exanple 28 Sanple No. 0 P Butadiene (g) 920 920 Styrene (g) -

13.7

Pol yfunctional Initiator Kind Amount added (Li anount) b b (mol) 13.7
_.80_
[0137]
[Table 7]
Example Fxample Example Example
13 14 15 16
Modified conjugated diene- B F o =
based polymer
Compound Mooney viscosity 51 48 45 88
Round rubber content (%) 75 72 71 84
@ Tensile index | 101 100 101 94
v strength
e
i raston index | 115 110 107 112
Q‘i resistance
O o o
5@ |Tand at 0%¢ index | 105 103 103 106
= (strain of 1%)
=
rU:s 3 o
¢ > |Tand at 50°C .. 64 71 77 69
'g % (strain of 3%)
> ; .
£ AG' (strain of ;i gex | 38 48 55 45
33)
[0138]
[Table 8]
Comparative|Comparative|Comparative
Example 4 Example 5 Example 6
Modified conjugated diene-based T 3 K
polymer
Mocney viscosity of mixed rubber 16 130 45
compound
Bound rubber content (%) 63 g8 54
Tensile strength index 100 91 94
4y )
o g |Abrasion index 100 102 89
ﬁ n @ |feslistance
U_(DAN c
e A index 100 105 95
>1$ 8 (strain of 1%)
e :
Q= o
M oo'p | Tand at 50%c index 100 92 106
o, (strain of 3%)
AG' (strain of 3%) index 100 8z 114

[0139]

When the modified conjugated diene-based polymer

composlitlons of Examples 2 to 16 using

{Samples A to H)



n-Butyllithium(mmol) - - Amount of polar substance added*1 (g) 0.023 0.023
Amount of nodifier-1 added*3 (mmol) - Anount of nodifier-3 added*5 (mmol)
6.93 Anount of nodifier-4 added*6 (mmol) 6.93 Mddification ratio (% 89

shown 1in Table 6 and Table 7 above were compared with the
composition of Comparative Example 4 using Sample I and
the composition of Comparative Example 6 using Sample K
shown in Table 8 above, it was found that in the silica-
blended compositions, the bound rubber content increased,
and the Payne effect was small, so the dispersibility of
the silica was excellent; and tand at a high temperature
was largely reduced, so the hysteresis loss was small,
and a low rolling resistance cf the tire was achieved,
thus providing an excellient fuel efficiency.

It was also found that tand at a low temperature was
high, so the wet skid resistance was good, and a balance
between the low fuel consumption and the wet skid
resistance was good.

The abrasicn resistance was greatly improved, and
the tensilie strength was good.

Therefore, it has been found that the modified
conjugated diene-based polymer according to the present
invention has a performance balance superiocr to polymers
obtained by known technologies.

Further, tThe composition of Comparative Example 5
using Sample J, which was a polymer obtalned by
polymerization using a polyfunctional initiator having a
higher (polyvinyl aromatic compound / lithium) ratic than
the range according to the present inventicon, had a high

viscosity of tThe rubber compound, and exhibited




92 Mboney viscosity 64 66 Bonded styrene amount (%9 0 O 1,2-Vinyl bond
anmount (% 18 18 Wei ght-average nol ecul ar wei ght (Mv) (thousand) 431 443
Nunber - aver age nol ecul ar wei ght (M) (thousand) 292 302 Mw Mh

deterjorated processability. The low fuel ceonsumption,
abrasicon resistance and tensile strength had results
inferior to the cases of Examples in which the (polyvinyl
aromatic compound / lithium) ratio was in the range
according to the present invention, due to faulty
kneading due to the deteriorated processability.
Therefore, it has been found that the (polyvinyl arcmatic
compound / lithium) ratio has a large influence on the
processability and the performance balance.
[0140]
[Production of rubber cpmpositions}
[Examples 17 to 23, and Comparative Example 7]
Rubber compositions were obtained using the samples
(Sample A tTo Sample G, and Sample I) shown in Table 2 to
Table 5 shown above as raw material rubbers, and
according to formulations shown below.
Modified conjugated diene-based polymers (Samples A to G
and I): 100.0 parts by mass
Silica (Ultrasil VN3, made by Evonik Degussa GmbH): 25.0
parts by mass
Carbon black (Seast KH{N339), made by Tokal Carbon Co.,
Ltd.}: 20.0 parts by mass
Silane coupling agent (5169, made by Evonik Degussa
GmbH): 2.5 parts by mass
S-RAE o0il (JOMO Process NC140, made by Japan Energy

Ceorp.): 5.0 parts by mass



1.48 1.47 Ratio of the |owest nol ecul ar wei ght peak area (%9 39 40

[ 0152]

[ Tabl e 13]

But adi ene (g) 777 777 Styrene (g) 273

Zinc oxide: 3.0 parts by mass

Stearic acid: 2.0 parts by mass

Antioxidant (N-isopropyl-N'-phenyl-p-phenylenediamine) :
1.0 part by mass

Sulfur: 1.9 parts by mass

Vulcanization accelerater (N-cyclohexyl-2-

benzothlazylsulfinamide): 1.0 part by mass
Vulcanization accelerator {diphenylguanidine): 1.5 parts
by mass

The total: 162.92 parts by mass

A kneading step, and a molding and vulcanization
step were carried out as in Examples 9 to 16 and
Comparative Examples 4 to 6 described above.

After the wvulcanization, physical properties of the
rubber compcsitions were measured.

The measurement results of the physical properties

are shown in Table 9 and Table 10 shown below.

[0141]
[Table 9]
Example | Example | Example | Example
17 i8 13 20
Modified conjugated diene-
based polymer A B < N
Compound Mooney viscosity 79 85 g8 g7
Bound rubber content (%) 70 73 75 73
i Tens .
o pjlensile index| 103 101 101 102
Y U |strength
2 :
Abr .
H g ARTasLen index | 108 115 118 115
o u|reslstance
o
4  o|Tand at 0°C .
. index 102 123 104 103
9 > (strain of 1%)

92 -

Production Exanple 1 Production Exanple 2 Sanple No. QR



273 Pol yfunctional Initiator Kind Anmount added(Li anmpbunt) _  (mol) -
n-Butyllithium(mmol) 5.8 7.5 Anmobunt of pol ar substance added*1 (g) O0.48
0. 62 Amount of nodifier-1 added*3 (mml) - 5.00 Arount of nodifier-3
added*5

_84_

Tand at 50°C . . 89 82 75 79

(strain of 3%)

AG' (strain of . .. 80 66 50 61

3%)
[0142]
[{Table 10]

Example | Example | Example [Comparative
21 2z 23 Example 7
M?dlfled conjugated B F G T
diene-based polymer
compound Mooney 86 83 81 74
viscosity
2
Bound rubber (%) 74 71 65 67
content
Tensile .
t index 102 101 100 100
o strength
" .
g | Aprasion index| 117 113 107 100
ﬂ v | ¥esistance
4 Tand at 0°C
(UN
% E (strain of index 103 100 98 160
= 1%
o, 3 5)
— g Tand at 50°C
0 5> | (strain of index 77 87 95 100
w3%)
2 et :
o G' (strain ;. gex 58 70 92 100
of 3%)

[0143]

It was found as shown in Table 9 and Table 10 shown
above that in the modified conjugated diene-based polymer
compositions of Examples 17 to 23 using (Samples A to G)
described above, even in the case where the silica and
the carbon black were blended in nearly equal amounts,
the bound rubber content was large, and the Payne effect

was small, so the dispersibility of the silica was



(ol )

Amount of nodifier-4 added*6 (nmol) - Mdification ratio (%

Mooney viscosity 48 50 Bonded styrene anmount (% 26 26 1, 2-Vinyl bond
anount (% 57 57

excellent; and tand at a high temperature was low, so the
hysteresis loss was small, and the rolling resistance of
the tire was low, thus effecting an excellent low fuel
consumption.

It was also found that the low fuel consumption and
the wet skid resistance exhibited an excellent balance.

Further, the abrasion resistance and the tensile
strength were good also.

(0144]
[Production of a butadiene polymer]

[Example 24: Sample L]

An autoclave of 10 L in internal volume equipped
with a stirrer and a jacket and capable of being
controlled in temperature was used as a reactor; 920 g of
butadiene, 4,830 g of cyclohexane, and 0.017 g of 2,2-
bis(2-oxolanyl})propane as a polar substance, which all
had been cleared of impurities in advance, were charged
in the reactor; and the temperature inside the reactor
was held at 55°C.

The pelyfuncticnal initiator a prepared as described
above was fed to the reactor so that the amcunt fed
became 10.5 mmol in terms of the amount of lithium added.

After the start of the reaction, due to heat
generation caused by the polymerization, the temperature

inside the reactor started to rise, and the final

temperature inside the reactor reached 84°C.

82



Wi ght - aver age nol ecul ar wei ght (My) (thousand) 373 283 Nunber - aver age

nmol ecul ar wei ght (M) (thousand) 359 232 MM Mh 1.04 1.22 Ratio of the

| owest nol ecul ar wei ght peak area (% 100 69 [0153] [Production of rubber
conpositions] [Exanples 29 to 32, and Conparative Exanple 8 - 93 -

Rubber conpositions were obtained according to the follow ng formul ati ons
where (Sanples L to N shown in Table 11 shown above were denoted as the
nodi fi ed di enebased pol yner conponent-(#3 according to the present

i nvention, and a high-cis polybutadi ene and (Sanples Q and R) shown in
Tabl e 13 shown above were denoted as pol yner conponents other than the (A,

as (B). After the completion of the polymerization reaction,

5.25 mmel of 1-[3-(triethoxysilyl)propyl]-4-
methylpiperazine was added to the reactor to carry out
the modification reaction at a temperature condition of
83°C and for 5 min. |

After 2.1 g cf an antioxidant (2,6-di-tert-butyl-p-
cresol: BHT) was added to the pcolymer solution, the
solvent was removed by steam stripping, and the resultant
was subjected to a drying treatment by a drier to obtain
a butadiene polymer having a modified component (Sample
L},

The analysis results of Sample L are shown in Table
11 shown below.
[0145]

[Example 25 (Sample M} and Example 26 (Sample N) ]

The kinds of the polyfunctional anicnic
pelymerization initiators described above, the amounts
thereof added, and the amounts of 2,2-bis (2-
oxolanyl)propane and 1-[3-(triethoxysilyl)propyl]-4-
methylpiperazine added were altered as shown in Table 11
shown below.

Other conditions were the same cnes as in Example 24
to carry out the polymerization reaction to obtain

butadiene polymers having a modified component (Samples M

and N) .




The rubber conponent descri bed bel ow was the total of (A) conmponent and (B)
conponent . The mass ratio of (A) conponent and (B) conponent are
shown in Table 14 and Table 15 shown bel ow. [0154] Rubber conponent (the
total of (A) conponent and (B) conponent): 100.0 parts by mass Silica
(Utrasil VN3, made by Evoni k Degussa GrbH): -75.0 parts by mass Carbon

bl ack (Seast KH(N339), made by Tokai Carbon Co., Ltd.): 5.0 parts by nass
Si | ane coupling agent (Si69, made by Evenik Degussa GrbH): 7.5 parts by
mass S-RAE oil (JOMO Process NC140, made by Japan Energy Corp.): 37.5 parts
by mass Zinc oxide: 2.5 parts by mass Stearic acid: 2.0 parts by mass

Anti oxi dant (N-i - p- | enedignine): 2.0 parts b
00 Sl tur 19 B < By RS VEP cRR FAET RC acercr & o7 o RERYBI hexyl. 2-

benzot hi azykguh£i nanide)s, L={parts by nmass Vul cani zation accel erator

(di phenyl guanidine): 1.5 parts by mass The total: 236.4 parts by nmass

[ 0155] [oThe)kneadi ng step, and the nol ding and vul cani zing step were
carried out as in the production process of the rubber conpositions in

Exanpl es 9 to 16[®=wshCoapar atsxep Exaopl gsd4ekempideser ibedpabope;

After the vul cani zation, physical properties of the rubber conpositions
wer e neasured. Thee neasdrefrethe resdl f seofwiheaphysedal apdopertires are shown
in Table 14 and Tabl e 15 shown bel ow.

conditions were the same ones as in Example 25 to obtain
butadiene polymers having a modified component (Sample ©

and Sample P).

The analysis results of Samples O and P are shown in
Table 12 shown below.

[0147]
[Production of a styrene-butadiene polymer for blend]

[Preduction Example 1 (Sample Q)]

An autoclave of 10 L in internal volume equipped
with a stirrer and a jacket and capable of being
controlled in temperature was used as & reactor; 777 g of
butadiene, 273 g of styrene, 4,800 g of cyclohexane, and
0.48 g of 2,2-bis(2-oxolanyl)propane as a polar substance,
which all had been cleared of impurities in advance, were
charged in the reactor; and the temperature inside the
reactor was held at 42°C.

A cyclchexane sclution containing 5.8 mmol of n-
butyllithium as a polymerization initiator was fed to the
reactor.

After the start of the polymerization, due to heat

generation caused by the polymerization, the temperature




[0156] [Table 14] Exanple 29 Exanple 30 Exanpl e 31 Rubber conponent
(A)(parts by mass) L 30 - - m 30 - X

inside the reactor started to rise, and the final
temperature inside the reactor reached 73°C. After the
completion of the polymerization reaction, 6.38 mmol of
methanol was added to the reactor to terminate the
reaction.

After 2.1 g of an antioxidant (BHT} was added to the
polymer solution, the solvent was removed by steam
stripping, and the resultant was subjected tc a drying
treatment by a drier to obtain an unmodified styrene-
butadiene copolymer {(Sample Q).

The analysis results of Sample Q are shown in Table
13 shown below.

[0148]

[Froducticon Example 2 (Sample R)]

The amount of n-butyllithium was altered to 7.5 mmol,
and the amount of 2,2-bis(Z2-oxclanyl)propane was altered
to 0.62 g.

Other conditions were the same ones as in Production
Example 1 to carry out the polymerization reaction.

After the start of the polymerization, due to heat
generation caused by the polymerization, the temperature
inside the reactor started to rise, and the final
temperature inside the reactor reached 73°C.

After the completion of the polymerization reaction,
5.0 mmel of 1-[3-({triethoxysilyl)propyl]-4-

methylpiperazine was added to the reacter to carry out




20 Rubber conponent (B)(parts by mass) Hi gh-cis pol ybutadiene - _
70 70 80 Conpound Mooney viscosity 75 80 84 Bound rubber content(% 60

the modificaticn reaction at a temperature conditicn of
72°C and for 5 min to obtain a styrene-butadiene
copolymer having a modified component (Sample R).
The analysis results of Sample R are shown in Table

13 shown below.

[0149]

In Table 11 to Takle 13 shown below, *1, 3, 5 and 6
indicate the following compounds.

*1: 2,2-bis{(2-oxclanvyl)propane

*3: 1-[3-(triethoxysilyl)propyl]-4-methylpiperazine

*2: Z2-[3-(trimethoxysilvyl)propyl]-1, 3-

dimethylimidazolidine

*6: [3-(dimethylamino)propyl]trimethoxysilane

[0150]
[Table 11]
Example 24 [ Example 25 | Example 2¢
Sample Noc. L M N
Butadiene {qg) 820 920 920
Styrene (o) - - -
Polyfunctional Initiator
Kind a P “
Amount added {Li amount) (mmcl) 10.5 13.7 20.5
n-Butyllithium (mmol) - - -
zigzgflof pelar substance (@) 0.017 0.023 0.034
Amount of modifier-1 added*3 {mmol ) 5.25 6.93 10.25
Amount of modifier-3 added*5 (mmol ) - - -
Amount of modifier-4 added*é6 {mmol) - -~ -
Modification ratio (%) 87 S0 a3
Mooney viscosity 58 62 65
Bonded styrene amount (%) 0 0 o]
1,2-Vinyl bond amount (%) i8 18 18
g:igii‘?ﬁ;fage molecular {thousand) | 421 428 434
Numder-average molecular (thousand} | 298 288 279
(weight (Mn)




68 70 43 --1 w cTensile strengthindex 100 98 97 - 95 - Abrasion index
resi stance 101 102 106 Tano at O0C ndex (strain of 1% 104 106 105 Tano at
50C ndex

- 90 -
Mw/Mn 1.41 1.49 1.5¢
Ratio of the lowest ' o
melecular weight peak area (%) 18 ! 38 30




(strain of 3% 61 58 55 [0157] [Table 15] Exanple 32 Conparative Exanple
8 Rubber conponent (A)(parts by mass) L M 30 N

- 91 -
[0151]
[Table 12]
Example Example
27 28
Sample No. 8] P
Butadiene {(g) 920 920
Styrene (g) - -
Felyfunctional Initiator
. b b
Kind
Amount added (L1 amount) {mmol) 13.7 13.7
n-Butyllithium (mmol) - -
Amount o¢f polar substance
sdded 1 (qg) 0.023 0.023
Amount of modifier-1 added*3 (mmol) - -
Amocunt of modifier-3 added*5 (rmol) 6.93 -
Amount of modifier-4 added*é6 (mmol) - 6.93
Modification ratio (%) 89 92
Mooney viscosity 64 66
Bonded styrene amount (%) 0 0
1,2-Vinyl bond amount (%) 18" 18
Weight-average molecular
weight (Mw) (thousand) 431 443
Number—-average molecular
weight (Mn) {(thousand) 292 302
Mw /M 1.48 1.47
Ratioc of the_lowast (%) 19 40
molecular weight peak area




Rubber conponent (B)(parts by mass) High-cis pol ybutadi ene

R - _ Conpound Mooney viscosity 65 53 Bound rubber content(% 57 40
Physi cal _
_92_
[0152]
[Table 13]
Production | Production
Example 1 | Example 2
Sample No. Q R
Butadiene (g) T 717
Styrene (g) 273 273

Polyfunctional Initiator
Kind

Amount added (Li amount) (mmol) - -
n-Butyllithium (mmol ) 5.8 7.5
Amount of polar

substance added*1l '9) 0.48 U.62
Amount of modifier-1

added*3 {mmol) - 5.00
Amount of medifier-3 (mmol) _ _
added*5

Amount of modifier-4 (mmol) _ _
added* 6 ©
Medification ratio (%) - 82
Mooney viscosity 48 50
Bonded styrene amount (%) 26 26
1,2-Vinyl bond amount (%) 57 57
We}ght—average molecular (thousand) 373 5873
welght (Mw)

Number-

um er-average molecular (thousand) 359 532
weighit (Mn)
Mw/Mn 1.04 1.22
Ratio of the lowest

molecular welght peak (%} 100 69
area

[0153]

[Production of rubber compositions]

[Examples 29 to 32,

and Comparative Example 8]

30 Q70 70



properties of vul canizate Tensile strengthindex 100 100 Abrasion index
resi stance 105 100 Tano at O0C ndex (strain of19% 103 100 Tan6 at 50C
i ndex (strain of 3% 63 100

_93_.h

Rubber compositicons were obtained according to the
following formulations where (Samples L to N} shown in
Table 11 shown above were denoted as the modified diene-
based polymer component (A) according to the present
invention, and a high-cis polybutadiene and (Samples Q
and R} shown in Table 13 shown above were dencoted as
polymer components other than the (A), as (B).

The rubber component described below was the total
of (A) component and (B) component.

The mass ratio of (A) cemponent and (B) component
are shown in Table 14 and Table 15 shown below.
ro154]

Rubber compcnent (the total of (&) component and (B)
component): 100.0 parts by mass

Silica (Ultrasil VN3, made by Evonik Degussa GmbH): 75.0
parts by mass

Carbon black (Seast KH{N3392), made by Tokai Carbon Co.,
Ltd.): 5.0 parts by mass

Silane coupling agent (5i6%, made by Evonik Degussa
GmbH): 7.5 parts by mass

S-RAE ¢©il (JOMQ Process NC140, made by Japan Energy
Corp.): 37.5 parts by mass

Zinc oxide: 2.5 parts by mass

Stearic acid: 2.0 parts by mass

Antioxidant (N-isopropyl-N'-phenyl-p-phenylenediamine):

2.0 parts by mass



[ 0158] In Table 14 and Table 15, a high-cis pol ybutadi ene used was
UBEPOL BR150, made by UBE I ndustries, Ltd. [0159] As shown in Table 14 and
Tabl e 15 shown above, it was found fromthe |ow tano at 50C (|l ow hysteresis

loss) - 96 - that the nodified conjugated diene-based pol ynmer conpositions
in Exanples 29 to 32 had a low rolling resistance of the tire, and
exhi bited an excellent fuel -efficiency performance. It was found from

the high tano at OC that the nodified cppjugated di ene-based pol yner
conpositions in Exanples 29 to 32 al so exhibited an excellent wet skid

resi stance perfornance From the above, it has been found that the
nodi fied co at ed_diene- based ol ymer conpositions according to the
present Exaﬁ%fgg exﬁr i Pegts § 8ogaﬁélance bet ween the rolling resistance
performanceV fdaﬁgga tnsklde e;g tan ﬁ gerg & and further had a good
abr asi on resistahta®and 't ensi 8 reng h i SfyﬁExanples 33 to 37] and

[ Conparati v | L €0 obt ai ned accordi ng
to the follgmﬁﬁ i ﬁﬁ%g?%éﬁ%aﬁﬁggg Sgngpggk% g&hﬁgﬁgTable 11 shown above
and Sa”D'eSVQlégﬁlEé%ﬂ@ﬂ“ab@efé?é@o%Z éﬁBH@n?@@M%n@@ﬁﬁeﬁe”@t%d astishe

nodi fied di ene pol ymer conponent, as ( A) conponent, according Po t he
present inveptsees and a natural rubber and a high-cis pol ybutadi ene were
denoted as (B) conponent. The rubber conponent described bel ow was
the total ofh¢Ayocenponent 4apdr{B)bgompenent. - 97 - The mass ratio
of (A) component and (B) conponent are shown in Table 16 and Table 17 shown
bel ow. Rubbé®ledhponent (the total of (A) conponent and (B) conponent):
100.0 parts by mass Silica (Utrasil VN3, nmade by Evoni k Degussa GrbH):
35.0 parts by w&&ﬁ(ﬁﬂ@ﬁﬂﬂmﬁeﬁmﬁmsea§ﬂ1KH?Mmﬂﬁlnﬁa@@dbvuﬁ©&%¥ZG@@bon Co.

Ltd.): 15.0 parts by mass Sil ane coupllnﬁ agent. (Si 69, made by Evoni k
Degussa Gb epzW%r%a?ﬁgrwdna% ZSRAE bIF w%ﬁa—aee%omﬁoofn&&@ by

Japan Energ¥u§€e£ %omggsgtggggslgyExamples 9 to 16 and Comparative
Examples 4 to 6 described above.
After the vulcanization, physical properties of the
rubber compositions were measured.
The measurement results of the physical properties

are shown 1in Table 14 and Table 15 shown below.

[0156]
[Table 14]
Example | Example | Example
29 30 31

Rubber L 30 - -
component M - 30 -
(A) (parts

N - - 20
by mass)
Rubber High-cis _ _ _
component polybutadiene
(B) (parts |g _ _ _
by mass) R 70 70 80
Compound Mooney viscosity 75 80 84
Bound rubber content (%) 60 68 70
A @ W 1Tensile strength index | 100 S8 97




Zinc oxide: 3.0 parts by nmass Stearic acid: 2.0 parts by nmass Anti oxi dant
(N-isopropyl -N -phenyl - p- phenyl enedianmine): 1.0 part by mass Sulfur: 1.7
parts by nmass Vul cani zati on accel erator (N-cycl ohexyl-2-

benzot hi azyl sul finam de): 1.5 parts by mass Vul cani zati on accel erat or

(di phenyl guanidine): 1.0 part by mass The total: 183.0 parts by mass [0161]
The kneadi ng step, and the nolding and vul cani zi ng steps were carried out

as in the production process of - 98 -qd he rubber conpositions in Exanples
9 to 16 and Conparative Exanples 4 to 6 described above. After the

vul cani zati on, physical properties of the rubber conpositions were

measur ed. The #gg Tt resurts of the pnysical properfi €s are |[shown
in Table 16 and Tabl g 17. shown bel ow. indexip %this eyallGation, &6

vi scoel ast{city testEr-{ARES) - made—by Rheonptries—S¢i-entifi-eHre——was

™~

used, and G (storagglamdutug)’Cat -20C;0f3.8 VUl gani zed{pgst p| eces was
measured atf a frequenpcycodidGofzland a straip of 0.1%in a tofsion node,

and was used as an inﬂg&ifq{ Qe Towtenperature per flor mance. A
smal | er ingdex val ue icdtes a 3}teri¢¥WW1enﬁ@rature Bér f or pante. [0162]
Train o =
[ Tabl e 16] L Exanple B
[0157]
[Table 15]
Example |Comparative
32 Example 8
Rubber L - -
component M 30 -
(A) (parts
by mass) N - -
Rubber High-cis B 30
component |polybutadiene
(B) (parts|g 70 70
by mass) R _ _
Compound Mooney viscosity 65 53
Bound rubber content (%) 57 40
4y Tensile strength index 100 100
c .
~ ,  |Abrasion index 105 100
9o resistance
e R
w4 § |Tand at 0°C index | 103 100
o oo (strain of 1%)
S .
5 > |Tand at S0%C index 63 100
(strain of 3%)
[0158]

In Table 14 and Table 15, a high-cis polybutadiene
used was UBEPCL BR150, made by UBE Industries, Ltd.
10159}

As shown in Table 14 and Table 15 shown above, it

was feound from the low tand at 50°C (low hysteresis loss)



Exanpl e 34 Exanpl e 35 Rubber conponent (A (parts by mass) M50 _
P _

50 -

50 Rubber conponent (B)

that the modified conjugated diene-based polymer
compositions in Examples 292 to 32 had a low rolling
resistance of the tire, and exhibited an excellent fuel-
efficiency performance.

It was found from the high tand at 0°C that the
moedified conjugated diene-basesd pelymer compositions in
Examples 29 to 32 also exhibited an excellent wet skid
resistance performance.

From the above, i1t has been found that the modified
conjugated diene-based polymer compositions according to
the present Examples exhibited a good balance between the
rolling resistance performance and the wet skid
resistance performance, and further had a good abrasion
resistance and tensile strength.

[0160]

[Examples 33 to 37] and [Comparative Example 9]

Rubber compositions were obtained according to the
follewing formulations where Sample M shown in Table 11
shown szbove and Samples O and P shown in Table 12 shown
above were denoted as the modified diene polymer
component, as (A) component, according to the present
invention, and a natural rubber and a high-cis
polybutadiene were denoted as {B} component.

The rubber component described below was the total

of (A) component and (B) compcnent.



(parts by mass) Natural rubber 50 50 50 Hi g Hi gh-cis pol ybutadi ene _
Conmpound Mooney viscosity 68 66 69 Bound rubber content(% 66 63 62
.00(1)4-)(1)0Z -Tensile -strength

The mass ratio of (A} component and (B) component
are shown in Table 16 and Table 17 shown below.
Rubber component (the total of {(A) ccmponent and (B)
component): 100.0C parts by mass
Silica {Ultrasil VN3, made by Evonik Degussa GmbH): 35.0
parts by mass
Carbon black (Seast KH(N332), made by Tokai Carbon Co.,
Ltd.): 15.0 parts by mass
Silane coupling agent (Sie9, made by Evonik Degussa
GmbH) : 2.8 parts by mass
S-RAE oil (JOMO Process NC140, made by Japan Energy
Cecrp.}: 20.0 parts by mass
Zinc oxide: 3.0 parts by mass
Stearic acid: 2.0 parts by mass
Antioxidant (N-isopropyl-N'-phenyl-p-phenylenediamine;}:
1.0 part by mass
Sulfur: 1.7 parts by mass

Vulcanization accelerator (N-cyclohexyl-2-

benzothiazylsulfinamide): 1.5 parts by mass
Vulcanization accelerator (diphenylguanidine): 1.0 part
by mass

The tctal: 183.0 parts by mass
[0161]
The kneading step, and the molding and vulcanizing

steps were carried out as in the producticon process of




i ndex 101 100F 102 - 99 - Abrasion index resistance 108 105 101 G at
-20C (strain ofindex 0.1% 96 97 99 Tano at 50C i ndex

the rubber compcositions in Examples 9 to 16 and
Comparative Examples 4 to 6 described above.

After the wvulcanization, physical properties of the
rubber compositions were measured.

The measurement results of the physical properties
are shown in Table 16 and Table 17 shown below.

In this evaluation, a viscoelasticity tester (ARES),
made by Rheometrics Scientific Inc., was used, and G'
(storage modulus) at -20°C of a vulcanized test piece was
measured at a fregquency of 10 Hz and a strain of 0.1% in
a torsion mode, and was used as an index for the low-
temperature performance.

A smallier index value Iindicates a better low-

temperature perfcocrmance.

{0162]
[Table 16]
Example | Example | Example

33 34 35
component
(A) o - 50 -
(parts by
mass) P B - 50
Rubber
component Natural rubber 50 50 50
B High-ci
{(parts by ? bClSd, _ _ _
mass) polybutadiene
Compound Mooney viscosity 68 66 69
Bound rubber content (%) 66 €3 62
Rk o ézii;;ih index| 101 100 102




(strain of 3% 65 68 72 - 100 - [0163] [Table 17]

Conpar ati ve Exanpl e 9 Rubber conponent (A)

(parts by mass) M 100 50

Exanpl e 36 Exanple 37

_ 99 —
Abras-on index| 108 105 101
resistance
G' at -20°C
(strain of index 9% 97 99
0.1%2)
Tand at 50°C index| 65 68 72
(strain of 3%)

0



- P

Rubber conponent (B)

(parts by mass) Natura

r ubber 50

Hi gh-ci s pol ybut adi ene - 50 50 Conpound Mboney viscosity 83 65

- 100 -
[0163]
[Table 17]
Example |Example |Comparative
36 37 Example 9
Rubber M 100 50 -
component _ _ B
(&)
(parts by P . _ _
mass)
Rubber Natural
- - 50
component |rubber
(B) High-cis
(parts by ipolybutadiene - 50 50
mass)
Compound Mooney viscosity 83 65 45
Bound rubber content (%) 69 57 3B
o Tensile index| 92 103 100
- strength
J_, x
§ o |prasion index| 93 110 100
8‘§ resistance
o G' at -20°C
. % (strain of index 93 92 100
© O 0.1%)
(O
oz Tand at 50°C
2 (strain of index 51 63 1CC
A o 3%)
(0D164]

In Table 16 and Table 17,

used was UBEPOL BR150,

a high-cis polybutadiene

a natural rubber used was RSS#3,

[01l65]

As shown in Table 16 and Table 17 shown above,

was found from the low tané at 50°C

made by UBE Industries,

Ltd., and

it

(low hysteresis loss)

that the modified conjugated diene-based polymer



45 Bound rubber content(% 69 57 38 Physi cal
Tensil e index strength 92 103 100 Abrasion index resistance 93 110 100

-20C (strain ofindex 0.1%

G at

properties of vul canizate

- 101 -

compcsitions in Examples 33 to 37 had a low rolling
resistance of the tire, and exhibited an excellent fuel-
efficiency performance.

It was confirmed from the low G' at -20°C that the
modified conjugated diene-kased polymer cempositions in
Examples 33 to 37 also exhibited an excellent low-
temperature performance.

From the above, it has been found that the modified
conjugated diene-based polymer compositions in Examples
33 to 37 exhibited a good balance between the rolling
resistance performance and the low-temperature
performance, and further had a good abrasion resistance
and tensile strength.

[0166]

The present application is based on Japanese Patent
EApplication No. 2008-265434, filed on October 14, 2008,
with Japan Patent Office, and Japanese Patent Application
No., 2009-186603, filed on Augqust 11, 2009, with Japan
Patent Office, the contents of which are incorporated

herein by reference.

Industrial Applicability
[0167]

Compositions of the modified conjugated diene-based
polymer according to the present invention in combination

with inorganic fillers have the industrial applicability



93 92 100 Tan6 at 50C (strain ofindex 3% 51 63 100 [0164] I n Tabl e
16 and Table 17, a high-cis pol ybutadi ene used was UBEPOL BR150, nade by
UBE I ndustries, Ltd., and a natural rubber used was RSS#3. [0165] As
shown in Table 16 and Table 17 shown above, it was found fromthe | ow tan6
at 50C (low hysteresis loss) that the nodified conjugated di ene-based
polymer - 101 - conpositions in Exanples 33 to 37 had a lowrolling

resi stance of the tire, and exh|b|ted excellent fuel -efficiency

per f or mance. It was confirned fronlghe low G at -20C that the
nodi fi ed conjugated di ene-based pol yner conpositions in Exanples 33 to 37
al so exhi bited an excel |l ent | owtenperature perfornmance. From t he
above, it his Peenfieldd ehatntheliabdinfedxEpnjagatedmdranésbased pol yner
conpositions in Exanples 33 to 37 exhibited a good bal ance hetween the
rolling res?%?%%%%lb%?foFﬁﬁﬁ%E EhErFEeOPO%EPeﬁgQFﬁtuP@lEérfSPHEWEQI'and

further had a good abraS|o resi stanc nsile strength. [0166]
The present ‘411 chf o s b P ghEESbn 5apahesatPRreRe: Abpr Foati on No.

2008- 265434 I er. 14 08, with Japan Patent O fice, and
St SR TRA T on KB 5b65: -

Japanese Pat t7¢ation -186603, filed on August 11, 2009, with
Japan Patent O fice, the contents of which are incorporated herein by
reference. Industrial Applicability



[0167] Conmpositions of the nodified conjugated di ene-based pol yner
according to the present invention in conbination with inorganic fillers
have the industrial applicability - 102 - in the fields of interior and
exterior trimparts of autonobiles, rubber vibration isolators, belts,
footwear, foans, various types of industrial parts, tire applications and
the like. - 103 - dains Caiml A nodi fi ed conjugated di ene-based
pol ymer having a silyl group substitutegswith one or nore al koxy groups,
and one or nore nitrogen atons on the chain ends of the conjugated

di ene- based pol yner, the nodified conjugated di ene-based pol yner
bei ng obtai ned by pol ynerizing a conjugated di ene conpound, or

copol ynmeri zing a conj ugat ed di ene cofpoti®f with an aromatic vinyl conpound,
by using a polyfunctional anionic polynerization initiator prepared froma
pol yvi nyl aromati c conpound and an organolithium conpound in a range of a
nolar ratio £the Polyvinyl aromati ¢ conpound / the organolithium conpound)
of from0.05 #8170, so as to obtain the conjugated di ene-based pol yner,
and by reacfi | Vi f conj i enez based
polymer with a g%ﬁ%%%ﬁ%L%ngﬁﬁﬂgé%?$%lgg?%%ﬁbéﬁﬁgt?@%#%%iﬁﬁ?ﬁif aor nor e

al koxy groups;,and:ghe 0fipEBE eaBLLr0gen 8haMB, GhabMi2roxy grifigstodified
conj ugat ed di ene-based pol yner according to claim1, wheréin a nodification

rati o detergihnesnby-anmarBUAL adgenbedonpt enateel unpiaf cgak of 104 -
pernmeati on chromat ogr aphy neasurenent using silica particle-packed col um

is 78% by nassjofav®dedi&halvudedhpoipaeti ed conjugated di ene-based pol yner
according to claiml or 2, wherein a nolar ratio of the polyvinyl aromatic
conpound to the tdrgamslifiidnmooippuned | ¢i¢meabaangerol viieonr®i1dt o 0. 45.
Caimi4 The nodi fied conjugated di ene-based pol yner according to any
one of clai#staired3pywhet ginart AengoapoandubateAgdt RBesEPYPOYRBupOr
substituted" with two or nore a[kox%ﬁgroups, and one or nore nitrogen atons
i s represent@eC by ehbzio¥| swifgl EefREfadigpe compound with an
arcmatic vinyl compound,
by using a polyfunctional anionic polymerization
initiator prepared from a polyvinyl aromatic compound and
an organolithium compound in a range of a molar ratio
(the polyvinyl aromatic compound / the organolithium
compound} of from 0.05 to 1.0, so as to cbtain the
cenjugated diene-based polymer, and
by reacting a living polymer end of the conjugated
diene-based polymer with a compound having a silyl group

substituted with two or more alkoxy groups, and one or

mecre nitrogen atoms.

Claim 2
The modified conjugated diene-based polymer
according to claim 1, wherein a modification ratio

determined by an amount adsorbed onte a column of gel



4 13/11.6 (R0)-Si-RRN5 NRRpgm( 1 ) wherein each of Rl and R2

i ndependently represents an al kyl group having 1 to 20 carbon atons, or an
aryl group; R3 represents an al kyl ene group having 1 to 20 carbon atons; R4
and R5, may be identical or different fromeach other, represent a

hydr ocarbon group having 1 to 6 carbon atons, and forma 5 or nore-nenbered
ring structure together with two adjacent N, RE represents a hydrocarbon
group having 1 to 20 carbon atonms, a_ -,105 - hydrocarbon group substituted
wi th a heteroatom having no active hydirogen and having 1 to 20 carbon
atons, or a triorgano-substituted silyl group; and mis an integer of 2 or
3, or, by the following formula (2): 13 VNN5 (RO)-Si-R R\ ,R mI12N
R(3m | 7 R whEredhlipheCHEPNALPIBEABLYf NRESREERENENYSATRAr 6 {lA€3sane as in the
formula (1) described above, and R7 represents a hydrocarbon group having 1
to 20 car boh®atbs® BaRyEAoESr-BBR @FoﬁgﬁmﬁVcﬁaﬁﬁyo e"§tbstituted with a

het er oat om havi ng no active hydrogen and having 1 to 20 carbon atons, or a

triorgano-substituted silyl group. daimb5 A nodi fi ed conjugat ed
diene-basedCPgﬁ%ngr, wherein in gel perneation chromat ography measurenent
usi ng a pol ystyreni c gel -packed col um, t he peak area on the | owest

nol ecul ar wei ghtpsi t SO 04509 ga.Qf.a whole
chr omat ogr am an%k§é q&oégﬁ%(g!?? cﬁ(}t1 %ﬁeéa??%ge)%%%ﬁﬁ%d %13 gn anount
adsorbed onfe-argohymousediknigel perpeatkt®n a molar ratio of the

polyvinyl aromatic compound to the organclithium compound

is in a range of from 0.1 to 0.45.

Claim 4

The modified conjugated diene-based polymer
according to any one of claims 1 to 3, wherein the
compound having the silyl group substituted with two or
more alkoxy groups, and one or more nitrogen atoms is

represented by the following formula (1):

4
R
(R'0)—-Si-R—N. . 'N—R’ (1)
m I2 \Rfl/
R

{3-m)

wherein each of R' and R? independently represents an
alkyl group having 1 to 20 carbon atoms, cr an aryl
group; R® represents an alkylene group having 1 to 20
carben atoms; R!' and RS, may be identical or different
from each other, represent a hydrocarbon group having 1
to 6 carbon atoms, and form a 5 or more-membered ring
structure together with two adjacent N; R° represents a

hydrocarbon group having 1 to 20 carbcen atoms, a



- 106 - chromat ography neasurenent using a silica particle-packed colum is
78% by nmass or nore. Claimbé6 A nethod for producing a nodified

conj ugat ed di enebased pol yner, conprising the steps of: reacting a
pol yvi nyl aromatic conpound with an organolithium conmpound to prepare a

pol yfunctional anionic polynerization initiator in a range of a nolar ratio
of the polyvinyl aromatic conpound to the organolithium conpound of from
0.05 to 1.0; pol ymeri zing a conLugggeg di ene conpound, or

copol ynmeri zi ng a conjugated di ene conpound with an aromatic vinyl conpound
by using the pol yfunctional anionic polynerization initiator, so as to
obtain a conjugated di ene-based pol yner; and reacting a living

pol yner end'dfr?hereenj dgatedsdpeheibhsedvpehyreRehrtRaaCBohpFERE R&VIi ng a
silyl group substituted with two or nore al koxy groups, and one or nore

ni trogen atdnklvel aYdfgIen andTﬂ@VhﬁghédtPo?OpFégEEPnétPﬁéfnﬁaiPied

conj ugat ed di ene- based po ccording to claim6, .wherein_a nolar. ratio
of L he pol YT HyEoBh SRt PR L RpGanE L Vb TRESBY gaRBI It APURTCONpBaRd B¢ | n a
range of from0.1 to 0.45. - 107 - daim38 The met hod for producing
t he nodi fi ed conjugat ed di ene-based pol ynmer according to claim6 or 7,

wher ei n t he, compoupd. havi ng,;an§i kylgiQuposubstituted with two or nore
al koxy groups, and one or nore nitrogen atons is represented by the

following formula (1): 13 ,RINs (R5,,NR R (1) wherein each of R2 and R2
i ndependent |y represents an gekyl group having 1 to 20 carbon atons, or an
aryl group; R3 represents an lal kyl ene group having 1 to 20 carbon atons; R4
and R5, may be idqﬁkﬁggﬁﬁ rgtdiNgPerent fromeach piher, represent a

hydr ocar bon group 'havtn t\N4§ carbon atons, and forma 5 or nore-nenbered
ring structure togethe mmmr1§NW)adjacent N, R6 represents a hydrocarbon
group having 1 to 20 carbon ons, a hydrocarbon group substituted with a
het er oat om havi ng no active h{drogen'ang having 1 to 20 carbon atons, or a
trior gano- sttt B st yin gk beps @ahdimlis fan angt egércofth® ¢eg a6v, by

the following formladf): (1P AU &R Il & represents a

hydrocarbon group having 1 to 20 carbon atoms, a
hydrocarbon group which may be substituted with a
heteroatom having nc active hydrogen and having 1 to 20

carbon atoms, or a tricrgano-substituted silyl group.

Claim 5

A modified conjugated diene-based polymer, wherein
in gel permeation chromatography measurement using a
prolystyrenic gel-packed column,

the peak area on the lowest molecular weight side
acceoeunts for 20 to 50% of an area of a whole
chromatogram; and

a modification ratio determined by an amount

adsorbed onto a column used in gel permeation



Ro")1117 - 108 - wherein the definitions of R to R6 and mare the sane as
inthe fornula (1) described above; and R7 represents a hydrocarbon group
having 1 to 20 carbon atonms, a hydrocarbon group which nay be substituted

wi th a heteroatom having no active hydrogen and having 1 to 20 carbon

atons, or a triorgano-substituted silyl group. Caim9 A nodified

conj ugat ed di ene-based pol yner conposition, conprising 0.5 to 300 parts by
mass of a silica-based inorganic filler wth respect to 100 parts by nass

of a rubber conponent conprising 20 part's by nass or nore of the nodified
conj ugat ed di ene-based pol ynmer according to any one of clainms 1 to 5. Caim
10 The nodi fied conjugated di ene-based pol yner conposition according
to clai m9, CRUPRABPILBRPY| BEAGUOSBEnd TOOnpakt §1By cAapsrofi cdarbeaiekack
with respect to 100 parts by mass of the rubber, conponent conprising 20
parts by neSel @ nofe’Bf PHelAdai PFelCEBN] ugat ed di ene-based pol yner. C ai m
11 The nodi fied conjugated di ene-based pol ynmer conposition according
to claim9 or 10, wherein the - 109 - silica-based inorganic filler has a
ni t rogen aq§P£P$ign specific surface area of 170 n2/g or nore. Claim12

A tire conprising the nodified conjugated di enebased pol yner conposition

according to a”ﬁ&ﬁé%ﬁﬁdﬁ%&%’E&éhﬁé&ﬁé~a mnedified conjugated diene-

based polymer, comprising the steps of:

reacting a polyvinyl aromatic compound with an
organolithium compound to prepare a polyfunctional
anionic polymerization initiator in a range of a molar
ratic cf the polyvinyl aromatic compound to the
crganolithium compound of from 0.05 to 1.0;

polymerizing a conjugated diene compecund, or
copolymerizing a conjugated diene compound with an
aromatic vinyl compound by using the polyfunctional
anionic polymerization initiator, sc as to obtain a
conjugated diene-based polymer; and

reacting a living polymer end of the conjugated
diene-based polymer with a compound having a silyl group
substituted with two or more alkoxy groups, and one or

more nitrogen atoms.

Claim 7

The methed for producing the modified conjugated
diene-based polymer according to claim 6, wherein a molar
ratio of the polyvinyl aromatic compound to the

organolithium compound is in a range of from 0.1 to 0.45.
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Claim 38

The method for producing the medifled conjugated
diene-based polymer according to claim 6 or 7, wherein
the compound having a silyl group substituted with two or
more alkoxy groups, and one or more nitrogen atoms 1is

represented by the fcllowing formula (1):
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wherein each of R' and R independently represents an
alkyl group having 1 to 20 carbon atoms, cor an aryl
group; R’ represents an alkylene group having 1 to 20
carbon atoms; R! and R, may be identical or different
from each other, represent a hydrocarbon group having 1
to 6 carbon atoms, and form a 5 or more-membered ring
structure together with twoc adjacent N; R® represents a
hydrocarbon group having 1 to 20 carbon atoms, a
hydrccarbon group substituted with a hetercatom having nc
active hydrogen and having 1 to 20 carbon atoms, or a
triorgano-substituted silyl group; and m is an integer of
2 or 3,

or, by Che follbwing formula (2):
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wherein the definitions of R' to R® and m are the same as
in the formula (1) described above; and R’ represents a
hydrocarbon group having 1 to 20 carbon atoms, a
hydrocarbon grcoup which may be substituted with a
hetercatom having no active hydrogen and having 1 to 20

carben atoms, or a triorgano-substituted silyl group.

Claim 2

A modified conjugated diene-based polymer
composition, comprising 0.5 to 300 parts by mass of a
silica-based incrganic filler with respect to 100 parts
by mass of a rubber component comprising 20 parts by mass
or more of the modified conjugated diene-based polymer

according to any one of claims 1 to 5.

Claim 10

The modified conjugated diene-based polymer
composition according to claim 2, further comprising 0.5
to 100 parts by mass of carbon black with respect to 100
parts by mass of the rubber. component comprising 20 parts

by mass or more of the modified conjugated diene-based

polymer.

Claim 11
The modified conjugated diene-based polymer

composition according to claim 9 or 10, wherein the
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silica-based inorganic filler has a nitrogen adsorption

specific surface area of 170 m?/g or more.

Claim 12
A tire comprising the modified conjugated diene-
based polymer composition according to any one of claims

9 to 11.



