DESCRI PTI ON  Modi fi ed But adi ene-Based Pol yner
Conposition TECHNI CAL FI ELD [ 0001] The present
invention relates to an oil-extended rubber
conposition conprising a specific nodified
but adi ene- based pol yner. Mre specifically, the
present invention relates to an oil-extended rubber
conposi tion conprisin%?a nodi fi ed but adi ene- based
pol ynmer, which has a ar wei ght and a high
percentage content of a butadi ene-based pol yner
havi ng a nodification conponent effective for a
silica-based filler. The nodified butadi ene-based
Mauis| §irmst BsuigsbisengtBasgd RoakvpeesermPeiieh®hon is
suitably used for applications, mainly tires, for
whi ch a but adi ene-based pol yner rubber has been
conventional ly used, or other industrial products and
TRAHN1GAde. FIBAGKXGROUND ART [0002] In recent years,
along with the gl owi ng concern about environment al
[yl ens, a demand for reducing the anount of a
carbon di oxi de gas di scharged from autonobiles is 1
i ncr edfd Mreddt SV tYidl) St s e Uat eIt exténdsd
also dermanded in terns of the tire performance to
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per ormance, the rolling resistance and the skid
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or mances de- 0 alance t herebet ween is
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comprising a modified butadiene-based polymer, which has a
high molecular weight and a high percentage content of a
butadiene-based polymer having a modification component
effective for a silica-based filler.

The modified butadiene-based polymer composition of
the present invention is suitably used for applications,
mainly tires, for which a butadiene-based polymer rubber

has been conventionally used, or other industrial products

and the like.

BACKGROUND ART
[0002]
In recent years, along with the glowing concern about

environmental problems, a demand for reducing the amount of

a carbon dioxide gas discharged from automobiles is




[ 0003] As regards the technique for inproving the

bal ance between the rolling resistance and the skid
resi stance on a wet road surface, a nmethod by

optim zing the tire structure has been al so studi ed,
but the nmethod nost commonly enployed is to use a | ow
heat - generating material as the rubber conposition
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|ntrodu0|ng a functlonal roup into the end of
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for exanple, in WO01-23467, |s used in general, where

rojol e oSk s anes and. @Eﬁaﬁk%@ierﬁl%B%F?nﬁﬁl 2afPBR of
1, 3-but adi ene and styrene is perfornmed using an

surmﬂ @a1e teonpe tinalperformane§sr osddbbrader9éht balance
and the active end of the polyner and a nodifier

thexadeiivern 2i s honsor tantr e AMeddteedsaneherighy, improvement
i ntroducing a functional group. Various nodified
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appl i cati ons have been proposed using such a

[d@®xdii que. However, inprovenment of the wear
resistance is not satisfactorily achieved. [0005] On

the gifaredivith @Bk atdEHpiqph@stdeeim i@ th8PBAY&nce
vari ous perfornmances by increasing t nol ecul ar
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organlc I'thium catal yst has a problemthat trace
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has been also studied, but the method most coﬁmonly
employed is to use a low heat-generating material as the
rubber composition. Above all, a method of modifying the
end of a conjugated diene-based polymer with a functicnal
g&oup is becoming popular as a most represehtative
technique.

[0004]

As regards the technique for introdﬁcing a functional
group into the end of a conjugated diene-based polymer, a
method described, for example, in WO01-23467, is used in
general, where polymerization of 1,3-butadiene or
copolymerization of 1,3-butadiene and styrene is performed

using an organic lithium catalyst in a hydrocarbon solvent,

and the active end of the polymer and a mcdifier reactable




like, in the raw material nononer react with the
active lithiumend of the polyner to inactivate the
active end. Also, the active lithiumend sonetines
causes a reaction of deconposing by itself to produce
l'ithiumhydride and kill the end. In particular, such
a side reaction beconmes a serious trouble at the
production of a nodified con at ed . di ene-based
thRreth %%%aﬁ%%cFﬁ%raBg%FﬁPk RbhREUGEnghe Iyecitienal
end needs to be reduced for increasing the nolecu| ar
gv@m@ht Vapdeys mpdHd ied Lonbgaiad Hiierg-hagedopetymears
wei ght is nade higher, the residual ratio of active
stitablen fendvarions epnbieatbnnafhpUEyheenznrpﬁnseg using
liable to decrease. Dehydration and purification of
stdle aohocknigne. dwever arimprgpoenent  obuthe hwsarare
not sufficiently effective in the industrial-scale
r¢s bsiteticoni andodnshbes Baotbetl lhaadhiaverienendous cost
is economically necessary at present for obtaining
[sodf)ciently high effects. In order to solve these
i mpurity problens, JP-A-59-176311 (the term "JP-A" as

used Gierehd FERES Rind Pn&%a&tﬁ@ﬂp@UHEBSBSQnJﬁBQEGQB
pat ent application"). has proposed to bring 1, 3-
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nodi fication ratio at the same ti
lithium end of the polymer to 1nact1vate the active end.

Also, the active lithium end sometimes causes a reaction of
decomposing by itself to produce lithium hydride and kill
the end. In particular, such a side reaction becomes. a
serious trouble at the production of a modified conjugated
diene~-based polymer, because the absolute amount of the
active end needs to be reduced for increasing the molecular
weight. Thus, there is a problem that as the molecular
weight is made higher, the residual ratio of active lithium
end at the completion of polymerization is liable to
decrease. Dehydration and purification of the monomer and
solvent are important, but these are not sufficiently

effective in the industrial-scale production and on the



[ 0006] Patent Docunent 1: WO01-23467 Patent Docunent
2: JP-A-59-176311 Patent Docurment 3: JP-A-11-199712
DI SCLOSURE OF THE | NVENTI ON PROBLEMS THAT THE
INVENTION IS TO SOLVE [0007] An object of the present
invention is to provide a rubber using a nodified
but adi ene- based pol yner, where the 4 bal ance between
the rolling resistance and the skid resistance on a
T rRERAs 7 f HERRFRAP WP GORE aﬁdeﬁ'fm?ﬁécaééﬁentapﬁésary at
the wear resistance is enhanced., MEANS FOR SOLVI NG THE
PSRV EMDT [ORbBInIRg osuEEirienFlynhighi oEfecta; esIramorder
the structure of a nodified butadi ene-based po
te ssbie cthéws eimpubl evsprobhempy eéEna-BHvéﬁﬁaﬂé Nahe term
found that the above-descri be object can be attained
"B-Ah @ | ueed dneleelin ubbans sonposexanhinednpnbiisbed
speci fic nodified butadi ene-based polyner. The
Jpasend pavent i oop hbsabben” pchasppbirspedetiasedbrangt hi, 8-
finding. [0009] That is, the present invention is an
bwtdd exiengled a rw@ﬁécsﬁmswmémOHﬁtbsmmglﬁgrredntaed
but adi ene-based pol yrmer, which has a hi gh nol ecul ar

wieh Y @RghRi 81 DDch Peh CEHPBIEn80Bh&NENEH Berform the
but adi ene-based pol yner having a nodification
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ecCiTlCa t he pr esent i nvention provi
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molecular weight. However, an effective countermeasure is
not taken against the problem that the active lithium end
causes a reaction of decomposing by itself to produce
lithium hydride and kill the end. It is still difficult at
present to achieve both a molecular weight increase and a

high modification ratio at the same time.

[0006]
Patent Document 1: W001-23467
Patent Document 2: JP-A-59-176311
Patent Document 3: JP-A-11-199712

DISCLOSURE QF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE
{0007]
An object of the present invention is to provide a

rubber using a modified butadiene-based polymer, where the



100 parts by weight of (A) a polyner having a nunber
aver age nol ecul ar wei ght Wnh of 500,000 to 700,000 and
a content of a functional group-containing polymer
conponent to be adsorbed to silica of 50 wt % or nore,
and from20 to 60 parts by weight of (B) an extender
oil; 5 2. The oil -extended pol yner conposition of 1)
above wherein the nol ecul ar wei ght distribution MM Mh
bahanapdefivesre e yielling resisbangecang the gkid
pol ymer conponents having a nol ecul ar wei ght of
relO05 00t rompr ewe t oread near face hes p@ﬂ?ﬁ@?eaA?onﬁa@‘é ghe
nmononodal distribution; 3. The oil-extended pol yner
sammapoid i orhefwdar B@@ﬂ@tamnerbsnenhenpedyner (A is a
nodi fi ed but adi ene- based pol yner obtai ned. by
MEXNS oroR NSO TWINGETHR aPROBLEMS 1, 3- but adi ene or
copol yneri zati on of 1, 3-butadi ene and anot her
[@®p®] yneri zabl e conj ugated di ene and/ or aromatic vinyl
conmpound by using an organic |ithium conpound as an

i nitizgpd of Fdsdl HYSH ok Do $0 yeldiagdohheRer gehibligre of
an active end of the obtained di ene-based pol yner
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| ynerization reactors, and
on thlS finding.

[00089]

That is, the present invention is an oil-extended
rubber composition comprising a modified butadiene-based
polymer, which has a high molecular weight and a high
percentage content of a butadiene-based polymer having a
modification component effective for a silica-based filler.

More specifically, the present invention provides:

1. An oil-extended polymer composition comprising
100 parts by weight of (A) a polymer having a number
average molecular weight Mn of 500,000 to 700,000 and a
content of a functional group-containing polymer component
to be adsorbed to silica of 50 wt% or more, and from 20 to

60 parts by weight of (B) an extender oil;



6 (4) performng the polynerization at a tenperature

of 50 to 85C, 4. The oil-extended pol yner conposition

of 1) above, wherein the functional group-containing

conmponent in the polymer (A) is a nodified

but adi ene- based pol yner nodified using a | ow

nol ecul ar wei ght organi ¢ conpound having an am no

group. and an epox roup; and 5. A rubber conposi ti

Por i cani he | ohl-Sebsmied HoTYmer oPREREoRABa Of 1)

pol ymer_ conposi tion of 1i above _and, per._10Q parts_by
ahyghtwherehe bhe-BRlerdéarpyeyaBE dééﬁﬁé?ﬂﬁ#@ﬁ,MW/&& by

20 to 100 parts by weight of a silica- based filler
GRAdof r e 1pOlywer0 (Paris Byomelght tof 2a5 andc Reilymed

agent and a vul cani zati on accel erator. EFFECTS OF THE
cOvENTLION h¢o0ng] aThelechlext wadghtr alfbé L Oc 8@Fooirt morre

conprising a specific nodified butadi ene-based
caotyimedoint tkeppetemér i(Ayehawenai moasswdad dfi sgaddbution;

processability at the conpounding by virtue of using

a conppundi Tige f ©1 IRib 2t édled COOL pmer Nngorpsslittanbased)
filler and provides a vul cani zed rubber conposition

ab&¥e | i WBetbEAdLhhpeyRaR ghyeia aVibedfizedbiuth@gene-
excellent in the strength property, fuel- cost saving
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resi stance. Also, the oil*-extended rubbér conposition
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compound by using an organic lithium compound as an
initiator in a hydrocarbon solvent and then reacting an
active end of the obtained diene-based polymer with a
reactable functional group-containing compound, and wherein
the modified butadiene-based polymer is produced by a
production method comprising:

(1) using a monomer with the total amount of
acetylenes and allenes as impurities being less than 200
ppn based on all monomers,

(2) supplying the monomer or the monomer and a
hydrocarbon solvent to a polymerization reactor after
treatment with an organic metal compound,

(3) continuously polymerizing the monomer by using

two or more connected polymerization reactors, and




[0011] [Fig. 1] A schematic view show ng the
performance bal ance (bal ance between | owtenperature
Tans and hi gh- tenperature TanS) of the nodified
but adi ene- based pol yner according to the present
invention. [Fig. 2] A schematic view show ng the
performance bal ance (bal ance between | owtenperature
Tans and wear _resjistance) of the nodified
butadﬁ%he-b@%€€°5%¥9ﬂtheaE%bYEPﬁ@zﬁglpﬁeaﬁrés@ﬁpperature
i nvention. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
of 002 2Fo TBE G esent i nvention is described in detai
bel ow. The polyner (A) for use in the present
i nvendi on iTha obltedtendedapedypekygemposhsion of 1)
but adi ene- based pol ynmer includes a pol yner of
alloBe puvhdrenr dhenéunchéprpafhgronprepnttadmi ngomomeonent in
unit mainly conprises 1, 3-butadiene; and a copol yner
théepel {hercQast i sueninodRfoBEr butiadi eferpaisees polymer
1, 3- but adi ene and anot her copolynerizable conj ugat ed

m&dﬁﬁﬁeéndéﬂﬁgaQOMEhlﬁolb&ﬁﬂa@oﬁﬁﬁ & olyamilce Tonpfourle
ot her copol yneri zabl e conj ugat ed i ene include 8

héé?ﬂ&eﬂﬁ aﬁiﬂb"&k@ﬁb &né Eﬂtéﬂbﬁ qréup; pg%hadlene 3-
3- pent adi ene, hept adi éne and
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conj ugat e era a but adiene pol yner
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ynerizabl e arona onpoun |nclude
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based filler and from 1.0 to 20 parts by weight of a

vulcanizing agent and a vulcanization accelerator.
EFFECTS OF THE INVENTION
{0010]

The oil-extended rubber composition comprising a
specific modified butadiene~based polymer of the present
invention is assured of good brocessability at the
compounding by virtue of using a compounding formulation
containing a silica-based filler and provides a vulcanized
rubber composition for tire tread, which can give a
vulcanized rubber excellent in the strength property, fuel-
cost saving performance, gripping performance and wear
resistance. Also, the oil-extended rubber composition of

the present invention can be suitably used for various



conj ugated di ene and an aromatic vinyl, a

but adi ene-styrene copol yner or a

but adi ene-i soprene-styrene copolyner is preferred.

The conposition distribution of the nonomer

copol yneri zable with butadiene in the copol yner chain

may be uniformin the nol ecul ar chain, may be

non-uniformin the nol ecular chain, be
ayrepebble i BATWt nipARSThbAsndF t@FéﬁEal P{rhe\é‘c Fé‘%gieﬁ‘g or

i ncreasing along the nolecular chain, or the nononer
P?ﬁ@u%ﬁsp?%éehhea%lbeblock As regards the bl ock

structure, for exanple, in the case of a block of a

random copol yner conpri sing butadi ene and styrene,

bl ocks differing in the ratio between butadi ene and
BRIKF cbieSGRYPBEON oDFeTHBIDRANENGSNposi tion di stribution

of the nonomer copol ynerizable with the conjugated
[QdEDE in the copolyner chain used for tires is

preferably uniformin the nolecular chain, and the

styreeigopDd] ynera zeshemat f ef bswvbilYowing the performance

random copol yneri zed. The random copol yner as 9 used
biEEELE 1BANSnEe COBALYER" 160Dt ShBbRdLAr8aLbs AR, gh -

or no conponent having a styrene chain |length of 30 or

c I L

t $%?% 8 t£h8?<%( tﬁ@%ﬁ%erg£§%5§€g£¥58§e ﬁaﬁedmﬁolymer

ag@‘%’ﬁg%‘gftge‘gﬂ%gf‘éé“gnﬁt hgvORLYBR! by the Kol thof " s

ana anount  of polystyrene

unnec ry or cont
conpone |% 10 ;P q#%%%PQVl $H%T % g#ébggrformance
| ess, sed on the anpunt of the oL a
%%$%¢?n@¢ ?ﬁﬁﬁ?eb%Eﬂﬁ?ﬂliawaeﬁpﬁ BHHTRerABE apd wear
deconposi ng po one d osi tion
i Shl #aﬁeﬁlmagfﬁéegsPyFeﬁéeeﬁaﬁﬁsa oBPRYBEFon
GPC, the isolated styrene,  that is, styrene having

a%F%¥§¥%%et®thecﬁﬁ?ﬁe%F 1nVﬁEEbaﬁts for 40 wt % or
nore of all bound styrenes and the | ong-chain

BEST MCDE FOR CARRYING OUT THE INVENTICN
[0012]
The present invention is described in detail below.
The polymer (A) for use in the present invention is a
butadiene-based polymer. The butadiene-based polymer
includes a polymer of 1,3-butadiene alone, where the
constituent monomer unit mainly comprises 1, 3-butadiene;
and a copolymer where the constituent monomer unit
comprises 1, 3-butadiene and another copolymerizable
conjugated diene and/or aromatic vinyl compound. Examples

of the other copolymerizable conjugated diene include



bl ock styrene, that is, styrene having a styrene unit
chain of 8 or nore, accounts for 5 w%or |ess of al
bound styrenes. [0013] In the case where the polyner
(A) is a butadiene- styrene copolynmer or a
but adi ene-i soprene-styrene copol yner, the bound
styrene conponent preferably accounts for 1 to 50
W% Wthin this range, the conposition is preferab
igeRpEeneor 3n6?—¥¢aflhhf&bge3 ~hyhgdieps,t e Scpeatatigdieng 3-
the composition for tires of which high gripping
npehybr knAceensadienei r éd3-haptadpengmandz dd 3sthexadd en
conmponent in the polymer (A) preferably accounts for
TRé bhotsfienhécbiiedi polfmehi sompmdgeinign coerjmgadfeduskdgmes is
for a so-called high- performance tire required to
phaferdbih arbppaddeper polymeeepor a bultheéll enssisegrehne -
excel | ent bal ance between the rolling resistance and
cdPeL gk e, I Bt SHEIES ON thaedti@AdcopsipherisanBle aromatic
excel | ent wear resistance, which is the object of the

v?ngfeé% Fﬁﬁfsﬁt iAB1uAS ALAXLH Qst&%ﬁ‘é] y'- rybflh@%r\y

use e present |nven I on

v%@%‘%%%{%%ﬁ&@ﬂ@ ”95399!%(9%%‘}%' ggﬁnyﬁ Ehtﬁ%@e%%oahﬁ 1 1-

00° a cont ent Acti o gr oup-
P RO IR e R B o
uidrincshs ?&séﬁﬂ%”%n9?nF?8rt' o8 CPbRIThER Fbrasips =
resistgﬁée on_a wet, road %u%face as .wel |

cfengaBRicat8nd BRh. ahoafoRal i RABY L ne italiine Sy ene

is wWthj t%ge range above, if the content of a

CORPETRBRapt oRoRBtednPREnE AgPpSTSrar yrens copolymer” is

preferred. The composition distribution of the monomer
copolymerizable with butadiene in the copolymer chain may
be uniform in the molecular chain, may be non-uniform in
‘the molecular chain, or may be a distribution with the
monomer gradually decreasing or increasing along the
molecular chain, or the monomer may be present as a block.
As regards the block structure, for example, in the case of
a block of a random copclymer comﬁrising butadiene and
styrene, blocks differing in the ratio between butadiene
and styrene may be connected. The composition distribution
of the monomer copolymerizable with the conjugated diene in
the copolymer chain used for tires is preferably uniform in
the molecular chain, and the styrene copclymerized is

preferably random-copolymerized. The random copolymer as



conmponent to be adsorbed to silica is not 50 wt % or
nore, the effects in terns of the above-desecribed
bal ance and wear resistance are insufficient. Al so,
even when the content of a functiona
gr oup- cont ai ni ng pol yner conponent to be adsorbed to
silicais 50 % or nore, if the nolecular meight IS
out of the range above,_ the effects in terns
usgd Re KRR (R9RRE 1l SRRl m%irm%%ret%g%ggaﬁcémaéffeamount of
insufficient. 11 [0015] The content of _a functiona
Oy FURARERY A PbRg n2r St¥eeReneheinoleegbhsefnéd p5 more.
silica must be 50 wt% or nore based on the entire
Spretifical e Ctomteandom pepebymeryisopreferabliore. |f
the content of this nodification conponent is small
capel gideorlsenéd abeofdingi dnah knowp methadt of decomposing
sufficiently brought out. [0016] In the polyner (A
tierpebgmen bjetin ekebthoé fFbsatmethodpantieanblyzingethe
nmol ecul ar wei ght distribution MM WMh by GPC is from

arlont . 5o Bpst yhen®ohynece §08PPNEOE Mevhagod, the content
nol ecul ar wei ght of 100,000 or nore has a nononobda

ofll Sidh bytéSfpoNéhh SyChoawE®| 88Ul 8ss)epgBFerably 5 wt% or
di stribution, good processability and good di spersion

%1 ,e%éé&r ﬁttﬁ Camb0R0bPOLRE pYPPRELG SreESHBEGl%Gr

ects of e present Invention, partlcular Yy,
e 68 D00 g4 ool s seeatag e
B Aty PR R oG JHRTR s che
hﬁ%é%%n%aa SRS O g e
that is, styrene having a styrene unlt chain of 1, accounts
for 40 wt% or more of all bound styrenes and the long-chain
block styrene, that is, styrene having a styrene unit chain
of 8 or more, accounts for 5 wt% or less of all bound
styrenes.
[0013]

In the case where the polymer (A) is a butadiene-
styrene copolymer or a butadiene-isoprene-styrene copolymer,
the bound styrene component preferably accounts for 1 to 50
wt%. Within this range, the composition is preferably used
for normal rubber usage. Iﬁ the case of using the
composition for tires of which high gripping performance is

required, the copolymerized styrene component in the

polymer (A) preferably accounts for 25 to 50 wt%. Within

10



| ow nol ecul ar or high nol ecular side with respect to
the peak. MV MWh is nore preferably 1.8 or nore in
view of processability and wear resistance and,
simlarly, nore preferably 2.3 or less in-view of
rolling resistance. 12 [0017] The nunber average
nnlecular meight Mh, the weight average nolecul ar
ght Mwv apd the nol ecul ar weight distribution are
t%h%l yé%aebylﬁotermﬁeongag@ fBF eBuPar Caddegh gl -
measured by cal cul ation according to_a normal nethod
resfogmancal Fbrat reguitedetpabadeohighe drdPPdidaper formance,
wei ght of standard polystyrene. In the present
aj nyleer oassunedonfagsoeplent balebrer baswesbedhgeroild ing
used as the filler for the neasurenent of nolecul ar
reeighanaadandotbeubhidweeghttdhser pbuti wetofroeke surface
polymer (A). [0018] The weight fraction of the
afidnetcobhényrwepr £esiatanog, pehyohr isorhenebtieict b€ the
adsorbed to silica is neasured by a nmethod using GPC
piésént henteht €6npeiBgpaovidbica- based gel, where by
~utilizing the property of the nodified
ot adi ene-based pol ynmer adsorbing to silica, a sanple
sol ution containing a sanple and a | ow nol ecul ar
“B'9hfhggﬁafﬁﬂéfn?APSfEPeuéQtf n@hesbﬁggah@ ifvention is a
subj ecte GPC on the non a sorptive
y ase a 0 I S
p@?%%?%oﬁg?ﬁggdﬁfﬂgﬁ@%geggggﬁggnﬂ?%EEElﬁkoh%? ?a%g o

5981 8b9°0s 166, B8OLRH! aN-AIPUAL bR LNGursily .

eternf n € present |nven on i"s-a
C%§£Q§$%ﬁ$ gglgms%lgﬂ@po?gﬁgsktl $91B%Y L n%o ng%gt%f
50 wt% or more. Within this range, the effects of the
present invention, particularly, excellent balance between
the rolling resistance and the skid resistance on a wet
road surface as well as good wear resistance, are obtained.
Even when the molecular weight is within the range above,
if the content of a functional group-containing polymer
component to be adsorbed to silica is not 50 wt% or more,
the effects in terms of the above-described balance and
wear resistance are insufficient. Also, evén when the
content of a functional group-containing peolymer component
to be adsorbed to silica is 50 wt% or more, if the
molecular weight is out of the range above, the effects in
terms of the above-described balance and wear resistance

are insufficient.
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13 and from20 to 60 parts by weight of an extender
oil (B). The extender oil includes an aromatic oil, a
napht hene oil and a paraffin oil. Furthernore, for
exanpl e, TDAE, MES and SRAE descri bed in Kautschuk
Gumm Kunststoffe, 52(12), 799 (1999) are preferably
used, which are an oil having a PCA content of 3 W%
‘q;béess as neasured by the 1 P346 nethod. An oi
(9047 g a PCA content of 3 wt% or |ess, such as TDAE
and SRAE, is nore preferred, Wien TDAE or SRAE.i s
used, The \GARESRY r%b%%?c%k%%@1e%?OPH“Fﬂ%té%PéﬁgtHOlYmer
property, fuel-cost saving performance, grip
- CHRERIRRINRNER hedadearbedstat ahtécasmystabped? Wﬁg or more
extender oil may be used in an arbitrary anount
bagedion t tiee remgbrefpol beext diitercanitenB)iparngferaply 60
20 to 60 parts by weight per 100 parts by wei ght of
witheopaogmner (4 tHatcdrterbo®ythis scodi ficaf iomecomponent
oi | -extended conposition is preferably from30 to
idOénabecatise ¢hteptodvft the fudcpionaisygpgupr arecasy.
The upper |imt of the Muoney viscosity varies

sEiepeatbmgl Pbideglneadt g method or the conposition of
ot her conpoundi ng ingredients. Al so, the processing is

[decs]itated by preheating. In this way, the upper
limt varies depending on various conditions and

cannof, hee é&ﬂﬁ&éf MARt £bY SPECLAI @Hebﬁ£e§s&eslh9eﬂelon,

about 130. I nprovi ng the dispersion of a fil

Péféi‘aeoié?e?@%%‘gmg%ecﬁﬂ?ewel&ﬁ? {Y?QE?%MHB SML%F{ES}?%; GPC

nor e pr nor e nore pre era
l%é%%”%@.éﬂnﬁﬁn 475, S50 STHS "o et RRpREERECEVIpo 8
nlacflth Wi iod) SF ooty 00, & ipSterhn Reroiotopa:
dlg%ribution. With such a molecular weight distribution,
good processability and good dispersion of a filler at the
kneading of rubber are ensured and the effects of the
present invention, particularly, excellent balance between
the rolling resistance and the skid resistance on a wet
road surface as well as good wear resistance, are obtained.
The "monomodal" distribution means a distribution in the
form of having one peak and includes those where the peak
is sharpened or trapezoidal or a shoulder is present on the
low molecular or high.molecular side with respect to the
peak. Mw/Mn is more preferably 1.8 or more in view of

processability and wear resistance and, similarly, more

preferably 2.3 or less in view of rolling resistance.
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wei ght of the polynmer (A), the Money viscosity is 50
or nore; simlarly, when the extender oil (B) is 50
parts by weight, the Muoney viscosity is 60 or nore;
and simlarly, when the extender oil (B) is 37.5
parts by weight, the Moony viscosity is 75 or nore.
I ncidentally, the Mooney viscosity is a value
obt ai ned by neasuring the oil 4 mnutes after
[%?%ﬂbating at 100C for 1 mnute using an L rotor.
[00201 The polynmer (A) for_use_in the present _
invenTh%nnm@bearéveraaﬁymalﬁﬁuiﬁreueaggadmametbﬁs@Glght
pol ynmer obtained by perform ng polynerization of
aveBadetnoieavlar weopohyndwi andathenmefl etud apywadicdie
and anot her copol yneri zabl e conjugated di ene and/ or
dasonibutionngkecanpodynddbhpyuSPAg abheoayenagel moheamlar
conmpound as an initiator in a hydrocarbon solvent and
wéihghtr facheaguasdabyi valendatfiohhacebtraiingd to a normal
di ene-based polyner with a reactabl e functional group-
néthdai ik DYgcanpalhBravheneciuri-eebagedf bdd the molecular
but adi ene- based polymer is produced by a production

wEB§ROUo £08PANERPE: pbl)sGhBHed MPROPRE PréBSehBeihobation,
amount of acetylenes and allenes as inpurities being

a'Séﬁ-é&@&r%ﬁ@vepBH&?@%?QeﬂE-B&EeH"&%ﬁEE ; g%%d(%)s the

suppl y1 ng e nohoner Or the nononer a

omer. .
f?Y9é9CféP°Eh§gh¥§§%réﬂeﬁgp%g{gﬁﬁ%g%%g&ﬂg%??@}o%ﬁater

reat ment w an-organ

nEBEes LR by aBe TR LS bEr o P RR APty iy ™
[ggiéggrlng the polynerization at a tenperature of 50

The weight fraction of the functional group-
containing polymer component to be adsorbed to silica is
measured by a method using GPC with the filler being a
silica-based gel, where by utilizing the property of the
modified butadiene-based polymer adsorbing to silica, a
sample solution containing a sample and a low molecular
weight polystyrene as the internal standard is subjected to
GPC on the non-adsorptive polystyrene-based gel and GPC on
the silica-based gel and from the difference between the
chromatograms obtained, the adsorption amount to the
silica-based gel is determined.
[0019]

The present invention is an oil-extended polymer

composition comprising 100 parts by weight of a polymer (A)
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According to this production nethod, the polyner (A
for use in the present invention can be easily
produced. [0021] Furthernore, in the polynerization,
the average residence tinme in one polynerization
vessel is preferably from 15 mnutes to 1 hour and 30
mnutes, nore preferably from20 mnutes to 1 hour,
and_the reactable fupctjonal r oup- cont ai ni | ow
201 LD af OwEp oA BBHPSURY FE1d FePér 8Bl gasaeitmant (5)-
reacted at the_time_where the polynerization
Theneekendarraiioinslegsm ab PSOEQQ}CoPllMAPhPﬁPchene oil
m nutes after the conversion ratio reaches 100% In
apdhiz pasaffinpol)rerFeethegnereunier exanpye, nBPABy| MES
wei ght Mh of 500,000 to 700,000 and a content of a
afdnSRABnAEsgrbboedcont Kantaghpsl gnwmicEupstetiofife b2 (12),
adsorbed to silica of 50 wt% or nore, where the
799| ecada)y anei phefesabighasedpdwhliiehaawrentanooidodiafviied; a
conponents is larger, is obtained. If the residence
PCA nEohtehbeof pBl woerbzalees uesmehsutednbgcehRAITH3M6
long or a long time 16 is passed in the state w thout

nEtREAONEn 31 Pskinvg £meeRf cohbenPob¥MBrwts grNeessfdsuch
or deactivated due to a side reaction. and the

ageﬁhiﬁdaﬁagﬁRﬂEd'ibCﬁEkenFEQEEQrQanoﬁhéﬁ TOREAHPESRAE is
[ 0022] The hydrocarbon solfvent used at the

uQ@é}’ NEr g 2tLRD, 08 rﬁﬁﬁeE‘O% Eﬁ); hQr tyge s:§‘}eh'a%h

resent |bnvent 1on 1S er a y a saturate
AR LB oA g2
e LEP G 051 SRS BB RGRAE oREBpBa. VEhEC8kbRcer

0il may be used in an arbitrary amount within the range of

the extender oil (B) being from 20 to 60 parts by weight
per 100 -parts by weight of the polymer (A), but the Mooney
viscosity of the oil-extended composition is preferably
from 30 to 100, because the production and processing are
easy. The upper limit of the Mooney viscosity varies
depending on the kneading method or the composition of
other compounding ingredients. Also, the processing is
facilitated by preheating. In this way, the upper limit
varies depending on various conditions and cannot be
indiscriminately specified but seems to be about 130. For
improving the dispersion of a filler at the kneading of
rubber, the Mooney viscosity is more preferably 50 or more,

still more preferably 75 or more. Although depending on

14



cycl opent ane and net hyl cycl ohexane, an aromatic

hydr ocarbon such as benzene, toluene and xylene, or a
hydr ocarbon conprising a m xture thereof is used.
[0023] As regards the initiator at the polynerization
of the polyner (A) for use in the present invention,

an organic |ithium conpound is used. The organic
I|th|un1congound i pcl udes al | ani c |ithi ,
the BayFHEPES hbigHernd. VAFpgﬁltw.Pﬁapﬂﬂg in the case

ablllty and exanpl es thereof include an_organic
ot.qrmwc@ﬁ%%al ¥vipeda LbwiforPEefiparedethnt, whgn the
organi c lithium conpound of solubilized oligoner, an
extepder ¢1ihiBn t9npouparhavbrgweiahkepert A OnPAKEsi BY
one nolecule or a plurality of lithiums within one
wabDflkt ub £, thando hymer g4h) ¢ thehMooneynposndshiyi ig, S0nor
terms of the 17 bondi ng manner of organic group and
mbté hi sivmi bachypowhehi theuaxbenderaoiilt (Byetsl SOhpamts by
bond or a tin-lithiumbond. [0024] Specific exanples

wéhetiepf thaMoeged WDBEOEYRYNI &5 BDL brufbgerpaudd similarly,
as n-butyl lithium sec-butyl lithium tert-butyl

whéd N e e fA¥E bilhiam ibenzyk ba&hsus?( paegnk, the
l'ithiumand stil bene I|th|un1 a pol yfunctional organic

M&éﬁ%'#ﬂ%@ gPeynguty§ ? ré d'i¢§fa@@@afr§, £R&CkbOAey

product of sec |umW|t

vf%éé pfgy% ?fﬁ?eobgé%ﬁFé &hhégghggﬁﬁz%ﬂg’oil 4

reac produ um wt

3- but adj ene a vi nyl roduct of
m+P%%ﬁ§|af#?ﬁ.ﬂﬁ?ﬂ??hlﬁ%?9§ LBGPE o8 ohtiate cfiasag an L
compound having a nitrogen-1lithium bond, such as
r F thyl am no- |ithium dihexylaninolithium

[ 1 sopropyl am nolithium and
[ﬁéééhethyleneln1noI|th|un1 Anong t hese, n-butyl

[ithium
The polymer (A) for use in the present invention is

preferably a modified butadiene-based polymer obtained by
performing polymerization of 1,3-butadiene or copolymeriz-
ation of 1, 3-butadiene and another copolymerizable
conjugated diene and/or aromatic vinyl compound by using an
organic lithium compound as an initiator in a hydrocérbon
solvent and then reacting an active end of the obtained
diene-based polymer with a reactable functional group-
containing compound, wherein the modified butadiene-based
polymer is produced by a production method comprising:

(1) using a monomer with the total amount of
acetylenes and allenes as impurities being less than 200

ppm based on all monomers,
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and se-butyl lithiumare preferred. One of these
organic |ithium conpounds may be used, or two or nore
thereof nay be used as a mixture. [0025] In the

pol yneri zation reaction, a small anmount of a polar
conmpound may be added as the vinylating agent of the
but adi ene- based nononer for the purpose of randon1y

out e a5k Byl B2 e Ghe £ 2 (Ehe, mbBabEE ardsa

re include _ethers such 23 t et rahydr of ur an, dleth¥l
h Herar ?%x%‘i’l%"e&% EPhI BR Y’QﬁyééﬁtgPﬁeFﬁﬁFtQFhéFte
géﬁene %col di butyl ether, diethylene glyco
ot wi }érand@éﬁﬁ?%@n@eﬁﬁ§'c6PmP9PBGtyI et her,
dlnethoxybenzene and 2, 2-bi s(2-oxol anyl)- propane; a
terti B3y arfort bomesi mbmasl:bwa‘ébehwnomer by using
et hyl enedi am ne, di pi peri di noet hane, trinethylam ne,
two i er hyduei cennegtédi pelymdrjnahiichi denetoun, abkd i
metal al koxi de conpound such as potassium
tert - 6yl atpemfurmijrod aklse upol pneérbobyiaheataadtaemperature
phosphi ne conpound such as triphenyl phosphi ne. [0026]

ofOne of o t €KE. pol ar conpounds nmay be used al one, or
two or nore thereof may be used in conbination. The

anbUicc®fdihe B9 i oppesndt Us80mbEhe8) eehedpolymer (A)
according to the purpose and the degree of extent.

f&ﬁuﬁééylntbﬁeP?f@éen@oﬂHQHﬂglbﬁ Hﬁﬁdbéne§§1§gogﬁbdﬁﬁed
0.01 to 100 per of the initiator 027

[65%?- conpound can be used in an appropriate anount
according to the desired vinyl bond anmount, as the

Furthermore, in the polymerization, the average
residence time in one polymerization vessel is preferably
from 15 minutes to 1 hour and 30 minutés, more preferably
from 20 minutes to 1 hour, and the reactable functional
group-containing low molecular weight compound is
preferably added and reacted at the time where the
polymerization conversion ratio is from 90 to 99%, or
within 5 minutes after the conversion ratio reaches.loo%.
In this case, a polymer having a number average molecular
weight Mn of 500,000 to 700,000 and a content of a
functioﬁal group-containing polymer component to be
adsorbed to silica of 50 wt% or more, where the molecular
weight is higher and the amount of modified components is
larger, is obtained. If the residence time in the

polymerization vessel is unnecessarily long or a long time
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m crostructure controlling agent for the polyner diene
noi ety. Many of vinylating agents al so have a

random zing effect effective in the copolymerization
of conjugated dienes and an aromatic vinyl conpound
and can be used for " adjusting the styrene
distribution or as the styrene block anount-adjusting

. 9. 0 ] or za n e,
1§35 hRaRR sopfa ELtAGn50e hERNRERLIthR T v ena of
cont i huousl interm,ttentl addi n art of
the PR lvaer ol fiﬁm?ﬁézﬁ?d%yd81¥‘0f5hé’atEEing%mEPl 22588
I f desired, butadiene, styrene qr m xt ure thereof
r%%9tb%naﬂ6@tF%ﬁa@??lﬁaéeﬁlghowoékgﬁﬁﬁélonfFéﬁ%?héapaﬁt be
part of the first reactor or fromthe bottom part of
obkainedond or subsequent reactor. Also in this case,
t he nononer supplied to each part nmay be treated with
(@928} gani ¢ nmetal conpound. [0029] By virtue of using a
pol ar conpound, especially ethers or a tertiary am ne
conpdlive, hydheocanpomyasetiventnesednat bthet polympoligation of
can be vinylated. Particularly, in the rubber for
the rpslymée YAhyEoeounseninothéhprbeeadi éneentiioh iis
suitably from20 to 80 nol% In the so-called

phé Pbrael § os meaterated hedubeadbba Bavanhaghmgtiippi ng
performance, the vinyl content is suitably from35 to

hf@rod@ton W Al Nahihh$ipRAGEC By&ﬁb@ﬁﬁ:h@ﬁsﬁh%ﬂ @k butane,
excel | ent bal ance between the rolling resistance and

PLUESTH, et ERes  ppieats aictepapiel ity |
hPEPSENELARVERLLOs c{:&18paK SRS, cyclohexane, methyl-
cyclopentane and methylcyclohexane, an aromatic hydrocarbon
such as benzene, toluene and xylene, or a hydrocarbon
comprising a mixture thereof is used.

[0023]

As regards the initiator at the polymerization of the
polymer (A) for use in the present invention, an organic
lithium compound is used. The organic lithium compound
includes all organic lithium compounds having a polymeriz-
ation initiating ability, and examples thefeof include an
organic lithium compound having a low molecular weight, an
organic lithium compound of solubilized oligomer, an
organic lithium compound having single lithium within one

molecule or a plurality of lithiums within one molecule,

and an organic lithium compound having, in terms of the
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20 [0030] As for the inpurities in all nononers used

for the production of the polynmer (A) of the present

invention, the total weight of acetylenes and all enes

is less than 200 ppm If a nononer containing 200 ppm

or nore of inpurities is treated with an organic

netal conpound t he net al conpound of acetyl enes and
enes a_reaction further

c
b%% 507 Unpef ok SofedSRE aP8eP! AR b shetiiy 18] ggrpon-
nerlza ion sy ten1an this i ref rre
bRtnca L EroGPRT L btRtEn BaRdr Bl & F60-ahopm bond,
Iess nore preferably 80 ppmor |ess. [0031) The
[@9%%ht of inpurities contained in the conjugated
di ene- based nononer is preferably such that
1, 2- bipesi Bl examp beophlaceeet atngivdfed BPBOPEFINLRan
200 ppm and 50 ppm or |ess, respectively, and the
1 &icet ymh epBpo N8 0sPEn 38 nelglstylnvbuéhpmﬁ esgptputyl lithium,
1,2-butadiene is |l ess than 100 ppm propadiene is 30
tqammhmntjrbski'ahﬂumhenahexyl ebhethismpObppaylodiltbhdam, phenyl
still nore preferably 1,2-butadiene is |less than 50

1Pl wipr apdds ehEbese 20i phiumf depslgfdnthéoaedt pregaadc
is 30 ppmor less. [0032] The anmount of

1 Phienyh acshybene sashahsed, 1adihethaobikbhe, Viradktion
nmononer is preferably 80 ppmor less, nore preferably

pPEIREM OFf é@ésbu€§l[QQ@ﬁluﬁ?ﬁﬂEheélQEobB%p@hgiﬁbﬁzene,
nmet al conpound used for the treatnent of the nononer
108, 8 LA TBP i Obeh PERAPNPEEREL 89 product of n-butyl lithium
with 1,3-butadiene and divinylbenzene, feaction product of
n-butyl lithium with polyacetylene compound; and a compound
having a nitrogen~lithium bond, such as dimethylamino-
lithium, dihexylaminolithium, diisopropylaminolithium and
hexamethyleneiminolithium. Among these, n-butyl lithium
and se-butyl lithium are preferred. One of these organic
lithium compounds may be used, or two or more thereof may
be used as a mixture,.
[0025]

In the polymerization reaction, a small amount of a
polar compound may be added as the vinylating agent of the
butadiene-based monomer for the purpose of randomly
copolymerizing a styrene-based monomer with the butadiene

system. Examples of the polar compound ﬁsed here include

ethers such as tetrahydrofuran, diethyl ether, dioxane,
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hydr ocar bon sol vent include an organic |ithium
- conpound, an organi ¢ sodi um conpound and an organic
magnesi um conpound, and specific exanpl es thereof
include n-butyl lithium sec- butyl |ithium
tert-butyl lithium n-hexyl lithium benzyl |ithium
phenyl lithium stilbene |lithium sodium naphthal ene
nd. di but yl gnesium _Also, in der to _efficientl
ey eRe Sheco LadiReihkt | nERwpur pERElens gagpl dibutyl
conmpound such as efhers, .am nes hosphi nes . an
SiT dRseThELeBe Gbuaot raLBRbRWh FERC NS REPYLERR GLycol
netal conpound_ may be thereby activated, [0034] As
dilbptyheethent  direErprybenzape haadol sredpddspyolanyl) -
bringing an organi c metal conpound in an anount
prepargpondieyt i ary haminguednpeyndnsuchi aEn§etsamethyl-
with the nononer or with the nononmer and a
ethyylared bamise)} véipipenitdi heethéner tnimetbyilapinke
nonomer or the nononmer and a hydrocarbon solvent into
tthethigbhahine j Spprifene edndTheintylliidtaeboansalkaidt metal
used for the polynerization is recovered in the
allkdw 5dé ngompePnafl §8ch pat ypetagsiintet beanyputief ad
and reused. In this case, acetylenes and allenes as

pdtes s KT téF€Shiflyi H€e FOBAACE BhEsPhXfE bBmbBend such as
hydr ocar bon sol vent and these I npurities cannot be 22

tf{gﬂ@ﬁ?ﬁ%ﬂbgﬁﬂpﬂ@ﬁ even after purification. Therefore,
the allenes and

acetyl enes in the hydrocarbon sol vent
{@@fg]to be also treated with an organic neta
conmpound. . [0035] The m xing contact treatnment is

71 °t R O R8P e e PR usHl A RoREE or

t&gmb£%£g£éo€hgéeéggmg§ggglﬁsed in combination. The amount

of the polar‘compound used is selected according to the
purpose and the degree of extent. Usually, the polar
compound is used in an amount of 0.01 to 100 mol per mol of
the initiator.

[0027]

The polar compound can be used in an appropriate
amount according to the desired vinyl bond amount, as the
microstructure controlling agent for the polymer diene
moiety. Many of vinylating agents also have a randomizing
effect effectivg in the copolymerization of conjugated
dienes and an aromatic vinyl compound and can be used for
adjusting the styrene distribution or as the styrene block

amount-adjusting agent.
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metal conpound with inpurities insufficiently proceeds

and in turn the inpurities are not satisfactorily

i nactivated, whereas if the m xing contact

tenperature exceeds 50C, the polynerization starts

before the nononmer and the like enters the

pol yneri zati on vessel to readily produce a gel in the

m xing portion and this is not preferred. The m xing
[Qdhct tinme is preferably as short as less than 5

m nutes. The nononer should be controlled not to )

excecthamethed tfon Fapdembiatbon paeyrheentdr dggcrabed in

polymerization vessel. One of these nmethods is used
JRtAMEI vk 4 @dhk, 02 mekhodeefiogenkiruoyedyi Arcénbraritsantly

wher eby the deactivation of the active end can be
adriiond |y paducedl ir3nbotadieneginnthehnidiwdwapfothehe

pol ymeri zation due to inpurities contained in the
commbyresr hnalt { dve. Nl fdecwitrend) rmatddieneanstpeene or a

industrially performed with good efficiency. 23 [0036]
nidttuhe thetdgf craydeeé adédtenalliyhedded| nfokrsexample,

preferably performed in pipeline or, if desired, using

fodn ©hé ft&8 Partnoki AReNEXLst [ORS¥brTHE from the bottom
pol yneri zation reaction is continuously perfornmed in

pd MO OFf {RE CsELHRRCLLUSHBRELRESt ALabbbe . liABso DR this

residence tinme distribution is appropriately limted

c2ad  {he ﬁﬁﬁ%ﬁ@rléﬁﬁ%gg%ﬁgg%iéa@ﬁe¥$9Eeﬂa§r B ¢243cRBY with

a reaction deco y Itseff to pfoduce

aéLé$%%$%%¥?é£%$gﬁ8%%%$%¢£a:rgnen?ét?g Egﬁtbg obt ai ned

EQQ %Pe nodi fication reaction perforned in the |ater
% . Al'so, the nol ecular weight distribution can be

controlled to a preferred range and can .
By vf&tue OP usfng a pofgr compound, especially

ethers or a tertiary amine compound, the conjugated diene
unit of the copolymer can be vinylated. Particularly, in
the rubber for tires, the vinyl content of the butadiene
unit is suitably from 20 to 80 mol%. In the so-called
high-performance tire required to have high gripping
performance, the vinyl content is suitably from 35 to 60
mol%. Within this range, a rubber assured of excellent
balance between the rolling resistance and the skid
resistance on a wet road surface and excellent wear
resistance, which is the object of the present invention,

is provided.
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be a nononodal distribution. The nunber of reactors
connected is preferably 2 or 3. |If the nunber of-
reactors connected is unnecessarily large, this is
not only preferred in view of profitability but also
may gi ve a pol ynodal nol ecul ar wei ght distribution.
It is not recomendable to use 5 or nore reactors.
$ eactor is preferably a bath-type reactor with a
[Q2+Q er, which is wusually used. [0038] In any
reactor, the polynerization is perforned at a
tenpetatiR% B1e SRR EEkes | in(atl JBPYPRETS HFEA Sgr the
tenperature is |less than 50C, the pol ynmerization
predieetion of ctkedeoLymery (Bhdofhehei BFgseatpagvention, the
whereas if the polynerization tenperature exceeds
t@ss webthie ofaacebyilenakeandtalhanes i8 4Bs& fhan 200 ppm.
sufficiently high nodification ratio by the
I froali ionahe o ncorbelniong p20 0 oppedor nmaréav r imptiscptées is
obtain a copol ynmer having a sufficiently high
t e feedl | at thvednghdr gdihbe ploé akr campoondy eahei meted compound
performed in a concentration range such that the
of I At POEYEBran@OATESHES] | WRLER f508) Pehot3OnWpYndaad,
the polynerization tenperature is controlled by the

fﬁﬁ%ﬁ%fQﬂ@ﬁé@iﬁé@egfthénﬂéﬂﬁﬁeoénéobfeﬂhe ?BQyﬂBEOHﬁfthe
concentration or the cooling or heating from outside

péi?héf?i%ﬁ&oﬁysﬁékéﬂgahat9h1§°§§'HSEakaBeEBQH thfhe total

meri zati on IS a heat-generating Teaction. The

aﬁ%ﬂﬁ%ﬁ%fzf$%§f eQrféoﬁggkéﬁgﬁi%oggg] h 82 168585ore

nor e prefer rom ubsequent ‘to

§%§% %fe a%%hgg¥gg§%%Loahe?e godiflcatlon reaction
[0031]

The amount of impurities contained in the conjugated
diene-based monomer is preferably such that 1,2-butadiene
and propadiene as allenes are less than 200 ppm and 50 ppm
or less, respectively, and the acetylenes is 80 ppm or less,
more preferably 1,2-butadiene is less than 100 ppm,
propadiene is 30 ppm or less and the acetylenes is 60 ppm
or less, still more preferably 1,2-butadiene is less than
50 ppm, propadiene is 20 ppm or less and the acetylenes is
30 ppm ox less.

[0032]
The amount of phenylacetylene contained in the

aromatic vinyl monomer is preferably 80 ppm or less, more

preferably 50 ppm or less.
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nodifier is added to a solution of a polynmer having an

active lithiumend and thoroughly m xed. The reactor

may be a bath-type reactor with a stirrer, which is

the sane as that used for the polynerization, may be

a bath-type reactor with a stirrer, which is snmaller

than the polynerization vessel, or nmay be a static

nixer. It is necessary that the mxing is thoroughly
[$@3Fbrmed, and the 25 necessary volunme i s deternined

by the stirring efficiency. The volunme of a bath-type

reactBxamples aoft theeproganigngecalt gempgrpd) vged for the

condition, preferably from1/20 to 1/5 that of the
tpehyment zafi theveesemerAoth breayhenix odg thentioniomer and

and a short residence tinme are nore preferred in view
hydropavbohabolveptandcpndeeani ngganiicdé ithdcm aompdumd, an

residence tinme is preferably from1 mnute to 1 hour,
ofiric psefembtymboaiilahd 4h BrAdhe® mdBResium compound,

nodi fication reaction is preferably perforned at a
an@nPesai fie ekakPlés BREreolf094CludeenBithilen iithium, sec-

sel ected fromnodi fiers having a | ow nolecul ar wei ght

b@@?lbEiEHlﬁﬁPagéﬁtoﬁuﬁﬁﬁcﬁhBﬁlWhthnLB%nyCthﬁl%ﬁﬂ %Enzyl
the pol yner and all omnng the polyner to"be adsorb

+Enbahs PredlE FEE R sERaPRhe) JtRdE OB
%&.Eﬁl&in emghahalsﬁggma%aggmd RYADS 70 oBILOLy

anepox in the nolecl IS 1S a

I I h d wh h
<HE L oL RS e o
1, 000 s and gegendln on th g eat&%qd
CofpeU ySBF n&y fibhe Efp?@ Bfifr B SéP FPeéx es

t hereof include an_epoxy group-
may be used in combination and the organic metal compound

may be thereby activated.
[0034]

As for the treating method, a method of previously
bringing an organic metal compound in an amount
corresponding to the impurities into mixing contact with
the monomer or with the monomer and a hydrocarbon solvent
and thereafter introducing the monomer or the monomer and a
hydrocarbon solvent into the reactor is preferred. The
hydrocarbon solvent used for the polymerization is
recovered .in the finishing step after polymerization, then
purified and reused. In this case, acetylenes and allenes
as the impurities in the monomer are mixed in the

hydrocarbon solvent and these impurities cannot be
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containing tertiary am ne such as 4,4'-diglycidyl-

di phenyl net hyl am ne and

4,4" -di gl yci dyl -di benzyl met hyl - am ne; a

di gl yci dyl am no conpound such as di gl ycidyl 26

ani line, diglycidyl orthotol uidine, tetraglycidyl

met haxyl enedi am ne, tetraglycidylaninodiphenylnethane,

t et I dyl h I di
cqﬁ%ﬁéﬁ%géﬁ;qéhq: d§g¥ﬁﬁg§§%gﬂ%3§ific§thn Therefore, the
tetragl yci dyl -1, 3-bi sam nonet hyl cycl o- hexane; and an

alglenprmeandfaceiehl epesni hot e cupdERRR BPAR ngolgﬁakyneed to
conmpound. Anong t hese, a conpound havi ng an am no
beyralgr dimkated with tan odreppky mebabscompoindt he.
nol ecule is preferred, a diglycidylam no
[@3hp- cont ai ni ng poly- functional compound is nore
preferred, and tetraglycidyl -
1, 3- Wisaminoired hydrotyad i hexeaanérst sis | predeeapl ef perfdrmed
When such a | ow nol ecul ar wei ght organi ¢ conpound

athay | il GO SF 0Ly apyl .@@“’Cﬁpoibf ¢heUuRiki nedeidict
with the active lithiumof the polyner, a part of the

teﬁ1 thfé’“P? | B SOMMELY €01 HeH 0 431 aéé%g?‘ty Lo a’fﬁg’e@r nic

Ut at ity epoxy groups are react ity o

m&éayr%;@asﬁ worl et @Jﬂﬂié]ﬂe kegoy ?{gtf? ?E‘cheﬁtﬁ and

pr ovi condi tion at t oxy Ium Turther

feﬁéjaééﬁ?léiggyagéQHQtaQQtf%f£9€o§ff§ ihHEtleated,

foup  remains
t t f b dtoth
wf?ﬁo%%%df e v LS UL R eﬁéﬁéﬁ QQaC the

o A S v G P hEnd "wRE A he DandL EnBr Z3REL
stablelrwégf roductjon groce is sé Ie evg when 1
enbefshg eTiza bR (T esRphstRi BRadt LY oBRPIHCe a ge

tenperature for several nonths, and is |ndustr|ally
imeQe mixing portion and this 1s not preferred. Th

mixing contact time is preferably as short as less than 5
minutes. The monomer should be controlled not to exceed an
addition ratio of 10% before entering the polymerization
vessel. One of these methods is used alone or some of the
methods are used in combination, whereby the deactivation
of the active end can be greatly reduced from occurring in
the midway of the polymerization due to impurities
contained in the monomer and the modification reaction can

be industrially performed with good efficiency.
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useful. [0041] (2) A low nol ecul ar wei ght organic
conpound having an am no group and an al koxysil yl
group within the nolecule This is a | ow nol ecul ar
wei ght conpound where the amno group is a tertiary
amno group or a primary or secondary am no group
protected by a trialkylsilyl group, the nolecular
%E is 1,000 or |ess and depending on the case, a
ting unit may or may not be present. Specific
exanples thereof include a | ow nol ecul ar
conpothdthviivging twratwt streatmenb, gEbe pmaﬁananls
al koxysilyl group within the nolecule, such as N N
PirEgxabletpgr Soryed bni pEPOpinaeehyl élfndﬁﬁé%?dv ugiag an
N, NN bis(trinethylsilyl) am nopropyl net hoxysil ane,
o»if&c@iG(tiﬂelh&tsmiye;.aninopropyltrinethoxysilane,
N, N- bis(triethylsilyl)
(@3 TDbpropyl et hyl di et hoxysi |l ane, N, N
bi s(triethylsilyl) am nopropyl nethyl di met hoxysi | ane,
N, N The (pslyméhyistion)reaction is continuously performed
am nopr opyl met hyl di et hoxysi | ane and 1-

i rtwet byl bty| c@nnected reactors. At this time, the
2-di met hoxy-1| - aza- 2-sil acycl opent ane. O her exanpl es

rédrddidee at { QW @é@fgx},gox&ﬁl get apﬁ?HB?&!E@etﬂ?VtLEﬁil@@zd and

anlno group and an ysilyl group wth

f e PUERiIAR dad is preven ted from causing a reaction
: 5

an1nopropy rleth XYSI ane
. é@efﬂﬁw@fw LR PSRRI i i an
k{#%ggﬁ%ngtgoégﬁyﬂﬂ%# %Egﬁéc1ently high modification
r%§+ee@%€;€§f$§£$¥é %Igggﬁ%ﬁ1ﬂgd1flcatlon reaction
1- et hyl et hyl i dene) - 3-

p%ﬁ?e{%x%. Fw)latexf oﬁSﬁBm el shvd B} 0l eLinY anphebt

et hyl) nethylan1nopropgltr|ethoxy3|Iane
distribution’'can be controlled to  a preferred range and can

be a monomodal distribution. The number of reactors
connected is preferably 2 or 3. If the number of reactors
connected is unnecessarily large, this is not only
preferred in view of profitability but also may give a
polymodal molecular weight distribution. It is not
recommendable to use 5 or more reactors. The reactor is
preferably a bath-type reactor with a stirrer, which is
usually used.

[0038]

In any reactor, the polymerization is performed at a

temperature of 50 to 85°C. If the polymerization
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[0042]. (3) A low nol ecul ar wei ght conpound sel ected
from N substituted am noal dehydes, N substituted
am not hi oal dehydes, N-substituted am noketones and N
substi tuted am not hi oket ones Specific exanpl es thereof
i nclude N-substituted am noketones such as
4-di met hyl am nobenzophenone, 4-
di et hyl am nobenzophenone,
temmﬁratmrebuﬁylaﬁ$nbb@nzﬁgﬁbndﬁ§apolymerlzatlon reaction
4- di phenyl am nobenzophenone,
puozeeds s%h@%lfh?m@nthé)ﬁbﬁid iphkadnewhereas if the
4, 4" - bi s(di et hyl am no) benzophenone, 4, 4'-bis(di-
péEyhebliz yt bom noglperaphieeoseceeds 85°C, a side reaction
4, 4' - bi s(di phenyl am no) benzo- phenone,
mdkds - bt sinalvieytanvhbabenzophEfibotendlgi hetthyledification
am noacet ophenone, 4-di et hyl am nobcet ophenone, 1, 3-
r¥t 5¢ dbpheny | asiino) c2t poRpasadtiandperformed in a later
1, 7- bi s(met hyl et hyl - am no) - 4- hept anone, and

sﬁéﬁr@ﬁp@BQADﬂ A supst nhelk eHavanynat Bhekeberasly high
N-substituted am noal dehydes such as 4-

m&ﬂé%ﬁWéﬁnNQPeﬁﬂza“ﬁﬁb%ﬁﬂ. ization reaction is performed

di vi nyl am hobenzal dehyde and correspondi ng
iR s e U P iDL t5mer

éﬁgén§¢gyip egg°9%3$a5t98138+39§nvgna BR8P §5b3Tzabion

proprol acta

N-na hth |- Ildon
cRFEPTE e 18 9??%#?a%a§¥ RephERpH. svﬁ? AR5 OF
N- met hox phe rolldone N-V|nxk g rrollggne
nQEIRE oL SSpyVeRti Qbhe TRAGEEH: RGRCattEAEREP fon
N- net hyl -5- et hyl - 2- pyrrol i done, N nethyl -
cqp%png,g@t%?@tgn%yfygmlgghglde the reactor by taking into
N-tert-butyl-3,3 dlﬂEthY yrrolidone,
copgpidenat on' thakethg| PO W@F@alzﬁﬁéﬁ@ if a2 heat-generating
met hyl - 2- pi peridone, N-tert-butyl-2-piperidone,
reapherry! - quaaqqldmaarlaatrmmob@mm@er@bby rerformed at 50
N-vi nyl -
to 85°C, more preferably from 60 to 80°C.

[0039]

Subsequent to the polymerization reaction, a
modification reaction is performed in a reactor where a
modifier is added to a solution of a polymer having an
active lithium end and thoroughly_mixed. The reactor may
be a bath-type reactor with a stirrer, which is the same as
that used for the polymerization, may be a bath-type
reactor with a stirrer, which is smaller than the
polymerization vessel, or may be a static mixer. It is

necessary that the mixing is thoroughly performed, and the
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pi peri done and N-benzyl -2-pi peri done. O her exanples
i nclude N-substituted |actans such as
N- napht hyl - 2- pi peri done, N-nethyl -3, 3" -di net hyl - 2-
pi peridone, N- phenyl -3, 3" -di nethyl - 2-pi peri done,
N-net hyl - e-caprol actam N-phenyl -e-caprol act am
N- met hoxyphenyl -s- caprol actam N-vi nyl -s-caprol actam
N- benzyl - e- capr ol act . a N- ngpht hy| - e- caprql actam, .
nReRRTaLY R EaRF i 51 Ser BRI RE AN L P et AREyRg: BLLkRency -
N-tert-butyl-laurylolactam N- vinxl-co-laur | ol act am
T%%dvﬁﬁﬁ%ﬁz?f-GwpéngFBPﬁcFﬁﬁFtaﬁdw thi & stiaker is, under
correspondi ng thereto. O her exanples include
the stipsbrienbdcendit énburersfesgbhyafrom 1/20 to 1/5 that
3-di net hyl - 2-i m dazol i di none, 1, 3-diethyl -2-
of nthiezed i napheatioB- vepsepy| -2-thoreuah | mixnbne, condition
1-met hyl - 3-ethyl -2-im dazol i di none,
add net fiybrB- pespyienle timedaaoki nonenpreferred in view of
1- net hyl - 3-t hyl - 2-i m dazol i di none, 1-
pref hyab 81 Pt et ndyptbyeht2ngnbdaidki deactdoand The
1,3-dinmethyl 30 3,4,5,6-tetrahydropyri m di none, and
ré9laenpending Ns pubsbravl ¢dribinour Rasute08431 hodk,Amore
| ow nol ecul ar wei ght conpound sel ected from conpounds

pMOEEPaBI ¢ PEBROPNEHONS S PhuEBEODEeROPREADPPESat DEN| Paction
at | east” one am no group Specific exanpl es thereof

. d ; ch
14 ke 0o PgTagRRERARS, 900 BckDbORENEAPRISRe ocaste.
[@6@6 ylam no group in one or both of the benzene

rings, such as 4,4'-bis(dinethylan no)-benzophenone,

R e e B T ML e
ng T S e G ORS BEERS 0B an 0% EOLESRRIRY Mtn the
active end of the polymer and allowing the polymer to be
adsorbed to silica. The molecular weight is 1,000 or less.
Examples thereof include the fbllowings.

(1) A low molecular weight organic compound having an
amino group and an epoxy group within the molecule

This is a low molecular weight compound where the
amino group is a tertiary amino group, the molecular weight
is 1,000 or less and depending on the case, a repeating
unit may or may not be present.

Specific examples thereof include an epoxy group-
containing tertiary amine such as 4,4'-diglycidyl-
diphenylmethylamine and 4,4'-diglycidyl-dibenzylmethyl-

amine; a diglycidylamino compound such as diglyecidyl
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- [0044] (5) A low nolecul ar wei ght conmpound sel ected
from isocyanate conpounds and i sothi ocyanate
conmpounds Specific exanpl es thereof include an
i socyanat e conpound such as 2,4-tolyl ene diisocyanate,
2,6-tolylene diisocyanate, diphenyl nethane
diisocyanate, napht hal ene diisocyanate, trizine

ocyanat £, tr| hen n tri

L LRy orel vt 2, St IR §tﬁ130c§sﬁ5¥ fetay1

m eny. tg% %gf ??f%gE&%ﬁi¥§E§yféﬁigg 1p enylmethane,
naphthalene 1,2,5, 7-tetrai socyanat.e,
%mmpylwwl?%@y%w@r dhetyridydcpminemethyl-
hexanet hyl ene di i socyanate, mnet hyl cycl ohexane

cyfrlekexanatand shet paghycidyy-¥; Bsbinanipanstbylayclo—
aromati c i socyanate conmpound such as aromatic

heitaner yamdt zn ovligomevcgfinateh annamine griewprcontaining
various aromatic isocyanate conpounds, and adduct

epint vi osubdynd 1 edfronty tHre s ,0 e tcamp oy dnav Eng baiveamino
with polyol or polyanmne, is preferred, and an

g pBdnd PobyhBaribpabe eporpogndupschighil, £heohpllenale
di i socyanate, di phenyl nethane diisocyanate and

i9apFé Fet £8Q, dal@QQY@Bﬂ&?lbﬁlﬂ@rQr@ﬁ@i@bhtalnlh@0ﬂ51y~
The nodifier is reacted at a ratio of nore than O.

fﬁE&@Eoﬁ@Puaémﬁguﬁ@el§Cﬁb¥8 ghdretrbhs BQHYEEErQQQyCLdyl-
5-fold nolar anbunt or less to the active end t he

| 1pelyre mlﬁ&nem#fcge%eéﬁﬂe YEP5hayi fgr2 Bera&erred.

cation r SthGOjeCt of

T IAEL, E i el By Lo o, i
ithadr R B e ‘9%2%?%2%'%2?5&9”3583563sa%ac@ﬁ with
the active lithium of the polymer, a part of the epoxy
group is converted into an alkoxy group. When a plurality
of epoxy groups are reacted, a plurality of polymers are
bonded to bring about coupling and this provides a
condition that the alkoxylithium further reacts with the
epoxy group and at the same time, a part of the epoxy group
remains and is present in a state of being bound to the
polymer. As a result, a modified polymer where a tertiary
amine, a hydroxyl group, an ether group and an epoxy group
are present in the polymer is obtained. This modified

polymer is stable in the production process, is stable even

when stored as an oil-extended composition at room
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[ 0046] The nodified butadi ene-based pol yner produced
in the present invention has a high nol ecul ar wei ght
and has a nunber average nol ecul ar wei ght M of
500,000 or nore in terns of polystyrene. If the
nunber nol ecul ar weight is |ess than 500,000, a good
tire conposition such as sufficiently high strength or
wear resistance and | ow 3% rolling,resistance nnot
CHIPSE BRFR A OR KBS HBF AL UPAR EDTei GRS 18 ABRPEGFREd 18y very
the amount of the initiator, and the reciprocal of
ug®Eibpl ar anmount of the active end after renoving the
anmount consuned by inpurities or inactivated due to a
[@94fk] reaction in the mdway is nearly proportional to
t he nunber average nol ecul ar wei ght of the pol yner.
{(Howerlowieplaecebapl vayghtacrganioccompoundt haviagean
time due to nodification after the polynerization,
athireo | groepsandi ant agkorystlyar gwenphwilbhinhéheompllieogle
reaction should be taken into consideration. If the
nunbeThbyei@ge Dpkeddl aculaei gbighh esmpedad/ofief@Othe
the functional group-containing polyner conponent is
amfiser beeup 0i §i hi €arendrganmbfohgiredlp oftaNpiRedvt or
account for 50 wt% or nore. [0047) If desired, a
s&eaedh ¥4t éﬁ9n§g§95upap98€'§bﬁlaﬁzﬁ andribhgyliiska yIayrbep,
added to the polynmer solution affer the nodification
{ QR : ot .t he agti [y g G
o e Y R R e TR P ™ T e aepentifg Sk the
L SOprop tral izer, Lacl ude a
cASPDoEy PRt A GATPTREY, B haG BBY BY pEBleniyl G
versatic agid, an_a 0 [ ution-Qf, ino nj '
and_ SPEaTEL RSPl obReRapE 180 Bhg )N pRy BElstar
wgfghkncéggound having a trialkylsilylamino group and an

‘alkoxysilyl group within the molecule, such as N,N-
bis (trimethylsilyl)aminoropylmethyldimethoxysilane, N,N-
bis(trimethylsilyl)aminopropylmethoxysilane, N,N-
bis({triethylsilyl)aminopropyltrimethoxysilane, N,N-
bis(triethylsilyl)aminopropylethyldiethoxysilane, N,N-
bis(triethylsilyl)aminopropylmethyldimethoxysilane, N,N-
bis (trimethylsilyl)aminopropylmethyldiethoxysilane and 1-
trimethylsilyl-2,2-dimethoxy-1-aza-2-silacyclopentane.
Other examples include a low molecular weight
.compound having an amino group and an alkoxysilyl group
within the molecﬁle, such as 3-
dimethylaminopropyltriethoxysilane, 3-

diethylaminopropylmethyldiethoxysilane, 3-hexamethylene-
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present invention itself has a high viscosity and
therefore, in order to prevent production of a gel in
the finishing step after polynerization or enhance
the stability at the 33 processing, a known stabilizer
for rubbers, such as 2,6-di- tert-butyl-4-nethyl pheno
(BHT) n- oct adecyl - 3- (4' - hydr oxy-
-di-tert-butyl phenol ) propionate and 2-nethyl -4
1%@3%%@%%%‘;9%&%}%%& (?’sde‘EFB%WtMééélYllt'
is preferred that a predeternined amount of an
PegRehiet s drdihgdrgiridasoifne Nolymdrdinethydkhuiydidene) -3~
m xed and the resulting oil-extended nodified rubber
(tolethoxys Elylbsbrpuopanening: aln (L heethylexhydddene) -3-
pol ynmer conposition of the present invention. [0048]
(- sethaxysibbgl ) cbnpospanamiher audl 3arfi2zdimemrhylamino-
conprising 100 parts by weight of the oil-extended
e tiuy Bometiey bamtdopodbyyktrbéthberypl daast. i nvention, from
20 to 100 parts by weight of a silica-based filler
[engfrom 1.0 to 20 parts by weight of a vul cani zing
agent and a vulcanization accelerator, is preferably

(3prmed. 14w ﬁ@lécupaﬁeweiaﬁteéa%ﬁﬁ&&naf sbmecerease@bm N-
i nvention are good dispersibility of silica and

sdbgpitieed sxeableatnybes] okUBaseegtutln vul cani zed

e usage tire tread, higher

‘Fﬂ’“‘?ﬁ"f ggf&e%i?gsﬁevﬁfshﬁseﬁfateadmna%ke%a@el Sng -

ance ween | ow ro resi stance and
AEFELEL ARG phLppgBbgpos, s once and e strcnach
antl- ﬁgé{ téquéﬁgferstﬁggeé elnckudesﬁ Lug4%Ltuted

aminoketones such as 4-dimethylaminobenzophenone, 4-
diethylaminobenzophenone, 4-di-tert-butylaminobenzophenone,
4-diphenylaminobenzophenone, 4,4'-bis(dimethylamino)benzo-
‘phenone, 4,4'-bis(diethylamino)benzophenone, 4,4'-bis(di-
tért-butylamino)benzophenone, 4,4'-bis(diphenylamino)benzo-
phenone, 4,4'-bis(divinylamino)benzophenone, 4-dimethyl-
amincacetophenone, 4-diethylamincacetophenone, 1,3-
bis (diphenylamino)-2~propanone and 1, 7-bis (methylethyl-
amino)-4-heptanone, and corresponding N-substituted
aminothioketones; N-substituted aminocaldehydes such as 4-
diethylaminobenzaldehyde and 4—divinylaminobenzaldehyde,
and corresponding N-substituted aminothiocaldehydes.

Other examples include N-methyl-B-propiolactam, N-

tert-butyl-p-propiolactam, N-phenyl-B-propioclactam, N-
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In the case of using the conposition for a vul cani zed
rubber of autonobile parts such as tire and
antivibration rubber, a silica-based inorganic filler
is suitably used as the reinforcer, and a synthetic
silicic acid having a primary particle dianeter of 50
nmor less is particularly preferred. As for the
synthetic silicic acid, wet silica or dry silicais
megrlef vty sop r¢misbic Gambolfi-wapkkh g hnPapserbelagkam, N-
as the reinforcer. The carbon black is not
neizh ¥} catpy¥yolidoned, Naharbxbwpybs2opyrradidapgeonN-phenyl-
bl ack whi ch can be used include furnace bl ack,
pyaces i dome bl Brake thoeyphenpl agkpyrhahhdbnbl abk vangl-2-
graphite.  Anong these, furnace black is preferred. A
pyritahidces, NtibderytoPppgrrodindoheai Nedaphthylt-Rer
compounding from1 to 50 parts by wei ght of carbon
pPHEsKi ddné NeNVine EBPL ZBdme tHphep-poppositibae, oN-imbehyl -
present invention is preferred. 1In this case,
3 £t ecdimeshyTondygt ¥l Ldohe, | RPREFEdpaRg1tBe 3 ' Wadinethyl-2-
resi stance is nore enhanced. Al so, an organosil ane

D] | L Pezusedqi _yu bzedonebbaL
pConpoggg?%%e@fp§ﬁgy%rgsgntd%ﬂsgﬁy?o%.bg%ﬁg $8oh)

Gk R
G P T e A
based.on the éﬁEbSili asbased tiller. 1f the anmount of
PYREE HIGAR oUe NP SREY T 7B REERDOBR eeds 20 (% the

e GrgibS FHIB et (e o8 gurPebr L hFEdr  BFEARS) guch as

fromO.1.to 6 Wt % based on the amunt of the
N-papkibyplzgapiperidone, N-methyl-3,3'-dimethyl-2-
piperidone, N-phenyl-3,3'-dimethylvz—pipéridone, N-methyl-
g-caprolactam, N-phenyl-g-caprolactam, N—methoxyphenyl—a—_
caprolactam, N-vinyl-g-caprolactam, N-benzyl-g-caprolactam,
N-naphthyl-e-caprolactam, N~methyl—m-lauryiolactam, N-
phenyl-o-laurylolactam, N-tert-butyl-laurylolactam, N-
vinyl-e-laurylolactam and N—bénzyl—m-laurylolactam, and
thiolactams corfesponding thereto.

Other examples include N-substituted ethyleneureas
such as 3-dimethyl-2-imidazolidinone, 1,3-diethyl-2-
imidazolidinone, 1,3-dipropyl-2-imidazolidinone, l-methyl-
3-ethyl-2-imidazolidinone, l-methyl-3-propyl-2-
imidazolidinone, l-methyl-3-thyl-2-imidazolidinone, 1-

methyl-3-2-ethoxyethyl)-2-imidazolidinone and 1, 3-dimethyl-
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[ 0051] The organosil ane coupling agent has a pol yner
double bond within the nolecule and has an affinity
group or a coupling group on the silica surface.
Exanpl es thereof include
bis-[3-(triethoxysilyl)-propyl]-tetrasulfide, bis-
[3-(triethoxysilyl)-propyl]-disulfide,
bis-[2-(triethoxy- sll¥ll-ethylg-tetra3ulfideh
3G4n%f€éé?65?%%9F¥PYﬁ%? gxponey | ane, corresponding N-
3-triethoxysilyl propyl-N Ndinethylthiocarbanoyl -
syksthEured gehi@Wreasr i et hoxysi | yl propyl benzot hi azol e
tetrasulfide. In-the present invention, the rubbery
[p&AFher having a specific nodification conponent has a
hi gh binding performance to the silica-based filler
(4hd A hbrefoekecalar ghepght ocompoundubbéectenpdsiom on
can be rather obtained by not using an organosil ane
coampphndg wigboh ape berdmophgnbhesavwunhiobehbephichanes
coupling agent as conpared with the case of using
h&theg ol YBBES. 0oh@0aRinbngkbappresent invention, the
pol ymer of the present invention is used alone or, if

desi rggecf6i@ SkhpIEes MhBredfotiheludebhebenkBphBfone and
case of using the polynmer as a 36 m xture with anot her

art‘l@P&Ben%pﬁQﬁoﬁéPPQQEhoﬂaQEnhlhﬁt @@hllé'EEtbﬁgf abi®o group,

present 1 nvention Is excessively smal |,

agggéé*ﬁgtgggPéf%?Cﬁiﬁgkgmﬁmﬁﬁgsgﬁpgbrgﬁnbhgno&sbBQB of the

act roug ut an

b%%%%?%?@%ﬁggg??Uc%&%gnglSs~8§s%ggg%%?§ﬁahﬂgggLﬂé%gdﬂﬁ%none,

: _ yi sbpr eng”r ubbe
o V| SPaPBLTE R 69, ShuhSaEnBUbRE, RS AR IR ey -
IR LA R T NEE TR X Lol R e
agéggﬁéﬂggghgﬁiae, and corresponding thiobenzophenone.
[0044]
(5) A low molecular weight compound selected from
isocyanate compounds and isothiocyanate compounds

Specific examples thereof include an isocyanate
compound such as 2,4-tolylene diisocyanate, 2, 6-tolylene
diisocyanate, diphenylmethane diisocyanate, naphthalene
diisocyanate, trizine diisocyanate, triphenylmethane
triisocyanate, p-phenylene diisocyanate, tris(isocyanato-
phenyl)thiophosphate, xylylene diisocyanate, benzene-1,2,4-~

triisocyanate, naphthalene-1,2,5,7-tetraisocyanate,

naphthalene-1, 3, 7-triisocyanate, phenyl isocyanate,
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(1,4-trans bond amount in the butadi ene bond unit
moiety: from70 to 95%, |owcis polybutadi ene
rubber, high-cis polybutadi ene rubber, high-trans
pol ybut adi ene rubber (1,4- trans bond anount in the
but adi ene bond unit noiety: 70 to 9.5%,

styrene i soprene copol yner rubber, butadi ene-isoprene

co rubher, sol ution-pol ynerized. random styrene-
h%ﬁg {%“%epgogféﬁgcggﬁépeneﬁe ﬁg%gyclohexane dil%ocyanate
enul si on- pol ynerized  random
and yphepybul afrdhiéspthpperanabpel ymer rubber,
emul si on- pol yneri zed styrene-acrylonitrile- but adi ene
copol Amearomabie , isecyanater compounddsusb asperypmatic
rubber, high vinyl SBR-1ow vinyl SBR bl ock copol.yner
dih@@eyanahd ar brbtkocypoaherrdimel ag trimer of various
pol yst yr ene- pol ybut adi ene- pol ystyrene bl ock
arapst yoei sodheset et bempouhief sandy abducappbtpinede by
sel ected according to the properties required. 37

réfOb3ng! ant AcomasecWsoeyhhatpohpore Gfithheopyedent
i nventi on and anot her rubber are used as the rubber

EDPPRNEA} , i5hgredbipe8f LRAPSAL hY¥BmEBAROPONLS sbeyanAte
pterms o% the§ME|ght rgtlo usual ly 10 t% 98 g to

céhpéﬁﬁée§ﬁ9hyaszg Eotggyleﬁ 1%90 gﬁ%%eprﬁﬁﬁ %B&Mm%Qhane

As regar e ruber conpoundi ng

dfﬂ§@éyaﬁ§£ee§ﬁgp£§ htﬁaighgfﬁiggﬁgygnﬁ%lC@@'ﬁo&% referred.

, VUl cani zation - accel et at a vulcani zatfon
@6? nd an oil may be further used. [0054] The
[ 5 . . g
ni zing agent is not particularly I|n1ted but
h _as

§ﬁf‘?"#§5’ r&?fiﬁfbﬁé?%a%ﬁ??ﬁ?f’%gh biGap S5 RiFe than 0.2
{29! ShhenpUL VL ande 8N, 0L BPEL BT A U B-con

molar amount or less to the active end of the polymer. In
this case, a polymer having a high meodification ratio,
-which is the object of the present invention, is obtained.
If the ratio exceeds 5-fold molar amount, not only this is
unprofitable but also the unreacted modifier increases and
the performance rather decreases.

[0046]

The modified butadiene-based polymer produced in the
present invention has a high molecular weight and has a
number average molecular weight Mn of 500,000 or more in
terms of polystyrene. If the number molecular weight is
less than 500,000, a good tire composition such as

sufficiently high strength or wear resistance and low
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nmonochl ori de and sul fur dichloride, and an organic
peroxi de such as dicunyl peroxide, di-tertiary butyl

per oxi de. Anong these, a sulfur is preferred, and

powder sulfur is nore preferred. [0055] The ratio of

t he vul cani zi ng agent conpounded is wusually fromO0.1

to 15 parts by wei ght, preferably from0.3 to 10

Earts by vvelg nore preferably fromO0.5 to 5 parts
%l%EQgH?SlE PnTSOCBQPP§ B? REtéﬁpegf tHEerEBBSFU1ar

onent . OOSGL npl es of the vul cani zation

waze@ tetat @1antﬁ@ had quh@naWP!}@tbQ§e@he initiator, and

t hi our ea- based, thiazol e-based, dithio- carbamc

thei depipedcahdofahhhi Bodsrdabavet wdl ¢l aatiive end after
accel erators. The ratio of the vul canization

regovirgatbe amonptupndedumedubyabimpufridmed. dbrt dnbstivated
parts by weight, preferably fromO0.3 to 10 parts by

duei phta sbde peetedishl yn themldealois peEhrdywyproportional
wei ght, per 100 parts by weight of the rubber

t6otReNeikbefhavevhgannadabaladi elightolbf RAVe ipBllyiidry.
limted but, for exanple, stearic acid or zinc oxide

H@ﬁ@v@? Uﬁﬁgn R0B8¥p1iAg E@Ect@@nobbcu%% ot ¥Eelsa%R ltime
such as aromatic oil, “naphthene-based oil

dﬁé‘r%dﬁ@aﬁiégt%h EL gh gSa%%%an%' bor, S +38! 843 dase

according to the usage an conpoundlng

Rl SRR LN KRRt B0 o
t%gg?flo 8?%0Pﬁg§§gt h Maye gﬁtal grugggkage molecular
weight Mn exceeds 700,000, the functional group-containing
polymer component is adsorbed to silica and can be hardly
maintained to account for 50 wt% or more.

[0047]

If desired, a deactivating agent, a neutralizer and
the like may be added to the polymer solution after the
modification reaction. Examples of the deactivating agent
include water and alcohols such as methanol, gthanol,
isopropanol, and examples of the neutralizer include a
carboxylic acid such as stearic acid, oleic acid and
versatic acid, an aqueous solution of inorganic acid, and a
carbon dioxide gas. Also, the polymer (A) for use in the
present invention itself has a high viscosity and therefore,

in order to prevent production of a gel in the finishing

step after polymerization or enhance the stability at the
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conmponents descri bed above, a filler such as cal ci um
carbonate and talc, an am ne-based or phenol - based age
resi stor, an ozone deterioration inhibitor, a silane
coupling agent, an activator such as diethyl ene
glycol, a 39 processing aid, a tackifier, and other
conpoundi ng agents such as wax, each in a necessary
amount . [0059] The rubber conposition_ for '
PIRERSFH DM | Dnkneiep ngtabilizeni fPEdrBbPaEFensliBBsag 2, 6-di-
pol ymer conposition of the present invention, is
teroduterl - mekhvitphenst (BiPbnentectaderybed- (4bohwdroxy-
usi ng a known rubber-kneadi ng machi ne such as rol
3 9’ Babte yt rbweylph€06D)] piiteionatéi eddbltmditbyé-Based
pol yner conposition of the present invention may be
biof (welt pbtlai owasé ehybhphéndy, bsdpbngfgaabdysaddedti ves
such as silica-based filler and carbon black, if
desi regl.id rpidifre@dechdt rabbeedsoapashédoameanyr ed ah
good processability and excellent in the strength
eREOREEE Yoil OV T QHAEAOLS CEhS AT Pme e oSk donl 88HShdREB and
and wear resistance is provided. EXAMPLES [0061] The

CRESESRLLEPIETLL 0ot asa el daacepber Sebakcheks

. N @ ¢ >
Qe €A DR 01 1 SeREbali bES ey, LBBos; ion
of‘%ﬂéwﬁ£§%eﬂgt989§ntf ngl) Bound styrene anount

[0048]

Also, a rubber composition for wvulcanization,
comprising 100 parts by weight of the oilmexteﬁded
butadiene~based polymer of the present invention, from 20
to 100 parts by weight of a silica-based filler and from
1.0 to 20 parts by weight of a wvulcanizing agent and a
vulcanization accelerator, is preferably formed. 1In this
case, the effects of the present invention are'good
dispersibility of silica and stabilized excellent
performance pf the wvulcanized rubber. In the usage for
tire tread, higher enhancement than ever is obtained, for
example, in the balance between low rolling resistance and
wet skid resistance, the wear resistance and the strength,
and this composition is suitable for tire rubbers; anti-

vibration rubbers and the like.
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The sanple was formed into a chl orof orm sol uti on and
the bound styrene anmount (W% was neasured fromthe
absorption of W254 nm by the phenyl group of styrene.
(2) Mcrostructure of butadi ene noiety The sanple was
formed into a carbon disulfide solution, the infrared
spectrum was neasured using a solution cell in the
range of 600 to 1,000 cm 1, and the mcrostructure of
[@&2but adi ene noi ety was deternmined from a
predeterm ned absorbance in accordance with the _
cal ciimtthe ¢azeudd wsingethanpemposikibpnodor(8) vulcanized
Mooney vi scosity The viscosity 4 mnutes after
rybkéead £ ngubemdbOlef parts suobt eswhdreeasdr edtiiwibration
accordance with JIS K 6300-1. An L-type rotor was
rulsleelr, [ H062) icf4babblietnbagankcgliilaed dsl smitably used as
wei ght distribution The chromatogram was neasured by
tkPG BN dgcéh) ean@oanggheHe L USDEidsktngcdd having a
pol ystyrene-based gel as the filler, and the

pFDheey| parveep8t daaflefBLesEl 80 MR Bt 1e@isStilsl Pakiti@ularly
were cal culated froma calibration curve by using

pféf‘é‘fiﬁécg. p?Lé/%d/f e onfideides P ¥EAtacid, wet silica
ydr of u

tetra ran was used. 41 (5) Moddification ratio By

thld zLngs : t dified t
oL by o h9 £2 A8 BEBERF ol UPeBVCl 1 02 Gl e the

[ébébﬁg’ a sanple solution containing the sanple and a
ow nol ecul ar wei ght internal standard pol ystyrene

ras, SRS e TERSUISITRL GLeAoRD ShLormpacame ! mhe
c égggcgfag% iﬁoggt particularly limited, and examples of
the carbon black which can be used include furnace black,
acetylene black, thermal black, channel black and graphite.
Among these, furnace black is preferred. A vulcanized
rubber composition obtained by further compounding from 1
to 50 parts by weight of carbon black in the vulcanized
rubber composition of the present invention is preferred.
In this case, electrical conductivity is imparted and the
wear resistance is more enhanced.

Also, an organosilane coupling agent can be used in
the vulcanized rubber composition of the present invention.
The organosilane coupling agent is added to achieve a close
coupling action (mutual bonding action) between the

reinforcing silica filler and the raw material rubber,

preferably in an amount of 0.1 to 20 wt% based on the
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Denko K. K.) and GPC on a silica-based col um (Zorbax,
produced DuPont), the adsorption anount to the silica
col um was neasured fromthe difference therebetween,
and the nodification ratio was determ ned therefrom
I n advance of tests, butadi ene and styrene containing
various inpurities shown in Table 1 were prepared.
[0063] -%iExaﬂPIe 1]. Two pol yneri zation reactors, each
shbifagPated nhktler vol imd st aftPuntt & the i dgganeshlare
at the bottomand an outlet at the top and bei ng
ceipt bpergenth exceedseflavbi®a thackeinfercing property may
tenperature adjustment were connected, and one static
beri Mepaiverd ¢ orftiec taspwdnest ridemanganes i klanefceppling agent
second reactor. After m xing 16.38 g/ mn of butadi ene
ig Bigre gimoaferablpbfeod, 081 8Rogbnmvhe obaseyr enethsi pmandt of
132.3 g/mn of n-hexane, the resulting m xed sol ution
tlv&ss Pobsecbasdd ofighlar dehydrati on col utm packed with
active alumna, further mxed with n-butyl |ithium at
[@safe of 0.00378 42 g/mn (0.0591 mml) in a static
m xer i nmrediately before entering the reactor to
I eNDVenhd !%t{éﬁé@ﬁl@ﬁ'é’ @@@ﬁlﬁlﬂ@u&bé!ntflggst& pbeyhert 88uble
irs -

of the f reactor. Furthernore, 2,

b&ﬂ?(@ﬁfﬁfﬁa@ﬂé)ﬂéPQ@ﬁf%aSn? §§§eaﬂfa9f@ﬂ§t9/EEBuBSthﬁ
pol ar su uty f

bst ance and n- but Ithiumat a rate o

cPRRS LI oA TR0 T ) ofeckl, POLYEEL 28! e

s LN gL B B oo By LEBELREN 185 ok PRy 3C -
42000 L 19D P01 § D8, FLE] 59881 £148) Ing8R T b1 RYE bk hoxy -
silyl) -ethyl]-tetrasulfide, 3-mercaptopropyltrimethoxy-
silane, 3-triethoxysilylpropyl-N,N-dimethylthiccarbamoyl-
tetrasulfide and 3-triethoxysilylpropylbenzothiazole
tetrasulfide. In the present invention, the rubbery
polymer having a specific modification component has a high
binding performance'to the silica-based filler and
therefore, a h;gh—performance rubber composition can be
rather obtained by not using an organosilane coupling agent
or reducing the amount of the silane coupling agent as
compared with the case of using'other polymers.

[0052]

In the present invention, the polymer of the present

invention is used alone or, if desired, as a mixture with

another rubber. In the case of using the polymer as a
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bottom of the second reactor, and the reaction was

conti nued at 75C. The reaction solution was further

fed to the static mxer fromthe top of the second

reactor and while keeping the tenperature in the

static m xer at 73C,

tetraglycidyl -1, 3-bi sam nonmet hyl cycl ohexane which is a

tetrafunctjonal pol yepoxy conpound and has .an a %
ni¥oRpe Wi thi ARPRBSROFBERFE, nad hABCRTRPOF Highe O the

0.0394 mml/mn to the copol ymer solution
pebyreruebisther PEaFARLI AnYenkéonsi gt pECASRAVelphsmady, the

effecting the nodification reaction. An anti oxi dant
mg¢@HT cabsonoaf fagbusfy thadptesenthinvensdion d¢ Beityner

solution at a rate of 0.05 g/mn (n-hexane solution)
sabisbaotoni byt becuglif bvét rod tbast iendisadvantageous.

parts by weight of an aromatic oil (X-140, produced by
EXanebe Enef gyh€&oothekdribhes addéddeonttarads uhibbey,43

copol ynmer sol ution per 100 parts by weight of the
pODY VEBprendhenBBErpi embikebdegoloperiaed Atyane-butadiene

obt ai ned. The Mdoney viscosity of the oil-extended

c&ﬁ@P&M@FrrﬁﬁbétnegoT@§13ﬁr ol PReRYERE rANSCGRISBR (bound
nol ecul ar wei ght (M) was EBO 000, and the nol ecul ar

s%gfgﬁé dff&ﬁ'?“Eb°§0“%¢¥h Hes — gﬁ§91a56ndﬂgp£ﬁ9ﬁaln e

styrene anount fhe’ nD ifed copolyner before

b?ﬁédﬁéﬁgnﬁbﬁa Hﬁ§t3§8¥E§%a ; o%'@glFBO%@%)a”%ﬂﬁhJH}aﬁg SBR

adi ene was Icatiof ratio

(LR B0hE tleubBosX' ShE BhehhleR %2%?%‘0‘? e motety:
R0 Ee SBpLoraRkriE ?Oixf’aﬁfatfiﬁrsn 2 Zahﬁ'&\%?hmqs
pol Eoetnefone Repbess ohachnidans poiH bﬁ#@g‘boneﬁyﬁ@bber (1, 4-

rubber industry because this facilitates the
tﬁ@%ﬁu%@n@na@PUPheleoﬁeﬁyhﬁﬁaébﬁaﬁnbanérupﬁt moiety: 70 to

95%), styrene-isoprene copolymer rubber, butadiene-isoprene
copolymer rubber, solution-polymerized random styrene-
butadiene-isoprene copolymer rubber, emulsion-polymerized
random styrene-butadiene-isoprene copolymer rubber,
emulsion-polymerized styrene~acrylonitrile—butadiene
copolymer rubber, acrylonitrile~butadiene copolymer rubber,
high vinyl SBR-low vinyl SBR block copolymer rubber, and a
block copolymer such as polystyrene-polybutadiene-
polystyrene block copolymer. These other rubbers may be

appropriately selected according to the properties required.
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t he subsequent process, provides an effect of

enhancing the processability such as mxing with

filler or enhancing the dispersion of filler and in

turn enhancing the performance. The anal ytical val ues

of the nodified copolynmer obtained - are shown in Table

2. [0065] [Exanples 2 to 12] Pol ynerization and

nodi fication were perforned in the sane manner as in
[€%2%bl e 1 except for changing the anount of

2, 2-bi s(2-oxol anyl ) propane, the amobunt of n-butyl 44

it hi %%ﬂset%@sgowly%w thei palymeri af okhet BESERBENt of

tetragl ycidyl -1, 3-bi sam nonet hyl cycl ohexane, the kind
imwenEMQada@@eanohbeporyhberzarEOuSﬁénperahsréuah@rthe

nodi fication tenperature to the conditions shown in
cdpphome2t, The natligtofakespkativef componeditisi ¢, in terms

copolymers (B to K) obtained are shown in Table 2.
ofhehaoketghtr racight usdadlyi bot ton9bas BOnapodal prieferably

Exanple 4, a m xed product (Process NC- 140, trade
2026®) 90f : RAE pooduredloby gepgarkbergpoCeo, st d. 7ando 20.

paraffin oil was used in place of the aromatic oi

(X- 1443 . re § £P48] the[E@BB@faEbMﬁoEﬁéﬂﬁ eaé]an@"efbﬁaékﬁfnple,

havi ng an 1 nner volunme of 10 liter, aving an inl et
aieiﬁfb?&éiO”AavéléQnQHihstaaénkhe t 1@% 1z€%&%&
equl pped a stirrer and a acket ort

aéggpgf@{gfe denggﬁfﬁaﬁﬁénuﬁﬁg ﬁadaﬁnglatﬁﬁ b@'%%rther

connetted downstreamthe oufl et of t acto
€%% m xi ng 16.38 g/ mn of butadiene (Bl) shown |n
lTe 1, 8.82 g/mn of styrene (Si) and 132.3 g/nin

[865£]hexane t he

The vulcanizing agent is not particularly limited but
examples thereof include a sulfur such as powder sulfur,
precipitated sulfur, colloidal sulfur, insoluble sulfur and
highly dispersible sulfur, a sulfur halide such as sulfur
monochloride and sulfur dichloride, and an organic peroxide
such as dicumyl peroxide, di-tertiary butyl peroxide.

Among these, a sulfur is preferred, and powder sulfur is
more preferred.
[0055]

The ratio of the wvulcanizing agent compounded is
usually from 0.1 to 15 parts by weight, preferably from 0.3
to 10 parts by weight, more preferably from 0.5 to 5 parts

by weight, per 100 parts by weight of the rubber component.
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resulting m xed solution was passed through a

dehydration colum packed with active al um na,

further mxed with n- butyl lithiumat a rate of

0.0038 g/mn (0.0591 mml) in a static m xer

i medi ately before entering the reactor to renove

inmpurities and continuously fed to the bottom of the

reactor. Furthernore, 2,2-bis(2-oxolanyl)propane at a
[pdpel a5 of 0.024 g/mn as the polar substance and ‘

n-butyl lithium at a rate of 0,0063 g/mn (0.0984

nol )Examples of| therveheaphzahienapereneratpgdinglide

bottomof the reactor, and the internal tenperature
seifenanidachasedasthkeprearbaged, Thhiggbygebasetut dafhio-

was continuously taken out fromthe top of the
cachanbrc anildfedsed ahd santhicnagéd-baseédwvivleakdegpitign

the tenperature in the static mxer at 85C
atetlaghycrdyl -ThS- 1 isbon o niehdyweycawheaxanen waccalesator

a tetrafunctional pol yepoxy conpound was added at a
compeundied 01 §4Q2uaTDY/ Fromt 0. Lheocepobuits bl weight,

continuously ,flowng into the static m xer, thereby
pebteshbyg £hem 0Ddi hcabi gartgap 'Q@igh@@6ﬁbréﬂpreferably

anti oxi dant (BHT) was continuously added to this
f?&ﬂ'6[§dt8°5y?§Et§°§9th@TgﬁE,apéﬁtQO@prrQ§_B@WM@ight of

n- hexane solution) to térmnate the nodification
agty p ' an; ar L€ oi

t%é;%é%?gﬁrgéﬂgééeﬁ§. Al aﬁﬂﬁE%%£§n L §r PEBLLE

Japan Ener gy Ltd.) was added

eh25 LRI §F5Y, 8y R0BLITRE 8L UL OB, PSc00,PREI B vinc

| -€X
copol yner %Lﬁ mgs obt ai ned. The Mboney viscosity of
OFhe®oF P eREeNTEY: copol yner obtained was 72, the
Sﬁg?ﬁg aver age nol ecul ar wei ght (M) was 430,000, and
[ | ecul ar wei ght distribution MV Vn was 2.2 and

As for the o0il, an extender soil such as aromatic oil,
naphthene-based o0il, paraffin-based oil and silicone-based
0il is selected according to the usage and added at the
compounding.

[0058]

The rubber composition for wulcanization, using the
modified butadiene-based polymer composition of the present
invention, may contain as usual, in addition to those
components described aboﬁe, a filler such as calcium
carbonate and talc, an amine-based or phenol-based age
resistor, an ozone deterioration inhibitor, a silane

coupling agent, an activator such as diethylene glycol, a
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nononodal . The bound styrene anount of the nodified
copol yner before oil extension was 35 w% the vinyl
bond 46 amount in the butadi ene was 39% and the
nodi fication ratio was 70% [0068] |[Conparative
Exanples 2 to 7] Polynerization and nodification were
performed in the sanme manner as in Conparative
Exanmple 1 except for. changin t he amount of ..
DEPCATIRG S I F LT EhE ShReh SOFPRUngipg) agents
lithiumas the polynerization initiator, the anount
suh (a5 gty 2GR - HD 2 RREHT FRoREt MHPEYEL ohexane, the
§o| nerization tenperature and the nodification
[ rature to the conditions shown in Table 3. The
anal ytical values of the nodified copolyners (Mto R
obt aiThel rhbethoverpesi Tt ef 3¢ TWLGHizathaparusing the
Exanpl e 8] Two reactors each having an inner vol une of
mdd)i fiddrhutddiemerlbased| pdl et heobposbhiandofintbet beesent
at the top and being equipped with a stirrer and a
inwvakeiod orig herodweoed riay untx bg ushopat compenenhsedesdyribed
and one static mxer was connected downstreamthe

auiid ais Blg tdexsewe neubieact Bhead M emadhih8gstbh38s roll
g/ mn of %utadiene (B3) shown in Table 1, 8.82 g/mn

artd BAM@RE fSkdrand 132.3 g/ mn of n-hexane, the
resulting m xed sol ution was passed through a

[65%Uﬁration col um packed with active al um na,
further mxed with n- butyl lithiumat a rate of

0. 00?1_&_& %&%f#@d %cﬂ%é-%ﬂs@dé%of%ﬁéfccgﬁfas&ition of

i mrediately before entering e reactor to
the present invention may be formed as a master batch by
adding various additives such as silica-based filler and
carbon black, if desired. In this case, a rubber
composition assured of good processability and excellent in
the strength property, low rolling resistance, wet skid

resistance and wear resistance is provided.

EXAMPLES
[0061]

The present invention is described in greater detail
below by referring to Examples and Comparative Examples,
but the present invention is not limited to these Examples.

The analysis of sample was performed by the following

methods.
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renove inpurities and continuously fed to the bottom
of the first reactor. Furthernore,
2, 2-bi s(2-oxol anyl )propane at a rate of 0.015 g/nin
as the polar substance and n-butyl Ilithiumat a rate
of 0.00504 g/mn (0.0788 nmol) as the polynerization
initiator were fed to the bottomof the reactor. The
rnal. tenperature og the reactor was kept at 73C
%8 Tn%hﬁtgg?9ﬁe?mgﬁp tion was continuously taken out
from_the top of the_first reactor and c nti nuo {
fed tBR¢heam ﬁ%%t%ﬂ?o?OF%% dstRbAdar €3¢ P5P! OEHdSPEBt on and
reaction was continued at 75C. The reaction sol ution
thasbeundhetyrene aBovht $WhE) cWaBxBRaFEERM: ReomoSher
the second reactor and while keeping the tenperature
abgorpeienaef cUWi 84 am Pgcrhe phenyl group of styrene.
tetragl yci dyl -1, 3- bi sam nonet hyl cycl ohexane which is a
(2btmttnnstrunaurpobﬁebukydienpomodet@s added at a rate
of 0.0394 mmol/mn to the copol ymer sol ution
cont i Thiwusanpl£ | was nforméd theoshataebonxdisullfiedeby
effecting the nodification reaction. An anti oxi dant
s¢ Biif) oMpsthe onh EpEpEal ¥paddedmt wakhineasugietl @dipgl yer
solution at a rate of 0.05 g/mn (n-hexane sol ution)

séDut 8611 8a1 ¢ iﬁethao%ﬁgéablfombe%t n0000aReh B/ .and the
parts by wei ght of aromatic oil (X-140, produced

mpargéﬁfﬁcgﬂfégdchhe BﬁgaaleﬁﬁsmaﬁgﬁgyhgstBﬁt@%ﬁﬁh@ﬁﬂ@rom

copol ynmer solution per 100 parts 48 wei ght of

a%&é&@ﬁﬁrﬁﬁéﬁb bQBrBéthXEﬁ”QSQ?ESEBElé"FJEth( @nge o

tal ne oney vl scosity o e Ot exten

_Cgf$§%%FF nOPééhﬁ?Q ﬁ??tﬁgsHéﬁgFggg?ehegﬁg e nDIecuIar
(%ﬁdﬁﬂo ed'§£§&QUt£°n MV Mh was 2.40 and nononodal . The
The viscosity 4 minutes after preheating at 100°C for
1 minute was measured in accordance with JIS K 6300-1. An
L-type rotor was used.
[0062]
{(4) Molecular weight and molecular weight distribution
The chromatogram was measured by GPC having three
~ connected columns using a polystyrene-based gel as the
filler, and the molecular weight and molecular weight
distribution were calculated from a calibration curve by

using standard polystyrene. As for the solvent,

tetrahydrofuran was used.
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styrene anmount of the nodified copol ynmer before oi
extension was 34.8 wt% the vinyl bond anount in the

but adi ene was 40% and the nodification ratio was 50%
The vyield at the outlet of the second reactor was

99% The analytical values of the nodified copol yner
obtained are shown in Table 3. [0071] [Conparative

npl.es, 9 to 13] Polynerization and nodification were

%bh¥%ﬁh€ﬂcﬁﬁl@%era§hﬁe manner as in Conparative

Exanpl e 8 except for changing the anmount of n-butyl

|i t hiBin wokliehayi Hee i ppopertesoft Hae madiffiedr component
2, 2- bi s(2-oxol anyl ) propane, the anmount of n-butyl
adsohpimg akot 4eGPOl goburzansdngi ailiaeogelt hs &leudtilder, a
tetragl yci dyl -1, 3- bi sam nonet hyl cycl ohexane, the kind
safipldusatheben tbetpbhyngrthat ssmplenpadatuiewamdlelcalar
nodi fication tenperature to the conditions shown in

wdbihe Snterhel agbantacdl pydliysegrehet Basnedbfieeted to
copolynmers (T to X) obtained are shown in Table 3. In

méRERPEREN Y €o EXBOEh ecABomat Bgramkeg el epcvenglithebecane
very high and the oil extension anmount was increased

P%§9%Péﬁé5ba§@§ Qki - fﬁtgngﬁgvéb@ﬁﬁﬁdéﬁ VP%%@%bEH ¥4S Showa
ut the viscosity of the polyner ution and

Dﬁﬁfﬁ 20 ébéceﬁ'éysgiiéé -Bhhe8XEEARNAN (2Webax
i g his is estinmate

t6 cause déeterioration o
pﬁEﬁﬁéQa'bﬁﬂoﬁ EﬁéongBQ Egbbogmgﬁngekb @ﬁﬁaglﬁ?%a

undr ng nd’ éra
R RSSH B 008, L MR PERLEEH oo, an
tﬁréﬁéaf 1ca§10n[ooz§é wLCDHBQE%&EXSdE¥ﬂ”E %roﬂ

In advance of tests, butadiene and styrene containing
various impurities shown in Table 1 were prepared.

[0063]
{Example 1]

Two polymerization reactors each having an inner.
volume of 10 liter, having an inlet at the_bottom and an
outlet at the top and being equipped with a stirrer and a
jacket for the temperature adjustment were connected, and
one static mixer was connected downstream the outlet of the
second reactor. After mixing 16.38 g/min of butadiene (B1)
shown in Table 1, 8.82 ¢g/min of styrene (S1) and 132.3
g/min of n-hexane, the resulting mixed solution was passed
through a dehydration column packed with active alumina,

further mixed with n-butyl lithium at a rate of 0.00378
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One reactor having an inner volune of 10 liter and

bei ng equi pped with a stirrer and a jacket and capabl e

of controlling the tenperature was used. After

charging 560 g of butadiene (Bi), 350 g of styrene

(S1), 5,500 g of cyclohexane, and 0.17 g of

2, 2- bi s(2-oxol anyl ) propane as the polar substance

into the reactor, the internal tenperature of th%
g/t 6 - R kEpel bt 1RoR. SEREE| BhEREndnmegiatedy Defore

containing 0.55 g of n-butyl lithiumas the )
eHeAHRY | the i BRarheri BPoFema¥er éBPuEitaes, apc GPRARGUCUSLY

after the initiation of reaction, the interna
fednperitherkobtomhef thacfbrsyradaatpy.r oBerdyernereea?, 2-

generation by the polynerization. Over 5 m nutes
bid t2roxdbanyt Epnapaneecapeaarate of Ohélpobymini ast ithwe

vessel reached 65C, 90 g of butadiene (Bl) was fed at
paldnt eulpdt dHcg/ and. nFThetyl ni éthalimt atpar attiee odf OLIOO504

reactor finally reached 77C. After the conpletion of
g/ieRet {ON07 98 Simgl Pf atethagpyliflgkikBtion initiator were

1, 3- bi sam nonet hyl cycl ohexane was added as the
£éWtd | BietBotEBR HLAEHEN redBfothe TREl {Hh€8£LQD temperature

reaction was perforned while keeping at 74C for 5

' e t L Qx| t _(BEI3~ in an anmount of 2 g was
©%ad é% ?%afﬁ%PP€§§|¥?ﬁg ﬁ%di i%d copol yrmer sol ution
[@@g 7.5 parts by weight of an aromatic oil (X-140,

produced by Japan Energy Co., Ltd.) was further added

to t C ' i.aght
Lhe pias ABPLYRRL SR1ELOT PEL JORGRARbASDY, HEKAR ofF, rom
obt ai ned,. The on vi scosity .of the_oil-extende
OB RE ThEaf PERC oGt RiahrbEinfourTYL B8 Yo the
nol ecul ar, . wei ght Nhg S 480,83@ MV Mh o was 1. 65,
bOREPT HAE B S BFONE NECABFSE 0l APOERShECAFELPRD IR
was pol ynodal. The bound styrene anount of the
coplinued abpdbYier Thef meacdiilon solution was further fed

to the static mixer from the top of the secqnd reactor and
while keeping the temperature in the static mixer at 73°C,
tetraglycidyl-1, 3-bisaminomethylcyclohexane which is a
tetrafunctional polyepoxy compound and has an aminoc group
within the molecule was added at a rate of 0.0394 mmol/min
to the copolymer solution continuously flowing into the
static mixer, thereby effecting the modification reaction.
An antioxidant (BHT) was continuously added to this
modified polymer solution at a rate of 0.05 g/min (n-hexane
solution) to terminate the modification reaction, aﬁd 37.5
parts by weight of an aromatic oil (X-140, produced by

Japan Energy Co., Ltd.) was added to the resulting
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extension was 35.0 wt% the vinyl bond anmount in the
but adi ene was 39% and the nodification ratio was 76%
The anal ytical values of the nodified copol yner
obtained are shown in Table 3. [0073] [Exanples 13
to 19 and Conparative Exanples 15 to 20] Rubber
conpounds using the sanples shown in Tables 2 and 3 as
the raw material rubber were obtained according to
ceprel ymerusalvbhoshper LACTRBEES4bEywehghto plfow%ueg polymer,
kneading nethod. 51 [0074] [Kneading Method) In a
wiBandy yoi ¥pextended Ropadgmefi Anwasvobtiednetl.7 ThetM¥odney
equi pped with a tenperature controlling device using
vextesha) ofrtheabibgenbtadedacopulymker bbltainkkbewas 77,
fillers (silica and carbon black), an organosilane

tkouphhibgr ageatageanodddull kenabigheMgMnG @als, 5300000, and
white and stearic acid were kneaded as the

thé bt s&QUEr knea hﬁgduaéeabhheonmwm @a% af. 98 and
filling rate of 65% and a rotor rotation nunber of

m&RS¥daA PN Ad Ao P! dgrd e LRPOHNGs oph 8l Asdi £i8d

roon1tenperature an age resistor was added thereto,

¥é§f ﬁ@f@ gng Taéx@?ﬁbgoﬁnﬁggegﬁgﬁgﬁhethe v1ng% bond

St age nea 0 enhance t éper3|

aﬁeu!.ﬁ&aing %utgﬁig{lgaa 3b8¢ dhachRLoRolemReLaluLe vario

was “adj’u amaatﬂé € m xer
LR T 2 Ve &:«a&ggéﬁf?s“fﬂe

set 70C. The kn d mater was .nol ded
s¢epedrreRaton Wasut 0k AR Bﬁssgeaﬁdfese Fifeqin pipeline
to the static mixer after polymerization was 1 minute.
Previously oil-extending a polymer having a high molecular
weight, that is, a high Mooney viscosity is heretofore
widely performed in the rubber industry because this
facilitates the production of the copolymer obtained or in
the subsequent process, provides an effect of enhancing the
processability such as mixing with filler or enhancing the
dispersion of filler and in turn enhancing the performance.
The analytical values of the modified copolymer obtained
are shown in Table 2.

(0065}

[Examples 2 to 12]

Polymerization and medification were performed in the

same manner as in Example 1 except for changing the amount

of 2,2-bis(2-oxolanyl)propane, the amount of n-butyl
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T e

predetermned tine, and the foll ow ng physica
properties showing the tire performance were
neasured. The results are shown in Table 5. Exanples
19 and Conparative Exanple 19 were perforned
according to the formul ati on shown in Table 4 except
for 52 using 50 parts by weight of aromatic oil, 73
parts by weight of sjlica and 7 parts b ht of
liddvipsm a3 dehe pqmlaqtﬂaa%nw%%?ra At a!%ﬂen of
conposition (0.2 g) sanpled after the conpletion  of
tefuRmidr et @:gle—kn%dmwnmm%mylw@l%%%em bhesképd of
about 1 mm and placed in a Harris's basket (made of a
butGaiieresh tiee abolymen)zathen t bempetghureasndebbar ed.
After dipping in toluene for 24 hours, the weight was
macadjiaff It a trdears ut &b e fden aeotnt tioé cobdétiboanghownt he Table 2.
filler was calculated fromthe anmount of undi ssol ved
THO eHept Scah dvalisesl &8 the hodibfiedbbepodyment. (B) to K)
Mooney viscosity of the conpound The viscosity 4
oBE &S @afd eshaweheat Taglat 2 130khd alol doull dntitve ingtst
nmeasured using a Mooney visconeter in accordance with

41415 $56300h lradindndnB@a1 ot Or was used. 3) Tensile
strength Measured by the tensile test nmethod of JIS K

6251. 0 A%;[@ cpSt, SEvEag &9@%&9&{“3(‘?? Jestedcby4dansrade

at 5 ed u5|ng an rscoel asticity tester

f mod
RO o B S el ot ing
LG DUELAL (64§33 PPLLE obUBhaCRbngRYL g1 (x-140).

[0066]

[Comparative Example 1]

One reactor having an inner volume of 10 liter,
having an inlet at the bottom and an outlet at the top and
being equipped with a stirrer and a jacket for the
temperature adjustment was used, and one static mixer was
connected downstream the outlet of the reactor. After
mixing 16.38 g/min of butadiene (Bl) shown in Table 1, 8.82
g/min of styrene (S1) and 132.3 g/min of n-hexane, the
resulting mixed sclution was passed through a dehydration
column packed with active alumina, further mixed with n-
butyl lithium at a rate of 0.0038 g/min (0.0591 mmol) in a
static mixer immediately before entering the reactor to
remove impurities and continuously fed to the boﬁtom of the

reactor. Furthermore, 2,2-~bis(2-oxolanyl)propane at a rate
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53 [0076] 5) Wet skid resistance Tested by TanS at

0C. Measured using an ARES viscoelasticity tester

manuf actured by Rheonetric in a tw st node at a

frequency of 10 Hz, a distortion of 3% and O0C A

| arger nuneral reveals better wet skid resistance. 6)

Wear resistance The wear resistance was determ ned by

nmeasuri ng the wear amount with use of an Akron wear .
of g8t BE4uHdBinaapokhe BPlérp§Hﬁé§a§Fela@@bﬁﬂhﬂ%ﬁ%ﬂ%ithlum

and formul ating the obtained value into an index. A
ataﬁgéﬁtﬁn@@xoi-goﬁét géminad 0a f98kde Mol o@sTaABI%es 2 and

3, when a nononer containing allenes and acetyl enes
peapherhzatipocihitiaounweres fededioedha blotaomrodanine

met al conpound and the pol ynerization and
repdtbrcatndntheeiptetoniedempetratuae ofortdec amaedicad was

pol ynmeri zation reactors at a specific tenperature,

képe Bel YRRE. CAmMd @y afb1alt Forlividls Ve Ehin@hds By taken

nodi fied conjugated di ene-based pol ymer having a high

offedetbmathentbpt b€ 8Re 2elic@BrMaNCC Hed tepit®Rl Ayt ke mixer
obt ai ned. Al so, as apparent from Table 5, the

aM&'ﬁﬁﬂléeﬁeebﬂﬁgeEh%oﬁﬁﬂﬁbEhQﬂrﬁshﬂgt%ﬁﬁs@%@i@ @ixer at
conj ugat ed di ené- based pol yner produced by the

PSS B S L e 1
atﬁégP ?uﬂh E g ééig F aﬂ%%u%%pwgk§a%ﬁaﬁla. %'%%te of

reng conpar e

OEQ%QF%?%Z%&LIE& EBE°Gh EM% SRAEdRe sptiglously

ontainin ofgﬁe s%tlon but out

£ PULBH 1 atic mixer, %ere %%pctlnglyie

modification reaction.

[0067]

An antioxidant (BHT) was continuously added to this
modified polymer solution at a rate of 0.05 Q/min {(n-hexane
solution) to terminate the modification reaction, and 37.5
parts by weight of an aromatic oil (X-140, produced by
Japan Energy Co., Ltd.) was added to the resulting
copolymer sclution per 100 parts by weight of the polymer,
whereby an oil-extended copolymer (L) was obtained. The
Mooney viscosity of the oil-extended copolymer obtained was
72, the number average molecular weight (Mn) was 430,000,
and the molecular weight distribution Mw/Mn was 2.2 and
monomodal. The bound styrene amount of the modified

copolymer before oil extension was 35 wt%, the vinyl bond
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“amount in the butadiene was 39%, and the modification ratio
was 70%.

[0068]

[Comparative Examples 2 to 7]

Polymerization and modification were performed in the
same manner as in Comparative Example 1 except for changing
the amount of 2,2-bis(2-oxolanyl)propane, the amount of n-
butyl lithium as the polymerization initiator, the amount
of tetraglycidylnl,3~bisaminomethylcyclohexane, the
polymerization temperature and the modification temperature
to the cqnditions shown in Table 3. The analytical values
of the modified copolymers (M to R) obtained are shown in
Table 3.

[0069]
[Comparative Example 8]

Two reactors each having an inner volume of 10 liter,
having an inlet at the bottom and an outlet at the top and
béing equipped with a stirrer and a jacket for the
temperature adjustment were connected, and one static mixer
was connected downstream the outlet of the second reactor.
After mixing 16.38 g/min of butadiene (B3) shown in Table 1,
8.82 g/min of styrene (S1) and 132.3 g/min of n-hexane, the
resulting mixed solution was passed through a dehydration
column packed with active alumina, further mixed with n-

butyl lithium at a rate of 0.00378 g/min (0.0591 mmol) in a
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static mixer immediately before entering the reactor to
remove impurities and continuously fed to the bottom of the
first reactor. Purthermore, 2,2-bis(2-oxolanyl)propane at
a rate of 0.015 g/min as the polar substance. and n-butyl
lithium at a rate of 0.00504 g/min (0.0788 mmol) as the
polymerization initiator were fed to the bottom of the
reactor. The internal temperature cf the reactor was kept
at 73°C.

[0070]

The polymer solution was continuously taken out from
the top of the first reactor and continuously fed to the
bottom of the second reactor, and the reaction was
continued at 75°C. The reaction solution was further fed
to the static mixer from the top of the second reactor and
while keeping the temperature in the static mixer at 73°C,
tetraglycidyl-1, 3-bisaminomethylcyclohexane which is a
tetrafunctional polyepoxy compound was added at a rate of
0.0394 mmol/min to the copolymer solution continuously
flqwing into the static mixer, thereby effecting the
modification reaction. An antioxidant (BHT) was
continuously added to this modified polymer solution at a
rate of 0.05 g/min (n-hexane solution) to terminate the
modification reaction, and 37.5 parts by weight of an
aromatic oil (X-140, produced by Japan Energy Co., Ltd.)

was added to the resulting copolymer solution per 100 parts
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weight (Mn) was 480,000, and the molecular weight
distribution Mw/Mn was 2.40 and monomodal. The bound
styrene amount of the modified copolymer before oil
extension was 34.8 wtg, the vinyl bond amount in the
butadiene was 40%, and the modification ratio was 50%. The
vield at the outlet of the second reactor was 99%., The
analytical values of the modified copolymer obtained are
shown in Table 3.
[0071]
[Comparative Examples 9 to 13]

Polymerization and modification were performed in the
same manner as in Comparative Example 8 except for changing
the amount of n-butyl lithium for removing impurities, the
amount of 2,2-bis(2-oxolanyl)propane, the amount of n~-butyl
lithium as the polymerization initiator, the amount of
tetraglycidyl-1, 3-bisaminomethylcyclohexane, the kind of
butadiene, the polymérization temperature and the
modification temperature to the conditions shown in Table 3.
The analytical values of the modified copolymers (T to X)
obtained are shown in Table 3. In Comparative Example 13,

the molecular weight became very high and the oil extension

amount was increased to 50 parts. The ocil-extended Mooney
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workability in view of production as well as at the
compounding and kneading operation and give rise to bad
processability and in turn impaired physical properties,
implying that there is a problem in practical use.
[0072]

[Comparative Example 14]

One reactor having an inner volume of 10 liter and
being equipped with a stirrer and a jacket and capable of
controlling the temperature was used. After charging 560 g
of butadiene (Bl}, 350 g of styrene (S1), 5,500 g of
cyclohexane, and 0.17 g of 2,2-bis(2-oxolanyl)propane as
the polar substance into the reactor, the internal
temperature of the reactor was kept at 40°C. A cyclohexane
solution containing 0.55 ¢g of n-butyl lithium as the
polymerization initiator was fed to the reactor and after
the initiation of reaction, the internal temperature of the
reactor gradually rose due to heat generation by the
polymerization. Oﬁer 5 minutes after the internal

temperature of the polymerization vessel reached 65°C, 90 g

of butadiene (Bl) was fed at a rate of 16 g/min. The

internal temperature of the reactor finally reached 77°C.

After the completion of reaction, 0.54 g of tetraglycidyl-
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the polymer, whereby an oil-extended copolymer (Y) was
obtained. The Mooney viscosity of the oil-extended
copolymer obtained was 48, the number average molecular
weight (Mn) was 480,000, Mw/Mn was 1.65, and the shape of
the molecular weight distribution was polymodal. The bound
styrene amount of the modified copolymer before oil
extension was 35.0 wt%, the vinyl bond.amount in the
butadiene was 39%, and the modification ratio was 76%. The
analytical values of the modified copolymer obtained are
shown in Table 3.
[0073]
[Examples 13 fo 19 and Comparative Examples 15 to 20]
Rubber compounds using the samples shown in Tables 2
and 3 as the raw material rubber were obtained according to

the formulation shown in Table 4 by the following kneading

method.
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liter) equipped with a temperature controlling device using
external circulating water, a raw material rubber, fillers
(silica and carbon black), an organosilane coupling agent,
an additional aromatic o0il, zinc white and stearic acid
were kneaded as the first-stage kneading under the
conditions of a filling rate of 65% and a rotor rotation
number of 66/77 rpm. After cooling the compound obtained
to room temperature, an age resistor was added thereto, and
the compound was again kneaded as the second-stage kneading
to enhance the dispersion of silica. Also in this case,
the discharge temperature was adjusted by the temperature
of the mixer.

After cooling, sulfur and a vulcanization accelerator
were kneaded as the third-stage kneading in an open roll
set at 70°C. The kneaded material was molded and
vulcanized in a vulcanizing press at 160°C for a
predetermined time, and the following physical properties
showing the tire performance were measured. The results
are shown in Table 5.

Examples 19 and Comparative Example 19 were performed

according to the formulation shown in Table 4 except for
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The composition (0.2 q) sampled after the completion
of second-stage kneading was cut into square pieces of
about 1 mm and placed in a Harrié's basket (made of a 100-
mesh metal cloth), and the weight was measured. After
dipping in toluene for 24 hours, the weight was again
measured. The amount of rubber bound to the filler was
calculated from the amount of undissolved components and
used as the bound rubber amount.
2) Mooney viscosity of the compound

The viscosity 4 minutes after preheating at 130°C for
1 minute was measured using a Mooney viscometer in
accordance with JIS K 6300-1. An L-type rotor was used.
3) Tensile strength

Measured by the tensile test method of JIS K 6251.
4) Fuel-cost saving performance

Tested by Tand at 50°C. Measured using an ARES
viscoelasticity tester manufactured by Rheometric in a
twist mode at a frequency of 10 Hz, a distortion of 3% and

50°C. A smaller numeral reveals better fuel-cost saving

performance.
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The wear resistance was determined by measuring the
wear amount with use of an Akron wear tester under a load
of 6 pounds at 1,000 rotations and formulating the bbtained
value into an index. A larger index is better.

As apparent from Tables 2 and 3, when a monomer
containing allenes and acetylenes each in a specific amount
is treated with an organic metal compound and the
polymerization and modification are pérformed in two or
more connected polyﬁerization reactors at a specific
temperature, the polyme; can be produced at a high yield
and a modified conjugated diene-based polymer having a high
modification ratio and a high molecular weight can be
obtained. Also, as apparent from.Table 5, the wvulcanized
rubber composition using the modified Conjugated diene-
based polymer produced by the production method of the.
present invention has good fuel-cost saving proﬁerty, is
assured of excellent balance with wet skid resistance and

is excellent in the strength and wear resistance, as
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Ethyl~-

acetylene

10
25

Acetylene Amount (ppm)

Methyl-

acetylene

10
25

Propadiene

10
30
50

Allene Amcunt (ppm)

1,2-Butadiene

40

80
170

Butadiene and Styrene Compositions

Table 1:

[Table 1]

Monomer

Butadiene Bl

Butadiene B2

Butadiene B3
Styrene S1
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has been described in

Table 4 (Compounding Formulation)

co
X

Modified butadiene-based polymer (oil- 137.5 parts
extended)

Silica (Ultrasil VN3, produced by Degussa) 63.0 parts
Carbon (Seast KH, produced by Tokai Carbon 7.0 parts
Co., Ltd.)

Silane coupling agent (Si69, produced by 6.3 parts
Degussa)

Zinc white 2.5 parts
Stearic acid 1.0 part
Age resistor (N-isopropyl-N'-phenyl-P- 2.0 parts
phenylenediamine)

Sulfur 1.1 parts
Vulcanization accelerator (N~-cyclohexyl-2- . 1.7 parts

benzothiazylsulfenamide)
Vulcanization accelerator (diphenyl guanidine) 2.0 parts

Total ' . 224.1
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in claiml, wherein the polyner (A) is a nodified

but adi ene- based pol yner obtai ned by perform ng

pol ymeri z- ation of 1,3-butadiene or copol ynerization

of 1, 3-butadi ene and another copol ynerizabl e

conj ugated di ene and/or aromatic vinyl conpound by

using an organic lithium conpound as an initiator in

@ ggﬂrocarbon solvent and then reacting an active end
[ge e obtai ned di ene-based polyner wth a reactable
functional group-containing conpound, and 64 wherein

t he rmla%%ﬁeghfaupaeﬁ@% ba¥eatpenryhes Psepr degeadbpd ia

production method conprising: (1) using a nmonomer W th
deheiloanfl wibhnreferencet fbespecifdcalembodiments thereof,

impurities being | ess than 200 ppm based on al
itowbhkrbe appazeppl gongnehekidierdedinothiehamoidwadr verdous

a hydrocarbon solvent to a polynerization reactor
chatees andamoddfivhathons eagabiecmaeliealtheergtound.t ot

conti nuously polynerizing the nononer by using two or
depaetEngneebrdthel ¥peritakhanseepet eherea®d (4)

performng the polynerization at a tenperature of 50

to 65fhi4. aﬁb@l@hklsﬁtfgdﬁgsée|Mﬁeﬁaﬁﬁﬁﬁgé'PbQ%n%S
clained in claiml1l, wherein the functional

Aﬂf:Pi’EaEPBEaNB' nsoosomasmt £ mehhﬁaﬁ}g;hyw O, Saﬁd the

nodi fi ed but adi ene-based pol ymer i fied using

c89£§ﬁfgagh$@bgﬁta?égﬁgkglncQﬂgsgggggiéﬁnnagge%@E%

group and an epoxy group er co Sitiron
vul cani zati on, conprising the oil-extended pol yner
composi tion claimed in claimil and, per 100 parts by

Iﬁﬁﬁgﬁﬁ&g% %g#gﬁeéé &Eﬁgﬂgegf golyner conposi tion, from

[0083]

The modified butadiene-based polymer composition is
assured of good fuel-cost saving property and good balance
with wet skid resistance and excellent in the strength and
wear resistance and is suitably used for applications,
mainly tires, for which a butadiene-based polymer rubber
has been conventionally used, or other industrial products

and the like.
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silica-based filler and from1.0 to 20 parts by wei ght
of a wvulcanizing agent and a vul cani zation
accel erator. 65

CLAIMS

1. An oil-extended polymer composition comprising
100 parts by weight of (A) a butadiene-based polymer having
a number averade molecular weight Mn of 500,000 to 70d,000
and a content of a functional group-cbntaining polymer
component to be adsorbed to silica of 50 wt% or more, and

from 20 to 60 parts by weight of (B) an extender oil.

2, The oil-extended polymer composition as claimed
in claim 1, wherein the molecular weight distribution Mw/Mn
by GPC of the polymer (A) is from 1.6 to 2.5 and polymer
components having a molecular weight of 100,000 or more

contained in the polymer (A) have a monomodal distribution.

3. The oil-extended polymer composition as claimed .
in claim 1, wherein the polymer (A) is a modified
butadiene-based polymer obtained by performing polymeriz-
ation of 1,3-butadiene or copolymerization of 1,3-butadiene
and another copolymerizable conjugated diene and/or
aromatic vinyl compound by using an organic lithium
compound as an initiator in a hydrocarbon solvent and then
reacting an active end of the obtained diene-based polymer

with a reactable functional group-containing compound, and
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wherein the modified butadiene-based polymer is produced by
a production method comprising:

(1) using a monomer with the total amount of
acetylenes and allenes as impurities being less than 200
ppm based on all monomers,

(2) suppiying the monomer or the monomer and a
hydrocarbon solvent tc a polymerization reactor after
treatment with an organic metal compound,

(3) continuously polymerizing the monomer by using
two or more connected polymerization reactors, and

(4) performing the polymerization at a temperature

of 50 to B5°C.

4. The oil-extended polymer composition as claimed
in claim 1, wherein the functional group-containing
component in the polymer (A] is a modified butadiene-based
polymer modified using a low molecular weight organic

compound having an amino group and an epoxy group.

5. A rubber composition for wvulcanization,
comprising the oil-extended polymer composition claimed in
claim 1 and, per 100 parts by weight of said oil-extended
polymer composition, from 20 to 100 parts by weight of a
silica-based filler and from 1.0 to 20 parts by weight of a

vulcanizing agent and a vulcanization accelerator.
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