DESCRI PTI ON  PROCESS FOR MANUFACTURI NG MODI FI ED
CONJUGATED DI ENE POLYMER, COWPGCSI TI ON COVPRI SI NG THE
POLYMER, AND TIRE COWPRI SI NG THE COMPOSI TI ON
Technical Field [0001] The present invention rel ates
to a process for manufacturing a nodified conjugated
di ene- based polyner. Particularly, the present
invention relates to a process for manufacturing a
conj ugat ed di ene-based polgner having in its nol ecul e
a nodifying group usingDE §Bé%f¥ﬁ%d pol yfuncti ona
conpound, a conposition conprising a polyner
obt ai nabl e by the nmanufacturing process, and a tire
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vul cani zed rubhegg CESMVPRISING THEREOMBEOSITPON i I es,

having a low rolling resistance, excelling in
abrasi on resistance and fracture characteristics,
excelling in wet skid resistance, and having an
ebeckhicalfieldi gi dity. [0003] In order to reduce the
rolling resistance of tires, the hysteresis |oss of
0O@ldni zed rubber need to be nmade | ow. As an
eval uati on index of the hysteresis |oss, rubber
mat er (TAE preseet ipyention adlptes tha pleceraer mamifgefuringa sodified
resilience at 50 to 80C, or a lowtan S or Gpodrjch
irenmLgten dicae hgpedarolynen o Pagiculasly. thegsesentinyention;rglates to a
havi ng.a | ow hysteresis | oss, natural rubbers, . .
FORSFO (5 A el con gaieg SRS aSFLP B ER&Y g itsfmolecule a
Hﬁ&ﬁﬁﬁﬂe known. but t.hese hﬁye.a r obl em .of having a

g group using a specified polyfunctional compound, a composition
comprising a polymer obtainable by the manufacturing process, and a tire comprising

the composition.

Background Art
[0002]

Along with the recent years' requirement for better fuel-efficiency of
automobiles, a conjugated diene-based polymer is demanded which can provide a
vulcanized rubber, as a rubber material for tires, having a low rolling resistance,
excelling in abrasion resistance and fracture characteristics, excelling in wet skid
resistance, and having an excellent rigidity.

[0003]

In order to reduce the rolling resistance of tires, the hysteresis loss of
vulcanized rubber need to be made low. As an evaluation index of the hysteresis
loss, rubber materials are preferable which have a high impact resilience at 50 to

80°C, or a low tan & or Goodrich heat generation at 50 to 80°C.  As rubber



| ow wet skid resistance. [0004] As nethods for
reduci ng the hysteresis | oss without inpairing the wet
skid resistance, there are proposed a nethod of
increasing the 1, 2-vinyl structure being a
m crostructure of butadi ene in styrene-butadiene
(co)pol yners having various structures polynerized by
anateriglaheving hilowhiysteteisistloss, natural mphersceglbispprens Kﬂé’hﬁl‘s a
met hod of introducing a nodifyin oup to poly
e TSR etk BODBPSCHVE RPTRIfTaof having a
in, order to inprove the steering stability of
HP@HNaﬁ%FVGﬂWﬂWEE tires, vulcanized rubbers are
dﬁ@éied to have a high rlgldlty, and as evaluation
they preferably exhibit a small change in
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nol ecul ar wei ght high as an i nprovenent of raw

nAfRfuréd pdlyiabesed. byl HQ26dndlidam ifitiatordn 8 hiydetarbon séleent, a
exanpl e, Patent Docunments | to 4 disclose nodified

pabthod o imfodating d nixydifyéracgrony teapdtymer temimalsainsd atheramethods.
rubbery polymer with a polyfunctional |ow nolecul ar

WG it conpound havi ng an epoxy group and a tertiary
amno group in_ its nolecule. Patent Dacumne
Japanddetipatiaihang in osies Brimmpayethe SES@H&%PIIIQY Fof high-

I nternational Publjc n Pamhl et 01/ 23467, .Patent
mfetﬂ@ﬁ{mgﬂewﬁ&%@ﬁ BEFtare ?Sareéqa% avgp high pigidityy ssias

N N A —
baegalsns{ ¥ttea(}n ar’ Sd E‘e ancp Vﬁnghl s?oragc elastic modulus at a high strain. As
methods of enhancing the rigidity of vulcanized rubbers, there are no effective
methods other than the improvement of filler compositions, and making the
molecular weight high as an improvement of raw material rubbers.

[0006]

Under such a situation, for example, Patent Documents 1 to 4 disclose
modified polymers obtained by reacting active terminals of a rubbery polymer with a
polyfunctional low molecular weight compound having an epoxy group and a tertiary
amino group in its molecule.

Patent Document 1: Japanese Patent No. 2538629

Patent Document 2: International Publication Pamphlet 01/23467

Patent Document 3: Japanese Patent Laid-Open No. 2001-131227

Patent Document 4: Japanese Patent Laid-Open No. 2003-119223



[ 0007] However, in conventional arts described above,
al t hough vul cani zed rubber conpositions using these
polynmers are inproved in a bal ance between the
hysteresis |oss and the wet skid resistance, the
rigidity and the abrasion resistance are not
sufficient, so inprovenents are desired. [0008] In
doisslostee af therineént®auch a situation, the present

i nvention provides a process for manufacturing a
pyoblears tpbevelaedhby thednyedionzed r ubber which excel s in
t he bal ance anong wet skid characteristics, |ow
H@QQ@resis | oss, abrasion resistance and breaking
stren and further el,s i
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present 1 nventors have manuf act uri ng process

ofufficiE@Nid Bl aedesRG. pol yner which can provide
a hi gh-performance vul cani zed rubber conposition by

r@dog) ng active termnals of a polymer with a

speci fied pol yfunctional conmpound as a nodifying

agent .In tbiasiddratieh ofpublag siteadionothe ipeescninpiettionprofidesreprocess
present invention. [0010] Wen a nodified conjugated

dfoe menbfes euiing @l pptemertaovidmea vrdeaniaed sabher wdich §xgels i the

nol ecul e i s manuf actured, al though net hods, have .
ceatansalagopaeret pkifchangelgristics. lam steaesis lpss, phrasion gesistaee and
a polymer are reacted with a,.low npl ecul ar co un .
hargaliBe streeity ifag furhen SX@%W‘%@%W ihepohgnet ggﬁlﬁf“%ﬁ with
nmet hod. of .reactjng W.th an .ol,jgoner .of, a di nmer or
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3 not to be preferable because of a decrease in the

nodi fication ratio due to decreases in the hydroxide
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[0009]

As a result of exhaustive studies to solve the problems described above, the
present inventors have found a manufacturing process of a conjugated diene-based
polymer which can provide a high-performance vulcanized rubber composition by
reacting active terminals of a polymer with a specified polyfunctional compound as a
modifying agent. This finding has led to the completion of the present invention.
f0010]

When a modified conjugated diene-based polymer having a modifying group
in its molecule is manufactured, although methods have commonly been performed
in which active terminals of a polymer are reacted with a low molecular compound
having a glycidylamino group as a modifying agent, a method of reacting with an

oligomer of a dimmer or more of the low molecular compound has been considered



been found that the present invention provides a

manuf acturing process of a nodified conjugated

di ene- based pol yner whi ch can provide a vul cani zed

rubber excelling in the balance anong wet skid
characteristics, |low hysteresis |oss, abrasion

resi stance and breaking strength, and further

exated be preferableibgaiise pf a dedredseiin thermedifieasiongptie fee to decreases
present invention, by reacting specified active

tiorthe hpdroxige gaowwln%? eRgIeauivalsnl weight thgiofigomer has. It has

gr oup-cont ai ni ng | ow nol ecul ar,, conpound and its .
obsepdpnd that (heERsEYh IAYPPAGBRIAYides ainaiaqtyting process of a modified
proportion. This.finding.has |led t.o the co ' s
t Ff én s ppBfT GRE IS  J8icERPR Blb e Bling in
provi des the fol i tS: S 5 et
AR el i el o PRAREST:G ol By B dORE By resistance
p i . Fodifo¥ RGN LHRididhn? WIS Wh @bject of the
t%‘léér/%%%mgg%%ﬂ%%gss coc¥n%{&fcbs]|%r$g: aélstygp of obt ai Jni ng a
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conj ugat ed di'ene conpound, or a conjugated diene

c gﬁ@ﬂyﬁz@hiﬁ@ droip-caniEhg fow dYdculae osmpound, andyitsudigogenas
al'kal ine netal -based initiator or an alkaline earth _
nefodlfyingagedts imi tpeaified propatidry.dr Busfinding des ledrie therodnpletion
step of reacting active termnals of the polyner with
aofjihy pradyghtanvenviogr oup- cont ai ni ng | ow nol ecul ar

conpound having two or nore tertiary am no groups and

t HKdél or nore gl ycidyl groups bonded to the am no

groups _in a nolecule of the ound, and an ol i goner
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compound, by using an alkaline metal-based initiator or an alkaline earth metal-

based initiator in a hydrocarbon solvent; and

a step of reacting active terminals of the polymer with a glycidylamino group-
containing low molecular compound having two or more tertiary amino groups and
three or more glycidyl groups bonded to the amino groups in a molecule of the
compound, and an oligomer of a dimmer or more of the low molecular compound as
modifying agents, wherein the reaction is performed using 75 to 95% by mass of the
low molecular compound and 25 to 5% by mass of the oligomer based on the total
amount of the modifying agents;

[2] The process for manufacturing the modified conjugated diene-based

polymer according to [1],



conpound having two diglycidylamno groups in a
nol ecul e thereof; [3] The process for manufacturing
the nodified conjugated di ene-based polyner according
to [1] or [2], wherein the conjugated di ene-based
pol yner is a random copol yner of at |east one
conj ugat ed di ene conpound and at | east one aromgtic
vi nyl welemgio ditow fhalecwlaneampauad useshinuha Feagtion @:@E’Wa‘g‘él&culm
pol ymer obt ai nabl e by the_nanufaqturi@g rqges . of any
ognanpsrungl hpving tyg pliglyddylaging groups 18 3de Hﬁiﬂ Ff‘é’i

ney, co tion
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y mass o no I ed conjugated di ene-based pol yner

accor 0@42& th8diki¢d camjdgated dieneBiked PolyinddWbasbloby the
silica-based inorganic filler; [7] A nodified

CRRhufgefufiflg ghﬁeﬁ-dfa:ﬁ?dnpofmm [Jonposition, conprising

100 parts by mass of the nodified con]j:ml;gat ed

di ene-[5hsmchibeltymied namtifeditanjugated digneabased polyaen pgmposition,
parts by mass of a carbon bl ack; and [gl A tgre

coompiising1 404 pratsdormassiof ithsrmadifisd gpmiyeated digpe-grsef pplymer
Advant ages of the Invention [0012] According to.the, b
paecoding tonfddand 8o 6Qperts hmardiapicxtEngign jOE}gch@H“’ag S@e Y Mass
based pol yrmer_.is blended with rejnfgorcing. fillers, and
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C BRI ShlSdre molifila %éﬁjgigﬁtgé ﬁnls%gﬁeg O RBording to [4] and |

_ st'ance an ea rengt further excel

Dbl B R e e Blek e for tires,

Vi brat {9, modified conjugated diene-based polymer composition, comprising 100
parts by mass of the modified conjugated diene-based polymer according to [4] and 1
to 100 parts by mass of a carbon black; and

[8] A tire comprising the composition according to [6] or [7].

Advantages of the Invention

[0012]

According to the present invention, when the modified conj ugated diene-
based polymer is blended with reinforcing fillers, and subjected to a vulcanization
treatment to make a vulcanized rubber, the vulcanized rubber is provided which
excels in the balance among wet skid characteristics, low hysteresis loss, abrasion

resistance and breaking strength, and further excels in rigidity; and the vulcanized




danmpi ng rubbers, footwear, and the like. Particularly
in the case where the reinforcing filler is
precipitated silica, or precipitated silica and carbon
bl ack, the advantage is remarkable. Brief Description
of the Draw ngs [0013] Figure 1 shows GPC of a

nodi fyi ng agent A used in the enbodi ment; Figure 2 .
shbba iSPadeintarubbei ¢ompayitioge suit#ble fos dqubgrs fep tires, vibration
enbodi ment; Figure 3 shows a calibration curve b &ge
Steanmiag tibbotsy o pencaniche Bee Jherculay Riibe epoMeHE
Figure 4 shows a nmss_spectrum of the nodifyi ent
Aetndergingdilenas PrERBEFSIER, Of REFoR s HCaang fartn Bk, the
spectrum of the, nodi fying agent B used in the
éﬁﬁ@@?ﬁ%ﬁf@mﬁggwewbde for Carrying Qut the Invention
[0014] Hereinafter, the best node (referred to as "the
enbodi ment") for practicing the present invention

Walile %Cﬂﬁ&{gﬂﬁ?ﬂr&”ﬁggai |. The scope of the present
ion

i'nven is not Trmfed to the foll ow ng enbodi nent,
a@@h ri ous changes and nodifications nay be nmade in
the z]?st of the invention. [0015] The enbodinment is a

pr ocesSglen SRRy I o 4 Mg didyifp dizént edudrin tgadnaisbditnente -
based pol ynmer having a nodifying group in its _

nol ec Wigure 2ntiotve G R ofemedifping agent 0¥ wsetlun thegnmbediment;

nodi fi ed conj ugated di ene-based pol ynmer conprising the

st eps Kifure 3phbymarcalibratiomewyen py gae sandardpaly¥pigpe i GPC used
or a conjugated di ene conpound and an 6 aromatic vinyl
corthoembodignenti ng an al kal i ne netal -based initiator or

an al kaline earth netal -based. i niti@tor in

hydr odHEwer HeWs@mRass spRIALPIIAF Moy ing aepnt, S usedip fhe

embodiment; and

Figure 5 shows a mass spectrum of the modifying agent B used in the

embodiment.

Best Mode for Carrying Out the Invention
[0014]

Hereinafier, the best mode (referred to as "the embodiment") for practicing
the present invention will be described in detail. The scope of the present invention
is not limited to the following embodiment, and various changes and modifications
may be made in the gist of the invention.

[0015]

The embodiment is a process for manufacturing a modified conjugated diene-
based polymer having a modifying group in its molecule, and the process for
manufacturing the modified conjugated diene-based polymer comprising the steps of.

polymerizing a conjugated diene compound, or a conjugated diene compound and an



termnals of the obtained polymer with 75 to 95% by
mass of a gl ycidylam no group- containing | ow

nol ecul ar conpound having two or nore tertiary am no
groups and three or nore glycidyl groups bonded to

the am no groups in a nolecule of the conpound, and

25 to 5% by mass of an oligoner of a dinmer or nore of
tanematinwinpidoeqwiund by osipg an dlkabineowiaibasey igijiaky or apalkgline
the contents of the | ow nol ecul ar cg&P und_and the
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Initiators or al kaline earth netal -based

| BblebRbOLompbaR s mddl‘r?fd@%g@ﬁf@.o disRNtheabateanyftie Tohaaelecular
having a capability of polynerization initiation.

Abavuall bnd MHeafligbmlt Yortis®ed of thetloweasitcudareoarpopodiart indicated
sel ected fromthe group consisting of organic al kaline
Nt by Gessp based wnalsltotal gamiunt of tkamodifyingragentaet Here, the term
conmpounds. As the organic al kaline netal conpounds, )
pimadifyinggroyp'busgd i Hietemihodiment i gous to Feackyyith giiep chemical
The organolithi um conpounds i ncl udg IOMIﬁplecu

. | ar
vasibgiancesn e Espesiadiarin ther ambadimentpgrdls medifdng gioups jefdg an

ol i goners, those havin single lithiumin on .
TR0 TR B PBOY, BoWd S REA G P g e s I
in g e nolecule thereof, and, in the bondi ng node of
[0 8banic group and lithium those containing the

bon: it hi d,.t. i Ni ' ~Lit hi
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benz um “phenyllithiumand stilbene |ithium

PadngisHRE bF erpahic alifatind aleldl RbmpoeaRpad degnir akalike earth metal
limted to the follow ng, but include 1,4 7

diédrhpdiindbut AR the cgdréaslkaline metabenmpainds eartisutaply drgariolithium

and di i sopropenyl benzene,
compounds are suitable. The organolithium compounds include low molecular
weight ones, organolithium compounds being solubilized oligomers, those having a
single lithium in one molecule thereof, those having a plurality of lithiums in one
molecule thereof, and, in the bonding mode of an organic group and lithium, those
containing the carbon-lithium bond, those containing nitrogen-lithium bond and the
tin-lithium bond. Specifically, mono-organolithium compounds are not limited to
the following, but include n-butyllithium, sec-butyllithium, tert-butyllithium, n-
hexyllithium, benzyllithium, phenyllithium and stilbene lithium. Polyfunctional

organolithium compounds are not limited to the following, but include 1,4-




1,3,5-trilithi obenzene, a reaction product of
n-butyllithium 1, 3-butadi ene and divinyl benzene, and
a reaction product of n-butyllithiumand a

pol yacetyl ene conpound. The conpounds contai ning the
nitrogen-lithiumbond are not limted to the
foll ow ng, but include dimethylam nolithium

d dHighipbatane) alréadtion produdi ¢fsephopilithivion and diisoprapgaybenzene,
hexanethgleneininolithiun1 Further usable are organigc

all ai-irilshiebengene erigetiva Prefust ploxbutyllihiynys 1. phytadietqgnd
5,708,092, GB Patent. No. 2,[%4 '2312i;1 .U S. .Pat ent NP
diyjylhenzens, qud peeactiple rodueiofn-bulylfithjumand eolypcetylene

co d dinth di t, Lall -

o POBOUIY o The compopris sopiaiing e sioseBth{ls Pond arp oy limited to
T li.t hi . . b . i

AR B B ARG B bR, o
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compounds and organi c cesi um conpounds. Specifically,

t hRse, 231 239au.S. Phteht 16 1,527 763 dndlthekerg, but include

sodi um napht hal ene and pot assi um napht hal ene, and
agebit7zional Iy, al koxi des, sul fonates, carbonates and

am des of lithium sodium and potassium can be used.
These Asergeselithimcompeundsyised inthe embedioeghsenesialiy preferable
conpounds in sonme cases. [0019] On the other hand, the
alre-prillshiunhansescaibutsplitisumd s These oFgsnolithim gempeynds may be
foll owing, but typically include organi c nagnesi um

c HRsoTRRIE or At ERFEER PP DY B pounds and or gani ¢
s&@ﬁg@iun1conpounds. Specifically, these are not

[i d to the follow ng, but include

0 Y R TRIRETA SR e o el b

e, T R

NeRliuePERRAPERAs Snd organic cesium compounds.  Specifically, these are not
limited to the following, but include sodium naphthalene and potassium naphthalene,
and additionally, alkoxides, sulfonates, carbonates and amides of lithium, sodium
and potassium can be used. These are used concurrently with other organometallic

compounds in some cases.

[0019]

On the other hand, the alkaline earth metal compounds are not limited to the
following, but typically include organic magnesium compounds, organic calcium
compounds and organic strontium compounds. ~ Specifically, these are not limited to
the following, but include dibutylmagnesium, ethylbutylmagnesium and
propylbutylmagnesium. Compounds of alkoxide, sulfonate, carbonate and amide of

alkaline earth metals are also used. These organic alkaline earth metal compounds



are used concurrently with organic al kaline

net al - based initiators and other organonet al

compounds in some cases. [0020] The conj ugat ed

di ene- based pol yner obtai nabl e by the manufacturing

process according to the enbodinment is polynerized by

usi ng the above-nentioned al kaline netal -based

i ané tisesltaonclamaitlyrwittherganik alkatine ewialhasad;initiafnss aggl other

initiator, and is a polynmer obtainable by propagation

byganemgigl sAMPOPRASIFEPING 48380 r eacti on, wherein the

polymerization is perforned in a polynerization node

dP0%pat chwi se type, or a continuous type of one

r eact or _two or.nmore |inked reactgqr e

The. coiF dgatBieq ciste BeeciBe  ARShANE bl Hnatiéhing process
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I'i'vi'ng anioni'c polymerization. [ ] The conj ugat ed
i 1RARatE S Propa LB 1§y APindbhapbgmRYizithe reamshaghereimnbe

process according to the enbodi nent include a polyner
ofolpméeditivg ad gtfadined én a polypRriaationamodpol a/batchvabe type, or a
conj ugat ed di ene conpound, and a copolyner of a
cannfingaisagpadfame reamgrau eto @n nmeord hivkddoresdterg typonpound.
In the polynerization reaction of the enbodinent, in
oll0821] t o copol ynerize randomy an aromatic vinyl
conmpound and a conjugated di ene conp

und, a s |,
amountThsfcogiugated dicsg Iyrger cﬁ)t%lp?’ﬁfi gY iﬂf?gmﬁ‘g!r-gjﬁ‘itmﬂ’%ﬁlpmcess
D e (S OSSO TRONES, ALS MOl L bl
t et rahydr of uran, di et hyl et her, .dioxane., . et hyl. o
PRBRIGPREERIT by ety Peealnn reris R BT et IiC Bemerzation.
dl:'o b | ene glycol dinethyl ether, diethylene glycol
d'@uﬁgl et her, di met hoxybenzene and 2, 2-bi s(2-

X! AL ARARE 4 BIak YoIATEAS AR e S rfuring

tetramethyl I'enedi am ne,” di pi peri di foet hane,
t broBE% BYdAMNP fo tHeenBio@itha@Tiimudenypdlfinbeofaébnjugated diene

qui nucl i di ne; al kaline nmetal al Koxide conpounds such

agonPRuagdsd ¢pol yrenofatcenjugated 8iing @binpound, and a copolymer of a
conjugated diene compound-an aromatic vinyl compound. In the polymerization
reaction of the embodiment, in order to copolymerize randomly an aromatic vinyl
compound and a conjugated diene compound, a small amount of a polar compound
as a vinylating agent may be added. The polar compounds are not limited to the
following, but used are ethers such as tetrahydrofuran, diethylether, dioxane,
ethylene glycol dimethyl ether, ethylene glycol dibuty] ether, diethylene glycol
dimethyl ether, diethylene glycol dibutyl ether, dimethoxybenzene and 2,2-bis(2-
oxolanyl)propane; tertiary amine compounds such as tetramethylethylenediamine,
dipiperidinoethane, trimethylamine, triethylamine, pyridine and quinuclidine;

alkaline metal alkoxide compounds such as potassium-t-amylate, potassium-t-



9 butylate, sodiumt-butylate and sodi umt-anyl ate;
phosphi ne conpounds such as triphenyl phosphi ne; al kyl
or aryl sul fonate conpounds; and the |like. These pol ar
conmpounds may be used singly or in conbination of two
or nore. [0023] The use anount of a polar conmpound is
sel ected according to an object and a degree of jts

ebhiitilote, sortemdrtmiylateiand sodivarramylag; phesphind cagpowissych as
on 1 nmol of an initiator. Such a polar éo @#ndT‘ i
(Wwiphgmaphasphiageatyl og 8yl spifenagssqmpaupfs an gﬁ'{‘? Sor Igyese polar
pol ymer diene partfs can be used in sui t abl e anount
dearRrnds e %S ua?éjtsff“f‘éa O\I}i“h‘fﬂrgbl%tf?d‘ 03;}’%’ 4 "Fkny pol ar
cgﬁggﬂPds si mul t aneously have an effective

r izing effect in the copolynerization of a

conj u | bdrdiioR¥ an object and
oo T I8, SO 81 PRI Mgl o e
dae;%fﬁé Hutd e’ B anff@iBtdofnYdrly b.03 26N 00 bl BRGdd% 1amol of an
re ator of the styrene block amobunt. [0024] The

r ANEA6H. ZiSueh FBblae domPyuridviyRing ageithada inicraftuchura regulator of
part of 1,3- butadiene is intermttently added in the
cpolymer diknd partscapdeysat inzaduilableamotiesdepiebdidg ona desired vinyl
Japanese Patent Laid-Open No. S59-1 402 1 1. [0025]

Shexd dmounex alviahe polaf caropgunga sisall dneqrslycluyyg oo sésctivged

in the enmbodinent are not limted to the follow ng,
brandpmizingieffert i the capelawmerization s asenjugatgd diesg cpgppound and an
1, 3- but adi ene, 1, 3-pent adi ene . N
3anemaliy Viny| qomperingds pchean be used fagiregnlatipn ofthe disibution of an
hexadi.ene. These are used singl r jn_caqpbinati of

¢ FROTISHC v o abeas & regiptin df B et adk el
ugﬁg4tn t he enbodi nent include 1, 3-but adi ene and

i rene. [0026] Exanples of aromatic vinyl conpounds

5 B el 65 LA Sy -
apBbNt RlideRRtently added in the course of the copolymerization as described
in Japanese Patent Laid-Open No. $59-140211.
[0025]

Specific examples of conjugated diene compounds used in the embodiment
are not limited to the following, but include 1,3-butadiene, isoprene, 2,3-dimethyl-
1,3-butadiene, 1,3-pentadiene, 3-methyl-1,3-pentadiene, 1,3-heptadiene and 1,3-
hexadiene. These are used singly or in combination of two or more. Preferable
conjugated diene compounds used in the embodiment include 1,3-butadiene and
isoprene.

[0026]

Examples of aromatic vinyl compounds used in the embodiment are not

limited to the following, but include styrene, p-methylstyrene, a-methylstyrene,

vinylethylbenzene, vinylxylene, vinylnaphthalene and diphenylethylene. These are
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vi nyl et hyl benzene, vinyl xyl ene, vi nyl napht hal ene and
di phenyl et hyl ene. These are 10 used singly or in

conmbi nation of two or nore. A preferable aromatic
vinyl conpound used in the enbodi ment includes
styrene. In view of controlling branches in order to
prevent cold flow of conjugated di ene conpounds,
podedfsinety doinaordiremian iof twé niymonmn mpo preferall erpreafic vinyl

di vi nyl benzene may be used. The nol ecul ar wei ght fthe

mmrgmmd\x@ﬁhgethmmb@@wm inslugas StBSﬁngel Ilb‘éﬁweéfplarpl ing
chrormto ra (GPC in ter 0 st rene
e Tl A s, °

tur| rocesi accor dj nbodlnent

pPQV Wl b cBpgisgnct s SRR b ed
rl" € FOl ccl a.lr Iv}e (ﬁh?@ﬂ? g@{é‘l{t é%ragi?ﬁlg&%ﬁfa} ?‘g‘&h _\? ﬁgi]permeatlon

rocar on S manu g process

Ao P IS TS L e s
ah AR E GrdiV 06 MRaRRurRAR révess Alcbiiidd iodhb¥EbedialehoRs
such as but ane, pentane, " "hexane, pen ane and hept ane;

apicEarehliy 100000 &S 2000,080 HiEhsideratiys bo pritaalslity and physical
cycl ohexane, nethylcyclopentane and met hyl cycl ohexane;

ap@peities. hydr ocarbons such as benzene, toluene and

xyl ene; and m xtures thereof. By treating allenes and
ab¥Ry] enes being inpurities in a conjugated di ene
conpound, an aromatic vinyl conmpound and a

hydr ocHydreeerben selkentsgsed ip they rn@nué"@ﬁéwgﬁrﬁt:ess épmqilygé? the

CERbRIETRF agéh%ﬂgd }Bbqhyﬁcéfwas%ﬁ e ARSI} tocarbons and
P PO, B ARSI O 08 o, penane

Hobr GRrbAE ohd brtaf LR HILEN SR %Jg%@ﬁ%]f‘ c}lofnif, * ©

S
LT 5 8 St
PRUCHR rbeﬁﬁ\‘ih NGIERe hﬁd’iéilgneg LAY RAxIURS Rt t By, trdalhi@aN@ds and
to sinply as "nodif

acetylenes being impurities in a conjugated diene compound, an aromatic vinyl

compound and a hydrocarbon solvent used in the embodiment, singly or in the form
of their mixture, with an organometal compound before the polymerization reaction,
a polymer having a high concentration of active terminals can be obtained and
further, a high modification ratio can be achieved.

[0028]

In order to especially exhibit excellent advantages of the embodiment, by the
manufacturing process according to the embodiment, a modified conjugated diene-
based polymer having modifying groups (hereinafter, referred to simply as "modified
conjugated diene-based polymer") is preferably manufactured so that the proportion

of polymers having functional groups, that is, the modification ratio, is 5% by weight
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conj ugat ed di ene-based polyner") is preferably

manuf actured so that the proportion of polyners

havi ng functional groups, that is, the nodification
ratio, is 5% by weight 11 or higher, and nore
preferably 20% by wei ght or higher. The quantification
met hod of a pol yner having functional conponents can
bar highesanddndry prefarablys Qg ga piejehijer bighean Thepsmipstification
nodi fyi ng conponents havi ng functional group 5319

naethad af # pplygcs bayae Bxcsiondf cempARLeaicapsRpuTed by

rihroRgolphy %ﬁ%@%ﬁ%%g &?ﬁfﬁyt&hﬁﬁq‘%ﬁ@m@ g%gﬁ Eiiel S group
Rl RaEh Snedh Bl Cafe e BieARRR R Sl R SRR gton
?ﬁgﬁb&] ﬂgbg at¥pc E‘&umﬁr}ﬂ&g%iﬂ{ éiﬂ?%/ Bra‘ag&%%un&fbﬁglrﬁnﬂﬁnggs and

€ enbodrnent, as ran m copol yners, are not

L Qidd 6 Tnlrh 8\ UaBard dPWbn laBSI b IS RAEhE B8 doRQARSHE

random copol yners, butadi ene-styrene random

c[@p@dp/rrers, i soprene-styrene random copol yners and

but adi ene-i soprene-styrene random copol ynmers. As

r andor@dpi@kadniiése bdsbé pelyaress shuaiphtde by tlendamofacturing process
copolynmers having a nearly statistically random

cazaprisng todhe embpdimendt, asradom copplymens ase v limitgddo the following,
tapered conposition distribution, and the |ike. Even a
hardpsdnderimtadiensrinoprenssiandora capelpmers. bwadiess-siyme alom

take varioqus types of structures, including.a polyner
hePP lygness. dsAPr e rslEBRGBRAP N GAP N MERANY SR RGIE HEREeRsT Sty rene

t he nononer, that, is,,of the 1,4 bonds and the 1,2
ERGET COPAYRIERY LS THIATR EORPYTER Sy BEB e S Fardofn

T T
h . . . f
A5 5 0 BT v
Lighed rﬁ@}rlﬁwr'r?_goagégﬁog[gﬁ{oiomzp@&ﬁ Sitfort YR 1O Bus ¥PSs of

copol'yners co of two bl ocks, three- blocks type

CARRINER ik L RAPR §81Yn1Rf hivihes ulifeek SompaitiondfaBK Borddifemode
copol ynmers conposed of four blocks, and the |ike.
Bfahphescmtr, thad ¢k optheyldebondsiahd #hebl @ bknds, a structure having a
distribution in composition and a block-like structure (having block bonds).
[0030]

Block bonds include bonds of homopolymer blocks, bonds of blocks
composed of random polymers and bonds of blocks composed of tapered random
polymers. There are two-blocks type copolymers composed of two blocks, three-
blocks type copolymers composed of three blocks, four-blocks type copolymers
composed of four blocks, and the like. Examples of block polymers, if a block
composed of an aromatic vinyl compound such as styrene is denoted as S and a block

composed of a block of a conjugated diene compound such as butadiene or isoprene

and/or a copolymer of an aromatic vinyl compound and a conjugated diene

12




conposed of an aromatic vinyl conpound such as styrene
is denoted as S and a bl ock conposed of a block of a
conj ugat ed di ene conpound such as but adi ene or

i soprene and/or a copolynmer of an aromatic vinyl
conmpound and a conjugated di ene 12 conpound i s denoted
as B, are a S-B two-bl ocks type copolyner, a S-B-S

t herapourtd) ip dkented 3B o9 8 ISyBntwo-bipcks Bs-cBpelomer. s Bk three-

type copol yner, a block copolyner represented b
( é‘%skm? caprly e aﬁ-BeS-B[feetshf}/EM%F‘a@lmﬂbP glﬂ?}é copolymer

DieeresRed By (SR s ror il as. (S-Byn. S (B9 n.
BE@% )n, [(S-BynlmX, [(B-S)n-BlmX and
[ €S

n-S]mX, wherein the boundary between each

bl ock ' | o St ' .

o heSERBEL BEERIAH sty hagh] ho S S
aﬁgqgﬁbghﬁk%M&alﬁggﬁggpd and a conj ugated di ene

conmpound, "the aromatic vinyl compound in the block B

-Bhe, SIB-KoH, TH-yS-8)8 [ (S-Byt e X, AB-SmyBe-X SH)|-S|m-X,
gﬁ??fbuﬁed?{i nyst h(l)e kEI(ocE“]B, g part ]Iaﬁ- whi ¢ tf?e Jm

abeRin the \botiydar g begme@en dadhsblodki riced mby nebessarilybbit dehrly

and/or a part in which it is taperedly distributed
meligtinguastiedt ini the pasarveierateibdock B ises@polyimeziof an arometie vinyl

bl ock B, segnents different in the content of the .
acempeunst apd mydonigaisd dirne pappouish thesaromatie vigyheompound in the
nunbers; n is an integer of 1 or nore, dgrgi:‘ser ably. arp1

i hlogk & may ba uniformly difributeds of maxfetansreddy distripyped; in the block B,
preferab ap integer.of 2 to 11; X.denotes.a.residue .
b ParT i Dl R RERE it oS PRNITS MG SOTUFE I part in
inktiator: in.the case where the block S .and the .bl.ock
oWt} Ripesfity AReifRELPEY bl T P fymofR e aIEH e

c f i '

RS S NP (nE OGRE o fIEARIRNE VA Giiplng ey
a8k ButHELHIES; Ris BORITEF ofChaH MrcDARASELIah fudadFRY 1 1o 5;
be the same or different. n the enbodi nent,  opti onal
Mindls Wh @te@fr dPL QR nd?6) preferablyn@Yinbge B2 & T1UGE dértes a residue of a

representeéd by the above-nenti oned general fornulas
mayupdiaig uged, of HR8idhe of a polyfunctional initiator; in the case where the block
S and the block B exist in plural numbers, respectively, in a copolymer, structures
thereof including molecular weights and compositions may be the same or different;
and the structures of polymer chains bonded with X may be the same or different.
In the embodiment, optional mixtures of block polymers having the structures
represented by the above-mentioned general formulas may be used.
[0032]
In the embodiment, a modified conjugated diene-based polymer having
modifying groups can further be hydrogenated in an inactive solvent, so that the

whole of or a part of the double bond of the polymer is converted to a saturated

hydrocarbon. In this case, heat resistance and weather resistance are improved; the
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In the enbodi nent, a nodified conjugated di ene-based

pol ymer having nodifying groups can further be
hydrogenated in an inactive solvent, so that the

whol e of or a part of the double bond of the polyner

is converted to a saturated hydrocarbon. In this

case, heat resistance and weat her resistance are

i deteioration ofprodactsl ot processiagiabhighbfemppaalusissan he prevented; and
processing at high tenperatures can be prevented; and

t the melityiafynaJeculest cag be changed apé therompad bty withanother

conpatibility wth another @ pol yneric conpound can be
. AR BER comapind conrh TBTGses * Bshoce Ui I, G8E e Bt cxcellent
perf.ormances in various. applications.such as.

DBETERRTS 18 3Tievs P lriont suka i appitaionsy i n

t 3?Eb0di ment, the hydrogenation ratio of the
uhsaturated doubl e bond based on a conjugated di ene

conmpoup, & cfli’igmi}?g @ﬁhleyen%dlirﬁ&{t%k %?cé% ek Rahid or thbe

pur pose, a t especially 1im I'n order to

ORfhdatuRated dB@IY BBfd Based bh 8bnjuBatb dlend dbMPoRBdaplopfieally be
and weat her resistance, the 'hydrogenation ratio of

t hecibaicUidiied (B Plipesd) andlishms esheoialld liadrdUJai der to obtain a
di ene conpound in the polyner is higher than 70%

ppafmendtogll@i% heathag@iveresistancecandrvedathien ¢ syst@ ko the hydrogenation
hi gher, and especially preferably 90% or higher. In
oratierof the unspiurated dduble bendrimised en abdnjngated disheeernpeund in the
mobility or the conpatibility with a resin, the
hpelyegeisdughss thart 7080, preferablyol Spmer higher more predrgbly 8550 or
70% nor referably 5 to 65%. and still mre

phighery ?%E@aﬁbp’@tﬁ%@blfﬁg%v&%‘%%n aF1 eder Rimproye the;hermal
ar.o i ¢ _doubl e nd based on,an aronmati.c yinyl . .
BB TSPz CoghEy e Mesrorap AUt S etifi e B tmgenatan raio
and _t i C1 Vi 0£0 ' eciqal:

s pelRe BRI B3 B SRR Batelep Sl GGGl more

I hd/l l.ye: 2004 I

oREaIP 16 k0%, | ThE By BogL AR Lok pronti o tbond based
B BE hlotnakie SANARER &M 18 cloi)%er of 283fligsd diene compound and

hydr ogenati on "process, well-known procésSes can be
Uthelak@fistic Viflyl compound is not especially limited, but is 50% or lower,
preferably 30% or lower, and still more preferably 20% or lower. The
hydrogenation ratio can be determined by a nuclear magnetic resonance device
(NMR).
[0034]

As a hydrogenation process, well-known processes can be utilized. An
especially suitable hydrogenation process is one in which gaseous hydrogen is
injected in a polymer solution for hydrogenation in the presence of catalyst.
Catalysts include, as heterogeneous catalysts, a catalyst in which a noble metal is

carried on a porous inorganic substance, and as homogeneous catalysts, a catalyst in

which a salt of nickel, cobalt or the like is solubilized and reacted with an
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especi al ly suitable hydrogenation process is one in

whi ch gaseous hydrogen is injected in a polyner

solution for hydrogenation in the presence of

catal yst. Catalysts include, as heterogeneous

catalysts, a catalyst in which a noble nmetal is

carried on a porous inorganic substance, and as
horpgesianimint coraporsidor the et and s atalyst ushigzhmatadesane éﬂch as

ni ckel, cobalt or the like is solubilized and reacte
mﬁltanome14A@p‘g@ﬁbsppﬁwaHyrﬁ Hangssne eataly st i suitablcs Wha‘ﬁbcaa select a

catal yst using a e.such as _titanocene

gpt al | og g b
g’lémgen@w&m top. o 1, 1: aﬁirae%wgog gg ap 9@0@%:@ group can be
sui t.a ect. a ydr ogenat i on
c BAERT ﬁ151n$ﬁe“q]i’§i‘d égﬁ%fﬂl%c%tﬁly% aromati c group can
bg%gg rformed using a noble netal -carrying catal yst.

f Speci fic exanpl es of hydrogenation catal ysts

are no dpétc;ﬁr?eé)ﬁ&tp‘éérg ootgf 212 gleﬁ%wg'?ﬁta lysRUire hOQIHASS tolthd ffowing,

carrie rog natlon catalyst in
WRiGhcladéret al  such as Ni, Pt, Pd or Ruis carried on
carbon, silica, alumna, di at omaceous eart h, or the

l'ike; (13)‘\ Arfat-odk |hetérc7geﬁ@$ﬁﬂryﬂst@6nitmrdawﬁﬂin which a metal
catalyst using a transition netal salt such as an
oswrhras NiaPi, #d 9a R iocarsied an eanpbacsilicanelusdha, dofiorhbceo@ogarth, or
Fe, Cr or the like, and a reducing agent such as an
othgdikeal umi num conpound; and (3) A so-called
organonetal conpl ex such as_organonetal conpounds, of
Ti, R ARe-catied figelerype hydsogonatiny aatalyahiifigontransition metal
cat aIy for exa usabl e, are those.. desc

FEBaS PPBHRICH FALAT B ASKG o628 CRINL SagE 2—?6” the like,
863 4841,.1101- 37970 53851 and HO2-9041, and
RE Shelf g *tﬁo%rﬁ‘“?\?&?““ilfﬁ’é' cpIPoYRd; Aif
prefer @5’ lé?sohé(a?le?% Bin%ﬂil Egﬁlﬁlle)é %tucﬂ s d;ﬂ 511%%{’ Al.%gmpounds of Ti,

m Xt ur ene conpou

CREERET B GETREUS: ISR ST BRI i o
described in Japanese Patent Publication Nos. $42-8704, S43-6636, S63-4841, HO1-
37970, H01-53851 and H02-9041, and Japanese Patent Laid-Open No. H08-109219.
A preferable hydrogenation catalyst is a reaction mixture of a titanocene compound
and a reducing organometal compound.

[0036]

In the manufacturing process according to the embodiment, atter the above-
mentioned conjugated diene compound, or the above-mentioned conjugated diene
compound and the above-mentioned aromatic vinyl compound are polymerized,
active terminals of the obtained polymer are reacted with 75 to 95% by mass of a
glycidylamino group-containing low molecular compound having two or more

tertiary amino groups and three or more glycidyl groups bonded to the amino groups

in a molecule of the compound, and 25 to 5% by mass of an oligomer of a dimmer or
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menti oned conjugat ed di ene conpound, or the
above-nenti oned conjugated di ene conmpound and the
above-nmentioned aromatic vinyl conmpound are

pol yneri zed, active termnals of the obtained polyner
are reacted with 75 to 95% by mass of a glycidylamno
gr oup- cont ai ni ng | ow nol ecul ar conpound havin% two or
moroge of e lowmpolenvlarcompoups  dileietthe eentents abihe lgw yeglegular
groups bonded to the amino groups in_a nolecule of |
t rempeymnsianddhe aligpnpes composedf thalos mlesulaprorgperad agg indicated
di mer or 15 re of the | ow ngl ecul.ar conpound. Here,

t Hyywnmesﬁ]%s%#o on the t%ﬂ?fﬁw@e (o g’ﬁ%@ﬁ?&tsand t he
ohgggger conposed of the | ow nol ecul ar conpound are

[ ted in %Dby mass based on the total anount of

L o PR OGRS FIRLY i B OBt heoCAURANA 0 group-

used in are glycrdylam no
C 4] » -
R Ll OFFAUES SN B

OEREPST RERAZEIIR drbighsHINA @'tAS RS LrbiyRi ih tHeH M6leksle, and
and include | ow ol ecul ar conpounds havi ng two or

Mirctuddi 1g¥v)re] ebill @bofoghditiRiingtwol dieh dre i | g dy lamirnghoups in

| ow nol ecul ar conpounds havi ng one di gl yci dyl am no
gtleipmolaade cimd low nalealarapogpoynd schavary one diglgeigglaimino group
their nolecule. The | ow nol ecul ar conpounds are

pered encdr monggrehoghicidyldmine growpsdn dieyionalptuled nbhgjloyupelecular
in their nolecule. In the enbodi nent, the | ow

BPEBeHS ascRptmis ussdevieh Baysr ok alyridylapriamaiogps in their
R R
enbodi nent and havi ng t di gl yci 1 N0 _groups in

¢ R ot syt Smplegviat it ChoT DRTPEIBEE L ot ur o

r :,ﬁient ed by the general forrmula (1). [0039]

[Eg{ la 1] H2C CH CH2 CH2- CH CH2

The low molecular compounds used in the embodiment and having two
diglycidylamino groups in their molecule have a preferable molecular structure

represented by the general formula (1).

[0039]
[Formula 1]
H,C—CH—CH, /GHZ“CH“CH,
\ / N/
0 \ N—R—N o (1)
H,C—CH~—CH, CH2—-CH—CH,

N N

[0040]
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\0O ~-NR-W\O0 (1) HCCHCH2 CH2-CHCH2 d [0040] 16

In the general fornula (1), Ris a divalent

hydr ocar bon group, or a divalent organic group having

at | east one polar group selected from oxygen of

et her, epoxy or ketone, sulfur of thioether or

t hi oketone, and nitrogen of a tertiary am no group or

an i m hothggengpal féimuldi{ VaRert dimatins bpddocarbom groppj ar aadivalent

saturated or unsaturated hydrocarbon which may be

| iorgaaic, grbmahmmatdcast gug pelar graup peledtediromapxyaekof @h@ epoxy
group, an al kenyl ene group and a phenyl ene gr.oup

s peketong sului|thigetipror th@ﬁ)(ﬁg?nér?@d ngifepnoh a teryawrnéﬁ@ group or

|l ene cyclohex

(t:))f‘/"g Lrg{}%x rl%‘%;e ']35‘?5\3 \fpﬁ bon ,#oqgrls ag;f (gr}gasatmated
0
nér%e_a%ffhgn” TR %mﬂ”lﬁ%%%'é? e
C%g)tu?k&f Jllkll:ﬁ &%e @Bu g.’rbcg% é/+e¥1§}e§é g{&%ﬁngﬁgg ??gi?(i/ @%amples are
e ALt etﬁSHeHé’ BRLALR, chAOMR B CCH b fmEnPIERL Loy Rihek i, 13-

conpoun used 1 n the enbodi'ment are

| bi¥dtRHeA-cdvBR LML QM AF or PiphehyleheU 8 of pcyidrie(aiid -

di gl yci dyl am nonet hyl 5cyclohexane

NbN(penNené)ahétdaneyci dyl - m xyl enedi am ne, 4, 4-

nmet hyl ene- bi s(N, N-di gl yci dyl ani | i ne),

1{eo4B] s(N, N—diglycidylanino)cyclohexane

N,N,N ,N -tetragl yci dyl - p- phenyl enedi am ne, 4,

bi s(di b@‘y@ﬂ@wlﬁﬁi‘lmmmh@nb embodiment preferably contain little

4- (4- gl yci dyl pi perazi nyl)- (N, N- di gl ycidyl)aniline and

20{ DO A vy [dEIgge sush as 1%‘}@%9}‘(}@1& GArDeX N EIOHR 41 3 RITRArY or
Abgve all, especially preferable are

158508 @’FW‘UE‘@S’I“EU dyl am nonet hyl ) cycl ohexane

[0042]

Specific examples of low molecular compounds used in the embodiment are
not limited to the following, but include 1,3-bis(N,N-
diglycidylaminomethyl)cyclohexane, N,N,N'N'-tetraglycidyl-m-xylenediamine, 4,4-
methylene-bis(N,N-diglycidylaniline), 1,4-bis(N,N-diglycidylamino)cyclohexane,
N,N,N'.N'-tetraglycidyl-p-phenylenediamine, 4,4'-
bis{diglycidylamino)benzophenone, 4-(4-glycidylpiperazinyl)-(N,N-
diglycidyDaniline and 2-[2-(N,N-diglycidylamino)ethyl]-1-glycidylpyrrolidine.
Above all, especially preferable are 1,3-bis(N,N-diglycidylaminomethyl)cyclohexane
and the like.

[0043]

Modifying agents used in the embodiment as a low molecular compound

include reaction products of a polyamine and epichlorohydrin, and those as an

oligomer of a dimmer or more of this low molecular compound include reaction
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and the like. [0043] Mdifying agents used in the

enbodi nrent as a | ow nol ecul ar conpound i ncl ude

reacti on products of a pol yam ne and epi chl orohydri n,

and those as an oligonmer of a dimer or nore of this

| ow nol ecul ar conpound i nclude reaction 17

condensates of a pol yam ne and epi chl orohydrin. The
okomgleneates afragiolipheniot agbepcldorobiydan.di Fimeoligomerpinglude oligomers
produced as a result of the reaction of aone nol ecule

off a dimmpn areergdroducad ana resplt ebthedeaction of oa;melacple of

and E@ditiqnally oligoners of a. r._or

] 0 di | re,.
pFRIALICERYRYN il thegBelegHe Rl ANATHES- &fidlélae;@v gligsuses of a
of,. gl yci dyl r pu of. a | ow nol.ecul.ar conmpound in the.
olisEntier Hpre SRR o ereadion By RoRoidk o SRSy Yoy
di r . S | j-

TSR P E LRSI hEP S5 Ry h B R TP hE My a0, and

r : i

TR oPh AR oAy Rl B RR e The
bylifdiRers hCobtAALT AISNbYHRboRinG! r¥setidH |o@gbc§8r groups by an acid or an
group-cont ai ni ng | ow nol ecul ar conpound i $

malukhact ured, the oligonmers are produced dependi ng on
the ratios, tenperature and concentrations of

r fgdant s, and storage conditions of glycidyl

conmpounds. On the other hand, the anount of oligoners
can belnrthelgasedvlisye theseedlgothesviarh obtaineddythe dids réaction ivban a
or solvent extraction froma m xture containing
oklvgishriamyno poowson@inine fasy molpsalar compernddsmeanfasinedy the

in.the range of those of around, dimer to decaner. As

e QUBAMES aksTPredASH H@Pﬁr@u@forbtﬂlp & smpgtagre And pncentrations of
BRI S mk im0 DA APy cOn Rk R, the
[ Ql%élgllt of oligomers can be reduced by a method such as vacuum distillation or
solvent extraction from a mixture containing oligomers.
[0045]
Oligomers used in the embodiment are in the range of those of around dimmer
to decamer.  As examples of components of oligomers used in the embodiment, a
dimer of the following formula (2) and a trimer of the following formula (3} are
shown.
[0046]

[Formula 2]
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[Formula 2] 18 CH i HzZC-CH CH2 CHZ-CH CH2 / CH2- CH CH2
O\ NRN/NRN\ O (2) HOCHCH2 \CH2 CH2
CH2-CHCH2 1\ / O OHCH2 CHCH2 0 C C [0047]

\
[Formula 31 OH ON H2G-CH CH2 / CH2- CH CH2 CH2- CH CHZ
CH2-CHCH2 0'" NRMNRN-~NRd O HOCH CH2 CH2
CH CH2 CHZ \CH2-CH-CH2 / 11 \ d OH%H2 CHCH2 OH
H2 \ -CH2 ¢ o d o (3) 048] Here, R in the above
(t:)h?m' cal formulas has the"same definition as described
ef pee.cH-0842] The nphpceiacHyei ghts ofHi-hed+eHpul as
(2) i!smgd (3)\2descri béd above ayr\\g, wth/ thesnod egl ar
wei ghtOof a | 8w ecul ar conmpo®Rdlnot ed £ M (2)
DM 56(n-1) /n the sase of an}n)-msr. nodi fyi.ng agent
used P TEenbodi e He i s pré&ferably ?'é’a"&é‘éé th
activ\Q)term' nal s of @HPpoHyMeCH-aH,a M xture ®f a | ow

nol ecul ar \O/ \of
[0047]
[Formula 3]
?H ?H
H,C—CH—CH, CHy—CH~CH, , CH,~ CH—CH, cuz—ciH ;cH,
h 6’ ™ N—R- > N--ﬁ-N\ N—-R— o
H,c—cn—c’r/t, N CH, ?u, CH, ia:;l-l2 cHz--c\H--CHz
NN Nof N (@

[0048]
Here, R in the above chemical formulas has the same definition as described
before.

[0049]

The molecular weights of the formulas (2) and (3) described above are, with
the molecular weight of a low molecular compound denoted as M, nM-56(n—1) in
the case of an n-mer. A modifying agent used in the embodiment is preferably
reacted with active terminals of a polymer, as a mixture of a low molecular

compound and oligomer components.
[0050]

In the manufacturing process according to the embodiment, active terminals
of a polymer are reacted with 75 to 95% by mass of a glycidylamino group-

containing low molecular compound and 25 to 5% by mass of an oligomer of a
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conmpound and ol i gomer conponents. [0050] In the

manuf acturing process according to the enbodi nent,

active termnals of a polyner are reacted with 75 to

95% by mass of a glycidylam no group- containing | ow

nol ecul ar conpound and 25 to 5% by mass of an ol i goner

of a 19 dimmer or nore of the | ow nol ecul ar conpound.
Téhinmertar gnayé ofithedowmadleelidranompoung o Liblek ratid ofia lay impdenutar

in this range can provide a vul canized rubber .
esrapquad @nd an ofigemey-in this sangswar pravidesiyylcanized rubber excellent in
characteristics, |ow hysteresis | ogss, abrasi

r@giblg}ag%@.no%ﬁé. ; Rl}qq?:\‘:%rtspgﬁ i Z%{ﬁxa:mﬁ loss :asiohn resistance
P uCrrtine, et nd it g*%ﬂ?@éﬁé%ﬂ‘é%%ﬁc@fwg Lgiifges of the
é}?t%ye%? thvleRudd) S {q%r}gfpgbq%p gorfqgr entd ¥ lre(élg\l:é%ﬁh%fs r%lr{gesfgzd the

oup-contal nit ng | ow=nol ecu conmpound 1s se

t 0 5 I j i A
0l BB A1 800 G 8 191

NBASs and NSO Bt A aldBRRF of Mo RhORAV Mdicehlah @(lylﬂ?oﬁrﬂQS set at

rigidity high and nore excels in the bal ance between

WES tosieh Gy Gk ach 8Edndicd ¢ablien 6 dlaxnby shivhd®ids thefgidity aigh and

by contrast, if the oligoner conponents are increased,

amerd ex@els e therbabinee bétsecw bibskie dhashitelstiop ded mvehysteresis loss;

hol ds the bal ance between wet skid characteristics and

| v} Byyennimasisif she eligomen gomporentsare lineréased, @evuldagizgil rybber is

| f Z796b§_nass or mpre_and 93% by nmass or.less of the

gPBeined whishaodpraely heldsithe halarpel hslyvons) wal gkighchagagiepistigrand

is reacted with 7% by SS or nopre a % by nmass or

| leushysteresilosndgporsiexesls i B R or Tﬂ%f’g bymiasher ok and
ul ar coppou he, bal ance anong. .these can

ek B olss PEIRE R Eihe gl P eFoogahn b EY il

I > ] ' I 5@ [

PR Rl WA B B0 B ol BOFBIREN G o he

leﬁ_%ﬁ’ne? 3? a QEAREF bYmIRBFHhE oW ﬁlgfébl!ll%d}igé(ﬁﬁlal 8k balance among

conmpounds to ol i goner conponents according to an

Ofhelde i@k exhiBRIMGE favbisbl@Bmets. of the ol i gomer

conmponents i s obtained by GPC in such a
[0051]

The ratio of a low molecular compound and oligomer components is
measured by GPC, and measured by selecting a column which can properly measure
from low molecular compounds to oligomer components according to an ordinary
method. The amount of the oligomer components is obtained by GPC in such a
way that the cumulative amount of oligomer components 1s calculated from a
cumulative amount from a changing point of the gradient between the peak of a low
molecular compound and a peak of an oligomer component having the smallest
molecular weight on the shoulder on the high molecular weight side of the low

molecular compound peak to a point of an oligomer component peak of 0 on the high

molecular weight side, or a cumulative amount up to a molecular weight ten times or
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way that the cunul ative anmount of oligonmer conponents
is calculated froma cunulative anmount from a
changi ng point of the gradient between the peak of a
| ow nol ecul ar conmpound and a peak of an ol igomer
conmponent having the smallest nolecular weight on the
shoul der on the high nol ecul ar wei ght side of the | ow
midse,ca it uppentimita npdedalar oveaghs of aglysidydamisbigyeupecontaining low
conponent peak of O on the high nolecular weight
smpdecular campownd inttenns of sianderdnelystyrancrend exprassedi pigentage
ten tipes or 20 less, as, the upper |imt, a no]ecul ar
Was @Fﬁtlﬂcﬁf the @l;oygi Hiodhe Eﬁrgg iy Anoyyt iof; bhe| RWJ‘ area of the low
nol?cu ar_conmpound in terns of standard pol ystyrene,

ESTRY percentage as a ratio of the above
aﬁRBPL to the cunul ati ve anount of the peak area of
t he w nol ecul ar conpound. [0052] In the

manuf agtME LDGURERERE PrateSiddbind @ thdemBERRRHITRY readtfdf ratio
0 g?t Y als o d

reaction ratio e term a conj ugate

dbLARNE ASGRANNO LY ATESnjBsttePdibRAbdsid POlyRfe Bhd h Modifying agent is
preferably such that at least 0.2 nmdl of the glycidyl

gpeeidrablly shétethapatiléast 09 m@eatthd glycidgl@basioftht nodifing aent is
active termnals. The upper limt thereof is about 10
medacted whthchmiod oBactiamberntinalor eltefupphi Ginitcherkof imabout 10 mol,
exhi bit an expected effect. A nodified conjugated
diwdaind-ib as echoputl mpenerof sthtich enaibd rotiexhibiteinexpediedheffiecthad a
proportion of polynmers having nodifying groups, in

t medifiadrorbigpied dismedpsedopdpwsigbtainglle in heepbodiveng has a

pol yners. Th}s cage,can provi de excel | ent

pRIIPSHpR AL Pelymgrs having mediying grauns 1p fheinjpolseulesaf 20 to 80% by
ST R BR0S R < B Y Se Bt Beormecs.whi
¢ P bR brdspf ROCOHER, S TnEBRBb RN bl Bibing |

o RSRTEY Hrourf in BREE oo LR o iy HliTalTD B e 31y mers
epbof ABAchidsh, M ieh RIpSrfon 1%1%@{% A iR, AR KR amount

wei ght of 200,000 to 2,000, 000. This case provides a
f avpoailyiag Aa¢moeedof The atRsfaitionjgytcdienefiayed saymer

properties. In the enbodi nent, the wei ght-average

nmobtainablarin Wel eglifodiraent has preferably a weight-average molecular weight of
200,000 to 2,000,000. This case provides a favorable balance of processability and
physical properties. In the embodiment, the weight-average molecular weight is
more preferably 300,000 to 2,000,000. The modified conjugated diene-based
polymer obtainable in the embodiment is preferably a conjugated diene-based
polymer obtainable by a continuous polymerization process, and is preferably a
modified conjugated diene-based polymer having a monomodal molecular weight
distribution and Mw/Mn of 1.8 to 3. The modified conjugated diene-based polymer

has more preferably Mw/Mn exceeding 2.1 and lower than 3. This range provides

more remarkable advantages of the present invention. That is, a vulcanized rubber
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nore preferably 300,000 to 2,000,000. The nodified
conj ugat ed di ene-based polyner obtainable in the
enbodi ment is preferably a conjugated di ene-based
pol ymer obtai nable by a continuous pol ynerization
process, and is preferably a nodified conjugated
di ene- based pol yner havi ng a nononodal nol ecul ar .
wedrgbe obtained mhinithiodds the balkgeNretweenwe skigl charapfegistics and low
nodi fi ed conj ugat ed di ene-based poly has npre . .
phEift@ﬁ%ib lgss philkiexesling i qbgaszomreaﬁfanscf‘o%@rexp%iﬁg 1 rigigity-
%EF provi des nore remarkabl e advant ages of the
ght invention. That is, a vul canized rubber 21 can

b b h d
o oL RS S5l PE) SRS HEaatleh o

R R B

HP) C%’Fi?a geR! 1ﬂ'aﬂ§ﬂ#ﬁ¥e c&R&Ht Q&a@u(ﬂpﬂeﬁ'ﬁﬁﬁtor Bhe Be addedW

conpoun aving a gl yci dyl am no group and
| hi8copling 8BEedS ThaBsHclidh RImAGEITS fo bd Eonddiohlaséd ae alcohols such
solvent, a reaction term nator can be added according
tas ﬁﬁﬂﬁnof,r bhatficlaat ipedpahel; bigaaicaicRistsactbas stearietclidy lausiedcid and
are al cohols such as nethanol, ethanol and propanol,
obganeic aeidi dates, ot tiaslilet earic acid, lauric acid and
octanoic acid, water, and the like. [0054] In the
ef®¥di nent, according to need, netals contained in a
pol ymer can be deashed. CbnnDnI t he deaﬁ&lng qethod
i nvol visthe smbadimeny ageqrding taAeeh gml% congain polymer can be

ani c_acid,

'oﬁcj«is%ﬁm | Reopl: the ffm et if O&FﬁVStCE’S@Q{E?é@?%ﬁé’PaqT%m
o A BRER Ak éﬁ etiePal s os PRSP Eenapial o vigh o
SO| M’n{]etr olﬂ on ﬂ)ntt: gl%jena%?%&es g;gﬁ?%gh}gﬁater phase.

MO s |nc
pm&ﬁgm?rus based stablllzers sul fur-based stabilizers
d am ne-based stabilizers. [0056]

In the embodiment, in a solution of a polymer in an inactive solvent, an

antioxidant can be added. The antioxidants include phenolic stabilizers,
phosphorus-based stabilizers, sulfur-based stabilizers and amine-based stabilizers.
[0056]

Acquiring a polymer from a polymer solution can be performed by well-
known methods. Employable methods are, for example, one in which after a
solvent is separated by steam stripping or the like, a polymer is filtered out, further
dewatered and dried. to acquire the polymer, one in which a polymer is concentrated
in a flashing tank, and devolatilized by a vent extruder or the like, and one in which a
polymer is directly devolatilized by a drum drier or the like.

[0057]
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Acquiring a polynmer froma polyner solution can be
perfornmed by well- known nethods. Enpl oyabl e net hods

are, for exanple, one in which after a solvent is
separated by steam stripping or the like, a polyner is
filtered out, further dewatered and dried to acquire

t he polyner, one in which a polyner is concentrated

in a fPaspf prgioresd wmb@ﬁun@és/J the presond dnysyptign isdhe case where the

extruder or the |ike, and one in mh&g% a _polymer is

dFPBgatsd densspased pbyagr 132 BndemyroRelyEIeT o UpiRg 25 megomers a
0057] 22 f f d enbod; t f t t

| ROBRDRG Plherns R SE FiEruTREed B Shyfou S afl SHERS o

di. - ' ] ; ) i

BT o TR R B i s

Cﬂmd#&%@ gol%ﬁ%in%?ﬁ?ﬁ%ﬁgénﬁﬂgﬁﬂ%ﬁ EfBporhd dsiaMiifiGator. The

random copol yner onj ugat ed di ene conpounds and
ShylyRfdE hhsSa PRAIRRion ténpdtafied inBe FRgY 8L 100PCNE 08¢, and a ratio
organi ¢ nonol i thium conpound as an initiator. The

pef yasonbate B2GbadSortd,406hds inhd enpedatddudiend parisi€ 10% to 90%
range of -100C to OC, and a ratio of 1,4-bonds to

lagaitisd 80% torl 0%.4 - Tiertssmdedistyenc anwpngiattbdcatiobmeerpail te 50% by
of 10%to 90% against 90%to 10% The bonded styrene
amasht The chhin digpbutjoneef stgena in thogenw|ymerds preferakly aiadom.
distribution of styrene in the copolyner is preferably

r Ahigsase canprevidea sibbsnexnelontder dretiader hedandun copalymer

el a0 i handam copol vt el i s Lo

S P A,
o/l t .

EHPTTI N TN S

ShWEGIRe ( @TRINY e %%Dé{ gg%fr% @%glg‘ﬁ) sty ené ALY 1TRS§0% By mass

re to the whole styr and the styreéne

C BpnBre( 18R Whole bBnddd/stfieBe; aMRHIRCH]RAS chain 'é:%hﬁlyofrﬂaﬁ?reﬁé
| oner, and preferably 2.5% by nass or |ower. [0058
Th@latuRe i858y bPnakdér 1604, ah@ frefeablyPaios bydnas or hased
pol ymer obtai nable by the manufacturing process
apsdBHi ng to the enbodinent is controll ed dependi ng on

The viscosity of the modified conjugated diene-based polymer obtainable by
the manufacturing process according to the embodiment is controlled depending on
applications and purposes. Commonly, Mooney viscosity (100°C 1+4 min) of a
raw material rubber for a vulcanized rubber is controlled at 20 to 100. In the case
where a raw material rubber has a high Mooney viscosity, it is commonly extended
by an extension oil so that the viscosity is turned into this range in consideration of
easiness of a finishing process in manufacture and in order to improve processability
in kneading, improve dispersibility of fillers and improve various physical properties
due to the dispersibility. As extension oils, preferably used are aroma oils,

naphthenic oils, paraffin oils, and polycyclic aromatic components being DMSO
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appl i cations and purposes. Commonly, Mboney viscosity
(100C 1+4 mn) of a raw material rubber for a

vul cani zed rubber is controlled at 20 to 100. In the
case where a raw material rubber has a high Money
viscosity, it is conmmonly extended by an extension

oil so that the viscosity is turned into this range in
cexisictien etrnpements bycthe imetisxl offIP 346, thatshi aromprabiemsiive eils of
manufacture and in order to inprove processability _in
kReAdi?§e by mesporlest. s Jdreramna- tgm@ﬂvefqnlm ip¢lyde; rgated Distillate

B S s e B S
R
S5 AR A e g o

B@(glﬁ?%algﬁedlgﬁe%%é@k?@ﬁ%gﬁ Iﬁgdéo&%’hi%h 'cB?bL:fﬁg & td 68 Zﬁﬁgby mass of

ate Aromm tract (T-DAE) and M I

&t Afomea V@b ohMESby BB 46 mtAsd, IEd1 4K an @iFhRion oil of
unstof fe, 52(12), 799(1%99), and additionally Safety

Rec A ifdY, By @B biClesdii [GChar{sDyRAdss offdtanddifiddpadjugated diene-
Energy Corp. Here, if an oil-extended nodified

chased palyattr décnding &sthe preskeytnaveritioni dan plovidle acoddaaized rubber
5 to 60 parts by mass of polycyclic aromatic
chapunerractdristically ¢eelad podomeces ¢fthe preserdanvextionsidn

oil of PCA of 3% by mass or less, in 100 parts by . .
nexsslling in gaviresanental gowmpmiggawes ol herise apoYBtOf ) ion oil is

accordjng to the present invention, it ca Vi a
veptional. Patcqmypealy S RH0insgs BK w@qdﬁr?fggﬁ%lﬁ@wgﬁ Bafts by
perfor es of the present invention and excelling
iﬁ@%ﬁ9gﬁgﬁdﬁﬂF%VVﬁ@ﬁﬁﬁ%?ﬁﬁ Nifes. The use ampunt of an

e gafion oil is optional, but coomonly 5 to 60 parts
bgkhe ght, and preferably 20 to 37.5 parts by weight

to 10 L ght . < ; ~
2, ORI A by MRS i

Sinletaf BxiBS Sl hBA! BANbLidEd & ldRpSrsed B4 AlodFeli ¢88jugMEd diene-based
nmet al hydroxides i's dispersed in a nodified conjugated

dp&nerePasigihable By tEEmafiaatufiad boceys deberdimnuigcémibidigent, fine
process according to the enbodi nent, fine dispersion

i disphtiah heshtaibbdishyy muvidingginaxcdlene bffen bngbffentances.  In the

performances. In the
case where the polymer is used for vulcanized rubber applications to automobile
parts such as tires and vibration damping rubbers, shoes and the like, silica-based
inorganic filler is suitably used as a reinforcing agent, and a synthetic silicic acid
having a primary particle diameter of 50 nm or less is especially suitable. The
synthetic silicic acid preferably used is wet silica and dry silica. The wet silica is
referred to also as synthetic hydrated silicic acid. In this case, the filler is quickly,
homogeneously and microparticulately and reproducingly dispersed by a short-time

kneading, providing remarkably favorable physical properties. Additionally,

synthetic silicates are also used.
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case where the polyner is used for vul canized rubber

applications to autonobile parts such as tires and

vi bration danpi ng rubbers, shoes and the Iike,

silica-based inorganic filler is suitably used as a

reinforcing agent, and a synthetic silicic acid

haV|n? a primary particle dianeter of 50 nmor less is
88fal |y suitable. The synthetic silicic acid

preferabl used is wet silica and dry silica. |
51 11 caAiTeinToreing aRe Deablajscarhon 1&%‘& héiarko Wéﬁka'ﬁ @at especially

hb#'a'é'é BGeth %FEJE“?PP% @a%?@?%\%a% b{aﬁl?&hmﬁﬁlaﬁﬁ%ml plack,

r'g%%ﬁ %?d t%% élﬂ% g?e ga%( géa llyq)lr&%rable.

Agﬁjg onaIIy synthetlc S|I|cates are al so used. 24
g % A reinforcing agent usable is carbon bl ack.

Car bonTil ﬁﬁ&lf'ea caﬁhgﬁ&ﬁ’ Sfchél-lbkééd ﬂoh‘ﬂlér%tmﬁﬂle b‘ﬁﬁ{él e

are furnace bl ack,” acetyl ene bl ack, thermal black

CBﬁﬂ{ﬂﬁbtuﬁhg@bcess%c@@ﬂﬁﬂg&o&h@eﬁﬁ&hhﬂehﬁs pfiTerdbl alskd as a raw

furnace black is especially preferable. [0061] The
nmhdteriabribbenfor galcatizell mibberlvaagdsipiohy Meh thibcasenablhileatyed

the manufacturing process according to the enbodi nent

i subberedamnpisitionis petfersbla usednin wisicke 1 Gfapmtalbbwcighmf a raw material
vul canj zed rubber conpositions. In this case,

viHbbeinis banded bebelrtoé'@ﬁwgmi by oight opsiliea-basetl ynqygamc fiHer and 1
whi ch 100 parts t of a raw material rubber is

br%mmbqught@¥2@@05§}a€§ selyer wuaﬁmbf | itadbip gasgeas
APBOREES afctke pEbrgvSHiotsttr Bt Sispprstiin ot sfice s gpod and

SRR Pl IR e SEBIEHS) it e

I I
DEHEPF BBl 1 M BB RSB RFSY ipe. an
t hQcaREAbR 26K bA LBl HRERERRE QtHﬂg)é S RIRR'iS fftit18 A8pédence on
vul cani zed rubber can be obtal ned whose st orage

NEreHih.USIni applifhations td SredRAGH HRNERYRBr cantdcRiele, théte than
applications to tire treads, the pol ymer can achi eve,

nedrerehtiaally cigipreviinemo & thy balafty eMewabdllingediftandeaind vee skid
of lowrolling resistance and wet skid
resistance, improvement in abrasion resistance, further, improvement in strength,
improvement in rigidity, and the like, and can make compositions suitable also for
rubbers for tires, vibration damping rubbers, and footwear. Particularly, tirés using
the modified conjugated diene-based polymer obtainable by the manufacturing
process according to the embodiment and containing silica-based inorganic filler
and/or a carbon black can provide suitable performances.
[0062]
The modified conjugated diene-based polymer obtainable by the

manufacturing process according to the embodiment is used, as a raw material rubber,

singly or as a mixture with other rubbers as nceded. In the case where the polymer
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resi stance, inprovenent in abrasion resistance,
further, inprovenent in strength, inprovenent in
rigidity, and the |i ke, and can rmake conpositions
suitable also for rubbers for tires, vibration
danmpi ng rubbers, and footwear. Particularly, tires
using the nodified conjugated diene-based pol yner
olstuaechary wmixsyretwith pthauulbers,dnRxcessivebelos preportian oftheo
t he embodi nent and containing silica-based .inorga i%
f modified capjggaied dicagrbassd nolvew of ghe 'EfPBQfﬁ’a‘éms‘E npLppforable

P BuRe é&f@a%%%@ﬁledﬁﬁcﬁﬁ%ngf 3 Eifeent ik on pppi ity be
T e AN
r HiRRES gmﬁﬁ;id?le&;ﬁqi‘rﬁeriiaﬁoﬁ gﬁr&f@%ﬂ&?%&gﬁ;?@nﬁ%ﬁ&ﬁfbbe@ Solution

is uséd as a ure wt ot her

e r ' A8 1o RO By REigAOBRhAYBLALY]
déggg@gégg%r%g#gﬁggpg%6¥ﬁgs@&%odié%nt ig}nog g

Ph&iimding of basdivsEbdiengshiepirad €0 &f 80HE hifhttrdns<SBR O4-trans-
of the present invention cannot fully be exhibited.
Thendirh@mt bfibitadisnd baddirgeunif partse X@np9 %), haw aisglolybutadiene
rubber, polyisoprene rubber, enulsion polynerization
stupben bighuisapélgbaetadiopotuphen; highdransipbbybutadisne rubber (1,4-trans-
pol ynmeri zation random SBR (bonded styrene: 5 to 50% by
weerghamounh @f butadigngipendingowt partsi i@ tcn%%h slERnEngoprene
bondi ng unit parts: 10 to 80%, hjgh trans-SBR, .
(aonelymerized rekhice batasisne-isqprenst cone RETRERE §t> Gplution

parts: .70.to 95%, | ow. cis:pol.ybut adi en r.ubber, high, .
PP T oh e D GRS o O TR efhulsion
DB A0 B g AR ot

fg@ggggﬁ%%@%ﬁr%@&ggﬁmﬁﬂfe.@ahﬁﬂsfei SRBHERAEORBYTRE Y Krile-

ut’lt o ynerization r

Shth&iBfe &ﬂ;g | h&1Rd nSNRE, B8 bERRRbYIMFcAfhch HPRRH vinyl SBR-low

emul si on ymerization random

Sty PSBR ISR AopBIS ricSiORT RibBeICARQoYyRfrtZEpblybilabditne-polystyrene
ermul si on pol yneri zati on

Sbhiptle Bepopnyrs OniThéselcan buitabil bneelaopibdeyomingztedequiteder |,
acrylonitrile- butadi ene copol yneri zed rubber, and
btlecacterspios.ymer s such as high vinyl SBR-low vinyl SBR
bl ock copol yneri zed rubber and

pBl0p3t yr ene- pol ybut adi ene- pol yst yrene

The proportions of respective components in the case where the modified
conjugated diene-based polymer of the embodiment and the other rubbers are used as
raw material rubber components are, in weight ratio, éommonly in the range of 10 to
99:90 to 1, preferably 20 to 90:80 to 10, and more preferably 30 to 80:70 to 20.  As
rubber formulating agents, for example, reinforcing agents, vulcanizing agents,
vulcanization accelerators, vulcanization aids, oils and the like can be further used.

[0064]
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bl ock copol yners. These can suitably be sel ected
according to required characteristics. [0063] The
proportions of respective conponents in the case where
the nodified conjugated di ene-based pol yner of the
enbodi nent and the other rubbers are used as raw

mat eri al rubber conponents are, in weight ratio,
comonil'he vyulcaniving agegts ané nqt@Sp@ialwirgmecg butinclnde pelfigsugh as
20 to 90:80 to 10, and nore preferably 30 to 80:70 to
opowaesy sylfisppiecipiatad sulfirneplloidal sulfury gisolaRlersylfar and highly

' Gsohrabiagtur So esard iR sich oG ahophiet i SRl
be .furth d. ..[006 6 Th | i Zi
e iRGad ol SRfan G toridks Bt o ARumi Epir g Bhd PR Bl
.- . - f
RS, A D Rl L e

gﬁ*fﬁ?ﬁﬁ%ﬁgﬁ Pgﬂﬁogﬁe?rf'df%@&nﬁfﬁé enPRBERHAI) 88 8N4 parts by

and organiC peroxides such as

OivEigRY, lprd¥8aBl (0B 1A Fpatts éiEHﬁ; S¥ndsttly mordSERYAHIE0.5 to 5 parts
Above ‘all, sulfur is preferable and sul fur powder is

espaeigat toyl (orRike bakeight of fie: fubbenibaiponentgr oporti on of

a vul cani zing agent is conmmonly 0.1 to 15 parts by
WEi0gRY , preferably 0.3 to 10 parts by weight, and

still nore preferably 0.5 to 5 parts Dby weight to 100
part s The wwiagiration acdeteratotshineludeosybonamids, thiooes] thigzele-,
vul cani zation, accel erators include sul fonam de,

t ithiosaskamiciapida prd santhogenicrackbuHeanigation areglergiges.  The
xant hogeni ¢ acid vul cani zat.i on accel erators. . The

¢ Brmalalon SrRSFEATRLA BRCAIZALON HEC e OB IS CORBAnL b fagige of 0.1
'S nmonly i.n the.r of ,0.1 0. .15 .parts b

21 RS B Syt 03 D o Orples b i moeerbly 05
p t j ts by
PR e o BoER) Srefbty YPEhitiP odfiforifs

vghgg i zation aids are not especially limted, but for
exanpl e, stearic acid,
The vulcanization aids are not especially limited, but for example, stearic acid,

zinc oxide and the like can be used.
[0067]

As the oils used as formulating agents, for example, aroma, naphthenic,
paraffinic, silicone or other extension oils are selected according to applications.
The use amount of an oil is commonly in the range of 1 to 150 parts by weight,
preferably 2 to 100 parts by weight, and more preferably 3 to 60 parts by weight to
100 parts by weight of the rubber components. When the use amount of an oil is in
this range, dispersion effect, tensile strength, abrasion resistance, heat resistance and
the like of a reinforcing agent are balanced in high levels.

[0068]
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zinc oxide and the like can be used. [0067] As the

oils used as fornul ati ng agents, for exanple, arong,

napht henic, paraffinic, silicone or other extension

oils are selected according to applications. The use
amount of an oil is commonly in the range of | to 150
parts by weight, preferably 2 to 100 parts by weight,

and nor@empesiiansatsing the meddBdsaniugated digai dhsed: nolymetobtainable

parts b i ght of the rubber conponents. Wen the use
aﬁﬁbﬁﬁtm%'fl\?%ﬁ%rmg Brecqsy acqopdiag fothg embgrlanent 35 & Fubber eqmponent
tensile.strength, ablgqasi on resistance, heat resjstance
oS58 CoPFAiR iES in the PaqverBPILiomgd SeraRemeaf oAbk acrARling o

JENHIANE R R
LRSS U e IOl 08 i

aBRYE oNEIhbRO 86t AIHREAN SR Sronaite sﬁﬁﬁ@éﬁg?% ége%nﬁ, abPVHISS such

process, other fornulating agents iInc l'ers
sascticthplef@ kol protadshpad s tacklfs; ahdwaxed)lif RespdthivEhBtERary
hydr oxi de and magnesi um hydr oxi de; am ne- based or
pheeowits.c anti oxi dants; antiozonants; silane coupling
agents; activators such as diethylene glycol;
B86%kssi ng aids; tackifiers; and waxes, in respective

necessary anounts. [0069] Conpositions using the
nodi f i(UNRAsHjong 4siag thi madifisd sewjugaied diene-basedipalyivhes obnable
t.he manuf actuyi ng process according to the enbodi nent
& the P@&k}g\ﬂ%&w&%ﬁ% accgrdingorihe sebodimentis aubbefcompenent
above- nentioned ca nents usin | | -known _kneadi ng
e APPREECHE 3@%‘88{1@&*6@39%%%3@%08}30@% gsigg Bf&ﬁr}ﬁwn

] : h I &1 ed _conj ugat e | ene- based
Eﬂg{é%%ig LT%%%%% A Sutfr[’%g%’ K& SRR Eel, ﬁ‘ﬁﬁt‘“‘g iagé a&'ﬁgryotﬂfng'nabl e

%O%]e above-nmenti oned nmanufacturing process of a
di ti ed

The modified conjugated diene-based polymer according to the embodiment
is one obtainable by the above-mentioned manufacturing process of a modified
conjugated diene-based polymer. Then, since the polymer according to the

embodiment has such a constitution, is has the above-mentioned excellent effects.

Examples
[0071]

Hereinafter, the present invention will be described specifically by way of
Examples. However, the scope of the present invention is not limited anymore to

these. Analyses of samples in Examples were conducted by methods described

below.
[0072]

(1) Bonded styrene amount
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conj ugat ed di ene-based pol yner. Then, since the

pol ynmer according to the enbodi nent has such a
constitution, is has the above-nentioned excell ent
effects. Exanples [0071] Hereinafter, the present
invention will be described specifically by way of
Exanpl es. However, the scope of the present invention

i s not Alsamiptestiasmgdrinto a chlordfersesolygieyl, pad meafurechips thesbonded
i n Exanpl es were conducted by nethods_descri be

bétyesne anmupp(% by Weighthbns theabjerprien ahbY Rt 224 nm g?éﬁﬁh@lyl group
was made jnt chl.orof orm sol uti on, and neasured for
tﬁgstBE?HaéHV-g‘{@rgﬁ eéhgﬁmad(l%déwgei ght) by the

ar Eti on of UV of 254 nm by a phenyl group of

S @% e (UV-2450, made by Shimadzu Corp.). [0073] (2)

Str ;0 The styrene chain was determ ned by a
DS E R

I'ch insoluble polystyrene corresponding

to bl ogfe g te%ﬁéwﬁiﬁ %s‘ﬁ@ﬁnﬁﬁﬁ@%kta‘%ﬂetflé@fﬁ @HicH%ﬁioﬁJbi’&ﬂ)clqystyrene

deconposi t product by Korthoff nethod in nethanol;

t RErrédpoRAIHR I EbIBEY p6T QtPrﬁéﬁEl’hFHs dpSsited Graft ard @dnhiv @k decomposition
detlgrd?;i%neld;g and tEegyb ock styrene anmount was indicated

| prédubybyESshoff @fethivd i ifthanbhehe mvbdlablestyréncarsdunt evas
singl e-chain containing one styrene unit and a
s quariativebndptednsined; and thei blockgst@rene amowm vesyindinged ini Yody mass
were anal yzed by gel perneation chronmatography (GPC)
abtepolpmet. yr ene- but adi ene copol yneri zed rubber was
deconposed with ozone according to a nmethod by Tanpak
et al . Theepnsents of pstyreng singlerdin gontgiping Hpe styrene unitand a
styrene long-chain containing 8 or more styrene units were analyzed by gel
permeation chromatography (GPC) after a styrene-butadiene copolymerized rubber
was decomposed with ozone according to a method by Tanaka, et al. (Polymer, 22,
1721(1981)).
[0074]
(3) Microstructure of butadiene parts
A sample was made into a carbon disulfide solution; an infrared spectrum of
the solution was measured in the range of 600 to 1,000 cm™" using a solution cell,
and a microstructure of butadiene parts was determined from a predetermined
absorbance using a calculating formula of Hampton method (FT/IR-4100, made by
JASCO Corp.).
[0075]
(4) Mooney viscosity
The viscosity was measured at 100°C at 4 min after preheating for 1 min

using an L-type rotor according to JIS K6300-1.
[0076]
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(3) Mcrostructure of butadiene parts A sanple was
made into a carbon disulfide solution; an infrared
spectrum of the solution was neasured in the range of
600 to 1,000 cm-1 using a solution cell, and a

m crostructure of butadiene parts was determ ned from
abﬁredeterm' ned absorbance using a cal cul ating

f

Adplgcwar veight and melepder weghy dsigibpiaon made by JASCO
easu Glroioree Wb roeasid apipg Ol uffas e imign colipny Hled
S0 A s PSR S SRR SR
UL SRS e 0, e

affe LiaendTREEGHS ﬂ:rtral‘iﬁ?rgﬁ.frarfiglgﬂz)h.e TR hREN e meltl & onducted by

di stribution were cal cul at sing a calibration curve

UGdiRg apiPatBded AHR LA R bYGti¥AL BRard chifn® TR ng_?myzﬁ%lm
u

tetrahydrofuran (THF). The neasurenent was conduct ed

b HR+H, b@lugipe:al @bl T8K g NG600TIEH R CO8K péli GSHVHEIREAE TSK gel
col um: Tosoh TSK guardcol unm HHR-H, col ums: Tosoh
TGKAROHKR DOdHHENnpdisiye |4 0G5 ODHFiffdwarack: TEKgEmin, G40 GfdakiRing
oven tenperature: 40C, THE flowrate: 1.0 mM/mn, and
nepparatin 1L G20, amade byHlospis 2. andidetettypr: TBs oMheoregsurement
and detector: IR The nmeasurenent was conducted b

| HPEeaIdNgied b injcefingciOrilon cachefisemplas inwhish HumEgnd:A8 me of
Ve i GHIOVERAL  Piogs e Sfrabi i it onyssgectively,
ERORE e PSR rat 1 0 wab detérmined n such a
\Aﬁ%ﬁrat , applying a property
(6) Modification ratio
The modification ratio was determined in such a way that, applying a property
that modified components are adsorbed in GPC column filled with a silica-based gel,
there are measured both chromatograms by GPC (HL.C-8020, made by Tosoh Corp.)
using the above (5)-mentioned polystyrene gel (Tosoh TSK) and by GPC (made by
Tosoh Corp., CCP8020 series, buildup-type GPC system: AS-8020, SD-8022, CCPS,
CO-8020, RI-8021) using silica-based columns (guard column: DIOL 4.6 x 12.5 mm
5 micron, columns: Zorbax PSM-10008, PSM-300S, PSM60S, oven temperature:
40°C, THF flow rate: 0.5 ml/min), using a sample solution containing a sample and a
low molecular weight internal standard polystyrene of 5,000 in molecular weight
(polystyrene is not adsorbed); and the adsorption amount to the silica column was

measured from their differences based on the internal standard polystyrene peak to

determine a modification ratio. The measurement was conducted by injecting 200

ul of each of samples in which 10 mg and 20 mg of samples having a narrow and a




that nodified conponents are adsorbed in GPC col um
filled wwth a silica-based gel, there are neasured

bot h chronmat ograns by GPC (HLC- 8020, nmade by Tosoh

Corp.) using the above (5)-nentioned pol ystyrene gel
(Tosoh TSK) and by GPC (made by Tosoh Corp., CCP8020
series, buil dup_-ty(Ee GPC system AS-8020, SD-8022,

cbred mderdaeeighi diggbutjon, sespertively, sarddissodvedovitnp sng of the
(guard colum: DIQL 4 .5 mMm 5 m.cron, colums:

S Flond Baids bl it
SRR ToLe b s reRinup SN of e kaR ABRE g chomatogram
SR e e SRRAREELBP URHE TREoepIE pe ksl s P denoting
Ereﬁge s%(rlg gfe?tdf Pk ﬁgﬁéﬂ%ﬁl?séiﬁﬁe N b%;%@ﬁ@%ltMH%%f the peak area of

romt ences pbased on the I nterna

S hRRERf Ao BAMRING 1RE iliPEBHs el LohiBiseh TOO KeRotiRhE s&d liegiéak

rati o. The neasurenent was conducted by i1 njecting 20

| afth a@ ®GAn@ldesciing!tRe péak atéd 6fhthd Stan@ard polydrei® a9P4; and
sanpl es having a narrow and a 30 broad nol ecul ar

weetglthinitigsd molbifichtien ratie S7S o i| V-aPR,x BB (@1ci BBdkVed. wit h
5 nmg of the standard polystyrene in 20 ml of THE for
efW8bf both the chromatograns. The specific

procedure involves: setting the whole of the peak area
of Nushtitatine defeaminatian aka lomemglscyler gerapeundgingd gn oligemer as
100, . denoting the sanple peak area as P1l, denoting
tﬁé’db&bﬂga&f?’été of the standard pol ystyrene as P2;

B Rl B e BT
PR RE LRGP0, TSRO DRl A8 REPI PR B cocns
TR AL 15,0t Rt BB Rl 1 kgt nd
MRh&S ¢hAditi 6RO R E@n%atﬁ}é SUBE 2R an EREA Ydw Gate of 1.0

agents GPC neasur enment s conducted using, as GC

C &l Sand ifse8he 26BAAMDEH 0QRHE ofR danSiKgelTh
GlOOOI—IXaLn, lgjs?i ngg T(?a-g}?ll: as aﬁgglﬁgg%?@@u& ngOGI%C e ©

appdacalay sveight G-a8 2athrateade thystdmiaahpdlostprene.and R as a
detector, and

[0079]

(8) Structure identification of oligomer components

The structure identification was conducted using a mass spectrum.

A sample was dissolved in THF, and completely mixed with a matrix
(dithranol), and thereafter, dropped on a sample plate; after the solvent was
evaporated, MALDI-TOF/MS measurement was conducted.

Measuring conditions

Apparatus: AXIMA CFR plus, made by Shimazdu Corp.

Laser: nitrogen laser (337 nm)

Detector type: linear mode
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under conditions of an oven tenperature of 40C and an
eluent flowrate of 1.0 m/mn, and injecting 200 |

of a THE solution of 1.0 ng/m of a sanple. The

nol ecul ar wei ght was calibrated by the standard

pol ystyrene. [0079] (8) Structure identification of

ol i goner conponents The structure identification was

condudbrdewgstion pasitive mndpedtivemed® sanpl e was

di ssolved in THF, and conpletely mxed with a matrix
(di t hr@waniptivesfiequeney:SPtEres dr opped on a sanpl e

plate; after. the solven evapor at ed, MALDI - TOF/ M5
meas urdAER d“}é@“%low&lﬂg’i“édfﬁﬁ@%‘%? ng conditions
Appar gt us: ﬁélg I made by Shi mazdu Cor p.
Laser:agewml? %Igigrl:piog‘%ifmnm Det ector type: |inear
node e ti oRnnPOSitive ion (positive node)
Curnul ﬁﬁal\}gﬁ}ggé{qng%n%%@ogoo times Matrix: dithranol
IS@@Q() THE solution Sanple: 1 ng/nL THE sol ution

an Tange: mzl to 2000 [0080] [Exanple 11 A

ring process of a nodified conjugated

di ene-based pol yner Two autocl aves as reactors were

cannetifaturing ocdse sf diodificdlanhjugakdalienetbaset pallmeol unme

of 10 L, an inlet at the bottom an outlet at the

head, Fwidastoshivesaneaiats warg amketted int weiswhicB e hahan
styrene and cycl ohexane were m xed at 20.1 g/mn, 9.9
gi/nmrnalaznhmlezofy ) b aw, inleg sithe bpiernyan auilet afi the Beaslo pud @ sfyrer and
was passed through a dehydrated columm filled wth ap.
atiacket atpehadn a Buiidicng. siehe andeiojahexang were anixed gigf-1 g/min,

9.9 g/min and 120 g/min, respectively. The mixed solution was passed through a
dehydrated column filled with an active alumina, mixed with n-butyllithium at 0.004
g/min in a static mixer in order to remove impurities, and thereafter, continuously
supplied to the bottom of the first reactor; and further 2,2-bis(2-oxolanyl)propane as
a polar substance and n-butyllithium as a polymerization initiator were continuously
supplied to the bottom of the first reactor at 0.0216 g/min and 0.011 g/min,
respectively, and the temperature of the interior of the reactor was held at 95°C. A
polymer solution was continuously extracted from the head of the reactor, and
supplied to the second reactor. The temperature of the second reactor was held at
95°C; a mixture of 89.9% by mass of tetraglycidyl-1,3-bisaminomethylcyclohexane
(monomer) and 10.1% by mass of oligomer components as modifying agents
(hereinafter,, referred to as "modifying agent A") was continuously at a rate of 0.009
g/min added to the second reactor as a solution diluted 1,000 times with cyclohexane
to perform a modification reaction. The polymer solution was continuously
extracted from the reactor, continuously added with an antioxidant by a static mixer,

further added and mixed with 37.5 parts by mass of an extension oil NC140, made by
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g/mnin a static mxer in order to renove inpurities,
and thereafter, continuously supplied to the bottom

of the first reactor; and further

2, 2- bi s(2-oxol anyl ) propane as a pol ar substance and
n-butyllithiumas a polynerization initiator were
continuously supplied to the bottomof the first

r gan Energy (rp2bsed onil A0 gars by mass ¢ff the polymespad thareafier, the
and the tenperature of the interiqr of the reactor was

histleenhvan smoved to gbiaies taggstt giliestended megited dligngqrolymer.  The
CBPRE ST A PIOT: ¢ BBel BL ht HorHyTEaBBHch used s
S A ), Pl S T AL e e R B i
(RIBIR a0, |l b el GBRE SORA GG i
" OO LY QG RBERS ofihe m%m&lg%ﬁu&' of 1 mBditRhg agém A were

0.009 g/ m™n added to tThe seco reactor as a solution

dbred r@ftesbnfid ByltheBSovLthéhtioned SiedRT2) Al (3%2h@RMwas 1,3-
nodi fi'cation reaction. The pol yner sol uti on was

ceis(natbidersd)dcyclekéxapet ed from the reactor, continuously
added with an antioxidant by a static mxer, further
added Hrecxténsied oili WG 147, ntadp dytispdmyEmengs Cofp..ds polycyclic
extension oil NC140, nade ki_y 32 Japan Energy Corp., .
baremdtio aompanents hysthp yethosiofdP 3thethpiosyangaromandfernative oil of
thereafter, the solvent was renoved to obtain a

t BEQef 38 by magepidess- nodi fi ed di ene pol yner. The

ol Ty obgt ool 8% 1 S B s i S s, o
o Bt ot P AR BRSO s
OB B BER ol SO P el oo 14
e e

bK 4haYF etiRiasrasqrs b9 hexanRe styfefe ShigRIHalbyoihk obénel 40,

made by Japan Energy Corp., is polycyclic aromatic

CAutpaIpesition Mys Uihe byerhhedaref tht Boméf, oftiadtylese lang-chain
aroma-al ternative oil of PCA of 3% by mass or |ess.

Teomtgining e nsaephkePhyirad uaitbwadEd bytryassn e Thermobdculaf weight
33% by nmass, a
distribution by GPC was monomodal; the weight-average molecular weight (Mw)
was 800,000 in terms of polystyrene; and the molecular weight distribution
(Mw/MN) was 2.5. The modification ratio measured using adsorptive silica-based
columns was 48% by mass. The Mooney viscosity of the oil-extended polymer was
ML1+4 (100°C) 67.
[0081]
[Example 2]

A polymer sample PB was obtained as in Example 1, except for using a

mixture (hereinafter, referred to as "modifying agent B") of 81.7% by mass of
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bonded but adi ene anobunt of 67% by mass; the

m crostructure of the butadiene parts had a 1, 2-vinyl
bond amount of 34 nol % 1, 4-cis-bond anmount of 27 nol %
and 1, 4- trans-bond anmount of 39 nol % based on the
styrene chain, the block styrene by Korthoff nethod
was 0% by mass, the styrene single chain by the ozone
detreglycidyl- i Srbiseasnamethleyclabexang Gdondracry and &8 %08y mags of
styrene long-chain containing 8 or nore |inked

s@ comppreninas modifyingagents. ThiherapdBinsagcpb Bgised was a
di stribution by GPC s nononodal ; the wei, ht'?%ﬁi%%ef'
nefodecticammssighly ayaiiple ag 38 cpewy 156 1AW PifFHE- ofFC thereof is

A B il
ARG | P AT B B
1+gaf on@rits of %&ﬁﬂg)&)g{ﬁpﬁffw&n%] wéte BREY1ZBfes&REPh P the

PB was obtained as In except for using a

hBdveIrferkid Qe FrallR12) 4R (8Y, 88 Rl QafB 3 - bidticilyl dig)-a@dot .
géggvof 811. 7% by mass( )of (3%'& 4 bR 1 hE)-agtétiexane

t et r agihecioiytherlsagrphi BRMad aehded tyrehohasanof (i ionmess, a
and 18.3% by mass of ol igoner conmponents as nodifying
abamied bufiifneaniobyti ofe 786 By haks; tisemionesruaturgobitia buitadiene parts
commercially available as an epoxy resin raw material .

Gmd 4 harauy] hosd aglovoirefi 34 mdl§urled-eis-bpnd apeihinfzd7 mel% and 1.4
curve by the standar% pol ystyrene of GPC is  shown in
Firgnsrlond, t pladsmelyechasem o thershaensehatny theblaghettyrepe amount
is shown in Figure . Mai n, conponent f.the_oligomer

B RSB SR V aBASeolbl SLEF I el chain BY 8 ozBhe
above- nent i oned_f ar nul as and (3)..and R was .
(OSOEinGTRuR RPF dres Eeriomd e SomenErsh? e WResheinne

had . .a bhonded st yr . Y% Ss :
oo g R ORRE bRl P iR S T e AR i

;@Mw@ﬁ bERPPREL Donbiidad the %zyyér@sébe@g@&ffégw Wwefht @dw)

ond anount © | % and

t (3080 PONFina BRI S golysBRen®hid tHassdoar WélghtsdistfiBitgon
chal n, the block styréne anount
(Mw/MN) was 2.6. The modification ratio measured using adsorptive silica-based
columns was 46% by mass. The Mooney viscosity of the oil-extended polymer was
ML1+4 (100°C}) 65.
[0082]
[Comparative Example 1]

A polymer sample PC was obtained as in Example 1, except for using a
mixture (hereinafter, referred to as "modifying agent C") of 96.0% by mass of
tetraglycidyl-1,3-bisaminomethylcyclohexane (monomer) and 4.0% by mass of
oligomer components as modifying agents. Here, the modifying agent C was

obtained by removing the hardly soluble oligomer components from the modifying

agent A by reprecipitation using a cyclohexane solvent.
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by Korthoff nethod was 0% by nmass, the styrene single
chain by the ozone deconposition was 47% by mass, and

the content of the styrene |long-chain containing 8 or
nore |inked styrene units was 1% by mass. The

nol ecul ar wei ght distribution by GPC was nononodal ;

t he wei ght - average nol ecul ar wei ght (My) was 800, 000

i n t erFe pilyped saswpje Badiad abendadestyrsneampuit of8i yhgy mass, a

di stri bution (MN/M\fl) vas 2.6. The. nodificatjon ratio
nhensded dytadisng gmeynHfH7Y by 81ass: dhe Mirgesiruciuse ofiihe byfadiene parts

O LD o SRR 5 b o Bl 27 G0 e 1.4
SR T e S i) B o
RO RS ) Aol D80 e i

Em i ?‘%Ei}ioﬁ%s 47978 PhatBasd Bk coflchOOTRE sGRIFR WRDERIAS

ng agents. re, the nodifying agént C was

oBdAAIARE 80 h&RMMNKBA stiyRedie aftslivds $% bbmesso| The mlecular weight
conmponents fromthe nodi fying agent A by

r dptrituitiph b GRhwis mbgomodai cihe veiginevempy endecuB wEight (Mw)
pol ymer sanple PC had a bonded styrene anount of 33%
byvasrb&00Gin teomdefpobyst e aed treouelecar GFighidistibydon
the microstructure of the butadiene parts had a
1(MwVN)Iwas@ndl  aPhsumedificatim ratip sacagurad using pdweptiigsilice-based
of 27 mol % and 1, 4- trans-bond anpunt 3{1 39 nol %
baelamng was &%y masse dhgiMooneK¥isspgoidhs pilgxten ymer was
by Korthoff nmethod was 0% by nass, the styrene single
c 'W“d}lo'@o@@zone deconposition was 47% by nass, and
Lﬂﬁ) gfntent of the styrene long-chain containing 8 or

§ i nked styrene units was 1% by nmass. The

TSGR e o1 v 0 By O e ronomogl

o 1 O A8 LS Y i

NBASMFEHekHiaRar, 3 REPI XE niddifyiiy HRAED") of 71.5% by mass of
tetraglycidyl-1,3-bisaminomethylcyclohexane (monomer) and 28.5% by mass of
oligomer components as modifying agents. Here, the modifying agent D was
obtained by adding 0.8 parts by mass of n-butyllithium based on 100 parts by mass
of the modifying agent B to a cyclohexane 1-mass% solution of the modifying agent
B and reacting the mixture at room temperature, and the reaction product was used at
30 min after the reaction.

The polymer sample PD had a bonded styrene amount of 33% by mass, a

bonded butadiene amount of 67% by mass; the microstructure of the butadiene parts
had a 1,2-vinyl bond amount of 34 mol%, 1,4-cis-bond amount of 27 mol% and 1,4-

trans-bond amount of 39 mol%; based on the styrene chain, the block styrene amount

by Korthoff method was 0% by mass, the styrene single chain by the ozone
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col ums was 48% by mass. The Mooney viscosity of the
oi | -extended pol yner was M.1+4 (100C) 67. [0083]

[ Conparative Exanple 2] A polynmer sanple PD was
obtained as in Exanple 1, except for using a mxture
(hereinafter, referred to as "nodifying agent D') of
71.5% by mass of

t deqoaepiopitionywas #7360 by mﬁﬁ nndrﬁxewpn@ytoﬂh@ﬁme(lmw )
and 28, 5% by mass of i gomer conponents as no |f

a@‘é‘ﬁﬁ@mgl-%‘?rémlteﬂé?kﬁééﬁﬁ%ﬁ%’@“&@’éﬁﬂ‘V@X/\ﬁ@SS otthsi i Weight

e B el T
SV BOFEAH G {RERR b B RmhREuip riak] M AR

: Qﬁctﬁﬁ*ﬁt*#%ﬁ;gf‘ﬁﬁw@iﬁp@%%aég FngaliphiSiica based

aH&Hﬁltns Qfas 36% Y mIBS S The MERRY S5kcBih st BO6i1-_RRHEL ] mer Ve

7% by mass; the m crostructure of the butadi ene par
hML1a.4](1Q0 _/) bond anmount of 34 nol % 1, 4-cis-bond
amount of 27 nol % and 1, 4- trans-bond anount of 39
npo@#] based on the styrene chain, the block styrene
anmount by Korthoff nethod was O% by mass, the styrene
si ngl eSahglenshopit inelabkoh@atpledds ompemgile PO): was 47% by
mass, and the content of the styrene | ong-chain
cont ai Hping tig: enpolyoress a9 ranvemaerighrublers inbber gamposiipns were

mass. The mol ecul ar_weight distribution by GPC was
nebldisd arcording tmegfﬁtmt&@@%ﬁ@“m@@hlea?r wei ght (Mw)
mﬁ? 3 0,000 in terns of polystyrene; and the nol ecul ar

0& distribution (MV M) was 2.7. The nodification
\r/\gtaibi gfasured usi ng adsorptive silica-based colums

by mass. The Money viscosity of the

il-ext [ 1+4 (100C) 61. 0084
M%‘*@Wﬁ@%n& (PA té sarml[p PD%

Ex./Com. Ex. Ex. 1 Ex. 2 Com. Com.
Ex. 1 Ex.2
Polymer Sample PA PB pPC PD
Bound Rubber mass% 45 44 38 36
Formulated Material Mooney Viscosity 72 76 61 60
Hardness type A 63 63 63 60
Tensile Test
100% Mo MPa 2.1 2.1 2 1.9
300% Mo MPa 10.1 10.5 9.2 89
Breaking Strength MPa 20 20.5 19.4 17.6
Breaking Elongation % 510 500 535 470
Rupke Impact Resilience % 10.5 9.5 11.9 9.5
0°C
Rupke Impact Resilience % 58 57.5 57 56.5
50°C
Goodrich Heat Generation  °C 25 26 27 28
AT
Viscoelasticity ARES
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Usi ng the copol yners as raw material rubbers, rubber
conpositions were obtained according to the
formul ati on shown in Table 2. [0085] [Table 11 Table

1 Evaluation results Ex./Com Ex. Ex. | Ex. 2 Com

Com Ex. 1 Ex. 2 Polyner Sanple PA PB PC PD Bound

Ubbtri‘oi"l"ﬁa:a“/ﬁ 45—44—38 § Forrnut-ated—ivateriatTvh Y

A8 Od8reYy 72 76 61 60 LUpeFaiRess| (g0 Al 63*b3 p-6pp | 0395

Tﬁﬁ§l(15@°q)est 100%l\/b \Wasidaid 2. | @1879 GO Mo.MER | 0.19
I Breaking—Strengtir WPa 20205 15 ¢

1¢GB(50§3bak| nq EI onqatoi 1041'1&/510 58¢ 7536 EE Ruglgé 3.55

Gp‘g@toc)f{ey lience %1(3%35@3115 11 939;55 O@g@upkeﬂﬂzpact 3.71

nnnnn 04 £ O E_I E C7 Co

\COI I LEALAYA ] VAV RS A Al J 1 JU. \J | La|| m

ARONABHOT 25 26 27 IDEFX AT Vi >CO‘§U sti U8y hRR@03g 97

tan S (00 1%strain 0.41 0.415 0.388 0.395 tan S

(500C) 3% strain 0.187 0.188 0.188 0.19 AG (500

Opob¥sl0% 3. 17 3.3 3.06 3.55

[Table 2]
Table 2 Formulation for evaluation
Oil-extended Polymer Sample 137.5 parts
Silica Ultrasitl VN3 63 parts
Seast KH 7.00 parts
Si75 5.04 parts
Zinc Oxide 2.50 parts
Stearic Acid 1.00 parts
Sunnoc N (Wax) 1.50 parts
Antioxidant 810NA 2.00 parts
Sulfur 1.70 parts
Vucanization Accelerator CZ 1.70 parts
Vucanization Accelerator D 2.00 parts
{0087]

Kneading was performed by the following method.

As a first stage kneading, a raw material rubber, fillers (silica and carbon

black), an organic silane coupling agent, an oil, zinc oxide and stearic acid were

kneaded using a closed kneading machine (internal volume: 0.3 L) provided with an

attached temperature control device with the filling ratio of 65% and under the

condition of rotor frequencies of 50/57 rpm. At this time, the temperature of the

closed kneading machine was controlled, and a rubber composition was obtained at

the discharging temperature (formulated material) of 155 to 165°C.
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G (500 3%strain 3.85 3.92 3.62 3.71 Acron Abrasion

I ndex 105 108 100 97 [0086] [Table 2] Table 2
Formul ati on for evaluation GO -extended Pol yner Sanpl e
137.5 parts Silica Utrasil VN3 63 parts Seast KH
7.00 parts Si 75 5.04 parts Zinc Oxide 2.50 parts
Stearic Acid 1.00 parts Sunnoc N (Wax) 1.50 parts .

Ant i oxihtanas Bseopid stagrcknsading, thefermulated mtepi@f)@@amed in the
Vucani zation Accelerator CZ 1.70 parts \Vucanizatjon
pahoa sag coplediorogm tsaperture gberpplistnadded wjthygisantioxidant, and
perfor ne

eIt R TBPioRE e dersion of Hf, (ARp It Gise the
crchagsing < Gineind e wile] Sl BOR R AT e B py e
Bl RO R e SR, Y r o Cont ol tevi ce

of 1ot el & B sie fnBRlhd Rl 4l v JQRGLRT

{ QRPRFAS UN&re Rheddd8 by‘b‘g%ﬁqlskseﬁzﬁ%!’@. machi ne was
controlled, and a rubber conposition was obtained at

t he diBfliakeddignienslaraltisided, f20d Milcahiged AEI6OPCdbya of
155 to 165C. 37 Then, as a second stage kneading, the
f predetbmtieed that @niaalulchizngprdsd, and measured for physical properties.
Measurement results of the physical properties are shown in Table 1.
[0088]
The measurement method of each physical property was as follows.
(1) Bound rubber
About 0.2 g of the formulated material after the second stage kneading was
cut into pieces of about 1-mm square, put in a Harris cage (100-mesh metal screen)
and measured for the weight. Thereafter, the pieces were immersed in toluene for
24 hours, dried, and measured for the weight; and taking undissolved components
into account, the amount of the rubber bonded to the fillers was calculated, and the
proportion of the rubber bonded to the fillers was determined based on the rubber
amount in the first formulated material.
[0089]
(2) Mooney viscosity of formulated materials
The viscosity at 130°C at 4 min after preheating for 1 min was measured
using an L type rotor according to JIS K6300-1.
[0090]
(3) Hardness

The hardness was measured by a durometer of type A according to JIS K6253.
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above was cooled to roomtenperature, thereafter

added wth an antioxidant, and again kneaded in order
to inprove the dispersion of silica. Also in this
case, the discharging tenperature (fornmnulated
material) was controlled at 155 to 160C by the
tenperature control of the kneadi ng machine. After the
cB®¥Olhg, as a third stage kneading, sulfur and a

vul cani zati on accelerator were kneaded by open rolls
seb) Tgpsikgest The kneaded material was nol ded, and

vul cani.zed at 160C for redetermned ti.ne on a
vul canlbg Bpst rseeasth and tlllf‘qulggagan pbl?reglﬂgg pt%\Fest sample, and the

oieB 9 reER et AFERBNRTRR (ER S and s RS & 00%
RN B O Rbr FRE BRYRK Bl RHORE! LthrPSE dlinbbel

&I%a% NG 8 £Bb 't@ltheatfaﬁs‘?l'é t&ﬁﬁg?ﬁ&mﬁqg%ﬁ[‘ead' ng

cut into eces about “1-mm square, put in a
gobp cage (100 mesh nmetal screen) and neasured for
the weight. Thereafter, the pieces were imersed in
t () daesufetient afvibadlaStic chidr&deristiosl nmeasured for the
wei ght; and taki ng undi ssol ved conponents into
accountan é kel dweelastic afodulue (G)) vees measwietiuting athARES
fillers was calculated, and the proportion of the
r visbeslashioityiteter,anadecbyt Rhdometricaciiciensifierlng.rand vsawiag thstrain at a
t he rubber anount in the first fornul ated materi al
[ Gossncy D)0 Meand yt cachapssupment eampriaue &0 randedd &) by the
The VI scosity at 130C at 4 nmin after preheating for 1
Medssured using an L type rotor according to

T b e b o6 Aol A
KIGn%gler’num v§lue and a minimum value in strains of 0.1% to 10%. A smaller Payne
effect has a better dispersibility of a filler such as silica.

A higher Tan 6 at a low temperature (0°C) exhibits a more excellent wet skid
(gripping) performance; and a lower Tan & at a high temperature (50°C) exhibits a
smaller hysteresis loss, and a lower rolling resistance of tires, that is, a lower fuel
consumption.

The elastic modulus (G") at a high temperature (50°C) and at a strain of 3%
was defined as an index for the rigidity.

[0093]
(6) Measurement of impact resilience

The impact resilience was measured at 0°C and at 50°C by Rupke type impact
resilience testing method according to JIS K6255.
{0094]

(7) Heat generation
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[0091 ] (4) Tensile test The tensile strength and the

el ongation at breaking of a test sanple, and the

tensile stress at 100% el ongati on (100% M) and the
tensile stress at 300% el ongation (300% Mo) t her eof

were nmeasured using the test sanple of dunbbell shape
No. 3 according to the tensile testing nethod of JIS
K6251. Tholee kenefgjonwzssastedrasing aGoeddcloElessmeter, at a frequency
characteristics Tan 6 and the elastic nodulus (G)

wef 8RR aaynrat gtraka of- 240 InFhEs 2 lppd 0687 Rewnds wih petasyrement
made, by Rheonetrjcs Scientific _Inc and varying

sFtF”&}nﬁ tempgrature ghrfl ﬁ:@?nq)mdf@tqqﬂoym%{eng%@ﬁween a tenli]perature at
C and 50C t tort |
o0 n SR Sl REBERR Y Spdthe B ensbeny & O O

:jntddgnLence in G between a naxi mum val ue and a
ni mvalue in strains of 0.1%to 10% A snaller

P@g,jl}fcmﬁggrg%ngﬁguﬁtl better dispersibility of a filler

such as silica. A higher Tan 6 at a | ow tenperature

(00) ewhihzkipeceroiRe @or@éi@tﬂésﬁ%cé"@ﬁe Srhdon GbLRRVADheasured
performance; and a |ower Tan 6 at a high tenperature

( DAY aeAkiddi dbsasion 5By, hter P60 WitAnS oh@d6ad FEpaudones
rolling resistance of tires, that is, a | ower fuel
cbighemipdé¢:omdicates aashmben abravdeidmeunt Gvhichis favirable.
tenperature (50C) and at a strain of 3% was defined
al)0&h] i ndex for the rigidity. [0093] (6) I\/leasurenent
of inpact resilience The I mpact resilience

neas uragshowvmia Example 1 sutErmplggkie Taplsd , |1rnﬁ»aénod1ﬁed conjugated
esting accqording to_ JI.S K6255,

res t ho
[ %@gﬁ- aseg-pj) mtma@ig%pgg gpsording to the embodiment, the bound rubber

amount of the silica-formulated composition increased; the Payne effect (50°C AG")
was low and the dispersibility of the silica was excellent; Tan § at the high
temperature was low and the hysteresis loss was little; and the rolling resistance of
tires was low, that is, the fuel consumption was excellently low. The balance of the
low fuel consumption and the wet skid (gripping) performance (Tan & at the low
temperature) was excellent. Further, the abrasion resistance was good, and
additionally, the storage elastic modulus at the high temperature was high and the
rigidity was excellent.

[0097]

The embodiment has been described in detail with reference to a specific
embodiment, but it is obvious by those skilled in the art that various changes and
modifications may be made without departing from the spirit and the scope of the
present invention,

[0098]
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39 The heat generation was tested using a Goodrich

Fl exoneter, at a frequency of 1,800 rpm at stroke of
0.225 inch, on a load of 55 pounds, with a neasurenent
starting tenperature of 50C, and indicated by a

di fference between a tenperature at 20 mn after
starting of the test and the starting tenperature.

[ 0095]The(rg)eseAbaRﬂilcatmral§|b@$ﬁdamlmnew ghtenfe@@ééathnd\lw H&07-

abrasi on resistance, the abrasi gn anpount ure

(G843 0cleAdy bipas Brisat Offfcecmdarch A, 0073 subiest i VERG is
o] | oad of 6, poun hi gher index indicates a
sﬁfdgl'l’ye’lnc%f)%‘?dol%rﬂﬂiﬂfﬁf’ CIRGFch is favorable. [0096] As
shown in Exanple 1 and Exanple 2 in Table 1, in the
nodi fi ed conjugated diene-based pol ymer manufact ured
a ' enbodinent t he bound rubber anount
o@ﬁgﬁghﬂ;@@%ﬁm{)@or nmul at ed conposition increased; the
pgleffect (50C AG) was |low and the dlsperS|biIity
the silica was excellent; Tan 6 at the high
t enperpieihedified cdngu%aawdfeﬁ@bﬁbseatparymdmmwtm by the
little; and the rollTing resistance of tires was | ow,
t mahufhsturihg prdcess| accardiignp theopresums inveniddd, ptukingliofar aThe
bal ance of the |ow fuel consunption and the wet skid
(fprnplating pomeining vasioos GpEaof Bllers inchalihgpwinfommgsiltas pegvides a
was excellent. Further, the abrasion resistance was
godeanizadaubbatgpmpesitipn jor tirg ge@iswag@néi%%lengthmwsﬂcs
at the high tenperatyre was high and the
éPSL‘FQDéH@PU?‘DWﬂg H‘Hg’r@ﬁ’é‘i‘fd Bﬁ%ﬂf‘g R ORRADRE d’é’g@é “tféﬂ“?*’ﬁce and
h refer

e, omqéa%lngr : e B B rpaica SR o, A 0P s
CE’B g‘?? ﬁgp Cﬁggﬁoi Ih’%ll 1§%|tp:ﬂ?t? %QE%X{HEEH% S gnéiélwrn%xpgtﬁods, and the like.

present invention. [0098]
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40 The present application is based on Japanese Patent
application No. 2007- 0843 10, filed to Japan Patent

O fice on March 28, 2007, the subject of which is
hereby incorporated herein by reference. Industria
Applicability [0099] The nodified conjugated

di ene- based pol yner manufactured by the nmanufacturing
process according to the pldsg&MSi nvention, by using
it for a formulation containing various types of
fillers including reinforcing silica, provides a

e o L s
A DodliaRg é%%%@g%ao G e R oo

f gf)t QE?F‘*W?%%?P 3RBRpER dntbal b poinhE b B Ji6g =

| it fe'd%erﬁ%ﬂgmuﬂ@ QthaQ‘anu kRd dfthe Chdl d and fﬁ aromatic vinyl

process for fact’uring a nDdlfled conj ugat ed

doaiRub@8cusil s @kalinRanétAIdbaedRE ity StohnHIRiHRe leBrtRmetal-

nol ecul e thereof, the process conprising: a step of

dheksed tnmtmgorantamjddt@aﬂﬁﬂ sdiveneatidsed pol ymer by

pol ynerizing a conjugated di ene conpound, or a

conj ugatepbiteetiog actipoenminalsef dre polymer with aighyeidylamino group-
conmpound, by using an al kaline netal -based initiator
soninining key Medecaler compeuns) havisgsng dranare sertiaryi amigo groups and
h drocar bon sol vent; and a step of reacting actlv

ioR g1oge glycidyberoypy hededite theangng grawps #hi MO fzgp&ﬂﬂhe
iy pn'aaghg%gg@ SR oy
RN SORS it P STROa Y P pRal a5 55 bl ne
'1§W ﬂ&%&ﬁéﬂ Almnpoald 8#&‘95 ?035%@%5535 oPthe a(g%gl)nger bYdaq fo‘ﬁ' k total

e reaction I's performed usrn Mass
the, kgﬂhg%(ﬁ}@,h RIEpound and 25 to 5% by nass of
t he ugl I goner @:jaggn the total

2. The process for manufacturing the modified conjugated diene-based polymer
according to claim 1,

wherein the low molecular compound used in the reaction is a low molecutar
compound having two diglycidylamine groups in a molecule thereof.
3. The process for manufacturing the modified conjugated diene-based polymer
according to claim 1 or 2,

wherein the conjugated diene-based polymer is a random copolymer of at
least one conjugated diene compound and at least one aromatic vinyl compound.
4. A modified conjugated diene-based polymer obtainable by the manufacturing
process according to any one of claims 1 to 3.
5. An otl-extended modified conjugated diene-based polymer composition,

comprising 100 parts by mass of the modified conjugated diene-based polymer
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anmount of the nodifying agents. 2. The process for
manuf acturing the nodified conjugated di ene-based
pol ymer according to claim1, wherein the | ow
nol ecul ar conpound used in the reaction is a | ow
nol ecul ar conpound having two di gl yci dyl am no groups
in a nolecule thereof 3. The process for manufacturing
t dngordiny toi cdaimcbandif) kit @dipatisdryenisod dn poteysien oil gontaindagdfe by
toclaim1 or 2, wherein the conjugated diene-based
popsprasdess of polyayrlisrareptin gaveponghisdy the Bad46 mathed.
conj ugat ed. di ene_conpound and at | east one, aronmati G
‘nyl % m«»ﬁ‘&fﬁﬁ*&onmgat&dmefhaé%ﬁ RIREIEANeRPSHI B eCTRRIdHRE 100

ol r _obtainabl e_by the manpufaciurin r ocess. .
g@{%:ﬁgi nﬁzbss to?t}gr}'g}mﬁﬁgg B?njggaé?cﬂélle&e-b%seg _pgg/_nfi)e ccorélng to claim 4
0] | - ext 1 .fi . | e I.epR-based pol yner
€%ﬁ$%§?$@gﬁgsgggﬁﬁ$5@?&%9&%%8%53%§“%§ﬁﬁgss of the

difi ' [ - 2 .a s
5 ol d oA (RAERBSEEb ALY pposfiont BiRE 00

halrts B9 HhaAdk BF 2 mG@iRYd dik fi Bg/lr%‘ilééédr&in to claim 4
g%ong?ic conpone%§s¥b§ E%%§£ Sﬁﬁﬁﬁgtﬁo . 6. A g
redi If foeld0Gan) by ataes ofli eiBobBIREEl pol yner conposition,
conprising 100 parts by nmass of the nodified
cnj ugatiedcopeisingtas ecmpaodiyoreiccaniing @i cdgint ® octlaim¥ 4
and 1 to 200 parts by mass of silica-based inorganic
filler. 7. A nodified conjugated di ene-based pol yner
conposition, conprising 100 parts by nmass of the
nodi fi ed conjugated di ene-based pol yner according to
claim4 and 1 to 100 parts by mass of a carbon bl ack.

8. Atire conprising the conposition according to
claim6 or claim7. 43
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