Descrintion Title of invention: METHOD FOR PRODUCI NG MODI FI ED CONf UGATED
DI E NE POLYMER, MODI FI ED CONJUGATED DI ENE POLYMER, MODI FI ED CONJUGATED

DI ENE POLYMER COWVPCSI TI ON, RUBBER COMPCSI TI ON AND TI RE Techni cal
The present invention relates to a nethod for producing a

nodi fi ed conjugated di ene pol yner, a moditied. conj ugat ed di ens pol yner,
nodi fi ed conjugated di ene pol ynmer conposition.,
tire. Background Art [00021 Recently, with a growth of demand for
comormpidtoimn of aut onobiles, it has been desired to reduce
rolling-resistance of tires. To satisfy the desire, it is demanded to
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Technical Field
[0001]

The present invention relates to a method for
producing a modified conjugated diene polymer, a modified
conjugated diene polymer, a modified conjugated diene

polymer composition, rubber composition and tire.

Background Art
[0002]

Recently, with a growth of demand for low-fuel
consumption of automobiles, it has been desired to reduce
rolling-resistance of tires. To satisfy the desire, it
is demanded to develop a rubber material having lower
exothermal properties (low hysteresis loss properties).

In the meantime, from the viewpoint of safety, it is
demanded to develop a rubber material having not only
excellent brake performance (wet skid resistance) on wet
pavement but also excellent operation stability.

In addition, it is demanded to develop a rubber

material having a good processability and providing a

Fi el d.

rubber conposition and

a



vul cani sate having a reinforcing effect wwth the help of a reinforcing
filler and having excellent tensile properties, fuel saving properties and

abr asi on resistance, [00031 When silica is used as the reinforcing
filler in place of carbon black, which has conventionally been Neguently
used, a rubber conposition excellent irf balance between | ow hysteresis |oss
properties and wet skid resistance is known to be obtained, However ,

the surface of silica is hydrophilic, Thus., when silica is used in

conbi nat i onvulidam iaz i eg il ay iy reo pivobi fo i feme afuisher wid-fprigpartee k. of
conposition, silica particles are nutually aggregated in the conposition.

As a resul ta oo odiisperisibidy tandfhasiint £xpartlicdlitessehingt be obt ai ned.

To overconme this problem attenpts have been nade to enhance affinity for a
silica surfRAPPVigitr ddireh itk A FUMRGRSHA L & GUp iGREr =@ ng with the
silica surface into a. diene rubber, thereby inproving dispersibliity of
silica in tihe tion and enhancing | ow hysteresis | oss properties.

For exanpl e ent. Literature 1 discloses a nodified diene rubber

obt ai ned by“%eaétlng a nodifier having a glycidylamno group mnth a pol yner

end, Patent Litera %I 812 %Iagl%%%%h%s %:f&%anb gﬂﬁﬁéqgh'r tai ned by

reacting gl yci doxyal Koxysil ane t ent theratures 3to

each discl gse, & @P'éa%r@'&%k r Q,prf‘éh qbé@lé&ﬁﬂv&yti&@&ﬂ NG&d, al koxysi | ane

containing a nitrogen atomwth a. pciynor end and a. conp03|t|on

cont ai ni ng #heymdi f dyaﬂs@u ene rubher antbsiid e Batentedd tefature 7
di scl oses a nodified diene rubber obtained by reacting a silicon.

at om cont aidd Nch ok Nyd tveaspound ¢ thd e i pol yaerp chad nt aned awd hwan end

t hereof, and a conposition containing the nodified di ene rubber and.
silica. skid meeconposid i on hewprepadredbramed nodi fi ed. di ens rubber
according to any one of Patent Literatures | to 6 and silica and this
conposi tion or Hoheveanpddid i o aaeoraf nyltbcPatenbydreehatire 7Thgs,

vul cani zed, a vul cani zed rubber excellent in, balance between | ow

hyst er esi s s D bpet t1esusad Wet CORp i #esistahce ¢aniBelbbt ai ned. [0004]
In the field of a rupbber conposition, various studies have convegtlonally

been nade cﬁV%F?ﬁﬁ?RkFf?ﬁe?ﬁmﬁng%@ 0 bt Heh ehe? p%?@ﬂ%?15§o?nt?b hE?ng a

f ti | h t d t ffinity f fi

] o6 oS SHEETT | B O | hor B8 THEr Fes . et nEaBr ST hePBaudihg a.

b onal ForBd O 080 Bl LhatL o0, eI O ! §{ﬂ@§t%g9t99g or cgghg cboth of
e e e

t hem by us ani on ivin nMerizati on (see nt

Litetatures, @ 0. eda qg;my$f§m&§Rﬁhy ATerl Zing,

. S5
functi onal group for exa Patent Literature 11); and a nethod of
i ntroduci ng,&en made to enhance affinity for a silica surface by

introducing a functional group interacting with the
silica surface into a diene rubber, thereby improving
dispersibility of silica in the composition and enhancing
low hysteresis loss properties.

For example, Patent Literature 1 discloses a
modified diene rubber obtained by reacting a modifier
having a glycidylamino group with a polymer end. Patent
Literature 2 discloses a modified diene rubber obtained
by reacting glycidoxyalkoxysilane with a polymer end.

Patent Literatures 3 to 6 each disclose a modified diene



functional group by reactinp the functional group with a double bond of a
main chair after polynerization (alee, for exanple, Patent Literatures 12
and 13). Citation List Patent Literature [OOOH Patent Literature 1:

I nternational Publication No, WO 01/ 23467 Patent Literature 2 Japanese

Pat ent Lai d--open No. HO7- 233217 Patent Literature. 3. Japanese Patent

Lai d- Open No. 2001- 158834 Patent Literature 4: Japanese Patent Lai d-Qpen
No. 2003- 171418 Patent Literature 5: National Publication of |International
Patent .ii'plilpat i @nt None@008-527d50 Patrert 1 kast wriatare Gniatermatd onal
Publication No. NO 07/114203 Patent Literature 7: Japanese Patent

Lai d- Open. INotr QQeD-a {7415 Pat el e eretdirand: 2 Jepareset Pat ent Lai d- Open.

No. 562- 149708 & _ . .
containing the modified diene rubber and silica. Patent

Literature 7 discloses a modified diene rubber obtained
by reacting a silicon atom-containing vinyl compound
within a polymer chain and with an end thereof, and a
composition containing the modified diene rubber and
silica.

If a composition is prepared from a modified diene
rubber according to any one of Patent Literatures 1 to 6
and silica and this composition or the composition
according to Patent Literature 7 is vulcanized, a
vulcanized rubber excellent in balance between low
hysteresis loss properties and wet skid resistance can be
obtained.

[0004]

In the field of a rubber composition, various
studies have conventionally been made on a method for
modifying a butadiene polymer by introducing a functional
group thereinto in order to improve affinity for a filler.

Examples of a specific method thereof include a
method of introducing a functional group into an
initiation end or termination end or into both of them by
use of anion living polymerization (see, for example,
Patent Literatures 8 to 10); a method of copolymerizing
monomers having a functional group (see, for example,

Patent Literature 11); and a method of introducing a



Patent literature 9: Japanese Patent Laid-Open No. 2003- .171418 Patent
Literature 10: International Publication No, WO 0/01090 - 5 - Patent
Literature 11: Japanese Patent Lai d-Qpen No 2010- 77386

- 4 -

functional group by reacting the functional group with a
double bond of a main chain after polymerization (see,

for example, Patent Literatures 12 and 13).
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Summary of Invention
Technical Problem
[0006]

Although in the compositions proposed in Patent
Literatures 1 to 6, dispersibility of silica is good,
rigidity or dynamic modulus of elasticity is low. Thus,
in some cases it is difficult to obtain both of
dispersibility of silica and operation stability at the
same time.

In the circumstances, it has been desired to develop
a rubber composition improved in balance between low
hysteresis loss properties and wet skid resistance while
suppressing decrease in dynamic modulus of elasticity by
improving dispersibility of silica and to develop a
modified conjugated diene polymer to be contained in the
composition.

In the method of modifying a butadiene polymer by
introducing a functional group thereinto as described in
Patent Literatures 8 to 13, it is expected to further

improve affinity for a filler by increasing the amount of



346140 Summary of Invention. Technical. Problem 10006] Al t hough in the
conpositions proposed. in Patent Literatures 1 to 6, dispersibility of
silicais good, rigidity or dynam c nodulus of elasticity is low Thus, in
some cases it is difficult to obtain both of dispersibility of silica and
operation stability at the sanme tine- ~ in the circunstances, it has.
been desired to develop a rubber conposition inproved in balance between

| ow hysteresis | oss properties and wet skid resistance while suppressinb
decr ease i rfudynanra Inedulus tef kel astimciducday. | Apweveng dhspetsibi litv of
silica and to devel op a nodified conjugated di ene polyner to be contained
in the conposidritomf functilgnalhegamithod omansdisfad nghe butsadisene’ pnf yner by
i ntroducing a functional rpup thereinto as described in Patent Literatures
8 to 13, ita ikslegypedt &d areiingr ttherl Jilfpr G Tffs i thyr T2 e F idl%r by

i ncreasing the anount. of functional group to be .introduced. However, when
t he anount PIFCHFHRTRYonal Hildip G G%icr ezig]e(?,dqlﬁel% s'l'rfbsfﬁijy'S PP HPBnd in

bl endi Fill trenmely i d p,or' esability deteriorates. |
addi ti on t ' tHI<S §¥bbim . Problemi’s Thar yer (- optI HUM funct i onal

group is fofund ecpendicp upon thcehty of 2 fié.llelre]#océoeoéjslg g When two or
oun cpe I iurﬁc%n (S e O a_fecjlt S .

nmore fillers are aced, 'a y i nproving ef ufficient for all fillers

cannot be ohtained, o nord rfitlkiee% ;%%rﬁ}sa&ﬁesaffitr%j%tlsy dﬁr?‘élr@\glﬁé) devel op a

rubber conposition having inprove nity for a | er "and excel | ent

di spersi on effect ascmelilenas goodpropessab ldidnhandd o evelap. a modi fied
conj ugat ed di ene -polyner to be contained in the conposition.

In the circumstances, it 1s desired to develop a
rubber composition having improved affinity for a filler
and excellent dispersion effect as well as good
processability and to develop a modified conjugated diene
polymer to be contained in the composition.

[0007]

The present invention was made in consideration of
the above circumstances. A first object of the present
invention is to provide a method for producing a modified
conjugated diene polymer, which provides excellent
balance between low hysteresis loss properties and wet
skid resistance when made into a rubber composition
containing silica and provides, because of its high
dynamic modulus of elasticity, excellent operation
stability when used as a rubber material for tire.

A second object of the present invention is to
provide a method for producing a modified conjugated
diene polymer which provides a vulcanizate having good

affinity for a filler, excellent dispersibility



[ 00071 The present invention was made in consideration of the above
circunstances. A first object of the present invention is to provide a.

met hod for oroducine a nodified. conlagated di ebe pol ynmer, which provides
excel l ent bal ance between | ow hysteresis | oss properties and wet skid

resi stance when nade into a rubber conposition containing silica and

provi dbs, because of its high dynam c nodulus of elasticity, excellent
operation stability when used as a rubber material for tire. A second
obj ect of tdienprtesentudinwenttilorexce tlerpr quviades ssatet ody f groa¥ oduci ng a

nodi fi ed conjugated ddene pol ymer whi ch provides a vuicani zate havi ng good
affinity forersilig Iropaxceds emtidi spersidill iand siqndataEbusly. with

excel l ent processabilitv, (Toed tensjile properties, high strength and

el ongat i on properities, high FifRl FuAHY Bierformtce aa‘Hg et tEht abrasi on
resi stance, Solution to, Problem[00081 The present inventors made

i nt ensi ve SAURTLWEH WK F 1o attaining the above objects. As a result,
they found that the above objects can be attained by introducing a specific
functional group into both the active end and the main chain of a

conj ugat ed.. di_ ene ]?JPQ acconpl i shed the present invention. The

pr esent invSen L?{ohnor?g%s@%% ows. [1] A nmethod for producing a nodified
conj ugat ed di@nge pol yner conprising a polynerization step of obtaining
a con=jugated diene polyner containing a nitrpaen atomin a polymer chain
and having an aqtieve @nd iy iGARAINYTRY indRg it teonugatad diene comeound and
a nitrogen atomcontaining vinyl conpound or a conjugated di ene conpound,
an aromati cv o conpoimnth@ncha. ah ¢ ogeeat om centaindsng tvi mteyconpound
by use of an alkali netal conpound and/or an al kaline earth netal conpound
as a pol ynefowzal i tometi nite atlosye avidjects can be attained by

introducing a specific functional group into both the
active end and the main chain of a conjugated diene
polymer and accomplished the present invention.

The present invention is as follows.
[0009]
[1] A method for producing a modified conjugated diene
polymer comprising

a polymerization step of obtaining a conjugated
diene polymer containing a nitrogen atom in a polymer
chain and having an active end by copolymerizing a
conjugated diene compound and a nitrogen atom-containing
vinyl compound or a conjugated diene compound, an
aromatic vinyl compound and a nitrogen atom-containing
vinyl compound by use of an alkali metal compound and/or
an alkaline earth metal compound as a polymerization

initiator, and



S a noddficatdon step of reacting a nodifier, which is a conpound
represented by the following formula (1), with the active end of the

conj ugat ed di ene polyner: [0010] [Forrula. 1] R3 R10-Y--- -SiN\\,
R5' R6 Sf OR2 ) _ g -

a modification step of reacting a modifier, which is
a compound represented by the following formula (1), with
the active end of the conjugated diene polymer:
[0010]

[Formula 1]

R*@m) R0
( R‘O);—Si—N—Rs——Si—(-ORZ )n (1)
RS
[0011]

In the formula (1), R! to R® each independently
represent an alkyl group having 1 to 20 carbon atoms or
an aryl group having 6 to 20 carbon atoms; R®> represents
an alkylene group having 3 to 10 carbon atoms; R®
represents an alkylene group having 1 to 20 carbon atoms;
m is an integer of 1 or 2; and n is an integer of 2 or 3.
[0012]

[2] The method for producing the modified conjugated
diene polymer according to [1l], wherein an amount of the
the nitrogen atom-containing vinyl compound to be added
is 0.5 to 100 moles based on 1 mole of the polymerization
initiator.

[3] The method for producing the modified conjugated
diene polymer according to [1l] or [2], wherein the
nitrogen atom-containing vinyl compound is a compound
represented by the following formula (2) or (3):

[0013]



[ 0011] In the formula (1), R to R4 each independently represent an

al kyl group having 1 to 20 carbon atons or an aryl group having 6 to 20
carbon atons;represents an al k7l ene group having 3 to 10 carbon atons;
represents an al kyl ene group having 1. to 20 carbon atons; mis an integer
of 1 or 2, and nis an integer of 2 or B~ [0012] [2] The nethod for
produci ng the nodi fied conjugated di ane polyner according to [1], wherein
an amount of the the nitrogen atomcontaining vinyl conpound to be added is
0.5 to 100 Mumsillzasdd on 1. nole of the polymerization initdatr. [3] The
met hod for producing the nodified conjugated dens pol ynmer according. to [11
or [2], wherein he ni trogen atom -contadni ng vinyl conpound is a conpound.
represented by the foégl owng formula (2) or (3): [0013] - 9 - [Formula 2]

(2)

[0014]

In the formula (2), R’ to R® each independently
represent hydrogen, an alkyl group having 1 to 20 carbon
atoms or an aryl group having 6 to 20 carbon atoms; R
represents a single bond or a divalent hydrocarbon group
having 1 to 6 carbon atoms, which may be interrupted by
any of NR'®, 0 and S in the middle of the chain; and

R to R!® each independently represent any selected
from the group consisting of an alkyl group having 1 to
30 carbon atoms, an aryl group having 6 to 30 carbon
atoms and a tri-substituted silyl group having an alkyl
group having 1 to 30 carbon atoms and/or an aryl group
having 6 to 30 carbon atoms on silicon:

[0015]



10014] In the fornmula (2), R7 to R each independently represent

hydr ogen, an al kyl group having 1 to 20 carbon atons or an aryl group
having 6 to 20 carbon atoms; Rl represents a single bond or a. divalent
hydr ocar bon group having 1 to 6 carbon ﬁtgns, whi ch may be interrupted by
any of NR13, 0 and S in the m ddle of the chain; and Rfl to R13 each

i ndependently represent any selected. fromthe group consisting of an al kyl
group having | to 30 carbon atonms, an aryl group having 6 to 30 carbon
atons and d Hauneslébetli tuted silyl group having an al kyl group having | to
30 carbon atons andfor an. aryl group having 6 to 30 carbon atons on
silicon: [00151 g Fornmul a 3] [ 0016)

RB
RPN

| (3)

[0016]

In the formula (3), R’ to R'” are the same as defined
in the formula (2); X represents a divalent hydrocarbon
group having 3 to 10 carbon atoms, which may be
interrupted by any of NR', O and S in the middle of the
chain and being a saturated ring forming portion in which
all carbon-carbon bonds are single bonds or an
unsaturated ring forming portion in which at least one of
the carbon-carbon bonds is a double bond; and

R represents an alkyl group having 1 to 30 carbon
atoms or an aryl group having 6 to 30 carbon atoms.

[0017]

[4] The modified conjugated diene copolymer obtained by
the method for producing the modified conjugated diene

polymer according to any one of [1] to [3].

[0018]

[5] A method for producing a modified conjugated diene

polymer comprising



inthe formula. (3), R7 to RE are the sane as defined in the fornmula (2);
X represents a dival ent hydrocarbon group haying 3 to 10 carbon atons,

whi ch nmay be interrupted by any of NRI.4, 0 and S in the mddle of the
chain and being a. saturated ring fo[na?g_portion in which al

car bon-car bon bonds are single bonds or~an unsaturated ring form ng portion
in which at | east one of the carbon-carbon bonds is a double bond; and

. VsS. represents an al kyl group having 1 to 30 carbon. atons or an aryl
group haying S top8Qyecarbeatavonstep00I7pbtpdhiThe amodinfiivgd tednj ugat ed

di ene copol yner obtained by the nmethod for producing the nodified

conj ugat ed dissyre gol wresr fecdordiaty a9 ary ore of qollyier {8]n9 100181 [5] A
nmet hod for producing. a nodified. conjugated. diene polyner. cbnprising 11

- a pAYHBIIFERYT oh- St P ofC M At g d % 6hj Sryat e i e st 96t ymer  hayi ng
an active end by pol rizin conj ugated diens or co rizing a

conj ugat ed "di €he* vﬁqfﬁjrﬁy‘%ﬁ&?ﬁlﬁ i“k‘%mq?eelrrg?%r}hsre b‘i/fr Lf’srépagfll]yﬁl dilef(ta% et al
conpound or_an al kaline earth netal c ound as jzation initiator,
a nodifi catqodwoslirbcg Gt Hodi g heeargccrﬁ)i“\l/egcaer;1 %?Ep@wée%((: iaﬁg a conpound

representexhé%&ﬁgyaga 49w ng, f« a (I) with the active end of the

conj ugat ed ne copolyner, ‘an 19]
a modification step of modifying the active end by

reacting a compound represented by the following formula
(I) with the active end of the conjugated diene copolymer,
and

[0019]

[Formula 4]
23 24
R (2p) R™@-q)

( R?'0}+—Si——N—R?*—si—{OR?? ) (1)

i \xRZS// )

[0020]

a step of modifying a vinyl group of the main chain
of the conjugated diene polymer with a silicon
modification group having at least one functional group
selected from the group consisting of an amino group, an
alkoxysilyl group and a hydroxy group by a
hydrosilylation reaction.

[0021]

In the formula (I), R?! to R?*? each independently

represent an alkyl group or aryl group having 1 to 20

carbon atoms; R?° represents an alkylene group having 1



[Fornula 41 72) 210RI 240, q) R2103-Si N R26-Si - +OR22 [0020] a step of
modi fying a vinyl group of the main chain of the conjugated diene polyner
with a silicon nodification. group having at |east one- functional group
sel ected fromthe group consisting of ﬁ am no group, an al kpxyhilyi group
and a hydroxy group by a hydrosilyiati reaction. [0021] In the
formula CD, Rl1 to R24 each independently. represent an alkyl group or aryl
group having 1 to 20 carbon atons; it' an al kyl ene group having I to 10
carbon. at ans;1(R2Grepr esentss &1° atdgylenenigs oup hakyhegnd §0020 car bon
atons; pis an integer of 1 or 2; and g is an integer of 2 or 3, 0022]

having 1 to 20 carbon atoms; p is an integer of 1 or 2;

and g is an integer of 2 or 3.

[0022]

[6] The method for producing the modified conjugated

diene polymer according to [5], wherein the step of

modifying a vinyl group of the main chain is a step of

reacting a hydrosilane compound having at least one

functional group selected from the group consisting of an

amino group, an alkoxysilyl group and a hydroxy group

with the conjugated diene polymer in the presence of a

catalyst, after the active end is modified.

[7] A modified conjugated diene polymer obtained by the

production method according to [5] or [6], wherein a

polystyrene-equivalent number average molecular weight

(Mn) determined by gel permeation chromatographic (GPC)

measurement is 20,000 to 2,000,000,

[0023]

[8] A modified conjugated diene polymer having a nitrogen

atom-containing functional group in the main chain of the

polymer, and a functional group having at least one

secondary amino group, at least one alkoxysilyl group, 3

to 6 branches on at least one of the ends.

[9] A modified conjugated diene polymer composition

comprising 0.5 to 300 parts by mass of a silica inorganic

filler based on 100 parts by mass of a rubber component

comprising 20 parts by mass or more of the modified



6] The nethod for producing the nodified conjugated diene pol yner accordi ng
to [i], wherein the step of nodifying a vinyl group of the main chain is a
step Pr reacting a hydrosilane conmpound having at |east one functional
group selected fromthe group consisti of an am no group, an al hoxysilyi
group and a hydroxy group wth the cén?ggét ed diene polyner in the presence
of s catalyst, after the active end is nodified. [7] A nodified conjugated
di ene pol yner obtai ned hy the production nmethod according. to [5] or [6],
wher ei n a palnyjstoartene -deguniev alcdntmenu rsero raMieraadge rolveculearo fweidght . [ {Ivh)
determ ned by gel perneation chromatographic (GPM neasurenent is 20,008 to
2,000, 000. Jrgd23)] - [8] A nodified conjugated di ene polymer having a

ni trogen atom containing functional group in the main chain of the polyner,
and a functlildHalThgr st iHavch g o] Ussdsd T’seed%%ld’érﬁf SATRS Grioi? at | east
one al hoxysi | roup, 3 to 6 br anches east gne of the ends. [9] A
modi fi ed C(ﬁﬂ%ﬁ%}? dicene ! pol ST G réotporﬁﬂﬁtssl Ry 6" % 300 parts

by mass of SI I | ca |nor ani c fi based on 100 parts by mass of a
rubber conpotie %ﬁf pgafrjﬁs 'y =SS or nore of the nodified

conj ugated d gn% Qno' g@f FEIANG L0 ADLONS Al A3 oddl; andh (8], (0]

The nodi fi onj uga I ene conpo |t| on. acc Ing to ,

conpri si ng ajyt 67%%: gdd ig@a 4 norgani ¢ fldderis [113 A
nodi fi ed co%n{(&a di entzo Bzyoq r tgon%oaat%l on conprising 5 to 2010S parts by

mass of a fdililier, amam Icsarsaéﬂ o and/ ara £ hon Dl @acka rbased w4 00f parts

by mass of a rubber conponent conprising 20 parts by mass or nore of the

modi fi ed conThgated dirghendpol yipBicCior i g dortanyowneawf d4mofd]oand [ 8],
[ 12] A rubber conposition obtained by subjecting the nodified conjugated

di e:tie polymemeinpiosi tdon) aecordidigio anymone afcd&]ing fdinyo
crosslinking. [13] Atire conprising the rubber conposition according to
[12] . Advamtregeous| &ff eCtls afd | denti on

[12] A rubber composition obtained by subjecting the
modified conjugated diene polymer composition according
to any one of [9] to [11l] to crosslinking.

[13] A tire comprising the rubber composition according

to [12].

Advantageous Effects of Invention
[0024]

According to the present invention, it is possible
to provide a method for producing a modified conjugated
diene polymer providing a vulcanizate containing a silica
inorganic filler, which is excellent in balance between
low hysteresis loss properties and wet skid resistance,
has high dynamic modulus of elasticity, and provides

excellent operation stability when used as a rubber



[ 0024] According to the present invention, it is possible to provide
a nethod for producing a nodified conjugated diene polynmer providing a

vui cani zate containing a silica inorganic filler, which is excellent in

bal ance between 10W hysteresis |oss properties and wet skid resistance, has
hi gh dynam ¢ nodulus of elasticity, and provides excellent operation
stability when used as a rubber 14 material for tiro, and to provide such
a nodified conjugated dgene pol ynor. According to the present

i nventi on, niatedrsiadl Smipdsisichl ertco tur gwicdede reetdiodh frirdigricduci ng a nodi fi ed
conjugated di ene polyner providing further excellent filler-dispersion

ef fect and.cquowyirestesisdls Idalymftfen made into a crosslinked rubber
conposition containing a filler, conpared to a no-'ified c n ugat ed di ene
pol ymer havi ng &°FGAEEPEN&P ébﬁuﬁrﬁﬁ@PGdﬁégﬁntﬁPB'alﬁoﬁﬁ ﬁ end al one or

tho mai n chai n alone. o this S possible to abt . r ubber
conposi ti orPorrqé:\h é_'QSLHrfq\%IC{ﬁlta ﬁ?qﬁf@é fé?rnfpo‘?ocﬂlurfg”b? fJt° C?jg%b%j tensile
properties, aV|n properties; a t resi st ance.
Descri pti on (ﬂ‘ qﬁﬁ) c# g%ﬁ?gﬂéj ﬁovaln le (%n ?’ﬁ%rféfén ter referred

to sinply as ntion wll
be nore speC|]T| caﬁﬁ%ggescrl d{]ﬁéﬁtcaa{r{ OP ro%;{% enb %‘M{yfs an.
illustrati %J@rup@osq i Didgs the eSetes W&xfﬁdﬁtﬁw M A4 2 1oty bes const r ued

as limting the present 1nvention to the following content. Tho present
invention can ke appigiiad ely Jogdiedansbcpidgdesd Ounaviddiymet he scope

of the present invention. 100261
having a functional group introduced into a polymer end
alone or the main chain alone. Owing to this, it is
possible to obtain a rubber composition having a
sufficient filler reinforcing effect, good tensile

properties, high fuel saving properties and excellent

abrasion resistance.

Description of Embodiments
[0025]

Now, an embodiment (hereinafter referred to simply
as "the embodiment”) for carrying out the present
invention will be more specifically described below. The
following embodiment is an illustration for describing
the present invention and will not be construed as
limiting the present invention to the following content.
The present invention can be appropriately modified and
carried out within the scope of the present invention.

[0026]



In the first and second nethods for producing a nodified Genius:fated di ene
pol ynmer according to the enbodi nent. which will be described l|ater, a
nodi fi ed conjugated di ene pol ynmer, which has a nitrogen atom cont ai ni ng
functional group in the main chain of ige pol ymer, and a functional group
havi ng at | east one secondary ami no group, at |east one al koxysilyi group,
and 3 to 6 branches on at |east one of the ends is produced- [0027] flFirst

met hod for oroduci ne nedified contugated di ene pol yner] The. first
met hod for proddci ngeafivditf bed senpugatedhdidenéopobymeiicacgordi ng to the
enbodi nent (hereinafter. sonetines referred to sinply as the first

product i on TestiHodd a1 Jaigeslaphetieret iton Yt asfcwitidichitiiy < onj ugat ed
di ene pol ymer containing a nitrogeh atomin the main chain of the polynmer
and havi ng AP sESE efd By V@ddo&%ﬁ*réjrqsﬁwecij e iugat S Hierfe® conpound and

2 ar omat | C TS COBOAE Bt PRLGH dbmeHrE b ViTW compound,
by. 5% Of 20 ALLally TRLAL SOOI, A0d,0r e ALAE e £at4 et al compound
o Lo S AU SR pe Al Db, (L laga b s (D)
5] secondary amino group, at least one alkoxysilyl group,
and 3 to 6 branches on at least one of the ends is
produced.

[0027]

[First method for producing modified conjugated diene
polymer]

The first method for producing a modified conjugated
diene polymer according to the embodiment (hereinafter
sometimes referred to simply as the first production
method) has a polymerization step of obtaining a
conjugated diene polymer containing a nitrogen atom in
the main chain of the polymer and having an active end by
copolymerizing a conjugated diene compound and a nitrogen
atom-containing vinyl compound, or a conjugated diene
compound, an aromatic vinyl compound and a nitrogen atom-
containing vinyl compound, by use of an alkali metal
compound and/or an alkaline earth metal compound as a
polymerization initiator; and a modification step of
reacting a modifier, which is a compound represented by

the following formula (1), with the active end of the

conjugated diene polymer:



R 3(2..m

Fr EZ-n) ( R10 )
._.16_

[0028]

[Formula 5]

R 2em) R¥an)
( R‘oam—Si—N—Rﬁ_Si—EORZ )n (1)
\ ps/
[0029]

In the formula (1), R!' to R? each independently
represent an alkyl group having 1 to 20 carbon atoms or
an aryl group having 6 to 20 carbon atoms; R®> represents
an alkylene group having 3 to 10 carbon atoms; R®
represents an alkylene group having 1 to 20 carbon atoms;
m is an integer of 1 or 2; and n is an integer of 2 or 3.
[0030]

(Polymerization step)

In the polymerization step, a conjugated diene
polymer containing a nitrogen atom in the main chain of
the polymer and having an active end is obtained by
copolymerizing
a conjugated diene compound and a nitrogen atom-
containing vinyl compound or
a conjugated diene compound, an aromatic vinyl compound
and a nitrogen atom-containing vinyl compound
by use of an alkali metal compound and/or an alkaline
earth metal compound as a polymerization initiator.

[0031]



mS NR6 Si ( OR2) (1) [0029] In the formula (1.), P.1 to EC

each independently represent an al kyl group having 1 to 20 carbon atons or

an aryl group haying 6 to 20 carbon atons; R5 represents an al kyl ene groap

having. 3 to 10 carbon atons; nC repreignts an al kyl ene group having I to
r

20 carbon atonms; mis an integer of TI. "2; and nic an integer of 2 or 3,

(Pol yneri zation step)

The conjugated diene polymer constituting a modified
conjugated diene polymer is a copolymer of a conjugated
diene compound and a nitrogen atom-containing vinyl
compound or a copolymer of a conjugated diene compound,
an aromatic vinyl compound and a nitrogen atom-containing
vinyl compound.

[0032]
<Conjugated diene compound>

The conjugated diene compound is not particularly
limited, as long as it is a polymerizable monomer.
Examples thereof include, but not limited to, 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. Of them, 1,3-butadiene and isoprene are
preferable from the viewpoint of industrial availability.
These may be used singly or in combinations of two or
more.

[0033]
<Aromatic vinyl compound>

The aromatic vinyl compound is not particularly
limited as long as it is a monomer copolymerizable with a
conjugated diene compound. Examples thereof include
styrene, p-methylstyrene, oa-methylstyrene,
vinylethylbenzene, vinylxylene, vinylnaphthalene and
diphenylethylene. Of them, styrene is preferable from
the viewpoint of industrial availability. These may be

used singly or in combinations of two or more.



In the polynerization step, a conjugated di ene polyner containing a
nitrogen atomin the main chain. the polynmer and having an active end is
obt ai ned copol yneri zi ng a conjugat ed di ene conpound and a nitrogen. atonr
cont ai ni ng vinyl conpound or a coniugai d di ene conpound, an aromatic vinyl
conmpound. and a nitrogen atom cont ai ni g vi nyl conpound by use of an al kal i
met al conpound and/or an al kaline earth netal conmpound as a pol ynerization
initiator, [0031) The conj ugated di ene polynmer constituting a
nodi fi ed. cldrjadgat ed di ene polyner is a copolymer of a. conjugated. diens
conpound and a nitrogen atomcontaining vinyl] conpound or a copolymer of a
conj ugat ed <didre sonpdimid, c A ot i\blnbilnylormmgg?ld and. a nitrogen
atom cont ai ni ng vi nyl conpound, [0032] <Conjugated di ane conpound>
The conj ugat ed diénéiéarp6iindtiodsen tadnineuVarvy IGRPCEdd 48 Poig as it is
a pol vreri zabl e nononer . Exanples thereof. jnclude, but not limted to,
1, 3- but adiRHe; 1§ 6P ehe: 1B Eqidret R 23-Hutddieds: P20 E" fdritSd ene,
3-nmet hyl- 1, 3- pent adi ene, 1, 3- nept adi ene, and 1, 3- hexW di ne,_ O‘bthem
1, 3- but adi TR Jiré%pvr]é]'\\éL ATEESTEERr b & FISM e WiewpoiHt ¥ i ndustri al
avai l abi lity. e e used si of_ N _conpi ' f two or nore
[ 0033] <Ar éyn%]tyl-ﬁgeel\sljiZneﬁ%)goa@;&ooﬁrh&i&%é’rl%%ﬂelnoarf’ogéfl]gé%/l %i&’corrpound IS not
par t1 cul ar Ioomldid L4 A5 1000 a9 AN & £ IPMANELG COPAYIRS | p2Pl £nti th 2
conj ugat ed d?medne conpo‘%%dé. anpl @E t hereof 1nc 9tIJde styr ene,g P
p- met hyi st yrene,ra-get Ay 4 W enNem the viewpoint of reactivity

between a desired modified conjugated diene polymer and

silica.

These may be used singly or in combinations of two

or more.
[0035]

[Formula 6]

g7
RY” N ¥
Y

| 5

R11/ \R12

(2)

=—A

[0036]

In the formula (2), R’ to R’ each independently
represent hydrogen or an alkyl group having 1 to 20
carbon atoms or an aryl group having 6 to 20 carbon
atoms; R!° represents a single bond or a divalent

hydrocarbon group having 1 to 6 carbon atoms, which may



vdnyl et hyl benzene, vinyl xyl ene, vinyi napht hal ene and di phenyl et hyl ene. O
them styrene is preferable fromthe viewoint of industrial availability.
These may be used singly or in conbinations of two or nore. [0034]

<Ni trogen at oiecontaini.ng vinyl conpouynd> The ni trogen

at omecont ai ni ng vinyl conpound is not ggrf,c lax: ly limted as long as it
is a nitrogen atom containing vinyl conpoi,u-Id and a. nononer which can be
pol ynmeri zed by ani on polynerization, for exanple, conpounds represented by
t he fol | owilgliasand-upted aime treefmerdabllee ffr drhe hghadirewpoianty afng egctivity
bet ween a deS|red nodi fi ed conjugated. diene polynmer and silica. These may
be used singly, o? amdcodnbp@ti ons of two or MOLE-, [0035] [Formula

R to R!? each independently represent any selected
from the group consisting of an alkyl group having 1 to
30 carbon atoms, an aryl group having 6 to 30 carbon
atoms and a tri-substituted silyl group having an alkyl
group having 1 to 30 carbon atoms and/or an aryl group
having 6 to 30 carbon atoms on silicon.

[0037]

[Formula 7]

-
R¥” ™ ®
| N
X'T"’ (3)
N
()
[0038]

In the formula (3), R’ to R*® are the same as in the
formula (2); X represents a divalent hydrocarbon group
having 3 to 10 carbon atoms, which may be interrupted in
the middle of the chain by any one of NR', O and S and
that is a saturated ring forming portion in which all
carbon-carbon bonds are single bonds or an unsaturated
ring forming portion in which at least one of the carbon-

carbon bonds is a double bond; and



[t'NN-4112 [0036] In the fornmula ,to nY each independently represent hyd
rogen or angroup having 1 to 20 carbon atons or an aryl group having to 20
carbon atons; R represents a single bond or a divalent be interrupted in
the mddle of the chain by any one of g 13, 0 and Si and
each independently from the group conSitsting of an al or IcJ any sel ected.
. bark
R' represents an alkyl group having 1 to 30 carbon
atoms or an aryl group having 6 to 30 carbon atoms.
[0039]
Examples of the compound represented by the formula
(2) include, but not particularly limited to, N,N-
dimethylvinylbenzylamine, N,N-diethylvinylbenzylamine,
N,N-dipropylvinylbenzylamine, N,N-dibutylvinylbenzylamine,
N,N-diphenylvinylbenzylamine, 2-dimethylaminoethylstyrene,
2-diethylaminoethylstyrene, 2-
bis{(trimethylsilyl)aminoethylstyrene, 1-(4-N,N-
dimethylaminophenyl)-1-phenylethylene, N,N-dimethyl-2-(4-
vinylbenzyloxy)ethylamine, N?, N!, N?2~-trimethyl-N%- (4-
vinylbenzyl)ethane-1,2-diamine and N,N-dimethyl-2-((4-
vinylbenzyl)thio)ethylamine. Of them, N,N-
dimethylvinylbenzylamine is preferable from the viewpoint
of balance among low hysteresis loss properties, wet skid
resistance and dynamic modulus of elasticity of the
vulcanizate to be prepared from the resulting copolymer
with silica.
[0040]
Examples of the compound represented by the formula
(3) include, but not particularly limited to, 4-(2-
pyrrolidinoethyl)styrene, 4-(2-piperidinoethyl)styrene,
4-(2-hexamethyleneiminoethyl) styrene, 4-(2-
morpholinoethyl)styrene, 4-(2-thiazinoethyl)styrene, 4-
(2-N-methylpiperazinoethyl)styrene, 1-((4-

vinylphenoxy)methyl) pyrrolidine, 1-(4-



30 carbon atons, an aryl group having 5 to 30 carbon atons and a
tri-substituted sii/s group having an al kyl group hay.to 30 carbon atons
anan aryl group having 6 to 30 carbon atons on silicon. [003 [ Fornul a
[0036] In the formula. (3),to Rare thg sanme as in the fornula (2); X
represents a dival ent hydrocarbon group~having 3 to 10 carbon atons, which
may be interrupted in the mddle of the chair by any one of NR14, 0 and S
and that is a. saturated ring formng portion in which all carbon-carbon
bonds are siingilédyonds ymedrh winsaturdatieti rd ,ng f 04ri ng portion in which at:

"east one of the carbon - carbon bonds is a double bond; and "GO
vinylbenzyl) thiomethyl)pyrrolidine and N-methyl-1-

(pyrrolidin-1-yl)-N-(4-vinylbenzyl)methylamine. Of them,
4- (2-pyrrolidinoethyl) styrene is preferable from the
viewpoint of balance among low hysteresis loss properties,
wet skid resistance and dynamic modulus of elasticity of
the vulcanizate to be prepared from the resulting
copolymer with silica.

[0041]

In the step of polymerizing a conjugated diene
polymer of the first production method, the amount of
nitrogen atom-containing vinyl compound to be added is
not particularly limited and can be regulated depending
upon the purpose and the like. For example, the amount
of nitrogen atom-containing vinyl compound to be added,
although it is not particularly limited to the following,
is preferably 0.5 to 100 moles, more preferably 1 to 20
moles and further preferably 2 to 10 moles based on 1
mole of a polymerization initiator described later.

If the amount of nitrogen atom-containing vinyl
compound to be added in the polymerization step is 0.5
moles or more based on 1 mole of the polymerization
initiator, a vulcanizate excellent in operation stability
can be obtained.

In contrast, the amount of nitrogen atom-containing
vinyl compound to be added is preferably 100 moles or

less based on 1 mole of the polymerization initiator from



Rl 4 represents an al kyl group having | to 30 carbon atons or an aryl group
having 6 to 30 carbon atons. [0039] Exanples of the conpound represented by
the formula (2) include, but not particularly limted. to,

N, Ndi met hyLvi nyl benzyl ardne, N, N-dieth %vi_nyl benzyl am ne,

N, N-dl propyl vi nynenzyl am ne, N, N-di but yfvi nyl henzyl am ne,

N, N- di phenvi vi nyl benzyl am ney 2-di net hyl am noet hyl styrene,

2-di et hvi am noet hyl styrene, 2- bis(trinetnyisilyi)am ncethyl styrene,

1- (4- N, Ndi netehytiamigroiphe nyfl )e e pherpd et iy enfe, thi Neai nfBitdy 1- 2- (4-

vi nyi benzyl oxy) et hyl am ne, Ni, N1, N2-tri nmet hyl - N2- (4-

vi nyl ben2y 19t Herve-eld 20 g e thel vl N NRie sl it -2 (geg-prepared from

vi nyl benzyl ) thio)ethylam ne. O them N, Ndi nethyl vinyj benzyl am ne is

pref erabl e ?ﬁ%rﬁq%mrwmwu%t%&w ATRITYL T6R Y Stieresi 54 oss
properties, wet skid resistance and dynam c nodul.us of elasticity of the
vui cani zate to B& aréd £ orfﬁoﬁﬁfél gt r‘?gcc%ﬁdjl%?%ﬁf Wi lica. [00401

I f th d . the f I i , b
Craml os ol e TP SRS SILE 0, LR &l kil e, Dot ot

{2 o 00 o st B TR oAt -2

nmor phol i noe tyrene, I azi noet hy

(2- N- et hyl pi perazi noey kivin Styd engso rl-ededin 1, N¥HHRNNAXJEBE iy Jn-
pyrrolidine, 1-(4- vinylbenzyl oxynmethyl)pyrrolidine, 1-((4-

vi nyi benzyljdhi oty 9 a1 addil nen @ntb Nt yded -simultaneously
(pyrrolidin-I-yl1l)-N-(4.-vihyl benzyl)nmethylam ne, O them

4- (2. -pyrrobitch npetdry|ugstad eeenns smb@iabl € & 1om & heonieywpoeat of

bal ance anong | ow hysteresis |oss properties., wet skid resistance and
dynam c: notlidnus ofmebasd i @id ya of inhe axdreani catenpouhe; ppepeeedoérom t he
resulting copolynmer with silica. [0041] in the step of polynerizing a
conj ugat ed @hengeporydrerddtdthe fhe stipdbeuet i pnlyeehbdatipe @nbone. F

ni trogen atom containing vinyl conpound to be added is not particularly
linited and-@ah et e@gid dteCaspendingCipbh the Pufpbleand the |ike. For
exanpl e, the anpunt of njtrogen atom contaijni ng Vi nyl cong{?gnd to be added,

al t hough i tCPROhGICpaFd et af t 2 1§ nF e e ot He+ OF F oWP RGO preférably 0.5
to 100 nol es re(FreferabI 1 to 20 nmoles and further. preferably 2 to 10
nol es based’ o %a%%cac%ﬁ??/% lzation initiator described later.

If the am)up(goénﬁ ni trogen atom -cohtaining vinyl conpound to be added in

t he pol yneriza |]on step is 0,5 noles or nore based on |I. nole of the

pol ymeri zati@m i.hii]alof.na VUl canjzate excellent in operation stability
can be obt ai ned.

In the polymerization step of the first production
method, an alkali metal compound and/or an alkaline earth
metal compound are used as a polymerization initiator.

The organic alkali metal compound to be used as a
polymerization initiator is not particularly limited. A
mono-organic lithium compound is preferable.

Examples of the mono-organic lithium compound
include, but not limited to, low molecular compounds, a
soluble oligomer organic lithium compounds, and compounds

having a carbon-lithium bond and compounds having a



In contrast, the anmount of nitrogen atom containing vinyl. conpound to be
added is preferably 100 noles or |ess based on 1 nole of the polynerization
initiator from the viewpoint of processability of the nodified conjugated
di ene pol ynmer conposition to be pr epar ?g fromthe resulting conjugated

di ene copol yner with siliba, e step of polynerizing a conjugated
di ene polyner of the first product|on met hod, the timng of adding the
nitrogen atom containing vinyl conmpound is not particularly. limted, For
exanpl e, t helnidgeogen Etiom dontcaiim rigwinyd £ dompburdl heiyvdse: added

simul taneously with a conjudated di ene conpound or with a corCQugated di ene
conpound arfF @NVichydr atorrtd ¢ iddnpBund; or nay be divided and added in the

m ddl e of polynerization with a conjugated. diene corrpound i n the

n ddl e of copol WféfP2&5i 6/ WEh Cé@@ﬁ]‘&dé@édm‘d&é’ﬁ@ 8:’631% &Ugﬁd Wi nyl
aromati ¢ conpound. Cd'?f%‘]t <Po| at| on initij a.t

-in the pol Rt Frst Y %t tod, an al kali netal

conpound a ddt(r)yrlll agﬁajlrltneert r&thy]_l_lrrﬁttarl FOMROL ﬂﬁjﬁﬂras a

pol yneri zat e o ganic a [ conmpound to be

used as 2 nolytpri Zatian [T A Aol Synob earti aiag sedlm  ed. A

mono- or gani ¢ 'S pre era Exanpl es of the
mono-organic |i tx-:baawl%%m@%el %h%%,nob%tav&% ld miteadh dedy- 1liaw il ecul ar

cokT) ounds, a soluble oligonmer organic |ithium conpounds, and conpounds
haing a Carmllr{énwa, hand and, p Compounds] havimdced to23lithium
dimethylamide, lithium diethylamide, lithium
dipropylamide, lithium di-n-hexylamide, lithium
diisopropylamide, lithium hexamethyleneimide, lithium
pyrrolidide, lithium piperidide, lithium
heptamethyleneimide and lithium morpholide.
[0043]

Polymerization may be performed by use of a
multifunctional organic lithium compound as a
polymerization initiator other than the aforementioned
mono-organic lithium compounds.

Examples of the multifunctional organic lithium
compound include, but not particularly limited to, 1,4-
dilithiobutane, a reaction product of sec-butyllithium
and diisopropenylbenzene, 1,3,5-trilithiobenzene, a
reaction product of n-butyllithium, 1,3-butadiene and
divinylbenzene and a reaction product of n-butyllithium
and a polyacetylene compound. In addition, known organic

alkali metal compounds disclosed in the specifications of



nitrogen-lithiumbond in terns of binding between an organic grop and
l'ithiunm Exanpl ea of the carbon-Ilithium conpound include, but. not
particularly limted to, n-butyllithium secbutyllithium
tert-butyllitnium n-hekyllithium bgné%lLithiunl pherlyilith: Lum and
stil benelithium Exanpl es of the npound having a nitrogen-1|ithdum
bond include, but not particularly limted to, lithiuoi. dinethviam de,
[ithiumdiethylam de, |ithiumdipropylamde, l|ithiumdi-n-hexylan de,
l'ithium di lUs@pr dpyeart de,. 15, t7Hi8um%*2ex @rstthydhe eitreinde Nd i thidfmh@BA% ol i di da,
['ithium piperldide, |ithium heptanetnyl enelmde and |ithium norpholide.

[ 00431 andpél )ﬁrrerHazi&tntorNOrmyB @@7p rfordred sy ussel-of a nul tifunctional
organi c lithiumconpound as a polynerization initiator r. than the

af oranenti ced mbfiot ?gQﬁBénFFtE E&nﬁBWﬁBgnd n'buﬁyégﬁl %uﬁfap

mul ti functi onal i thium conpoun | u but not ul arl
limted toSQEﬁx“ﬂ%a ﬁ%%%mf%@ Qf$%§@ﬁh%q%i Wl%%%-&bt I|th¥um
and C|||sopguﬁ{Q%: éﬁ%%l%biﬁf%trlIdtgbcgggy¥ggal qﬂggion product of

n- butyllltﬁ V|ny| enzene and ‘a reaction product of

n-butyllit tuiehe compound. In adnition, known organic
al kal i gi%génpounéggqugﬁbse I'n the specificationb of 2 4 U S Patent

No. 5, 708 092, %Eb%bsgrgﬁhg@tlNth%mZQ%m%%%n@@dmHysbeP%%%@tSN%.1@'527 753
can be use& the organic I1thium conpound, nebutylllthlun1and sec

-butyl i t higgmiar Q;Mﬁ@bj@s faomidhe wirgwpoi nt of industrial availability
and controllability of a. polynerization reaction_ These organic
['ithium conmounds may be used singly or in combinations of two or nore:.
Examples of organic alkali metal compounds other
than the organic lithium compounds include, but not
particularly limited to, organic sodium compounds,
organic potassium compounds, organic rubidium compounds
and organic cesium compounds. Specific examples include
sodium naphthalene and potassium naphthalene. Examples
other than these include alkoxides, sulfonates,
carbonates and amides of lithium, sodium and potassium.
Furthermore, organic alkali metal compounds may be used
in combination with other organic metal compounds.
[0045]
Examples of the alkaline earth metal compound
include, but not particularly limited to, organic
magnesium compounds, organic calcium compounds and
organic strontium compounds. Furthermore, alkoxides,
sulfonates, carbonates and amides of alkaline earth

metals may be used. These organic alkaline earth metal



[ 0044] Exanpl es of organic al kali netal conpounds other than the
organic |ithium conpounds include, but not particularly limted to, organic
sodi um conpounds, organi ¢ potassi um conpounds, organi c rubidi um conpounds
and organi c cesi um conpounds. Spec----é--to exanpl es i ncl ude sodi um

napht hal ene and pot assi um napht hal ene. %xérrpl es other than these include
al koxi des, sul fonates, carbonates and am des of lithium sodium and

pot assium Furthernore, organic alkali mnmetal conpounds nmay be used in
conbi nat i orconiddwngtsher yolkganise dvetralcagbripedricds, Wiodysn alkalipwafsiles of
the al kaline earth nmetal conpound. include, but not particularly limted
to, organi CarEMEsi vMcc oRFGUN @S9 aerigaiied adal MA@ SHfpounds and or gani ¢
strontium conpounds. Furthernore, al koxides, sultanates, carbonates and
ani des of dl¥H#Gne earth. netals may be used. These organic al kaline earth
net al conpﬁ%ugg’s may be used in caonbination with an al kali netal conpound
and ot her orgam't L Lo e~ [ 0046] <Pol yneri zati on process> at

and ot her 0 et o [00de] ati on |
pol ymer i zat i on. SLeb 0P ERE-HPRE: THBEROT o REBANE ag e Roll FYAE "conj ugat ed

pol ynmeri zati on st eﬁs i'Tst nmetho ucin

i ene. pol Y.k 9l WIRY g 9, Ack] V& SNk obtal netk by e gront b

reaction su as an ani on nmerization. reaction using. an alkali netal

conmpound and/.or, @l kaline Larddy Meialcsemeund; as dmntdongdaboye; as a
pol ymeri zation. in Particularly, it is nore preferable that the conjugated

di ene pol ymRy1 s @ RO} HEEarhawd gy tdpies ietkh abt al necbyh a growt h
reaction such as a living anion polynerizetion. Omng to this, a nodified
conj ugat ed H=ene qolyumr dmyEmara dri gho Injok f i cat i @on. reatti oorcans ey obt ai ned.
Al t hough a pol yneri zation process is not
an alkali metal compound and/or alkaline earth metal
compound as mentioned above as a polymerization initiator.
Particularly, it is more preferable that the conjugated
diene polymer is a polymer having an active end obtained
by a growth reaction such as a living anion
polymerization. Owing to this, a modified conjugated
diene polymer having a high modification ratio can be
obtained.
Although a polymerization process is not
particularly limited, polymerization can be performed in
a batch process and a continuous process. In the
continuous process, one reactor or at least two reactors
mutually connected can be used.
As the reactor, e.g., a vessel or tubular reactor
equipped with a stirrer is used.
If an allene and an acetylene are contained in a

conjugated diene compound as impurities, a modification

reaction which will be described later may be inhibited.



particularly limted, polynerization can be perforned in a batch process
and a continuous process. in the continuous process, one reactor or at

| east two reactors nutually connected can be used. As the reactor,
e.g., a vessel or tubular reactor quig ed with a stirrer is used. | f
an allene and an acetyl ene are contain in a conjugated di ene conmpound as

inpurities, a nodification reaction which will be described | ater may be
inhibited. Thus, the total concentration (by macs) of these inpurities
cont ai ned Ty, eftérealilor20CqpEanardteéssy  or engersef exfalinesk00 ppm or | ess
and further preferably 50 ppmor |ess. Exanples of the allene include

pr opaddene Fdritizs marddiiamel 1B anps e 3l K adsty |%Bne 9570l B @t hyl
acetyl ene and vinyl acetylene. [0047] <Pol ynerization sol vent>

A
pol yneri zati™ & & % orY PP Bnj 4 i ol Vst S S pne et 481

performed in sol v the s Iventr inﬁgude solvents of a
aro

| t | f
hydr ocar borP’s Ehse XEQP&FétgﬁaﬁgafgéiFBSnlgﬁ udgn P £1'C Ry

iC hygrocarbon-

Speci fic eﬁ?@ﬁ&gﬁ;&gﬁ%qu EQ%E@Q%S byt .pat L .ggﬁthncﬁhh%h%%% 1

hydr ocar bons “su ut'ane, pentane, hexane a ptane; alicyclic

hydrocarboqﬁyiigiéﬁg;éﬁgﬂﬁ%%yﬂ tE;;r:]%;éﬂé:_hexene, met hyl cycl opent ane and

nmet hyl cycl one aromat i ¢ "hydroc ons such. as benzene, toluene and

xyl ened4 and.o@-hydrocarbon consisting of a. mxture of these, Bef or e
subj ected to a polynerization reaction, inparitien such as an allene and an
acetyl ene arm tyneatiethwdrh s wrgani ¢ nmetal conpound. This is preferable

because a pol ynmer having an active end tends to he obtained in a high.
concentration- Rknpaddireirdnatdohi gleamdich et iorargtica tteends . cre be at t ai ncd.
[ 0048] <Pol ar conmpound>

polymer is preferably performed in a solvent.

Examples of the solvent include solvents of a
hydrocarbon such as a saturated hydrocarbon and an
aromatic hydrocarbon. Specific examples thereof include,
but not limited to, aliphatic hydrocarbons such as butane,
pentane, hexane and heptane; alicyclic hydrocarbons such
as cyclopentane, cyclohexane, methylcyclopentane and
methylcyclohexane; aromatic hydrocarbons such as benzene,
toluene and xylene; and a hydrocarbon consisting of a
mixture of these.

Before subjected to a polymerization reaction,
impurities such as an allene and an acetylene are treated
with an organic metal compound. This is preferable
because a polymer having an active end tends to be
obtained in a high concentration. In addition, a high
modification ratio tends to be attained.

[0048]

<Polar compound>



In the polynerization reaction of a conjugated diene polyner, a polar
conpound may be added. Random copol yneri zation of an aromatic vinyl
conpound, a conjugated di ene conpound and a nitrogen-containing vinyl
conpound can be nmade, in the presence gg t he pol ar conpound, which can al so
be used as a vinylationagPnt for controlling. a mcrostructure of a
conjugated dlene noiety as well as is effective in accelerating e,g., a

pol ymeri zati on reaction. Exanpl es of the polar conpound that can be
used include, bdnh nbe parlvireriaelty ohi reped its, odt heconsyeltgsl diene
tetrahvdrofurani diethyl ether, dioxane, ethylene glycol dinethvl ether,

et hyl ene, dS/cBledi FutBAlast HemPahinst WA @aasst- di met hyl et her,

di et hyl ene gl ycol dibutvl ether, dimnmethoxybenzehe and

2, 2- bi s( 2- oxbr anyP o FRRS; ErtiZaty “aniCie 2Corpolinds Ss0ch Vs

t et ranmet hyl et hyl eneddanmi ne, di kﬁﬁ@idinbethane trimeth L@nilnej

tri.ethyl arﬁ%‘é[?/o it ne” Udgad"lpﬁ G e P AR d Pt af - @l %% de  compounds
such as pot umitert.- | SSj t.

sodiunrtert- Srﬁgt%/%r%%neé an lo%%“rﬁ@%@l%%%%ﬁ% %%o‘j}slr%ﬂ%}ge orn%so%r}l%l% %Ech as
tri phenyl phagphidie. . compokites &, RaLiRTc SOMPOUNdS, MRY. pe used singly or in
conbi nations of two or ﬁ%re. The anount of polar conpound to be used

i's not partyGuad Yo @r@k%&r%@&ﬁﬁﬁ@bt@%ﬂ@w@@iww@%fh@ pur pose

and the like. Specifically, the anmount to be used based on | nole of a

pol ynmeri zatd @uditd dtdrens ndrederablye 0L Ms tos 100famt £8¢ Such at pol ar
conpound. (vinylation aaent) can be used in an arpropriate anount as a
regul at or farcel eviactr0st reicd Ur ea gfo ayroean] tgat @d hemeiomwi ety of a pol yner
dependi ng upon a desired anmount of vinyl |inkage. Many pol ar conpounds al so
have a randonmi ziExgreflfeec to feftfhecthioler wagwpoindreéristatdeaon of wesbnl ngat ed

di ens conpound and an aromatic vinyl conpound, and can be used for

adj usti ng ditst¥idrut ioH ofotarParohattar W nyintompound andcisedias ah agent
for adjusting the anount of styrene block. As a nethod for perforning.
random pol yreri Zaidont of 2 cOref uigat Thef endt Compountt P RReRT oraY FeLvi nyl
conpound and. a nitrogen atom.cont ai ni vj ny|. conpound, for.e le, a

ot hod of 1S Y TP e bt el ¢ 3t Y AT baltPEEy betwasR WiibE R ARBUAL o of
styrene and nitr n_at.onecont ai ni hg Vi nyl conpoun t , 3

bit adt ene. 1617 b By ARt et nereray g O et piPhar Bheehedi mi cent 1y
[0 the m ddhendl, AR GOPONY TRIA 2215 OO £ CACLLOP DY) BEolsRD; (ODE9L,y

<Pol ymeri zation. t erat ure>. e polynerization tenperature

enpl oyed i nyfhe pabypwri2atsem, siepcof rdher fii 1 stny PEREYCEIORe, Met hod is not
particularly limted as long as a living anion ponnerlzatlon proceeds at

the tenper aius e @M dden vhewer Nhe Ohy PERAUES | ¥it¥thihempakyneri zation
tenperature is preferably GCct or nore Fromthe viewpoi nt of
pyridine and quinuclidine; alkali metal alkoxide
compounds such as potassium-tert-amylate, potassium-tert-
butyrate, sodium-tert-butyrate and sodium amylate; and
phosphine compounds such as triphenylphosphine.
These polar compounds may be used singly or in
combinations of two or more.
The amount of polar compound to be used is not
particularly limited and can be selected depending upon

the purpose and the like. Specifically, the amount to be

used based on 1 mole of a polymerization initiator is



ensuring the amount of nodifier to be reacted with an - 29 - active end
after conpletion of the polynerization, the polynerization, tenperature is
preferably 120QC or | ess. Furthernore, fromthe vi ewpoi nt of
preventing cold flow of the conjugated, ddene pol yner obtained in the

pol ymeri zation step, a nultifunctional “aromatic vinyl compound such as

di vi nvi benzene for controlling branching may he used. {00501 <Structure of.
conj uat ed di ene pol yner > The amount of bound cenjugated diene in tne
conl ueat ed rdicgtver 301 rferd lobtcai iied riad ashe  folymer Pzagirororsrepcof the first
production nmethod is not partlcularly limted.. The amount is pneferablv 50
to 100 massO%idand afored mrasrer) atﬂ%ﬁ 60 {5 B ItasEURPPTOP Bt Mire: t he
anmount of bound aromatic vin n the conl uoated diene polyne is, not
parti cul ar 137 13 mi%%Y-2 e L?ntmll%r%te‘?%%bﬁ/ Y to %“ﬁh%% /%%rfil%?e

ferably 20 to 40 th t of bound d d
and the a%&ﬁﬁe@ofofbgaﬁ?poo%m%ﬁe@%nwgefbi‘ﬁr%“n"i‘a (B3 T VK Fanges, a.

velcanlzatqfﬁgﬁ_qg_]gﬁ%pengﬁ §g& gghgp Fgegwggn HlLow gystere3|s Ioss

properties a resi stanceé an actory operation stability can

and?mlffH £idsrdhe amunt; of QP%Q%6¥§ME¥i£ée@5w1o§a£ be

traviol et absorption of a phenyl” group.
conjugated diene compound and an aromatic vinyl compound,

be obt ai ne
det er m ned

and can be used for adjusting distribution of an aromatic
vinyl compound and used as an agent for adjusting the
amount of styrene block. As a method for performing
random polymerization of a conjugated diene compound, an
aromatic vinyl compound and a nitrogen atom-containing
vinyl compound, for example, a method of initiating a
copolymerization reaction between whole amounts of
styrene and nitrogen atom-containing vinyl compound and
part of 1,3-butadiene, followed by adding the remaining
1,3-butadiene intermittently in the middle of the
copolymerization reaction may be used.
[0049]
<Polymerization temperature>

The polymerization temperature employed in the
polymerization step of the first production method is not
particularly limited as long as a living anion
polymerization proceeds at the temperature. From the
viewpoint of productivity, the polymerization temperature
is preferably 0°C or more. From the viewpoint of

ensuring the amount of modifier to be reacted with an



30 The amount of vinyl linkage in the conjugated diene binding units
is not particularly limted. it is preferably 10 to 75 nol e% and nore
preferably 25 t0 65 nol e% Wen the anobbt of vinyl linkage falls within

t he above range, a vul cani zate havi ng %Brt_her excel | ent bal ance between | ow
hysteresis | oss properties and wet skid resistance and sati sfactory
operation stability can be obtai ned. Herein, when the conjugated diene
polymer is a copolynmer of butadiene, styrene and a nitrogen atom contai ni ng
vi nyl cenpeurd,ve mencarmdiirer oforyd iy idn nikageéq armlume wifzalt iprboridigg) in a
but adi ene bi nning unit can be obtained by the Hanpton's nethod (P. Ft

Hanpt on, Arral ytniessl zsChiem Stampe it urg3i g 19499rably 12fhe esnjlegat-ed di ene
pol ymer may be a random copal yner and . a bl Qck ca npl es of

ol yrmer. .
t he” conposi ti on FHFSEFEBGEFon T6P™ hdeyiVdGHP rbroRér ?ri}éﬂeéltrlélﬁd(?rﬂ pol yner
chain include, bu ot particularly limted to .. CO et ely random
copol yner tﬂeovf:&é)otrs}leticgwjd“}g#kﬁ%rg]iesneclpo N ao%tsaijé{%gst]i%a\%/}f?/ random
conposition t aper ed adi e andom .c Iy Vi ng. aper ed
conpositi orPog‘lqg?%Jb%%loO% {%\%vear?ﬁ lrti)lm éele%/oﬁga\(zlpoﬁcgm%?l%%l?y%yst eresis
| 055 properdd sy ddie, i 4400, diyshr Qut i an ofo.@ il 11.9gen, a1,0m coat ai ni ng
vinyl conpound 1s preferably random i1n. the case of the mcrostructure of
a conj ugat g direne; such as 1, 4-bonding and 1, 2-bonding., a conposition
di stribution may be uni form or nonuni form Exanpl es of the bl ock
copol yner immiagie a di bl ock copol virer (di bl ock) forned of two bl ocks, a
triblock copolynmer (triblock) formed of three bl ocks, and a tetrabipck
copol yner (¢®tnabdioek)of argrehftdduiidiogkslyssum ng that a bl ock
consisting of an aromatic vinyl conpound such as styrene is represented by,
for exanple, "SThandmaupltock dongidstdomg uofa taede ohjergatied tdieenm conpound.
surTh as butadi ene or isoprene is represented. by "B" block. copolynmers may
be expressedPras @t Sl Blidibt dekl Wopol Shierinegh S BISe e byeekl edpoPyner and
an S-B-S-B tetrabl ock coppl ymer _ In the above formula, the conpositdon
of each bl otkeR LhothhecEssarkyr 14 Hel Unitored For BXamtetLerotk E. nay be

a copol yner_ of, an_aromati c vinyl co un nd conj ugat ed_di ene conpound
o o ool vt Gt e GHRRTE Pyt Sorad e L chegah Sha

atom cont ai ni ng vi nyl . .conpound alternatively, a copolyner of an
aromatic vi%?lfgc%rn%% %ad?ﬂé %%n%%g%@ ed i ene conpound and a nitrogen

at om cont ai ni ng E\thrr)lcgllter?rh%regégur{qlﬁegnﬁqurh]&i%&p?vaer&g@g a,id$7 18, not

al ways necessary oar der of cks is distinctive, For exanple,
when bl ock B,d s-&, £opol yires: Ofc ak ByR0Rti & wag)%f@ﬂ@@ygglﬁnﬂiﬁiﬁealugat ed

di ene conpound, the aronmatic vinyl,” conmpound in block 1-3 may be
di stribut edrpi d@suly 0§ preferably 0 to 50 mass$ and more
preferably 20 to 40 mass%.

If the amount of bound conjugated diene and the
amount of bound aromatic vinyl fall within the above
ranges, a vulcanizate having further excellent balance
between low hysteresis loss properties and wet skid
resistance and satisfactory operation stability can be
obtained.

Herein, the amount of bound aromatic vinyl can be

determined by ultraviolet absorption of a phenyl group.



a plurality. of. noieties where an. aromatic vinyl conpound is uniformy
distributed and/or a plurality of noieties where an aromatic vinyl conpound
is distributed in a. tapered nmanner may be present. together. Furthernore,
a. plurality of segnents different in content of an aromatic vinyl conpound
may be present together in block E. When a plurality of block S and a
plurality of block 1.3 are present. in a copolyner, constitutions such as
mol ecul ar wei ghts and conpositions of themmay be the same or different-

[ 00511 i n. Threasonptigatedidivéne ipsbgreinobhai realivgatre pgoryreri zati on
step, it is preferable that the nunber _of chains consisting of nitrogen

at om cont aiingg g ML torFodynd (ATt SAnddrY drighdtst VithyilS conpound units
is low or zero re specifically, it i f b t f
bi 0Cks hav g 80 O S (ehd i Sistsind A St B At 9 <9 G or er 0.

Speci ficall in t case where_ the_pol r..s,a. butadiene. ;styrene
-ni trogen é%%%%%bn g?ﬁiﬁgevﬁﬁﬁPn%OSSIyﬁén? %ﬁékgﬁguﬁﬁ%gé Hngﬁért?%EOIuble

i th I d - i - k t hod,
e e S A R R e M TR e e
J. Polym $¢itanbe 423 ((346)0) -1h)dt dhe know Jrethed, - dihes pr,epafdd on of a

bl ock consisting of 30 or nore chains consisting of styrene and/or nitrogen

- and nor e quief erablat 23 dmss% ofad iess drased Qietde diotadamung @fnt he
Pol ynmer. (Step of nodifying active en ci) In the step of nodifying an

active end,beaa dmdiifrieer., which. is a conpound represented by the foll ow ng
formula (1), is reacted with the active ehd of the conjugated di ene pol yner
to obtai n a nodikiredncomjhegat-ée. cdngnegapeldy nerend @O83jngrFasma a 8]
W zooR404111
copolymer of butadiene, styrene and a nitrogen atom-
containing vinyl compound, the amount of vinyl linkage
(amount of 1,2-bonding) in a butadiene binding unit can
be obtained by the Hampton's method (R. R. Hampton,
Analytical Chemistry, 21, 923 (1949)).
The conjugated diene polymer may be a random
copolymer and a block copolymer.
Examples of the composition distribution of
individual monomers in a random copolymer chain include,
but not particularly limited to, a completely random
copolymer the composition of which is close to a
statistically random composition and a tapered (gradient)
random copolymer having a tapered composition
distribution. However, from the viewpoint of e.g.,
hysteresis loss properties, the composition distribution

of a nitrogen atom-containing vinyl compound is

preferably random. In the case of the microstructure of



(. RI03-Si-NRESIi ( OR2 )11( ) R52 [0054] In the fornmula (1), B.1 to Re
each independently represent an al kyl group having | to 20 carbon atons or
an arvl group having 6 to 20 carbon atonms; P.5 represents ,6 an al kyl ene
group having 3 to 10 carbon atons; a_rgﬁ)r esents an al kyl ene croup having |
to 20 carboh atons; mis an integer. of "1 or 2; and n. is an integer of 2
or 3. [0055] Exanpl es of the: nodifier used in the step of nodifying
the active: end of a conjugated dgene polyner of the first production
frthod i nclaudenimaatsst dijana endh @l & -drasiiirgne rcbipdurif Siuth &%

2f 2-di met hoxy-1-(3- trimethoxysilyipropyl)-1-aza-2-silacyclopentane, 2, 2-
di et hoxy- 1-RGSiétiivek ysiS B ipriopyer) TRvake 2N iHq ey gpeitafe rm-

2, 2-di met hbxy-1-(4- trinmethcxvsilyibutyl)-1-aza-2-silacyclohexane, 2,2-

i et hoxy- 1.1 5- EVERBLROXGS EOFpoIoyT) SHERIATSE AP aETe SnEIPaner

2, 2-di net hoxy- 1- (3-_ di net.ho hyl sj | yi r.opyi. Thi -.aza-2-si.l.acygl opent ane,

2, 2-diet hoﬁf’%’ﬁ]]( i e(lt%fe)jﬁgllaésci]ﬁﬁdpr%fpyﬁ“a -léjzca]ESZ- %i rzi‘cb;lcc%/cg%ent ane,

2- met hoxy- 2- rlw% - (3=s2rd t@{%ﬁ;@ Y] rt%g_y' :g:z]aﬁz i cl opent ane, 2-
et hezy- 2- etZCh 1-l - égtét%ejt%lodxéy@i 'yl pr odpydlt?- -aézga-}%l- Si ’a%/Ac(flgé/pent ane,
anEthOXy'%@ﬁ?éﬁﬂbék(éSpolymen (tetrablock) formed of four blocks.

di met hoxynet hyl sil yl propyl)---i-aza-2-silacycl opentane and

2- et hoxy- 2-retdikirly (Bri ef hoxyat drsd | W Py )an -azan-1 Siacycl opent ane.
O them fromthe viewpoint of reactivity and interaction between a
functional @m@buref sudmdid ieryant ans i nargasdrccdd 1her Sachesasnsidj ca and
fromthe viwoY--it of processability, a conpound where mis 2 and nis 3
is preferabl®. and a Prlefdr ablres ispeicid icf exampl psyd thet edfenact adeo@n@-
di met hoxy- 1- (3-tri met hoxysilyi pbcpyl) - 1-aza-2- silacycl opentane and
2, 2-di et hoxgpah (3 hutiastivoxy it vi priopy s -is azeresinaey dhopant ankock0056]

copolymers may be expressed as an S-B diblock copolymer,

an S-B-S triblock copolymer and an S-B-S-B tetrablock

copolymer.

In the above formula, the composition of each block

is not necessary to be uniform. For example, block B may

be a copolymer of an aromatic vinyl compound and a

conjugated diene compound or a copolymer of an aromatic

vinyl compound and a nitrogen atom-containing vinyl

compound, or alternatively, a copolymer of an aromatic

vinyl compound, a conjugated diene compound and a

nitrogen atom-containing vinyl compound.

Also in the above formula, it is not always

necessary that the boarder of blocks is distinctive. For

example, when block B is a copolymer of an aromatic vinyl

compound and a conjugated diene compound, the aromatic

vinyl compound in block B may be distributed uniformly or

distributed in a tapered manner. Furthermore, in block B,



The reaction tenperature, reaction tinme and the like in reacting the

af orenenti oned nodifier wwth the active end. of a polyner are not
particularly limted. The reaction is preferably performed at 0 to 120DO
for 30 seconds or nore, The anount,, of . afbrementioned nodifier to be
added is not particularly limted_ The anDunt to be added is preferably
0,12 to C.6 noles based on | nole of the aforenentioned pol ynerization
initiator, nmore preferably 0,16 to 0,5 noles, and further preferably 0.16
to 0.4 nol es.pluralijty erfdero ifegri asherhessularn rﬁgqmiﬁlfq éd-reonj g e di ene
polymer to obtain. a sufficient nDdlflcatlon rati os the anmount to be added

i s pref erablsy Wi 5 e it et e e d /R cﬂllﬁﬂglrp?rldﬁéééhﬁolmqlt%/tlefst i's

pr ef erabl e t hat poI yner ends are mutual l to obtajin a. branched
pol yner cotf5Hént2n 19 TGS derimhg t‘?ﬂ“?ci%cﬁdr%qefaﬁrd@%et% theé® cost of a.

di f th t tob dded f bl I 0057
Eml\/bljl :‘le(rad coa}%ea:gneg g‘&?rﬁ}oeeﬁlgn%o%sespenet ecrlc?% tf}%)(]r’fl e&rcor?%hloggzg dl[ ene !
pol ymer 't o .bg, aht; eodf ' q’lgé ta%éve ti,pn. Jetdad of M%f@ﬁﬁ &d

conj ugat ed “di ene p yner I one as a nitrogen atom contal ni ng

functional graup dd &ﬁmp% e Mids&hain, anda functdonal grewp, havi ng

at | east. one secondary am no gr oup, at Ieast one al koxysilyl group, and 3

to 6 branchesian-atit) eastpione: of dfie ends:r M) fdcatione ¥ alito> 't
is preferable that the nodified conjugated. diene nolynor to be produced by

the first. gurediiet iian areidiad yent,i aneds aboviel dromnddie a4 engot ol of
obtaining a better effect of the enbodinent, has a nodification ratio
(herei naf t ergigonetdamescangferirteicbno i nlem asay Hee "todi §arcatéon rati o”),

whi ch i s obtained by gel perneation chromatographic (GPC) neasurenent using
a col um chrigerkasitth silica particles based on the anount of adsorption to
the columm, in other words, the proportion of a. polyner havini a
functional dt®up conponent of preferably 60 mass% or nore, nore preferably
80 mass% or nore, further preferably 90 nass% or nore- Herein, the

pol ymer havi ng a7f (et (C61allIgr- G CCGHTo ety 18t §¥ 8- A4 pdl Yt havi ng a
f t | t th th i h d |
thereof | nalUENGs Jp%%) i %ti%'ﬁrng{%'ﬂffoo@%g%%ﬁ P TS A AT one. - a
pol ymer havé}{glr% rGC Porhhu%é] ed hgﬁéﬁfl' @oﬁ@ﬂrﬁ‘lr‘?‘é‘dviﬁ‘yfn end, and a.

pol ymer having a i'n an end
compound units and/or aromatic vinyl compound units is

low or zero. More specifically, it is preferable that
the number of blocks having 30 or more chains consisting
of these units is low or zero.

Specifically, in the case where the polymer is a
butadiene-styrene-nitrogen atom-containing vinyl
copolymer, the amount of polymer insoluble in methanol 1is
analyzed by decomposing the polymer by a known method,
i.e., the Kolthoff's method (method described in I. M.
KOLTHOFF, et al., J. Polym. Sci. 1, 429 (1946)). 1In the
known method, the proportion of a block consisting of 30
or more chains consisting of styrene and/or nitrogen

atom-containing vinyl units is preferably 5 mass% or less



[ 00581 More specifically, it is preferable that. the nodified

conj ugat ed di enm polyner to he obtained in the enbodi nent preferably has a
nitrogen atom -containind vinyl conpound and a functional group derived
froma nodifier represented by the forgula (1) in a nolecule and has a
nmodi fication ratio (which is obtained gel pprneation chromat ographic
(GPO neasurenent using. a 37 - columm charged with silica particles
tasted on the anount. of adsorption to the colum) of 60 nmass% or nore,
nmor e pr ef eraaldl ynBG masS%rerb Inprie magawd faur tivers preefest atyl Y10 tress% or nore,
1, 0059] The pol yner having a functional group conponent can. be

quant i t at i velguneasfurtéd W larsivat ogr aphy, whi ch can separate a functi onal
group-containin% nodi fi ed conponent and a non-nodi fi ed conponent

Exanpl es of L &% Inet hod usi ng the chromat ography include a quantification

met hod using, a GPO col.u charged with, a polar substance, such as silica
adsor bi ng a(%ftlﬁPctqfoﬁ%‘Jlg{%lﬁg r?é%dovr?erﬁn,d)as afiller. In this nmethod,
Quantification can_ _be de by caonpari.san_ba : - adsor .e _conponent
used. as an intipnggesggﬁgap LmOdl%yéS i |c§$ﬁ§g %ﬁg’n%agﬁggﬁg%f’nethod

descri bed i, Examl es ubi.ch, wi 1. be. descriined Jaten cap be sphoyed

[ 00601 <Nunber aver ag ecul ar "'wei g e po ystyrene-eobivaient

nunber aver@age mol ecll @re Weight (), of i nadi fd ed iconjdigated: & ene pol yner
(obt ai ned by the production nethod of the enbodi ment obtai ned by gel

per meat i on GBS OgRARNItG (dH2{13) dreasi erentcdrs) pfed el abl n20, 000 to
2,000, 000, nore preferably 100,000 to 1,000,000, further preferably 200, 000
to 600, 000 @wid/med ) | further preferably 300,000 to 500,000, The M is
preferably equal to or nore than

[0053]

[Formula 8]

R’2m) R*3n)
( R'0}—Si——N—R®—Si—{-OR?) (1)

"\ s/ "

[0054]

In the formula (1), R' to R! each independently
represent an alkyl group having 1 to 20 carbon atoms or
an aryl group having 6 to 20 carbon atoms; R® represents
an alkylene group having 3 to 10 carbon atoms; R®
represents an alkylene group having 1 to 20 carbon atoms;
m is an integer of 1 or 2; and n is an integer of 2 or 3.
[0055]

Examples of the modifier used in the step of
modifying the active end of a conjugated diene polymer of
the first production method include, but not limited to,

cyclic azasilane compounds such as 2,2-dimethoxy-1-(3-



a 38 - the above lower Iimt value fromthe viewpoint, of operation
stability, and also preferably equal to or | ess than the above upper limt
value fromthe viewpoint. of processability. Furthernore, the ratio of the
wei ght average nol ecul ar wei ant (Mw.) gg t he nunber average nol ecul ar

0

wei ght (M1) (1,1101Mn) is preferably 1700 to 3,50 and nore preferably 1.10

to 3,00 fromthe viewpoi nt of physical properties of a ebicanizate. [00611,
(Gt her treatnment) <inactivator, neutralizer> The nodi fi ed conj ugat ed
di ene pol yrerinted Hye: yobitlailpech oyl )t-He afdar-st- prleductlicmenetivod 2021 he

enbodi ment is subjected to a nodification reaction and thereafter, if
necessary, e iheaetivatiort rig heurrsal livzer oy t)nd 144és 4y be added to a

solution of the nodified coniugated dienb pol ymer. Exanpl es of the
i nact i vat brs ifdMrdeP Bt Not .2'?7)5&%“&9%3&‘%7 ited to., water; and.

al cohol s suych as . nmet hanol., ethanal and . sopropahol, Exanpl of the

neutral i zertﬁ%?lﬁw&ysd&ty%etyggrﬁ_@tﬁaég:_ygllqﬁ*f&cglt?k{e&a%ea{r b%)szzyl ic acids such
as stearip aci ol ei.c aci.d .and.v it i (& m xture of carboxylic

aci ds havi nogmt?qchtooxylll, %gitnﬁly.e%gisg?]ﬁ@r‘})aeg’ttgﬁls) Zinggzrgan%y branches): an
aqueous sol ut-i f_ gani i g %r}g: honjc acid gas, [0062]

<Hydr ogenatéliolba%&e(%c%q%ﬁi. ’ CQ’aé:Idrj]m% e e%{)di (r?ent, a nodi fied conjugated

di ene pol yneinSafh Rend e liqgenat e 0 Ans i Nackd Mpsotpent . 1o

convert all or sonme of the doubl e bonds of the polyner to saturated
hydr ocar bons,.2 1dy dthisk gase3-heatt Hes) strance apdb waai herl f£si-stance are

i nproved, and deterioration of a product in the case of processing at a

hi gh t enpersatlne, caspdre: reey entredt hdhsy - +mestid ], - 1-he3rodi fi ed conj ugat ed

di ene pol ymer can deliver further excellent performance in various uses

i ncl udi ng trimethoxysilylpropyl)-l-aza-2-silacyclopentane, 2-
ethoxy-2-ethyl-1-(3-triethoxysilylpropyl)-l-aza-2-
silacyclopentane, 2-methoxy-2-methyl-1-(3-
dimethoxymethylsilylpropyl)-l-aza-2-silacyclopentane and
2-ethoxy-2-ethyl-1-(3-diethoxyethylsilylpropyl)-l-aza-2-
silacyclopentane.

Of them, from the viewpoint of reactivity and
interaction between a functional group of a modifier and
an inorganic filler such as silica and from the viewpoint
of processability, a compound where m is 2 and n is 3 is
preferable.

Preferable specific examples thereof include 2,2-
dimethoxy-1-(3-trimethoxysilylpropyl)-l-aza-2-
silacyclopentane and 2,2-diethoxy-1-(3-
triethoxysilylpropyl)-l-aza-2-silacyclopentane.

[0056]

The reaction temperature, reaction time and the like

in reacting the aforementioned modifier with the active



aut onobi | e use.
unsat ur ated doubl e bonds ; hereinafter sonetinmes referred to as the.

"hydrogenation rate") derived froma coniugated di ene conpound can be
arbitrarily chosen. dependi ng upon theggu[pose and is not particularly

[imted.

When a nodi fied conj ugat
vul cani zed rubber,

More specifically, the rate of hydrogenation of

di ene conpound is used as a
it is preferable that the double bonds of the

conjugated. diene noiety partially remain. Fromthe viewoint of this the
hydr ogenat icom rat e gfo ltyhies ic arieu gatte i adi teirmer Irepi et ylalmiddid i dldhsconj ugat ed

di ene polyner is preferably 3 to 70% nore preferably 5 to 65% and further
pref erabl y rEaxdtol@0%s prefeNote t ety fosead & trdhdrerl 4t faer idPed from an
conmpound is contained in a. nodified conjugated diene

aromatic vinyl
pol yner, th&
aromati c vinyl

- rate is prefeF

preferably 2
nucl ear nagne

% . or

ik

QEQW%gﬁhéFﬁﬁh rate of an aromatic double bond derived fron1the
nmpound is not_ particularly limted. Th dro nation
551 e R

B Gr Ofesd OTRBIFL ﬁP@F d14G% or art her
réf%ﬁiaggg h%?ﬁ%&?” '%ﬁéﬁﬁ%(¥ﬁ: ygﬂ&ﬁiﬁ@ by e.g., a

res para us ( rogenation nethod is

BgﬁtPgL?Zgﬁﬁggkﬁghﬁgéﬁgg%%g??éﬁ'%gﬁﬂgﬁyQ&%gg%e a nefﬁﬁg of Iom:ﬁz g;seous

hydrogen i i@ @&smentioned polymerization initiator, more preferably

0.16 to 0.5 moles, and further preferably 0.16 to 0.4

moles.

In order for the resulting modified conjugated diene

polymer to obtain a sufficient modification ratio, the

amount to be added is preferably 0.12 moles or more. For

improving processability, it is preferable that polymer

ends are mutually coupled to obtain a branched polymer

component. In considering this in combination with the

cost of a modifier, the amount to be added is preferably

0.6 moles or less.

[0057]

(Modified conjugated diene polymer)

The modified conjugated diene polymer to be obtained

in the first production method of the modified conjugated

diene polymer mentioned above has a nitrogen atom-

containing functional group in the polymer main-chain,

and a functional group having at least one secondary

amino group, at least one alkoxysilyl group,and 3 to ©

branches on at least one of the ends.

<Modification ratio>



vimer solution in the presence of a. catalyst:. Exanples of the catal ystlude
a het erogeneous catal yst laving a noble netal supported onporous inorganic
substance; and a. honpbgeneous catal yst such asacatal st obtained by
solubil.izi.ng a salt of e.g., nickel d cobalt and reactingorganic

al um num and a catal yst using a netél?gcéne such as titanooene.. O them
a preferable since mld hydrogenation conditions can be sel ected,rnor
aromatic group can be hydrogenated by use of a catalyst. haying a noble
metal supportedItthereorferable $peti thecmexafpkdscohitbethyddécanat ion ca

talyst include (1) supportedp heterogeneous hydrogenation catal ystsq a
metal such raslyNisr Pro, dvd FRPB@ssoitved hen fdarBoprosiugtdan alaihiasa,

di at omaceous earth . _ o
mentioned above from the viewpoint of obtaining a better

effect of the embodiment, has a modification ratio
(hereinafter, sometimes referred to simply as the
"modification ratio"), which is obtained by gel
permeation chromatographic (GPC) measurement using a
column charged with silica particles based on the amount
of adsorption to the column, in other words, the
proportion of a polymer having a functional group
component of preferably 60 mass% or more, more preferably
80 mass% or more, further preferably 90 mass% or more.

Herein, the polymer having a functional group
component refers to a polymer having a functional group
component either in the main chain or in an end.
Examples thereof include a polymer having a modification
in the main chain alone, a polymer having a modification
both in the main chain and in an end, and a poclymer
having a modification in an end alone.

[0058]

More specifically, it is preferable that the
modified conjugated diene polymer to be obtained in the
embodiment preferably has a nitrogen atom-containing
vinyl compound and a functional group derived from a
modifier represented by the formula (1) in a molecule and
has a modification ratio (which is obtained by gel

permeation chromatographic (GPC) measurement using a



or the like;socal,ied Zi egler type hydrogenation. catalysts in which a salt
of organic acid. of Ni, CO Fe and Cr or a transition netal salt such as an
acet vi acetone salt and a. reduci ng agent such as organic alum num are
used; and (3) so-called organic netal §9npi esos such as organi c netal
conpounds of Ti, Ru, Rh mad. Zr. Known? Hydrogenation catal ysts as

descri bed, for exanple, in Japanese Patent Publication. Nos. 42-9704,
436636, 63-4841, 1-37970, 1-53851 and 2-9041 and Japanese Patent Lai d-Open
No, 8. -102219 uwean dhe ngsed wiEvampllés aofpaa tpdfesr dlslsechydr ddenaficom tcat al yst
include a reaction mxture of a titanocene conpound and a reduci ble organic
met al conpoUn@ddsEaBEIr<Addittis wedsmn) of] (60 fasssf SaBlod h&CLE r ubber

stabilizer is added to a nodified conjugated diens pol r aof the

enbodi ment FESGRERe WitdWIGiSTH OFF FiéFentinty f@’éfrlfz‘r% ipd‘r‘?y aé’glly agfrh er

pol yneri zati on .and %r oving stability during processing. The rubber
st abi | i zer 18 Sot°pdfticul arly limted and. a known rubber stabilizer can

be used. Fo[r J npl e, antioxidants such as
2, 6-di -tert-Qbu 1- 4- hydr oxvt ol uene (BHT),

n-octadecyl-3-(4}zn gé?ﬁékg’;‘la@'ﬁﬁgi I-a; ;hh%!&fi\shqfwze9%@;&9&@%@%@%%

2-nmet hyl-4, 6- bisHoctylthio)net enci are prefe e, To renove or

neutral i ze Jonj G SUhStAncas, MRCESSA by addididmesy LA pe \addad,cahi ch
i ncl ude water, an al cohol such as methanol, ethanol and i sopr opanol ,

carboxyl i ¢ agi0% sUch AmEtiedd1C @Cith- el L raici f mdoarf isdd cagichen@auri c
acid, decanoic acid, citric acid. and nmalic acid, an aqueous inorganic
aci d sol ut izl ancheanbohiCi atidbngas:nt .
Examples of the method using the chromatography
include a quantification method using a GPC column
charged with a polar substance, such as silica adsorbing
a functional group component, as a filler. 1In this
method, quantification can be made by comparison based on
a non-adsorbable component used as an internal standard.
Specifically, the measurement method described in
Examples which will be described later can be employed.
[0060]
<Number average molecular weight>
The polystyrene-equivalent number average molecular
weight (Mn) of a modified conjugated diene polymer
(obtained by the production method of the embodiment)
obtained by gel permeation chromatographic (GPC)
measurement is preferably 20,000 to 2,000,000, more
preferably 100,000 to 1,000,000, further preferably
200,000 to 600,000 and still further preferably 300,000

to 500,000. The Mn is preferably equal to or more than



To further inprove processability of the nodified conjugated di ene pol yner
of the enbodinent, if necessary, extender oil may be added to the nodified
conj ugat ed di ene copol yner. n nethod for adding extender oil to a nodified.
conj ugat ed di ene polyner is not partic %ally limted. A nmethod of adding
extender oil to a polymer solution, mXring to obtain a solution of oi

ext ended copol yner and renoving a solvent is preferable. Exanples of the
extender oil include aroma oil, napbthene oil aed paraffin oil. O them
fromthe vitéwgpeibatveofl cerevi rlamigntvall vsaffetop dame priewsetiingn ofof oil bl eed and
wet grip properties, an aroma oil substitute containing. 3 mass% or |ess of
a pol yeyci ioPeardnmti ¢ tepdA) toomsawemtl oy Pvstite@p346Ued froefet alsi s
Exanpl es of the aroma oil substitute include TDAE (Treated Distillate
Aromatic BEXREctEr ahd Vel WhES Y M tEXerad it Tsoi\rat et "o iGF Kaut schuk

Gumm  Kunststoffe 52 (,12) 799 999) and E (Residual ., Aromatic. Extracts).
The annunt3ﬁ09§a%§%h§£%g1 EBr% 4 58’i§E§0Fggépt9§u%3?lVeﬂph%ted. The
anount to be added _is usually 10.to part ) 100 parts by
mass df thé moditi éc 5%%ﬁ%ﬁé¥gﬁ‘ Feﬁ@g’oﬁ§h§¥giﬁﬁ pf%?gﬁﬁg?ﬁﬂio to 37.5

parts by ThR; éer%t&i 'wje]ightLo(Mn)AS(va/ﬁH)h% for. At ainj ng @ modi{ ixd

conj ugat ed pol ynmer® -Los, 'a. polyner saint:Lon, "a known nethod can be

used- For expMlde ROMBI1J S bt ained dy separatd ng.evdSiolvent . by e. g”
steam stri pping, obtaining the resulting polyner by filtration, and

dehydrat i ngrgngd «dnyigigpddie iRl Wers arldyniceneentrating a pol yner sol ution
in a flushing tank and vapori zing a solvent by a vent extruder or directly
by e.g., a [drosnidryer. [0C6S] [Second nethod for producing nodified

conj ugat ed di ene pol yner] The second nethod for producing a nodified

conj ugat ed ddeéreer polearmereracdcordi ng to the enbodi nent (hereinafter sonetines
referred to sinply as the second production nethod) includes a

pol yrer i zat<dow &tiegp tofr obteaitiialg ze1Conj ugat ed di ene pol yner havini an
active end by polyrerisinp a. conjugatee diene or copblynerizinp a.

conj ugat ed di end"fi {1994 fd6FoCPRe i9RACe SHEREMEL Y Sds & SofPea? P AISY net al .

a0 11 catTort 6t 6001 RId g s HE QT i e BTy o compound
represented by, the Jol | oviog formla (1) Woh i e 2o gfe £ELOT 1P
necessary, an inactivator, a neutralizer or the like may
be added to a solution of the modified conjugated diene
polymer.

Examples of the inactivator include, but not
particularly limited to, water; and alcohols such as
methanol, ethanol and isopropanol. Examples of the
neutralizer include, but not particularly limited to,
carboxylic acids such as stearic acid, oleic acid and
versatic acid (a mixture of carboxylic acids having 9 to
11, mainly 10, carbon atoms and many branches); an
aqgueous solution of inorganic acid; and carbonic acid gas.

[0062]

<Hydrogenation reaction>



[Formula 9] R23(2.,0024 " (34 ( R210 )SiN -R26 (1) PR2') [On67:,

nodi fication step of nodifying a vinyl
conj ugat ed di ene polyner with a silicon nodification.

group of tho main chain of the
group havi ng at

a

| east

one functional group sel ected fron1theagroup consi sting of an. am no group,

an al koxysilyi group and a hydroxy gro

[ 0( Th8]

Note that in the above formula d), Rfl to R2-4 each

i ndependently represent an al kyl group or aryl group having i to 20-
at ons; r epr esent $natihal kybedement, a modified conjugated diene

polymer can be further hydrogenated in an inactive
solvent to convert all or some of the double bonds of the
polymer to saturated hydrocarbons. In this case, heat
resistance and weather resistance are improved, and
deterioration of a product in the case of processing at a
high temperature can be prevented. As a result, the
modified conjugated diene polymer can deliver further
excellent performance in various uses including
automobile use.

More specifically, the rate of hydrogenation of
unsaturated double bonds (hereinafter sometimes referred
to as the "hydrogenation rate") derived from a conjugated
diene compound can be arbitrarily chosen depending upon
the purpose and is not particularly limited.

When a modified conjugated diene compound is used as
a vulcanized rubber, it is preferable that the double
bonds of the conjugated diene moiety partially remain.
From the viewpoint of this, the hydrogenation rate of the
conjugated diene moiety of a modified conjugated diene
polymer is preferably 3 to 70%, more preferably 5 to 65%
and further preferably 10 to 60%.

Note that, when a monomer unit derived from an
aromatic vinyl compound is contained in a modified
conjugated diene polymer, the hydrogenation rate of an
aromatic double bond derived from the aromatic vinyl

compound is not particularly limited. The hydrogenation

by a hydrosilyiation reaction.

car bon



group having 1 to 10 carbon atons; R26 represents an al kyl ene group
having | to 20 carbon atons; p is an integer of I or 2; and g is an
integer. of 2 or 3. [0069] Exanpl es of the am no group include, other
t han unsubstituted am no groups, nore gecifically, am no ar oups

represent edby -NH, 2" nitrogen atom containing functional groups, such as
nmonosubstituted am no groups represented by -NHP. where R denotes a
substituent, imno groups represented by -NH, in which N binds to
different natedss roadsord] Wiitbstd thetsed awinvo rgredypslrlepridsentied by - NR2
where, R denotes a substituent, imno groups in which. N binds to the same
carbon vi a l@sdouice ordies 'reefgqary FY réfrcesedtéd. by -n-, [0070]

(Pol yneri zation step). In the pol rization step, a co ugated di ene
pol ymer havi%y S isdticre ¢ |C§‘rbt5tealq¥?é§153? DAY Ferd Zi iy rélc%ﬁ ugat ed

S'yeﬂie°2fci%°ga1yq%§1”zﬁ%a%ﬁﬂwc°”‘“ it 07 anf /et 1 ne ear th mei i compound a5 a
p0|yneriZatlOnThgl%&%&%gen@%1%%1%e€%§ylﬁgﬂné%(g§¥¥aéﬁ¥g¥¥§“Eimited,
and a known method can be used. Examples of a

particularly suitable hydrogenation method include a
method of blowing gaseous hydrogen into a polymer
solution in the presence of a catalyst. Examples of the
catalyst include a heterogeneous catalyst having a noble
metal supported on a porous inorganic substance; and a
homogeneous catalyst such as a catalyst obtained by
solubilizing a salt of e.g., nickel and cobalt and
reacting with e.g., organic aluminum, and a catalyst
using a metallocene such as titanocene. Of them, a
titanocene catalyst is particularly preferable since mild
hydrogenation conditions can be selected. Furthermore,
an aromatic group can be hydrogenated by use of a
catalyst having a noble metal supported thereon.

Specific examples of the hydrogenation catalyst
include (1) supported type heterogeneous hydrogenation
catalysts having a metal such as Ni, Pt, Pd and Ru
supported on carbon, silica, alumina, diatomaceous earth
or the like; (2) so-called Ziegler type hydrogenation
catalysts in which a salt of an organic acid of Ni, Co,
Fe and Cr or a transition metal salt such as an acetyl

acetone salt and a reducing agent such as organic



The conjugated. diene conpound is not particularly limted as long as it is
a polynerizable nononer, for exanple, any one of the conjugated ddene
conpounds used. in the polynerization step of the, first production. nethod
can. be used_ Particularly, 1,3-butadi ﬁge_i s preferable fromthe viewpoint
of industrial availability, [0072] <Mononmer copol ynerizable with
conj ugat ed. ddene> Exanpl e of the nononmer cobol ynerizable with
conj ugat ed ddene to be used in the polynerization step include, but not
parti cul ar lal Uniimivred teo,uscohyj wgat ed )disene addrpowrdgrotcheretalhan 1, 3
- but adi ene, vinyl aromatic conpounds, acrylonitriles and acrylic acid
conpounds. complexas tsheche age Bfoagopoliaterl ZaReninne forl twdior Kor e
monomers of these are used. Exanpl es of a suitable co%gﬁvrrgri zabl e

e

nmononer i nANfIE far ofBPIE WAYPIEBAPOGRdStaLlYStExafpFEs Cof Pémat i ¢
vinyl . conpounds inclu styren u- met hyl st yTene, p- methyi en

p- et byi st yreé??éT}pSJrﬁ’viJﬁyl e, epftfrdqf I’té%ﬁ%itﬁﬁr{ar‘\g?s’l-&_n@%%dph al ene,
2-vi nyl nap ene, PN N-di ani r hyl st yJ ¢ a

p-fl,N-di etk%w -’Z@m%ogt’hy]l S yér%drfem r‘L’Ojﬂ%:1Fuarr%ci1ejr er%ﬁel, r}’g%(darr“{)alloea'éneo%e t he

pr ef er abl e gmngqen 1 nelyde, HAPPIENS AN SIH G ceq.  Exakbibs3hutadi ene

is used as e conj ugat di ene, exanples of a. preferabl e butadiene

pol ymer i nglude a0l whuadians ; & butadiene-isopiene copolyiet, a
but adl ene-styrene copol'ynmer” and a. but adi'ene-i soprenestyrene copolynmer. In

t he but adi efiecoleymer o thie Hian @ngolid adiene wtdcisl preferabty 50 to
100 mass% [0073] <Polynerization initiator>

metal compound.

[(0063]

<Additives>

It is preferable that a rubber stabilizer is added
to a modified conjugated diene polymer of the embodiment
from the viewpoint of preventing generation of gel after
polymerization and improving stability during processing.

The rubber stabilizer is not particularly limited
and a known rubber stabilizer can be used. For example,
antioxidants such as 2, 6-di-tert-butyl-4-hydroxytoluene
(BHT), n-octadecyl-3-(4'-hydroxy-3',5'-di-tert-
butylphenol)propionate and 2-methyl-4, 6-
bis[(octylthio)methyl]lphenol are preferable.

To remove or neutralize ionic substances, if
necessary, additives can be added, which include water,
an alcohol such as methanol, ethanol and isopropanol,
carboxylic acids such as stearic acid, oleic acid,

myristic acid, lauric acid, decanoic acid, citric acid



In the polynerization step, an alkali netal conpound or an al kaline earth
metal conpound is used as a polynerization initiator. [0074] As the

al kali metal conpound and al kali ne earth netal conpound, the sane conpounds
as described in the polynerization step,of the first nethod for producing a
nmodi fi ed conj ugated di ene pol ymer can E% used. [0075] <Polynerization

sol vent The pol yneri zation reaction of a conjugated diene polyner is
preferably performed in an inert solvent by solution polynerization.

As t he pol yarer imedtiicor csiol, vemt aduseeaTe nsolorenitcs sas desdritied iand he

pol ymerization step of the first nmethod for producing a nodified conjugated
di ene pol yrf&rhean bedisedad-00761 <Pol ar conmpound> In the

pol ymeri zation reaction of a conjugated di ene polyner, a polar conpound rmay
be added. TPsﬁHétbﬁFaﬂm86ﬁﬁ8uﬁ69C?ﬁéa?é%étﬁopgrté@nﬂ@&ﬁgéegs descri bed

con] Ugat o0 HEHG 0 Ror B e | Ahe e HEuntL. (B U5 b as
descri bed té&'é%der 0il may be added to the modified conjugated
diene copolymer. A method for adding extender oil to a
modified conjugated diene polymer is not particularly
limited. A method of adding extender oil to a polymer
solution, mixing to obtain a solution of o0il extended
copolymer and removing a solvent is preferable. Examples
of the extender oil include aroma o0il, naphthene oil and
paraffin oil. Of them, from the viewpoint of
environmental safety and prevention of oil bleed and wet
grip properties, an aroma oil substitute containing 3
mass$ or less of a polycyclic aromatic (PCA) component by
Method IP346 is preferable. Examples of the aroma oil
substitute include TDAE (Treated Distillate Aromatic
Extracts) and MES (Mild Extraction Solvate) shown in
Kautschuk Gummi Kunststoffe 52 (12) 799 (1999) and RAE
(Residual Aromatic Extracts). The amount of extender oil
to be added is not particularly limited. The amount to be
added is usually 10 to 60 parts by mass based on 100
parts by mass of the modified conjugated diene polymer
and preferably 20 to 37.5 parts by mass.

[0064]

<Method for obtaining modified conjugated diene polymer>



<Pol yneri zation tenpereture> The pol ynerization tenperature is not
particularly limted as long as living. anion. polynerization proceeds at
the tenperature. Fromthe viewpoint of productivity, the tenperature, is
preferably. OC. or nore. Fromthe vie gint of sufficiently ensuring the
amount of nodifier to be reacted with active end after polynerization,
the tenperature is preferably 12.0C or |ess, From t he vi ewpoi nt of
preventing cold. flow of a conjugated di ene polynmer, a nultifunctional
aromati c vinyl @enpourdhsdchioasodiiwiinghbenzendifordcontgobkicrg branchi ng
may be used. [0078] <Polynerization process> Al though a polynerization
process i s Rempalivefrarinen isedcdd Mol 3Py iRati en ThEPHFbrGREY. in a
bat ch process and a conti nuous process. . I'n_the caontinuous process, one
reactor or 2t Usesst R PE&EPOPs AuPGaM§rcdAnebred EanPBe used. As a.

reactor, e. .o-a vessel or. tubular reactor e%yi ed with a. stirrer is
used separating a solvent by e.g., stea ripping, obtaining

the resulting polymer by filtration, and dehydrating and
drying the polymer; or by concentrating a polymer
solution in a flushing tank and vaporizing a solvent by a
vent extruder or directly by e.g., a drum dryer.

[0065]

[Second method for producing modified conjugated diene
polymer]

The second method for producing a modified
conjugated diene polymer according to the embodiment
(hereinafter sometimes referred to simply as the second
production method) includes

a polymerization step of obtaining a conjugated
diene polymer having an active end by polymerizing a
conjugated diene or copolymerizing a conjugated diene
with a copolymerizable monomer by use of an alkali metal
compound or an alkaline earth metal compound as a
polymerization initiator,

a modification step of modifying the active end by
reacting a compound represented by the following formula
(I) with the active end of the conjugated diene copolymer,
and

[0066]



If an allene and an acetyl ene are contained in a. conjugated di ene conpound
as inpurities, a nodification reaction described |ater nmay be inhi bited.
Thus, it is preferable to reduce the total concentration (by mass) of these
inmpurities contained in the sane nanneé as described. in tho first nethod
menti oned above. [0079] <qtructure of %njugated di ene pol yner > The
anount of bound conjugated diene in the conjugated diene pol yner obtained
in the polynerization step of the second production nmethod is not
particul ar [jodmuyiat éd. The anmount. is preferably 50 to 100 mass% and nore

preferably 60 to 80 mhss% Furt hernore, the anount of bound aromatic
vinyl in a conjugategRg;ene pol ymer i,s not particularly limted, The anount
is preferably 0 to 507 Mm% and nor ﬂ&efenably 20 to 40 mass% I f the

amount of boynd cqnju ated dlene and th nt of bound aromatic vinyl
fall within, (RO Canﬁ 3haV|n Flurther excell ent

bal ance betmeen | ofv h ste SIS Ioss propertie$ and wet skid resistance and
sati sfactory operati onng#¥ability can be obtai ned. Herei n, the anount
of bound aromatic vinyl can be determ ned by ultraviol et absorption of a
phenyl groupy g7 The amount of vinyl |inkage in a conjugated dienp

bi nding unit is not particularly limted. The anmpbunt of bonding is

prefemmbly 10 tq %édmll%%%aeq @%ﬁ prefienakhy nddat @1691Mehe% Wren the
amount of vinyl linkage fails within the above range, a vul cani zate havi ng

further exaeld entirbalrance dretiween-dromdmsdEresirs sy properti es and wet
skid. resistance and satisfactory operation stability can be obtained',

Her ei n, when ltiherconjdigatced idireng-qual yreerirics st clogeadty mere ofurbuit iadiehe and
styrene, the anount of vinyl |inkage (amount of 1,2-bonding) in a butadiene
bi ndi ng unidraan dwe eofiteal Metbrbyt ehey anptam st stetrid { RN RMHEmpt on,
Anal ytical Chem stry, 21, 923 (1949)). The conjugat ed di ene polyner
may be a r @O copol e Emd A biseke copblaterdroxy group by a
hydrosilylation reaction.
[0068]
Note that in the above formula (I), R?! to R?** each
independently represent an alkyl group or aryl group
having 1 to 20 carbon atoms; R?® represents an alkylene
group having 1 to 10 carbon atoms;
R*® represents an alkylene group having 1 to 20
carbon atoms; p is an integer of 1 or 2; and g is an
integer of 2 or 3.
[0069]
Examples of the amino group include, other than
unsubstituted amino groups, more specifically, amino
groups represented by -NH;, nitrogen atom-containing
functional groups, such as monosubstituted amino groups

represented by -NHR where R denotes a substituent, imino

groups represented by -NH-, in which N binds to different



50 - Exanples of the conposition distribution of individual nononmers in a
random copol yner chain include, but not particularly limted to, a conplete
random copol ynmer the conposition of which is close to a statistically
random conposi tion and a tapered (gradient) random copol ymer haying a.
tapered. conposition distribution. In fl e case of the mcrostructure of a
conj ugat ed di ene such as 1, 4-bonding. and 1, 2-bondi ng, a conposition
distribution may be uni form or nonuniform Exanpl es of the bl ock
copol yner igrthades a diilooki todpol yameimq dietwok )r dorash tofd two Blifecks, a
trihiock copolymer (triblock) fornmed of three blocks and a tetrahl ock

copol yner (Wethall o0 st e ds TS Figure o cREL N ASEIRHRTY thath e BY ock
consisting of an aromatic vinyl conpound such as styrene is represented by,
for eranpl &1 Hhdhe KK oty iYW jklfﬁgf{'edl i enet ound such
as but adi ene or isoprene is resented by "B" bl ock copolynmers may be
expressed as 4 Qﬁ?qurbtcﬁé{gg\bo‘[ mer, an 3-4-3 -S triblock copol ymer and
an S-B-S-B &%{@bl ock copol yner. in the above fornula, the
conposition © ach block is not necessary to be uniform For exanple,

bl ock E may ﬁnelciogaogiy&?r &fp)an aromati c vinyl conpound and a

con-liugate i'ene conpound. Al'so, in the above formula, it is not
al ways necessar ¥t hale the Jpearderni of RRcks i ndigtitret imendor exanpl e,
when bl ock TB is a. copolyner of an arnmatil:. vinyl conpound and a

conj ugat ed gl Bpe: € anpoug, art he-arenedn€ Vi iyt compound pal phockz Bhgay be
distributed uniformy or distributed in a tapered manner. Furthernore, in.

bl ock B, a plasrajudareai didired ies adyes eyras i atromed | covi unydtednpoeme. i s
uniformy distributed and/or a plurality of noieties where an aromatic

vi nyl conpotinth i8 aistkynbet etk e andrapes e do yrangrero reyn bel lpr esentta bget her .
Furthernore, a. plurality. of segnents different in content of an aromatic
vi nyl conpouieP Tyl ber prlesehta tigtretdrerth Mot ek BPWeh &5 pfural ity of
"clock S and a plurality of block B are present in a copol yner,

constit uti oS- U 23" b et a¥a v@f ght s and conpositions of them may be the
sane or di f{e(({jﬁ, [ 0080] In the conjugated di ene polyner obtained in
t he pol yner ¢ n step, it is preferable that the nunber of chains

consi sting géorgré)rge,éeig (ﬁ'en | &9 gggﬁunits is low or zero, Mre
specifically; 179% pr e erabl € than e nunber of bl ocks having 30 or nore

chains consi sting Ol JICRE WY 1 drit | WDukP™ S not particularly

limited as long as it is a polymerizable monomer, for
example, any one of the conjugated diene compounds used
in the polymerization step of the first production method
can be used. Particularly, 1,3-butadiene is preferable
from the viewpoint of industrial availability.
[0072]
<Monomer copolymerizable with conjugated diene>

Example of the monomer copolymerizable with
conjugated diene to be used in the polymerization step
include, but not particularly limited to, conjugated
diene compounds other than 1,3-butadiene, vinyl aromatic

compounds, acrylonitriles and acrylic acid compounds.



Specifically, when a polyner is a butadi enb-styrene copol yner, the pol yner
i s deconposed to anal yze thb amount of a pol ynmer insoluble in nethanol by a
known. nethod, i.e., the Kolthoff's nethod (nmethod described in 1. ?I,
KOLTHOFF, et al.., 3. Polym Sci. 1,_4% (1946)), According to the known
met hod, the proportion of a block wunits is preferably 5 mass% or |ess and
nmore preferably 3 mass?-: or |ess based on the total amount of the polyner.
LUt.P.,.1] (Step of nodifying active end.) In a step of nodifying an
active end, a nddi fiher cass cifa copvgomed Lzepriesentoed oy tthie gl IMswieng
formula (1), is reacted with the active end of the conjugated di ene pol yner
to obtain &¢Iy ed fcorjerfatEd disife: pol ymer. [0082] [Fornula 10] R23
(2-p) RROp SIN_ (1) . .
Exanples of a suitable copolymerizable monomer
include aromatic vinyl compounds.
Examples of the aromatic vinyl compounds include
styrene, o-methylstyrene, p-methylstyrene, p-ethylstyrene,
divinylbenzene, 1,l-diphenylethylene, l-vinylnaphthalene,
2-vinylnaphthalene, p-N,N-diethylaminomethylstyrene and
p-N,N-diethyl-2-aminoethylstyrene.
Furthermore, examples of the preferable monomer
include isoprene and styrene.
If 1,3-butadiene is used as the conjugated diene,
examples of a preferable butadiene polymer include a
polybutadiene, a butadiene-isoprene copolymer, a
butadiene-styrene copolymer and a butadiene-isoprene-
styrene copolymer. In the butadiene polymer, the content
of a butadiene unit is preferably 50 to 100 mass%.
[0073]
<Polymerization initiator>
In the polymerization step, an alkali metal compound
or an alkaline earth metal compound is used as a
polymerization initiator.
[0074]
As the alkali metal compound and alkaline earth
metal compound, the same compounds as described in the

polymerization step of the first method for producing a

modified conjugated diene polymer can be used.



)q [ 00831 In the formula (1), R21 to P.214 each independently
represent an al kyl group or aryl group haying I to 20 carbon atons; R25
represents an al kyl ene group having 1 to 10 carbon atom

re-presents an al kyl ene group having 1 50_20 carbon atons; p is an integer
of 1 or 2; and g is an integer of 2- or 3. Note that R21 to 51?-4 are
each preferably an al kyl group and the nunber of carbon atons thereof is
preferably 1 to 10. The nunber of. carbon atons of the al kyl ene group of
R2'-' and P28 ¥ preferably 2 to V and nore preferably. 3 to 5. [0084]

As the nodifier used in the step of nodifying an active end of a conjugated
di ene pol yrfetolagtotidiaigh o YHe’SSecond producti on nmethod, the sane nodifiers
as described. in the first production nethod _nentioned above can be used

[ 0085] The TP&abOlgH térperaluré 2 88t Pén 2t e Jada e HHHKE i n
reacting the aforenentioned difier_wth the active end of a. .polyner are
not parti ctHEMYY i e T HeSE Sthy he't hlenesraff’resoalsveer?rtplk%f/eé inthe

first pr odtgcgli%g];{at&ogmga%eoql above, 10086]

As the polymerization solvent, the same solvents as
described in the polymerization step of the first method
for producing a modified conjugated diene polymer can be
used.

[0076]
<Polar compound>

In the polymerization reaction of a conjugated diene
polymer, a polar compound may be added.

As the polar compound, the same polar compounds as
described in the polymerization step of the first method
for producing a modified conjugated diene polymer can be
used in the same amount to be added as described there.
[(0077]
<Polymerization temperature>

The polymerization temperature is not particularly
limited as long as living anion polymerization proceeds
at the temperature. From the viewpoint of productivity,
the temperature is preferably 0°C or more. From the
viewpoint of sufficiently ensuring the amount of modifier
to be reacted with an active end after polymerization,

the temperature is preferably 120°C or less.



The ampunt of aboyenentioned nodifier to be added is not. particularly
limted. The total nunber of noles of al koxy groups bound to a silyi group
in the nodifier based on the nunber of noles of a polynerization initiator
falls preferably within the range of 0,6 to 3 tinmes, nore preferably within
the range of 0.8 to 2.5 tines and further preferably within the range of
0.8 to 2 tines, in order for the resulting nodified conjugated diene
polymer to obtain a sufficient nodification ratio, the total nunber of

mol es i s preferabby 0h6 viaesodntnofeprFerehmproviragdpfoeEssability, it is
preferable that polyner ends are nmutually coupled to obtain a branched

pol yner corfsenetetech diensi deriving i hies Tivd tddmBiciatared WA ™HE cost of a
nodi fier, the total nunber of nolests preferably 3 tines or less, (U087]
m.mea%%ﬂﬁmwww%%ﬁww%M@MW%&w&%ﬁﬁw%

pol yneri zation step is rformed by a batch process, a. nodification

reaction névxﬁﬁﬁgéghéﬁﬁfiﬁifs formed in the reactor used in the

vs-1lvTer7at 0..,;, ghPfl O by *rmm-fer-isfl the reaction solution. to
od%rs

anot her reactor. If the polynerization step Is perfornmed by a
conti nuous ¥ o igggggyIéfgygéyg reaction is perforned by transferring
the reaction solution to another reactor. The step of nodifying an

active end is pmft%E)%BhYapﬁE;flgﬁx@%@ina@%Qi at-el-ysaf ter nbhe pol ynerization
step, and. nore preferably, the nodification reaction is perfornmed wthin.

5 mnutes ysaddinig A yrodinfiterd, polymEie Agacirorcdrorbd he mhdifd Catii on
reaction is preferably a reactor in which sufficient stirring can be nade.
Speci fi c exanpltes thereofs iancl ude-antsitratdicss mxxeredsype reactor and a vessel
reactor equipped with a stirrer. [0088] (Step of nodifyi hd mai h chain)

In the step of Andithyi wena imaionscaiogess,viomgl rgeciprcornt ké maiastchai n of
the conjugated diene polynmer is nodified with a silicon nodification. group
havi ng at |teastreasHeoFunettiwhaly graoure S ®ciad 95 onitthe group

As a reactor, e.g., a vessel or tubular reactor
equipped with a stirrer is used.

If an allene and an acetylene are contained in a
conjugated diene compound as impurities, a modification
reaction described later may be inhibited. Thus, it is
preferable to reduce the total concentration (by mass) of
these impurities contained in the same manner as
described in the first method mentioned above.

[0079]
<Structure of conjugated diene polymer>

The amount of bound conjugated diene in the
conjugated diene polymer obtained in the polymerization
step of the second production method is not particularly
limited. The amount is preferably 50 to 100 mass% and

more preferably 60 to 80 mass%.



consisting or an am no group, an al koxysilyi group and a hydroxy group by a
hydrosi |l yi ati on reaction using a hydrosil ane conpound descrilad |ater,

[ 0089] The hydrosilyiation reaction is performed. in. an organic

sol vent solution or with a polynmer alo % (in. the absence of a solvent) in
a mxer, by reacting a hydrcsil ane con% und having a functional group in
the presence of a catalyst to nodify the Tait" chain of the conjugated

di ene polyner. Preferably, a polyner obtained after solution go[ynerization
is further subj@oredervomedi fheatinonnof o4 berndnarrvatéadvandlt hé eesul ting
solution of the polyner is used as it is, [0090] <Hydrosilane conpound>

In the hydresiilupedscontiregc ticdymias tife nstte ppagtt Ifpdisfyfivn i ifhe Stai iF thai n, a

hydrosi | ane conpound into which a silicon nmodification gro havi a
functi onal OUY i’ ©FFe5mtirodudéd 3% MotS p&d Cn% | qqu‘%afbg]d’ %) | ong as

it is a hy ro%ilane gonpound having at |east one functional group selected
froman ammno é%&ﬁﬁf“an al koxysilyi group and a hydroxy group, preferably

is a hydrosiIan§€§%§go%§%uk%pggzﬁgggg Qgﬁju%ggg%abgggénggﬁbgﬁéiR3..."X,

where R represen rocar roup havi'n n atons; X

represents g hydrocarhon of, 9raanosdane £ompound, gf oup haying at | east

one functional group selecte romthe "hroup consisting of an am no group,

an al koxy group,s an alkexysiditie A4 AN @ HHArOxye Araup;banth e r epresent s
1 to 3. [00911 In the above general fornmula, it is preferable that n

is 1 and Ry&pfesants: & Qeardon gf gupdamiids ladd watcagibion. atoms. In
this case, an effect, that is, a high yield of a hydrbsilylation reaction,
can be obt algwistance and satisfactory operation stability can be
obtained.
Herein, the amount of bound aromatic vinyl can be
determined by ultraviolet absorption of a phenyl group.
The amount of vinyl linkage in a conjugated diene
binding unit is not particularly limited. The amount of
bonding is preferably 10 to 75 mole% and more preferably
25 to 65 mole%. When the amount of vinyl linkage falls
within the above range, a vulcanizate having further
excellent balance between low hysteresis loss properties
and wet skid resistance and satisfactory operation
stability can be obtained.
Herein, when the conjugated diene polymer is a
copolymer of butadiene and styrene, the amount of vinyl
linkage (amount of 1,2-bonding) in a butadiene binding
unit can be obtained by the Hampton's method (R. R.
Hampton, Analytical Chemistry, 21, 923 (1949)).
The conjugated diene polymer may be a random

copolymer and a block copolymer.



The hvdrosl | ane conmpound. to be used in the step of nodifying a main chain
may. produce an am no group, an al koxy group and a hydroxy group by a
reaction such as hydrolysis |later perforned, 100921 Exanpl es of the
hydr osi | ane conpound havi ng an alkOXYﬁ%bVL group include, but not
particularly limted to, dinethylnono hoxvsi | ane,

di met hyl nbnoet hoxvsi | ano, di net hyi r pnopr opbxysi | ane, di net hyl nonobut oxysi
| ane, net hyl di net hoxysi |l ane, nethyl di et hoxysil ane, nethvi di propoxysil ane,
et hyl di et hbxysi Eaneplesi mét horybpianeitiphethbkybraaen aAd an

or ganosi i oxane cbnpbund having a HSi group and an al kozysilyi_ group in a
nol eclie, [O0Y3) BednPloaSIFe shyidy I5'si2aRE e GrAFSUNE Haiivg "an "Eni Y& gr oup

i ncl ude a hydrosilane conmpound having a disubstituted ann roup, a

hydr osi | anéomdurd Havitng i Ypriotedted Tronds issta QH%uf%Wﬁ%% group and a

hydr osi | ane _conpound havi ng a prht ect nm no .gr oup. Exanpl es of the
hydr osi | bné& EEHp&d BV pé)sgitslt?ﬁ)stoffﬁglel(fharﬁ noctigorsoeuptosp?eci fically

i ncl ude, but t_ 1. m-t ' i.nodi l,si -
diethylani%gﬁﬂ%€¥ﬁ§¥§ﬂsgﬁ%8§%%1gﬁ%ﬂﬁ%ﬁgﬁiqb e E%féﬁ éﬁg?_(gradﬁggﬁﬁples of

t he hyd i j qgﬁgﬁgg ddut ed i
e hy ros%ﬁ%“f%%g{%ﬁ %$aﬁgreég stiduted am no group

specifically Inc

N-nbt hyl - Nt i dvetihylsid-yl arhnedicnethyl sicl ape aRdrostructure of a _
N-et hyl - Nt ri met hyl si |l yl am nodi et hyl si | ane. Exanpl es of the hydrosil ane

conpound hayiigic tIDOtEHRd AMMa grioup-tspecifd cald yl | haddrde,nduta not
limted to, N, N-bistrinethylsilyibm nodinethylsilane and

N, Nebi st ri netpd ssiid iydrand inodt ietuttyil si Irene,bd 0094orm or rkExampl esrrof t he
hydr osi | ane conpound havi ng a hydroxy group specifically include, but not
limted to, di mExhaylhydr oxysinealdocdi evimgllyydroxysillugise sawdblock

di butyl hydraxysi | ane, Furthernore, exanples of the hydrosilane conpound

i nto whi ch @rstiieson. (digdi 54 at§ orngt e i P @<s hyadrloxdP 67 @fip is to be

i ntroduced by hydrolysis specifically ir.cl ude al koxy -, 1-ne ccnocnnscsuch

as di met hy| oSO8t HoxysT e < ldi it tiA onoettoxyst tate, a1d @
T oS A0e oLl a0 S0 L) shhem L g gt
diethyl gl y%sdgldn?iir{ganc%at a block consisting of an aromatic vinyl
compound such as styrene is represented by, for example,
"S" and a block consisting of a conjugated diene compound
such as butadiene or isoprene is represented by "B" block
copolymers may be expressed as an S-B diblock copolymer,
an S-B-S triblock copolymer and an S-B-S-B tetrablock
copolymer.
In the above formula, the composition of each block
is not necessary to be uniform. For example, block B may
be a copolymer of an aromatic vinyl compound and a
conjugated diene compound.
Also, in the above formula, it is not always
necessary that the boarder of blocks is distinctive. For

example, when block B is a copolymer of an aromatic vinyl



[ 0095] The hydrosilyiation reaction is perfornmed in an organic

sol vent solution or a. polyner alone (in the absence of a solvanti in a.

m xer, by reacting a hydrosilane conmpound having a functional group in the
presence of a catalyst to nodify the main_chain of the conjugated di ene
pol yner. Preferably, a polynar obtained after solution polynerization. is
further subjected to nodification of a termnation end and the
resultingsoluticmof the polyner is used as it is, 100961 ~ The anount
of hydr bsi Icar@smhourtd & & dre ydsdcted v eSThepEsdi g upsi?™athe pur pose,
the amount is preferably 1 to 10 noles based on 1 nole, of the main chain

of the conjiigatleddishEidoryfock B may £& ke Srdiditeat i8h e Hai n
chain is performed within the range, the affinity of a desired. i fied
conj ugat ed.o{lcﬂterﬁgj‘ﬁﬂct/r?é} aco’?ﬁ%esﬁgfd?ﬁ%%ri t & Wi CdfiZate %%qaoqq?%’er i's
i nproved and goaod .pr.ocessabi.li.t.y can be abt ai - :{NDbr. ef t he
anount of I%/ &*ﬁa\ldht coii'ﬁrbod‘ne& o t‘)’qg1 Seact e%rrvzﬁ%{%ﬂtll\éi VfriDrB;el 0 e%rgai n

chaln. 1824 QR amhes, dndiisaasend e halanee betyean @idmdy for a

filler and proce ecomes better, As a catalyst for a

hydrosilyi ajjon reAchl Qi Pl Ak M Qs Pl HumGontidd g cat al yst is
mai nly used. Preferably, a honbogeneous platinumcatalyst is suitably used

Exanpl es t herpofed nedriide; LUt iotpdddidied oddsha. chiberoplrabirei,c aaci d.
solution (i.e., Speier catalyst.), a Pt2(divinyltetrenethyldisiloxane)3
solution. plurality of segments different in content of an aromatic
vinyl compound may be present together in block B. When
a plurality of block S and a plurality of block B are
present in a copolymer, constitutions such as molecular
weights and compositions of them may be the same or
different.
[0080]

In the conjugated diene polymer obtained in the
polymerization step, it is preferable that the number of
chains consisting of aromatic vinyl compound units is low
or zero. More specifically, it is preferable that the
number of blocks having 30 or more chains consisting of
these units is low or =zero.

Specifically, when a polymer is a butadiene-styrene
copolymer, the polymer is decomposed to analyze the
amount of a polymer insoluble in methanol by a known
method, i.e., the Kolthoff's method (method described in
I. M. KOLTHOFF, et al., J. Polym. Sci. 1, 429 (194¢6)).
According to the known method, the proportion of a block

consisting of 30 or more chains consisting of styrene



Karstedt catalyst:) and dichloro(14-, clo -1,5 - diene)Pt (I1). The
anount of platinumcatalyst to be used in a reaction is preferably 0.01 to
10 mol / nmol per hydrosil ane conmpound and nore preferably 0,1 to 1 nmml/ nol.

As anot her hydrosilylation catalyst., net al | ocene conpound cont ai ni ng
any one of Ti, Zr, DI, Ni, Co, Ru and is used. In. particular, a
reaction product. between a titanocene conpound and. an azganio |ithium or
an organi c al um num may be used. The hydrosilyiation reaction is

pr ef er abl y yertforired s fdiiablnhe temser atluressames! 610120 e IBHEIC |3 and

more preferably at 50 to 120C- This ranq%e is practical. because in this
range a nodiFSCation $SEadtaEH o tASdidt adh &M WHn Pe Per RHAEE Wi t hi n

appropri ateogﬁa]ﬁti on tinme and the occurrence of a side reaction such as
gel ati ni zatli i's | ess. If a hydrosilylation reaction is perforned
fol |l ow ng ieri coa}ﬁgi on ioff itnhe aaccctiivvee,ene d by use of the polynerization

sol ution us it (ﬁ[ﬁq cat’i'on Feacti on of an end, the modification
reaction. of th [ ai .be .perfaor ; he same temerature as

t hat. enpl oyed ?F\lmr%l) it%% r?g ?%glta%?tl! eagln ar%gtet tﬁe%f)o%yrrgh zati on _
tenperat ur g, jused jan 4 Q%@%!mrfgﬂtés%@&mg e ro6Q W eastidmtiae in a

solution state is preferably 10 mnutes to hours and nore preferably in
the range of1)30 i nutLs 40 & thowrs ,adflwopind Mdidfliedsonjqggated di ene

pol yner)
diene polymer to obtain a modified conjugated diene
polymer.

[0082]

[Formula 10]

23 24
R%2p) R @-q)

( R*0}—Si——N—R?*—si—{-0R% ) (1)

" s/ q

[0083]

In the formula (I), R?*! to R*® each independently
represent an alkyl group or aryl group having 1 to 20
carbon atoms; R?* represents an alkylene group having 1
to 10 carbon atoms;

R2¢ represents an alkylene group having 1 to 20
carbon atoms; p is an integer of 1 or 2; and g is an
integer of 2 or 3.

Note that R?' to R*® are each preferably an alkyl
group and the number of carbon atoms thereof is

preferably 1 to 10. The number of carbon atoms of the



The nodified conl uaated di ene polymer to be produced by the second net hod
for producing a nodified conjugated diens polynmer according to the
enbodi ment has a nitrogen atonrcontaining functional group in the main

chain of the polynmer and a functiohal oup having at | east one secondary
am no group( at |east one al koxysilyi group, 3 to 6 branches on at | east
one of the ends, [0099] <Modification ratio> It is '"referable: that

t he nodi fi ed conjugated diene polyner to be producod by the second
product i on aténHedeofonve efb&di mend , RTr dm Pheferenpsi At tof / 8bfai ning a
better effect of the enbodinent, has a nodification ratio (hereinafter,
sonet i mes e E@ @it yCas t he "nodification ratio"), vinich is
obt ai ned by gel perneation chromatographic (CM?(:) neasurenent using a
col um char@é@?%ﬁ th silica particles based on the anmobunt of adsorption to

the colum, in 2%2$%8$§%g§56%§p%%gﬁggkoghof %eg?%¥n%5dg%§hg%a% functi onal

group conponent, sSoor for nmor e pr Py 80 mass%

or nore a‘n(11Jttlirvteh%rncproeif]c & %rﬁy;o erJlgtE%jS e M Smer Oalccorl_clﬁr Echeclﬂé)l yner

hayi ng a functional group co ref ere'to-a. polyner. having a

functional gr Won eidiiesa,i nHhe Rl Rdhaiin . an end. - Exanpl es

t hereof include a having. a nodification in the nmain chain alone, a
pol ymer havingra mnodidd ¢atd an-tiodh rdt Hde mait ghal m@nd idhrabend, and a
pol ynmer having a nodification in an end al one. [0100] Mor e

specifical lysedt is preferable that the nodified conjugated di ene pol ymer
to be obtained in the enbodi nent has a nodifier represented by the above
formula (1)[Gbla functional. group derived froma hydrosilane conpound
involved in a hydrosilylatiop reaction within a nolecule and has a.

modi fication raffhe (whicthons tebpairadd sy gelecpaomeatiinen anchrtdreatldgicaphi ¢
(GPM neasurenent using a colum charged with sillparticle based on the
amount of adsdigRrdtond d-ther et ot Bb HrEshor orle Wit 2 preferably 80

nasal or nore and Further preferably 90 nass%or npre, &0%9%;
end of a polymer are not ‘particularly limited; however

these may be the same as employed in the first production
method mentioned above.
[0086]

The amount of abovementioned modifier to be added is
not particularly limited. The total number of moles of
alkoxy groups bound to a silyl group in the modifier
based on the number of moles of a polymerization
initiator falls preferably within the range of 0.6 to 3
times, more preferably within the range of 0.8 to 2.5
times and further preferably within the range of 0.8 to 2
times. In order for the resulting modified conjugated
diene polymer to obtain a sufficient modification ratio,
the total number of moles is preferably 0.6 times or more.
For improving processability, it is preferable that

polymer ends are mutually coupled to obtain a branched



The pol yner having a functional group conmponent can be quantitatively
measured by chronmat ography, wthich can separate a functional group
-containing. nodified conmponent and a non nodified conmponent, Exanpl es
of the method using the chromatogr apby5jln9i pde a quantification nethod
using a CPC columm. charged wth a polar substance, such as silica
adsorbing 62 a functional group conponent, as a filler. In this nethod,
guantification can be nsde by conparison based on a. non-adsorbabl e
conponent sedTEs aeriperemti- standandideringpebiifi éal Fynbihateasur ement
met hod described in Exanpl es described | ater can be enpl oyed, [0102]

<1\ - unber avéragéeamsicsdulodr andicghtier, thrhdabedi fiveddonjfuFt’éd diene
pol ymer to be roag%cegiebty t he second. nethod for producing a nodified
conj ugat ed &th Yrer- 1915 e odi ment has a pol ystyrene - equi val ent
nunber aver & | ecul ar wei ght (M) obtained by eel perneation

chr onmat ogra[gﬁ)l c (GPC) neasurenent is preferably 20,000 to 2,000,000, nore

preferably 100, nggbgb%§gg88988'8d§g§gg§r 8gr ef.etahl gﬁgioowggg tt?iieGOO’ 000 and.

still further pref 0, 'as with the nodified.

conj ugat ed... d,eRe. ROINHR OhiAded Y. dhe.fHid ste PG RN WEthod

menti oned. above, Fromt he viewpoi nt of opération. stability, M is

preferablyegual 30 Qs d10rL rfhar the iabove dawern hidj the From t he
vi ewnoi nt of procevsability, M is preferably equal to or less than the

above |imtsamldigsially pdrdherdone,tHhe daticr afsddheimeilght aver age
nmol ecul ar weight U...,(Mto the nunber average nol ecul ar wei ght (M)
(MM M. ) | qneferiatadtyl dh G0 etpo 3 5y andhrmoteer piref ertablnedctliorto 3, 00 from
t he vi ewpoi nt of physical properties of a. vbicanizate.
solution to another reactor.

If the polymerization step is performed by a
continuous process, a modification reaction is performed
by transferring the reaction solution to another reactor.

The step of modifying an active end is preferably
performed immediately after the polymerization step, and
more preferably, the modification reaction is performed
within 5 minutes by adding a modifier.

The reactor for the modification reaction is
preferably a reactor in which sufficient stirring can be
made. Specific examples thereof include a static mixer
type reactor and a vessel reactor equipped with a stirrer.
[0088]

(Step of modifying main chain)

In the step of modifying a main chain, a vinyl group

of the main chain of the conjugated diene polymer is

modified with a silicon modification group having at

least one functional group selected from the group



[0103] - 63 - (Oher treatnent) <inactivator, neutralizer> As in the
first. production nethod nentioned above, an inactivator, a neutralizer or
the like may be added as other treatnment. As the inactivator and.
neutralizer, the same materials as in gge_fi rst production method may be
applied. [01041 <Hydrogenation reaction> As in the. first production
met hod nenti oned above, a nodified conjugated di ene polynmer may be further
hydrogenated in an inactive solvent. [010H <Additives>

consisting of an amino group, an alkoxysilyl group and a

hydroxy group by a hydrosilylation reaction using a

hydrosilane compound described later.

[0089]

The hydrosilylation reaction is performed in an

organic solvent solution or with a polymer alone (in the

absence of a solvent) in a mixer, by reacting a

hydrosilane compound having a functional group in the

presence of a catalyst to modify the main chain of the

conjugated diene polymer. Preferably, a polymer obtained

after solution polymerization is further subjected to

modification of a termination end and the resulting

solution of the polymer is used as it is.

[0090]

<Hydrosilane compound>

In the hydrosilylation reaction in the step of

modifying the main chain, a hydrosilane compound into

which a silicon modification group having a functional

group is to be introduced is not particularly limited as

long as it is a hydrosilane compound having at least one

functional group selected from an amino group, an

alkoxysilyl group and a hydroxy group, preferably is a

hydrosilane compound represented by a general formula

HSiR3.,X, where R represents a hydrocarbon group having 1

to 20 carbon atoms; X represents a hydrocarbon or

organosilane compound group having at least one

functional group selected from the group consisting of an



Furthernore, as in the first production nethod. nentioned above, if
necessary, various type of additives may be bl ended. [0106] <MethcA for

obt ai ni ng- pol ynmer> Also for finally obtaining the nodified
conjugated there polymer, the sane net gd"as in the first production.
met hod nentioneb. above can be appli ed: As described above, in the

firet and second nethods for producing a nodified conjugated di ene pol yner
of the enbodi nent, a nodifieb conjugated di ene polyner, which has a

ni trogen. &MEMTERicAimMi g fadricti Yoo urod iad ke s infaiIn 9%l st & he

pol ymer, a functional group having at |east one secondary am no group, at

| east one MBS IFiOWHowsd dahd P 1B I dndies’ on at | east one of the
ends, can be obtained, By t: he n'4-P,,==nrP O a functional group having
at | east on@@é‘c]ondary am no group, at |east one al kozysilyi group, and 3
to 6 branches on_at | east one of the _ends, an.eff.ec for [ ysteresis
| oss and an effg(?t EC]SF f-"%ﬁygvﬁﬁaeﬁa cgs?éf%li’lﬁi’tﬁ%cal% Et?é:%ggtr%%ﬁé%d%%ar%

Furt her nor hy -t r ' ]_qg%ni ]_rtg{g [ ning, fu i-pnal
group in t%{e l;rhsyailn C %iﬁ%b%%np%%]%mg{r{& an e k?c;erg{B of i ?rdp&{r}{)lvl gl (%gerje)lti on
stability canhg, ohtained [ Q1081 GMadi fied rhutadi engtpalsymerhign  in the
pol yneri zation step of the second production. nethod nentioned above, with
respect to&piémﬂiéﬁ ed outadi eng pol gHrere pbtaimeddy wsidg Patdd cul arly.

1, 3- bbtaddene as the conjugated (liege, the anobunt of bound aronmatic
vinyl, the anounteoth pirdyli llanrkagepionnal hut & eedurdit thgl assrt rrehsi tion

tenperature, the distribution of the anbunt of vinyl |inkage in a butagiene
unit, a conbidiatyiony of ree frundtdionata grouplwid hen enipod yaeruendyn net hod f or
controlling the distrrbution of the anmount of vinyl linkaie in a butadiene

unit, suit ablleoexaphes ofd & radified drreeilene potyaeron sti¢abte pol yner
for use in tire, suitable polyner for

hydrolysis later performed.

[0092]

Examples of the hydrosilane compound having an
alkoxysilyl group include, but not particularly limited
to, dimethylmonomethoxysilane, dimethylmonoethoxysilane,
dimethylmonopropoxysilane, dimethylmonobutoxysilane,
methyldimethoxysilane, methyldiethoxysilane,
methyldipropoxysilane, ethyldiethoxysilane,
trimethoxysilane, triethoxysilane, and an organosiloxane
compound having a H-Si group and an alkoxysilyl group in
a molecule.

[0093]

Examples of the hydrosilane compound having an amino
group include a hydrosilane compound having a
disubstituted amino group, a hydrosilane compound having

a protected monosubstituted amino group and a hydrosilane

compound having a protected amino group.



use in footwear, addition of extender oil and Money viscosity wll be
descri bed bel ow, 10109] <Anount of bound aromatic vinyl> In the case
where the nodified butadi ene polyner to be obtained by the second
production nethod nentioned above is a.copolynmer with a. vinyl aronmatic
conmpound, the anmpunt of bound aromatic vinyl, which is not particularly
limted, is preferably O to 50 nass% When the polyner is used particularly
intire tread, the anount of bound aromatic vinyl is nore preferably 20 to
40 mass% Efampe egmodnt-hef hiydued 1 lahemarie ovingy hagdmgoand falls within
t he above range, a vuicanirate for use in tire tread havdne further

excel | ent IsHIBHCE WethRsb oW M e18C 1 5@ b pdtd i e radtP netCski d

resi stance,  and sati sfactor brasi on resi stance and brealing strength can
be obt ai ned; ™ &€%itP t leﬂJ%RﬁﬁhV¥ﬁ{;ﬁﬁqt vinyl can be deternined

b |t i ol et pti ol f ) | , NI . ] VA i nk
TR e e T e
€ moditi e “%@%ﬁg;@%sp%fy@%re %?;oﬁ%s‘i%‘?fe”%%gﬁ%y%l@e rS869Rd producti on

nmet hod nenti one b,” which is-not particu imted,” is preferably 10

to EQ nol e9 l:&?eacf%(? efanabl ¥ 254 o £%Kp specidfcd e, amount of

vi nyl 1inkag wthin the above range,” a vulcanizate for use in tire

tread havi nghdurdderoexceld entnbal@nce, hetween,d.ow hysteresis | oss
properties and wet. skid resistance, and satHsfactry abrasion resistance

and br eaki ng-si¢engtds Canmen obimd e, silane Het®i s ethen-it-he nodi fi ed
conj ugat ed di one polyner is a copolyner of butadiene and styrene, the
anount of wimyrhethykaigey (anuniiefhdl 2t bonei Nng) i n a but adi ene bi ndi ng unit
can be obtained by the Hanpton's nethod (R R, Hanpton, Analyti cal
Chemistry, 21, 9X3npl@49))f the hydrosilane compound having a
protected amino group specifically include, but not
limited to, N,N-bistrimethylsilylaminodimethylsilane and
N,N-bistrimethylsilylaminodiethylsilane.
[0094]
Examples of the hydrosilane compound having a
hydroxy group specifically include, but not limited to,
dimethylhydroxysilane, diethylhydroxysilane and
dibutylhydroxysilane. Furthermore, examples of the
hydrosilane compound into which a silicon modification
group having a hydroxy group is to be introduced by
hydrolysis specifically include alkoxy silane compounds
such as dimethylmonomethoxysilane,
dimethylmonoethoxysilane, methyldimethoxysilane,
trimethoxysilane and triethoxysilane; and silane
compounds having an epoxy group such as
dimethylglycidylsilane and diethylglycidylsilane.
[0095]



[0111.1 <d ass transition tenperature> The glass transition
tenperature of the nodified butadi ene polyner to be obtained by the second
production nmet hod nenti oned above falls preferably within the range of -70C
to OC and nore preferably within the rapge of - 50C to -20C. In this range,
a vhicanizate for use in tire tread having further excellent bal ance

bet ween | ow hysteresis | oss properties and wet skid resistance can be

obt ai ned. The glass transition tenperature can be obtained by

recordi ng a DSCT&egr vedrahillle lpnéraasieagtihe tenperaruredwiithith a

predeterm ned range in accordance with 15022768: 2006, and determ ning a
peak top (IGH9268ELS o7 196iTHt S Ofu e DS WiF fRstafts al2 @it el ds @9yl ass

transition tenperature, 112 <Di stribution of anpunt of vinyl |inkage in
but adi ene @HiTFce °f § rF[q%hVee%diJfriéad“bldiedﬁi e PAYME t be obtained. by

th d. duct i t hod tl. d . th t . inyl link
the second., ptestuction msthed mntloned shae., e A of syl 1t kage
pol ymer has, such C&“gaft LI QR accb%c?i?fe)%]yﬂﬁé ion reaction,ewWhich is a

nodi fi cation reaction a main chaln, uently occurs on the side where

the amount Of, MidWled s9:hi@h, 3§t he presulbphRat o potiRecdediee i9feqd _
nmodi fication of a functional group in the main chain a gradient is obtained

within a desiged Jange Fhesebyme whelt tde i ehadn smsiddcad ion is

enpl oyed in cbnbination with end nodi fication, a. wide variety of desirably
nodi fi ed stiddi iirese an de obtatmmatht {0 183]d <CGoirbi mat e of idginct i onal
group with. polyner end> Wth respect. to a conbination of a
functional grloup o tdf arhen pandi cud ardgd faor nodification, it is
preferable that the nodified butadi ene polynmer to be obtained by the second
producti on MEtHod nentioned above has a structure where a specific
functional group is added in |arge nunbers to one end of a polyner

nol ecul e, wher e TRfoHEMNEpEdi NYEHAFET G ACTHVUR it dFde®dGT9%r ge nunber s
to the other end_ Specifically, a disubstituted am npo group is added
to the pol yfRErISAtiGEIT 1T HFVh %%%;P%%O%%u‘me ARy LT i nkaee in the
main chain E?Pe%ehrea]éﬂi/ti a%(') OPO enrllo ésé eaéésd on 1 mole of the main
chain of the conjugated diene polymer.
If the modification of the main chain is performed
within the range, the affinity of a desired modified
conjugated diene polymer composition and its wvulcanizate
for a filler is improved and good processability can be
obtained. More preferably, the amount of hydrosilane
compound to be reacted with 1 mole of the main chain is 2
to 5 moles. In this case, the balance between affinity
for a filler and processability becomes better.
[0097]
As a catalyst for a hydrosilylation reaction,
platinum or a platinum-containing catalyst is mainly used.

Preferably, a homogeneous platinum catalyst is

suitably used. Examples thereof include, but not limited



- 68 increased: the main chain on the initiation end side is nodified with
a disubstituted. am no group; and an allxy.silyi group is addnd to the

pol ynmeri zation term nation end_ Such a constitution is nmentioned as a
referable exanmple. J" | <Method for gogérglling di stribution of anmount of
vinyl |inkage in butadiene unit> described in the above section
<Di stribution of amount of vinyl |inkage in butadiene unit, in the anount
of vinyl linkage in a butadiene unit, a. constitution wher e vinyl. is

di st ri but edc@l enghtlver amaliat ighat gl cﬂﬂlfﬂﬁ”ileﬁl byl & metHii ©f changi ng
tenperature during polynerization. he ampunt of vinyl |inkage can. be
i ncr eased é?catalld(/\?gft err’rp%rpai%ZdrdéVl§H&t&§6|a§‘§§é‘éf léltlsl%ﬁﬁl’faf]@ﬁrpeFa%HFéo When

pol ymeri zation is performed while |ncnea3|nq}the t enperature, the

di stribbti off of- ¢ Het ot GHEadil) 13k &g P %P BurAdicene lumit can be

controlled - { fyanple assum ng that polynerization is started at an
|n|t|at|on(¥5ﬂb€r§i oT 30C and termnated at a final tenperature as high

as 90r0, and when the 121U %%t%ﬁ lLatd oR, aggg&iqyeagppropriately

set, the anount o V|ny |nh ge can be, uentially changed fram nole%to

30 101 % oo A8, an0t hero st hod, When @ vigyiasi ol agent 15 added or

i ncreased during polynerization,” the .anmount of vinyl " |inkage can be

changed framd.ay{0.4d %bmplcﬁhrmla%d’rﬁﬁéw pidies aawupto of wényl |inkage can
be continuously or stepw sely changed fron110 nmol e. % to SO nol e%

mmol/mol.

As another hydrosilylation catalyst, a metallocene
compound containing any one of Ti, Zr, Hf, Ni, Co, Ru and
Rh is used. In particular, a reaction product between a
titanocene compound and an organic lithium or an organic
aluminum may be used.

The hydrosilylation reaction is preferably performed
within the temperature range of 20 to 150°C, and more
preferably at 50 to 120°C. This range 1s practical
because in this range a modification reaction of a main
chain can be performed within appropriate reaction time
and the occurrence of a side reaction such as
gelatinization is less.

If a hydrosilylation reaction is performed following
modification of the active end by use of the
polymerization solution used in modification reaction of
an end, the modification reaction of the main chain can
be performed at the same temperature as that employed in
modifying the active end and the polymerization

temperature used in the polymerization step. The



[ 0115] <Suitable exanples of nodified butadi ene pol ynmer> in the case
where the nodified butadi ene polyner to be obtained by the second
production nmethod nenti oned above is a copol yner of 1,3-butadiene with
anot her predeterm ned nononer, the rgsgéti_ng copolynmer is preferably a

but adi ene-styrene copol yner. The“structure of the copolyner of a

but adi ene unit and a styrene unit nmay be random or bl ock. The random
structure may be a uni formrandom or nonuniform (tapered.) random

struct ur e. rFeethloock igter Uct ur ey iver coplcetis rsdle e ltvapgér ed bl ock
partly containing a random structure, Random or. block may be sel ected
dependi ng WpeW ttefe tsurdpdselr  mnd mor < siafaa® Lol ymdh & grenggse 9t 3G re>

In the case where a. Vvui cani zat a-bl endi ng rubber conposition using a
conposi t i of g %S5 Yodi fi%d But adi ene pol yner to be obtained by the second
production nethod nentioned above is used in tire tread, the nodified

but adi ene is preferabay a. butadi ene-styrene random copol yner, The

;
nodi fi ed bu j.ene po : r r ef er abl s a random structure and an
anount  of b@ﬁo(r?&%s}teyofeénééﬁgagoetcg O@t&rﬁa?@%hn this case, even if _
def or mat i on rep%ﬂteeﬁﬁt%mﬁgy %onﬁnga%@aua&egfe heat,,generatj-on dsid-ow This
property satisfies the performance required by a‘tire. In this case,

as a random.copQl WRlond e o enir ofr R EOMMPNentoConsd $tddig fad or nore
consecutive styrene units, in other words, a block styrene, 1s preferably

| OWor zerQiiene polSpeGt fd@aiddhing fr@ wwanjdigaieidnaddena pal et rdged

but adi ene -styrene random copol yner, when the anount of pol vstvrene (anpunt
of bl ock statreene:gntesi mieas ured: thiyordelc anposd nigh &ty anchedicon) ugat Eede di ene
pol ymer and anal yzi ng the anount. of block styrene insoluble in nmethanol by
a known netdwdjmar eand tehef Kot ttihofd ! symetthdoh (et hod destrided in |. 14,
Kolthoff, et al., J. Polym Sol. 1, 429 (1946)), the anount of bl ock
styrene baseEfoatie awis @MUt ©F t4wes bhuttli ehepot et 950Wref erabl y.

10 mass% or | ess and preferabl ynass% or |ess. [0117-i
to 6 branches on at "least one of the ends.

[0099]
<Modification ratio>

It is preferable that the modified conjugated diene
polymer to be produced by the second production method of
the embodiment, from the viewpoint of obtaining a better
effect of the embodiment, has a modification ratio
(hereinafter, sometimes referred to simply as the
"modification ratio"), which is obtained by gel
permeation chromatographic (GPC) measurement using a
column charged with silica particles based on the amount
of adsorption to the column, in other words, a proportion
of a polymer having a functional group component, of
preferably 60 mass% or more, more preferably 80 mass% or

more and further preferably 90 mass% or more.



More specifically. when the nodified butadi ene polyner to be obtained by

t he second production nmethod nentioned above is deconposed. by an ozone
deconposi tion net hod known as the Tanaka et al- riethod, and the

di stribution of a styrene chain is apag¥zgd by CPC, it is preferable that

t he amount of isolated styrene, i.e., Styrene haying a. chain consisting of
one styrene unit, based on the total anount of bound styrene is 40 mass or
more and that the amount of a |ong block styrene chain, i.e., the anmount.
of styrene havingarcthnp@ém@E§tgﬁ@iﬁg 8 érngbrenstyPEREPunits based on
the total amount of bound styrene is 10 mass% or | ess. [0118 In the

af or enent i GHEWP BUREdiTETEESt Yl rfe ARANAGHH Copoinger ﬁWﬂCQkRQQ%JQQQQR t he

Ife
glass transition tenperature sured by PSC (described in_the_above
section <QUEP XV Hisiq ]%éﬁgg§§iﬁpé§ ﬁﬂ%%bfﬁbﬁ?f%ﬂ#g aF?WP%the ratios
of -enct tq,00. en t.he, gl ass -transition tenperature falls w.thin the
above ranegc,hear.eo\cbtgr‘?'ﬁlocs]iu[qegriSl Hoéfvliyrrlngie SRR tamt?neondgil ecasj{lfoer{nétrh,é}{gow anmount

of heat generatign.to at ed 'zg.gg [ ; e lent, dsubber icity
can be obt 2%1%@ |5 %ﬁ?rfio%i%u%t éﬁl po]% yh%e&rlﬁbgré ootl\/veara_>l o?{najfs‘%e case
where a vulganizat] on,COMORI LironOfeddie Jmdif igd pud.adienepol ymer to be
obt ai ned by the second production nethod nenti oned above is used for

f oot wear ., tdwe mmdidied hutadiene plyder preferably has a bl ock structure.
By virtue of the block structure, properties satisfying perfornmance

requi red by fiaatwear, particularly by shoe sole, can be obtained-
Particularly, high nodulus value and hard feeling are obtained_ it is

pr ef er abl e t hat Mareospenert chdviyng ia dlaipredferatoler timprte téteyr ene units is
contained in a large anmount. To describe nore specifically, when a

but adi ene poldinfered stan bigadie rblastey meneyirah dom ko pdt aered the @idunt  of

bl ock styrene based on the total anobunt of the butadi ene pol ymer neasured
by the Kol t4i8¥Fdignatidt Hoeh ias Trdlflfereibl 58P 18 $lsioof  Thi? 2 RNEE nor e

referably. 13 mass%or nore. [0120
P y formula (f) and a £ nctignal group derived from a

hydrosilane compound involved in a hydrosilylation
reaction within a molecule and has a modification ratio
(which is obtained by gel permeation chromatographic

(GPC) measurement using a column charged with silica
particle based on the amount of adsorption to the column)
of 60 mass% or more, more preferably 80 mass% or more and
further preferably 90 mass% or more.

[0101]

The polymer having a functional group component can
be quantitatively measured by chromatography, which can
separate a functional group-containing modified component
and a non-modified component.

Examples of the method using the chromatography
include a quantification method using a GPC column

charged with a polar substance, such as silica adsorbing



<G| extension by extender oil > The nodi fi ed butadi ene polynmer to be
obt ai ned by the second producti on nethod nenti oned above May he extended by
extender oil. Exanples of the extender oil include aLOTA G ly naphth. ene
Gl and paraffin Gl. In addition, an oma oil substitute containing 3
mass% or. |ess of a polycyclic aronmati corrponent (measured by the 19346
method) is preferable. In particular, it is nore preferable to use an aroma
oi | substitute conteining mass% or | ess of a. pol ycyclic aromatic conponent
from the vicevpuoiaiti cofalerriovonrentainegdf,etap and flrlem t hénvfté\lvﬁm nt of
preventing oil bleed as well as wet grip properties. npl es of the

arena oi | Sdad.utaniciiide tTROAE CaVES S SRAE &hd JRAR et Biaachq’] ¥ant schuk
Gumm . Kunststoffe 52 (12) 799 (199

The t of | to b
gseddl s not? qqnmatde?i’r%euﬁﬁ’é‘lﬂ%f‘ %f%l%ﬁ |a§aglorijt??r6%lpa°’rxft Cgvrqrglss 0t
ase on 100 a but adi ene pol ra f bly 20
to 50 parts byp §§ll%\f{6n§ii’ <ﬁ}88n8€?a\§| |§881§lnt% n%Od %‘? S §%¥ ?Legrgut Zld| ene
I
pol yrer torEtg(eag{it d‘in&yl(ﬁ%&epre ergcbﬁ %uc éﬁ hod nenti oned above or

t he pol yne oney viscosity at 100C of
30 to 100, 1&1022%] |Vbd| fied conjugated di ene pol ymer conposition)

<Number average molecular weight>

The modified conjugated diene polymer to be produced
by the second method for producing a modified conjugated
diene polymer of the embodiment has a polystyrene-
equivalent number average molecular weight (Mn) obtained
by gel permeation chromatographic (GPC) measurement is
preferably 20,000 to 2,000,000, more preferably 100,000
to 1,000,000, further preferably 200,000 to 600,000 and
still further preferably 300,000 to 500,000, as with the
modified conjugated diene polymer obtained by the first
production method mentioned above.

From the viewpoint of operation stability, Mn is
preferably equal to or more than the above lower limit
value. From the viewpoint of processability, Mn is
preferably equal to or less than the above limit value.

Furthermore, the ratio of the weight average
molecular weight (Mw) to the number average molecular
weight (Mn) (Mw/Mn) is preferably 1.00 to 3.50 and more
preferably 1.10 to 3.00 from the viewpoint of physical
properties of a vulcanizate.

[0103]



Various nodified conjugated di ene polynmer conpositions are prepared from
the nodified. conjugated diene polyners obtained by the first and second
producti on nmet hods nentioned above in conbination with predeterm ned

fillers, Now, a first nodified copjugated di ene pol ymer conposition
and a second nodified conjugated di ene polyner conposition wll be
described_ (First nodified conjugated crane pol ynmer conposition) The

first nodified conjugated di ene pol ynmer conposition contains 0.5 to 300
parts by mag¥hsfr £rsdtimsatiinorganic filler based on 100 parts by Mass of a
rubber conponent conprising 20 parts by mass or nore of the nodified

conj ugat ed <direrte poiater (Here nafter sonetinmes referred to sinply as the

nodi fi ed con4, uaat ed di ene polyner) obtained by the first or_ second
producti on met hGd ﬁ@nF'8n5&r&ﬁo@épdgﬁ&lﬁpenggﬁpyH@Sﬁﬁ&?ﬁg 5503200 parts
by mass of the silica.norganic filler, [O1 bb o] :

The rubber a(fbr?ﬁbance Valtonist trlﬁl‘}tfffjtlhzeéﬁi%%%%ﬁ}%eegﬁaég%gﬁd}d;ﬁsene
pol ymer co iti i ns,20 rt ; or. f t di.fjed
conjugatedq§?%%% poé§%£%ﬂ£1 @ésg g gna?§6%%§?€sa8§p%§§§r8 q?ﬁggrﬁgkir

corr_ponent y éd‘:ﬂne m 4105 & 4 ubbersd 'f&%@@lﬁ’f@u@@ﬂﬁ{ ddaibd h@am fied
coni ugat ed di ene polyner can be used I n conbination_

applied.
[0104]
<Hydrogenation reaction>

As in the first production method mentioned above, a
modified conjugated diene polymer may be further
hydrogenated in an inactive solvent.
[0105]
<Additives>

Furthermore, as in the first production method
mentioned above, if necessary, various type of additives
may be blended.
[0106]
<Method for obtaining polymer>

Also for finally obtaining the modified conjugated
diene polymer, the same method as in the first production
method mentioned above can be applied.
[0107]

As described above, in the first and second methods
for producing a modified conjugated diene polymer of the
embodiment, a modified conjugated diene polymer, which

has a nitrogen atom-containing functional group in the



The rubber-1ike polyners other than the nodified conjugated di ano pol yner

i nclude, but not particularly limted to, conjugated diane pol yners or

hydr ogenat ed products thereof, random copol yners of a conThgated diens
conpound and a vinyl aromatic con‘poupd6 or hydrogen additives thereof,

bl ock copol yners of a conjugated drone éonpound and a vinyl aromatic
conpound or hydrogen additives thereof, non-diene polyners and natural
rubbers, Speci fic exanpl es thereof include butadiene rubbers or

hydr ooen addiiti vés itrherfedfhe irsopmere rauldberd iomady drrsgen Maddind vads t her eof
styrene el astonmers such as_ styrene-butadi ene rubbers or hydrogen additives
t hereof , sthAedite- st &G B o ICEHEINATETs r IRAditoG8IF additiXest ¥her eof
and styrene-isoprene hl ock copol rs or hydrogen addigév thenfof, and
acryl oni t r 9% WUt &di%ene %tﬁoé’r@%ﬁ%ﬂd’ﬁb %ikEs ¢ etsbéeofe,n St

Exanpl es of the nonedi.ene, polynmers include, but not particularly limted
to, oIefin‘EVhZF% %§”§§%h as an et hyl ene- - propyl ene rubber, an

et hyl ene- propyl eneedi_e I r I - hu - di r er, an

et hyl enebut en r%&bgg? %%eggﬁgleﬁg?%eggﬁétggﬁﬁgrbgﬁgpéﬁggﬁﬁfrgﬁéoctene
rubber; bu.t]]yéag@% Ssbe&fr&{g t&0 Rty o ibher s, A0 Ydnd ubbessys f1yorine
rubbers, silicone rubbers, chlorinated polyethyl ene rubbers,

epi chl or ohygrdp, r ubRers.co & Rrsaldy alredhdi tddd€-aed Y1 ceragighas,

est er-conj ugateb di ene copol ynmer rubbers, urethane rubbers and pol ysuifide
rubbers, 10424l flhe: alfr ubhercdd ke pol ymees ss Meys bearnddidf | etifeatbbef s obt ai ned
by adding a functional group having a polarity, such as a hydroxy group and
an am no griomroving phhecawedghtl average bwl @cttd aredwei ghtr tdfe remote ,of t he
rubber-1like polyners is preferably 2,000 to 2,000,000 and nore preferably
5,000 to 1,/500;00@ fesmadeniBwpointrofen het dat erices between perf or mance
and processability, Furthernore:, a so-called |liquid rubber haying a | ow
nol ecul ar weightl @anl berusedin Thes énaibberain ket polhy e sY Ry, beused sinply
or in conbinations of two or nore [0125] I n the nodi fied conj ugat ed.
di ene pol yrieht *Gnposi TR Cor HPRF IR tHe P eheht i oMedF ubBe? 1PFRe
polyner, a ﬁgﬁﬂﬁing ratib (mass ratio) of nodified conjugated diene

pol virer / r ut <11 ke polyner is preferably 20/80 to 100/0, nore preferably.
30/ 70 to 90/,10. and rther. preferably., 50/50 to 80/ 20. Ther ef or e,
assum ng thés%ocﬁgl%(%%i)?%arh%%e pog%%é{ )

_ er ¢ o%ent. including a rubber-Ilike polymer
First o Second Bt oduettan ReUHG (< proforably Cont ained i the Lybber
conponent i@, @Mt i Hfe20:80vd 00, Parkt SeBYect to a modified
butadiene polymer obtained by using particularly 1,3-
butadiene as the conjugated diene, the amount of bound
aromatic vinyl, the amount of vinyl linkage in a
butadiene unit, glass transition temperature, the
distribution of the amount of vinyl linkage in a
butadiene unit, a combination of a functional group with
the polymer end, method for controlling the distribution
of the amount of vinyl linkage in a butadiene unit,

suitable examples of a modified butadiene polymer,

suitable polymer for use in tire, suitable polymer for



76 ¢ mass, nore preferably 30 to 90 parts by mass and further preferably 50
to. 80 parts by nass, If the blending ratio of the nodified.

conj ugat ed. diens polyner/rubber-1ike polynmer falls within the above range,
a. vul cani zate having further excellent _bal ance between |ow hysteresis |oss
properties and wet skid resistance and Purt her satisfactory operation
stability. can be obtained, [0126] <Silica inorganic filler>. As the
silica inorganic filler, which is not particularly limted, a. known.
filler can.udme usethoWent, capdrtiol exf corteaiddngiSi DM as a.
constitutional unit is preferable. It is nore preferable tha is io2 or S

di is cntalWedresiay il conpbientilofd Poatitutional unit. Herein, the
mai n conponent refers to a conponent contained in a. silica inorganic
filler in afdhbunt of 50 mass% or nore, preferably 70 mass% or nore and

nor e prefer%gl 80 s%or nore. . . Speci fic exanples of the silica

i norgani ¢ ff ‘é?m_i r&! 3%%‘1 (iglai‘lf:%[?ati:%cay‘{l 35}%, m ca, di atomaceous earth,

wbi | astianite, ntnorillonite, zeolite i nor i.c fi ances
irfg theFlS:ratshe Wwheére %%e motagr%qehcf;%)rt%%@ éne gio%ﬁnesruq,%

11 .
such as gl ass fiber. ernore, a surftace- obi zed si‘l1ca 1 norganic

filler and 1 f ili i rlgﬁﬂgg j @g%?aﬂ? ipgrganic filler
ot her than ?%e%%%ﬁrg%&ibr%r%%%i%@?éw canc%}é%rtgg%. O t Igfn f?(g_m t he

vi ewboi nt of, &P 55 St renA R0 i 75 -v ADY ASh Ao €5t Stanssunsi | Hka and.
glass fiber are preferable and silica is nore preferable, Exanples of the

silica incluge,d Yosihdeds 3edmstid caiapd, symihesi zegosipheateu(silica), O
them wet silica is preferable
limited, is preferably 0 to 50 mass%. When the polymer
is used particularly in tire tread, the amount of bound
aromatic vinyl is more preferably 20 to 40 mass%.

If the amount of bound aromatic vinyl compound falls
within the above range, a vulcanizate for use in tire
tread having further excellent balance between low
hysteresis loss properties and wet skid resistance, and
satisfactory abrasion resistance and breaking strength
can be obtained. Herein, the amount of bound aromatic
vinyl can be determined by ultraviolet absorption of a
phenyl group.

[0110]
<Amount of vinyl linkage in butadiene unit>

The amount of vinyl linkage in a butadiene unit of
the modified butadiene polymer to be obtained by the
second production method mentioned above, which is not
particularly limited, is preferably 10 to 80 mole% and

more preferably 25 to 70 mole%.



fromthe viewpoint of the excellent bal ance betweeh | ow hysteresis | oss
properties and wet skid resistance. [0127] in the nodified. conjugated
di ene pol yTer conposition; fromthe viewpoint of obtaining practically good
abrasi on resistance and breakage characteristics, the nitrogen adsorption
specific surface area of a silica in6ré nic filler obtained by BET
adsorption nethod is preferably 100 tc 300 M2-,/g and nore preferably 170
to 250 nR/ g, Furthernore, if necessary, a silica inorganic filler
having a rel ati vél yhemahbuspecitf vénglr lackageedalfier wi2hiexaipl e, specific
surface area is 200 (trig or less) can be used in conbination with a silica
i nor gani ¢ faddver ranvieng sa wdlcatiivelte |fTargeisspdei fhile es thrtfedce harea q f or
exanple, 200 n2-/g or nore), By virtue of this, good | ow hysteresis |oss
properties CE IR IXgHI M @51 ATdediR (HF WseTs KoY rgré/sﬁtﬁre?rﬁﬂe"‘ Io28] As
descri bed above, the amount of silica inor ganl c filler, t bl ended in the
first nodi eré%Pecr&rﬁetﬁgzﬁréjd ‘“kﬁter?é“ﬁjolﬁﬂ?elrs a&alssé% q’ﬁ’%o parts by

mass of the rubher co ent cont ai.ni n ifie con t ed di ene. pol yner
is prefera@F o1 d aﬁﬁf? aq{lr}ﬁ)rdcrperneqr era éjb p%rts by

mass and furt her, g;ﬁfﬁgr%&ndgg of Bol00, 08 Lo By TRss: dm ya@qﬁe@ sil i ca

inorganic filler ferabl arts nmore from

re Vool P Birdom S04l ] iyl wroaiefl Ler
[0129] <Carpop,bliacksdo thedit sir nodifdadicon ugated,di ene-pol yner
binding unit can be obtained by the Hampton's method (R.
R. Hampton, Analytical Chemistry, 21, 923 (1949)).
[0111]
<Glass transition temperature>

The glass transition temperature of the modified
butadiene polymer to be obtained by the second production
method mentioned above falls preferably within the range
of -70°C to 0°C and more preferably within the range of -
50°C to -20°C. 1In this range, a vulcanizate for use in
tire tread having further excellent balance between low
hysteresis loss properties and wet skid resistance can be
obtained.

The glass transition temperature can be obtained by
recording a DSC curve while increasing the temperature
within a predetermined range in accordance with
I1S022768:2006, and determining a peak top (Inflection
point) of a DSC differential curve as a glass transition
temperature.

[0112]



conposition nentioned above, carbon black nmay be added. Exanpl es of
the carbon bl ack that can be used include., but not particularly limted
to, classes of carbob blacks such as SPE, FEF, HAP' , |SAF and SAP'. O
them carbon bl ack having a nitrogen agzor ption specific surface area of 50
'frig or nore and an anount of dibutyl phthalate (DBE) oil absorption of SO
mL11.00 g, is preferable. The content of carbon bl ack based on 100
parts by nmass of the rubber conponent containing a nodified conjugated

di ens pol yneri dtseigrefierablfy «dirtto 00 iparkt slimkamssin rorteegreafeerably 3 to
100 parts by mass and further preferably 5 to 50 parts by mass. The anount
of carbon. Wlidck to be blended is preferably 0.5 parts by mass or nore from
t he vi ewpoi nt of delivering perfornmance required for use in, e.g., tire

19 . , g.
such as dry gri phpéhfo & 8B UEARAGEET Wity meand Op s &P 0B Ypar t s by
mass or less fromthe viewoint of dispersibility, 0130Q0], <Met al oxi de and
Metal nii bi'di® iBeond ProFd! G ir?esftq‘%gdﬁ*?f}feborb ﬁfl_;%‘feefd.‘hb% HE B yner
conpbsitipn nti oned above,. a nmetal oxide and. .a netal. roxi de may be
added in additi OJI Ja{la}%%qe? ca: 4 ouftgaa iCFitHer HHd %arjbéolélnrdlbkf‘géc T The

metal oxi de. falersd 4,20l i part shes aul gning,an substance renresent ed

ere Mrepresent metal atom and x and y each

r epr esent i ' It : i 4 titutional
a(;bﬂg&e&%ﬁ&{,, '3 uk%(ﬁra@sslﬂ/lr@!ﬂ)n campongnt, ofn aciconstd

unit, and. for exanple titani um oxi de, magnesi um oxi de and zi nc

oxi de can hg,uset-ation MRHINSADIL, 5 Gdd Xt LI Of Bred®idllPXbeleuand an
inorganic filler other than the netal oxide can be used Exanples of the

met al hydr axi dend nelddeyhdd 1ot pasddcubardynyl i 1a tietht o, wat i kim

hydr oxi de, magnesi um hydr oxi de and zirconi um hydroxi de. [0131] <Sil ane
coupling agent»lt thatToin henhd i dsgramdd f iredd chingaigabedo di @ntupot yoea 1
conposition nentioned. above, a silane coupling agent. nmay he added. The

si | ane coupdiqgp agenthdasan functi on ofadaeit | tatdhigeihed i wierae Tdon

bet ween a rubber conponent and asklica inorganic filler and has a group
havi ng af fi®#3yrof BimdE ng TSNSy @ @adhofmaife dhibBeriodidmsotiert™ and t he

silica inorganic filler, Generally, a conpound hayi ng a sul fur bigdi ng
noi ety an:ﬁfﬁ%@%ﬁy®%_ln combination with end modifIcation, a wide

variety of desirably modified structures can be obtained.
[0113]
<Compbination of functional group with polymer end>

With respect to a combination of a functional group
with an end particularly for modification, it is
preferable that the modified butadiene polymer to be
obtained by the second production method mentioned above
has a structure where a specific functional group is
added in large numbers to one end of a polymer molecule,
where another specific functional group is added in large
numbers to the other end.

Specifically, a disubstituted amino group is added
to the polymerization initiation end; the amount of vinyl

linkage in the main chain on the initiation end side is



e 80 e group and silanol group noiety in a nolecule is used. Specific
exanpl es thereof include his-113- (triethoxysilyl)-proldyll-tetrasulflde,

bi s-13- (triethoxysilyl)-propyl]-disuifide and bis-[2-
(triethoxysilyl)-ethyl]-tetrasuifide. The content of the silane
coupling agent based on 100 parts by—n@%s“of the aforenentioned silica
inorganic filler is preferably 0.1 to 30 parts by mass, nore preferably 0.5
to 20 parts by mass and further preferably 1 to 15 parts by mass. Wen the
anount of didcare seoupltinrg regentchtad nberbltérded iftalalts owi tehmicn stilde dlsove r ange,
the addition effect of the silane coupling agent can be exerted further

si gni fi cantiogdi TiGL32]i tkReblbers uboftiendiesl aminoTgnohe /f ianst afpdi fi ed

conj ugat ed di ene pol yner. conposition nmentioned above, a rubber softener
may be added Koroimitlye dréwpoilit aefSichproviltrg BorodEssasitLiry . As the
rubber softener, mneral oil or liquid or |ow nolecular wei ght synt hetic
sof tener i Seditigdiien end.  FHePnPnePaRFLOFPErGbber S6PLERBFUCHHit &i ns oi |

cal | ed process. oi lb or extender oil, which is used for softening rubber,

i ncr easi ng RS GiféE P0F WY Sand i nprovi ng processahility of rubber, The

m ner al - oi | dﬂth er softener is a mxture of an aromatic ring, a naphthene
ring and a [paraffi n. chain_ O such rubber softeners, a. softener. in which

the Carbon4Méyﬁ%dﬁféﬁ“%dﬁyfgﬁﬂﬂﬁdjgﬂéiribution of amount of wvinyl

linkage in butadiene unit>

As described in the above section <Distribution of
amount of vinyl linkage in butadiene unit>, in the amount
of vinyl linkage in a butadiene unit, a constitution
where vinyl is distributed along the main chain is
obtained by a method of changing temperature during
polymerization.

The amount of vinyl linkage can be increased at low
temperature, and decreased at high temperature. When
polymerization is performed while increasing the
temperature, the distribution of the amount of vinyl
linkage in a butadiene unit can be controlled.

For example, assuming that polymerization 1is started
at an initiation temperature of 30°C and terminated at a
final temperature as high as 90°C, and when the type and
amount of vinylation agent are appropriately set, the
amount of vinyl linkage can be sequentially changed from
70 mole% to 30 mole%.

As another method, when a vinylation agent is added

or increased during polymerization, the amount of vinyl



occupy 50% or nore of the total carbon atons is called a paraffin rubber
softener a softener in which the carbon atons of the naphthenp ring occupy
30 to 45% of the total carbon atons is called a naphthene rubber softener;
and a softener in which the carbon atogg of the aromatic ring occupy nore
than 30% of the total carbon atons is ITed an aromatic rubber softener,
As the robber softener used for the first nodified conjugated diene

pol ymer, a softener having an appropriate aromatic content is preferable

si nce adaptlabidadey dzon tiwe qheingeetr frendsl dvo the Idagd. In thiFhwmedhormt i c
content of a rubber softener is preferably 2 to 65% nore preferably 5 to
55% and f urtthreranpriefterceb|winyilo ltig k8% can be T tdenalofof ubber sof t ener
based on 100 parts nmass of the rubber conponent containing a nodified.

conj ugat ed SiesHE S501% 2% priefdt adl YO ¢ 90F hat€hy nass, nore
preferably 10 to 90 parts by nmass and further preferably 30 to 90 parts by
mass. Wen mount of a rubber softener to be bl ended based on 100 carts
by mass of e .rybber conponent_ exceeds 0..parts by bl eed out tends
to occur an Utlhtea% < I é%%?g’otg%etcgg)nuf%ylebnee sqc?rﬁca‘fi?ﬁri 0133]

<Addl tives> To the.fir rfied nj i I I, jtion
ment i oned, abovgg g%ﬁeiggg?géﬁégstg%dh#%ﬁﬁg%gdbﬁggdg%ﬁér fﬁgﬁggﬁg%

af orenent i %'éeg%kﬁa%iq{é.c?l&y and fartdher yatd.ausi addidines much ase@ heat

resi stance st zer, an antistatic agent, a weather resistant stabilizer,
an age resigi®fe & 6ol @@ntyrand & 1 ubrdcadi vy becraddeskhds the ot her

softeners, known softeners can be used.
predetermined monomer, the resulting copolymer is
preferably a butadiene-styrene copolymer.

The structure of the copolymer of a butadiene unit
and a styrene unit may be random or block. The random
structure may be a uniform random or nonuniform (tapered)
random structure. The block structure may be complete
block or tapered block partly containing a random
structure. Random or block may be selected depending
upon the purpose.

[0116]
<Suitable polymer for use in tire>

In the case where a vulcanizate-blending rubber
composition using a composition of the modified butadiene
polymer to be obtained by the second production method
mentioned above is used in tire tread, the modified
butadiene polymer is preferably a butadiene-styrene
random copolymer. The modified butadiene polymer more
preferably has a random structure and an amount of bound

styrene of 3 to 50 mass%. In this case, even if



Specific exanples of the other fillers include cal cium carbonate, magnesi um
carbonate, alum num sulfate and barium sulfate,. As each of the above
heat. resistant stabilizer, antistatic agent, weather resistant stabilizer,
age resister, colorant and |ubricant, gﬁogn materials can be used. F01341
(Met hod for producing first nodified conjugated di ene pol yner conposition)
The nmethod for producing the first nodifded conjugated di ene pol yner
conposition is not particularly limted. For exanple, the aforenentioned
rubber conpbmentnata.orsitdmam tigrbngahiaifg | [tEre amdbwtthert netasri al s as needed
are nelted and kneaded by use of a general kneader such as an open roll, a
Banbury m x&sleratiaieaderlow siThglse psopewtexeptdetics ddebl e screw extruder
and a multi screw extruder. In addition to this nmethod, exanples include a
met hod i n it IHRAISA dRIYcdifpotert st ar% di ssol ved and ni xed and then a
solvent is renoved by heating, O, them the nelting and kneadin
ot hod us: nd- o 1101 IE78 Sambar S SRR L BRI O ot e E  ©F 83 | v
preferable fromthe viewpoint of pr tivity and goo di perties,
(ﬁ%ﬁﬁ%?ﬁﬂ%ﬁm?fxgﬁ:or ndré COé%%éﬁéﬁggié§§?gﬁg

A nndifiedz%dﬁ?ﬁﬁﬁF% I~ and various conpou agen may be

et hods. can be” App T ot 101581 Vil Lant 26t > he T Pt oai 170

conj odat ed di eng.-pol yner conposition. can be suitably used as a
vui cani zat e.

Specifically, if a conjugated diene polymer is a
butadiene-styrene random copolymer, when the amount of
polystyrene (amount of block styrene) is measured by
decomposing a branched conjugated diene polymer and
analyzing the amount of block styrene insoluble in
methanol by a known method, i.e., the Kolthoff's method
(method described in I. M. Kolthoff, et al., J. Polym.
Sci. 1, 429 (1946)), the amount of block styrene based on
the total amount of the butadiene polymer is preferably
10 mass% or less and preferably 5 mass% or less.

[0117]

More specifically when the modified butadiene
polymer to be obtained by the second production method
mentioned above is decomposed by an ozone decomposition
method known as the Tanaka et al. method, and the
distribution of a styrene chain is analyzed by GPC, it 1is
preferable that the amount of isolated styrene, 1i.e.,
styrene having a chain consisting of one styrene unit,
based on the total amount of bound styrene is 40 mass% or

more and that the amount of a long block styrene chain,



The yul cahi zate can be obtai ned by m xing a nodified conjugated diene
polymer with e, g,, an inorganic filler such as a silica inorpanic filler,
and if necessary, carbon black, a rubber-1like polynmer other than a nodified
conj ugat ed di ene polyner, a sil ane cgugiigg agent, a rubber softener, a

vul cani zi ng agent and a vul cani zi ng accel erator/auxiliary agent, heating
and. vul cani zing the m xture. Exanpl es of the vul cani zi ng agent that
can be used include a radical generator such as an organi c peroxi de and an
azo conpound,e .agn W mecgonpaumdt erarie rmeso reprpolred,n &gl yeErtine conpound,
sul fur and a. sulfur conpound, Exanples of the sulfur conpound include

sul fur nonothlomicae sulfare dirchlotiafed @rditdi fiade lcapviind @hd a

hi gh-nol ecl ar wei ght pol ysul fide conpound. The amount of vul cani zi ng
agent to beUsed N800 PEISS B ness -of the rubber conponent
conpri sing nodi fi ed conjugated. diene polyner is usually 0.01 to 20

parts by nma Hld preferably 0.1 to 15 parts by mass. As a vul cani zati on

met hod, a conventignal |.y. known. .nmet hod can.be applied. The vul canization
tenperature is &éﬁ%%Eﬁ%ﬁ%ﬁ%%%%bé?%%&%%ﬁﬁ%5. As a

I at’ | o i al b q-
vul cani zi n%oﬁ:]ogl%%ratfgr LA Lany tfeonegﬁ(%/ri]lr%;g; g{;@é}gﬁ(#@lorpan e use

Exanpl es o cani zi ng accelerat or enam de agent, a

guani di ne %@'ﬂs AN yram adeyt, , ais@i defydenam ne, agentadly
al dehyde- amo fgfanent, a thianci%e aeent, a thiourea agé%t é%d a

di t hi ocar baymte @gentilass trande: AU NS r MUl €ani zi ngr acoel ered brsto bn
usec4 based on 100 parts by nmass of the rubber conponent conprising a

nodi fied copjugat edhdieneydal ynegodcs tuswatly khdd te 201 pagts by nmass and
preferably 0.1 to 15 parts by nass, As a vul canizing auxiliary agent,

ei g., zinc drdel anth stearecatacid Canl bevugedh {lO0136jovd waveys cani zate i s
obt ai neddi spersing a silica inorganic filler in. the nodified conjugated
di ene pol ymemmpht idi ed by ithe didetlort second prodietdon neethodnerenti oned
above, the vul cani zate acquires excell ent bal ance between | ow hysteresis
i 0ss properdf éscahd st raki o riesi st and Bxeel 1 @nt 2 uperatfoh®stability,

[0137] o ,
rubber elasticity can be obtained.

[0119]
<Suitable polymer for footwear>

In the case where a vulcanization composition of the
modified butadiene polymer to be obtained by the second
production method mentioned above is used for footwear,
the modified butadiene polymer preferably has a block
structure. By virtue of the block structure, properties
satisfying performance required by footwear, particularly
by shoe sole, can be obtained. Particularly, high
modulus value and hard feeling are obtained. It is
preferable that a component having a chain of 30 or more
styrene units is contained in a large amount. To
describe more specifically, when a butadiene polymer is a

butadiene-styrene random copolymer, the amount of block



(Second nodi fied conjugated diens pol yner conposition) The second
nodi fi ed conjugated di ene pol ynmer conposition. contains 5 to 200 parts by
mass of a filler, which is silica and/or carbon bl ack, based. on. 100 parts
by mass of the rubber conponent conprising. 20 parts by mass or nore of the
nodi fi ed. conjugated di ene pol yner. théfeinafter sonetines referred to
sinply as the nodified conjugated di ene polyner) obtained by the first or
seconn production nmethod nentioned above. The second nodified

conj ugat ed sdivere eptlagrer cconpesitioitan. ar®usil oEbltéd uthelicase of usind the
nodi fi ed conjugated di ene polyner tb be obtained by the second production
met nod nmentoicdned rabeesurienl par tiheulKarl,t hiof ft've med$e dofl susiyiafe nelivd ynodi f i ed
conj ugat ed. diene polyner to be produced by using 1,3 -butadiene as a

conj ugat e& 1di enwe sGompolned & rich@ sl yrskicZatiloh st &5.5s% or MG that the
filler to be contained in the second nodified conjugated diene 1-.'.1lynex
conposi tion G Yreferably silica and carbon black and a nass ratio of

silica to carhon black is _preferab 1:99 to 99:1. Wien the nodified.
conj ugat ed Ber‘?é"tﬁé]s}}r?é“r bng et’%e@rér%o& nt |'s used, the conbination.

oifect ofvarious.fynctional  ataues cancbe,abloloed. pue na.this oLt ect

dispersibility ack s Inprove excel | ent

reinforcin f i - i nent ,
rubber-1i kgse%n? rr;b%g groqfkrgér#hteq%e mr%htﬁd.%%é} %S%n@%gg‘fa st%'lbgénxet%Ho ymer can

be used ingonhinalian.:As t hepubher oki keepekyamis,r bhe sapeueRterials as
t hose descri'bed in. the above section <Rubber-1like polynmer> in connection

with the fixrsindredifi edgondgated. GensRalsireroiconpasi tiden taam,al | be
C0139] <Filler> The second nodified conjugat ed di ehe pol yner

gonposi ti olarcemaians 9 tu200 thard SSdy aasisipf3 sidd a andl«rs caf bon bl ack
as a filler based. on 100 parts by nmass of the rubber conponent conprising

20 parts byaitassydri qrormoneft tchecamuetirfdred oorgugatdedditere ol 4aer .
method) is preferable. In particular, it is more
preferable to use an aroma oil substitute containing 3
mass% or less of a polycyclic aromatic component from the
viewpoint of environmental safety and from the viewpoint
of preventing oil bleed as well as wet grip properties.

Examples of the aroma oil substitute include TDAE,
MES, SRAE and RAE described in Kautschuk Gummi
Kunststoffe 52 (12) 799 (1999).

The amount of extender oil to be used is not limited,
and usually preferably is 5 to 60 parts by mass based on
100 parts by mass of a butadiene polymer and more
preferably 20 to 50 parts by mass.

[0121]
<Mooney viscosity>
The modified butadiene polymer to be obtained by the

second production method mentioned above or the polymer



If a large anount of filler is used, hardness and nodul us increase. Tine,

desired phyBi oa
by adj usting the
falls within the

good processability can be obtained.

properties dependi ng upon the application can be obtaineb
content of the filler. Wen the content of the filler
above range., the dispgrsion of the filler is good and

~ The content of the filler is

preferably 5 to 150 parts by mass for use in tire, and preferably 30 to 200
parts by Mass for use in footwear. Wien the content of the filler falls

wi t hin the esanrgeled ey ednpesicficomidan hees appldcedt o isasisde warti ety of
products from soft products to hard. produbts. 87 - Not e t hat

har dness ard 0fodulfusOcan abso he adjusted by use of a plasticizer. As

t he plasticizer,
used. O herlGl¥an

the sane oil,e as the extender oils nentioned above can be
these., e.a various naturally occurring oils, synthetic

oil's and | ow nol ecul ar wei ght oLynErs(gﬁe used. [0140] [.Silica]
i ﬁoé‘H’[anr?g“f

Exanpl es of [Ma5e 699 &enmd Sedrem

Particul arly, s%di ment ar

€

sedinentary sili

W d silica.
ili is. f I, d As th
§}O§FIpﬁgihééﬁﬁﬁbijﬁ%gF%égﬁlgﬁézgﬁgygﬁrspecifig surface

d : f A i d d
G111 ca haviing DA ST 100 1 0 300 VBT d 18 nore e ably uesh Vhen the
N2SA falls d’ﬂ(—{ﬁ%gsc%l daneg,: tihe bal.ange. betmeen reinfoneing properties and

di spersibilit

S good. Dependi ng upon the application, silica

having a suyitahle Ral tialie & 2@ tan e ugad.e For @@ £s1 &l [voan havine a
particle size in the range of |l ess than 200 M2./a and silica having a
particle sigeddtdhe lange 0fe200 |1 LM g.

Now, a first modified conjugated diene polymer

composition and a second modified conjugated diene

polymer composition will be described.

(First modified conjugated diene polymer composition)

The first modified conjugated diene polymer

composition contains 0.5 to 300 parts by mass of a silica

inorganic filler based on 100 parts by mass of a rubber

component comprising 20 parts by mass or more of the

modified conjugated diene polymer (hereinafter sometimes

referred to simply as the modified conjugated diene

polymer) obtained by the first or second production

method mentioned above, and preferably contains 5 to 200

parts by mass of the silica inorganic filler.

[0123]

<Rubber component>

The rubber component constituting the first modified

conjugated diene polymer composition contains 20 parts by

mass or more of the modified conjugated diene polymer



or nore can be used in conbination. By virtue of this, e.g..,
rolling-resistance (low hysteresis |oss properties): breaking strength
(fracture strength) and operation stability can be controll ed. The
nbdi fi ed coni ugated di ene pol yner obtajined by the first or second
production met hod nenti oned above can Elflsber se sedinmentary silica well.
Thus, even if silica having high specific surface area is used, the silica
can be dispersed well in a conposition. [0141] [ Carbon bl ack]

Exanpl es ofbazardbam hltackdmda ude nGRfs, HEEhcHARhbdrSAPmanthe®AE, Car bon bl ack
can be sel ected dependi ng upon the application. Rei nf or ci ng
properties ahh therenkancedeand itdre rrlympd e tgerd dhvanded grodisleldh tire
tread can be inproved by using a plurality. of. carbon blacks in

conbi nat i orsonjugatCal Wbrers &kl WA rigita I tUdsse i tads8pton Epeci fi ¢
surface area (El 2SA) neasured by the BET net hod of 30 200 r,%—.l—l/g IS
preferably. usedNWKERPRESL12A\ PEf VB FoR thEdckFofaltPs RictHin SChi s r ange,

t he bal ance, between_ rei nforcing effect, and gi spersibili.t. ecomes good.
[0142] [ H%ﬁnjfliqalteer%]delene pci]ﬁg‘iehre HE ’ngod‘}s#)iréo} cpoarﬁiilocalfbleadrold\' eng
pol ymer conipios.i ti ar]iodotchoenr.uigiogtlee s can %eol edrs I%(Laryglﬁrngoéné . fillers

! .ite ) .
i ncl ude al unmina, ¢ i um ohat €, a gnesi um e, magbesi um

hydrOXideﬂpféﬂ&btéiéﬁggég?f”gékaéﬂukégéﬁbmers of a conjugated diene

compound and a vinyl aromatic compound or hydrogen
additives thereof, block copolymers of a conjugated diene
compound and a vinyl aromatic compound or hydrogen
additives thereof, non-diene polymers and natural rubbers.

Specific examples thereof include butadiene rubbers
or hydrogen additives thereof, isoprene rubbers or
hydrogen additives thereof, styrene elastomers such as
styrene-butadiene rubbers or hydrogen additives thereof,
styrene-butadiene block copolymers or hydrogen additives
thereof and styrene-isoprene block copolymers or hydrogen
additive thereof, and acrylonitrile-butadiene rubbers or
hydrogen additives thereof.

Examples of the non-diene polymers include, but not
particularly limited to, olefin elastomers such as an
ethylene-propylene rubber, an ethylene-propylene-diene
rubber, an ethylene-butene-diene rubber, an ethylene-
butene rubber, an ethylene-hexene rubber and an ethylene-
octene rubber; butyl rubbers, brominated butyl rubbers,
acryl rubbers, fluorine rubbers, silicone rubbers,

chlorinated polyethylene rubbers, epichlorohydrin rubbers,



[0143] <Silane coupling agent> In the second nodifiad conjuated diene

pol ymer conposition, further a silane coupling agent may be used. The
silane couplinp agent refers to a conpound having both of a silica-affinity
portion and a polyner - affinity portii in a nolecule. The silica
-affihity portion is typically an al ko gsflyl group. The polyner - affinity
port-ion is eg., polysulfidb, a nmercapto group or an ethylenic doubl e bond,
Exanpl es thereof that can be used include, but not limted to,

bi s(3-tr-i et lpxysidtydpiepy nittetinaswddyde,c acid ester-conjugated

bi s(3-triethoxysilyiropyljtrisulfider bis(3- triethosysilyipropyl)QO sufide,
his (2 tri msteroxysidodiveteny |qubgtarssul fiedéiarg rubbers and polysulfide

mer oapt cpropyi tri met hoxvsil ane, 3 - nercaptopropyltriethoxysilane and 3 -
tr|nethoxy§ﬂﬂ¥¥ﬁ¥bpy|benzothlazolyltetraSU|f|de The amount. of

si |l ane coupllzgiagent to be bl ended based on 100 parts by mass of silica is
preferably P44 20 parts by mass and nmore preferably. 2 tp 15 parts by

nmass. hge silane ¢ up | u% IS bIen within the range, the
dlsper3|b|I|ty ST E&mFQ FSPF %SFb&é&ea B?ﬁ%éssggi%ﬁty becones
gg?:‘jor :Tg.nggdlé l![a:ll’]e VU bC:eII']ISZG ];%ad]%ey Iandlnl:poc‘{/ egirbéﬂi&?y\éf%%é%

having a polarity, such as a hydroxy group and an amino

group.

The weight average molecular weight of each of the
rubber-like polymers is preferably 2,000 to 2,000,000 and
more preferably 5,000 to 1,500,000 from the viewpoint of
the balance between performance and processability.
Furthermore, a so-called liquid rubber having a low
molecular weight can be used. These rubber-like polymers
may be used singly or in combinations of two or more.
[0125]

In the modified conjugated diene polymer composition
containing the aforementioned rubber-like polymer, a
blending ratio (mass ratio) of modified conjugated diene
polymer/rubber-like polymer is preferably 20/80 to 100/0,
more preferably 30/70 to 90/10 and further preferably
50/50 to 80/20.

Therefore, assuming that the entire rubber component
including a rubber-like polymer is 100 parts by mass, the
modified conjugated diene polymer obtained by the first
or second production method is preferably contained in

the rubber component in an amount of 20 to 100 parts by



(Met hod for producing second nodifi _ed conjugated di ens pol yner

conposi tion) As the nethod for producing the second. nodified

conj ugat ed di ene pol yner conposition nentioned above, a known net hod such
as a nmechani cal m xing nethod and m xi in the state of a solution or a.
di spersion solution can be applied, A néchanical kneading nethod by a.

m xer is preferable, Mdre specifically, a known nethod using e.g.., atoll
mll, a Danbury m xer, a kneader or Brabender is suitably enployed. [0145]
(Vui cani zate)ss, morFhersgeordlynodi fied0 conjtygdtedediserapdluymarer
conposition is suitably used as a vul cani zate, A vui cani zate can be
obt ai ned by urLddlay rddithd éd mﬁttﬁgéfr}édlacﬁsene polymer with e.g., a filler,
which. is silica and/or carbon black, a rubber-iike polyner ot her t han t he
nodi fi ed conj ugatedai @%@nﬁépﬁrréﬁtlg §ifl &hE %%Ifllﬁﬁl &@é‘ﬂf‘g%&&ﬁ tives, a
vul cani zi ng ent and a vul anl el erator/auxiliar en heat i ng
and vul canldzﬁe%lf YHSGE er-1 e"Stul %l”ﬁgtk&dgn% aah?a df cal

gener at or SUCh as an @éc%gﬁ{ﬁ%&per OXIOJ1dn)e;;Ia<'ij,:rluri_ﬂleraZercCe l{ln alac':ﬂ’lé)

conpound, M ne conpoun fur and a suI fur

(r:rgggggrgr IC%!GE, Suqfﬁl?jw WOI’I dle lté% zﬂﬁﬁgdre corrpoun&’%ﬁfﬁ% sulfur

hi gh- ol ecular; weight el ysuidide CrARPOIMYd:ry ope T8 MMM Of i (pll cani zi ng

agent to be used based on 100 paxts by mass of the rubber conponent

conpri si ng &n mdidded.nLonj ugated cliene polynmer is preferably 0.01 to 20
parts by mass and nore preferably 0.1 to 15 parts by nass. As P

vul cani zat i gLawet hod, a conventional ly known. method. can be applied. The
vul cani zation tenperature is preferably 120 to 200C and nore preferably 140
to 180C. <SilAsca.invdazanizihigl laccel erat or, a conventional ly known
material can. be used. Exanples of the vul canizind accel erator include a
sul f enani de agents, thegudniidiané nagentnica ftilikgramvdgenit ,1samadl dehydo -ani no

agent, an al dehyde-ammoni a agent, a thiaincrie agent, a. thiourea agent and
a dlthlocaﬂbﬁﬁ%ﬁQﬂ%ﬁﬁ#ﬁ limited, a known filler can be used. A

solid particle containing SiO,; or Si3Al as a
constitutional unit is preferable. It is more preferable
that Si0, or SizAl is contained as a main component of a
constitutional unit. Herein, the main component refers
to a component contained in a silica inorganic filler in
an amount of 50 mass% or more, preferably 70 mass% or
more and more preferably 80 mass% or more.

Specific examples of the silica inorganic filler
include silica, clay, talc, mica, diatomaceous earth,
wollastonite, montmorillonite, zeolite and inorganic
fibrous substances such as glass fiber. Furthermore, a
surface-hydrophobized silica inorganic filler and a
mixture of a silica inorganic filler and an inorganic
filler other than the silica inorganic filler can be used.

Of them, from the viewpoint of e.g., strength and



The amount of vul cani zing accel erator based. on 100 parts by nmass of the
rubber conponent conprising a nodified conjugated diene polyner is usually
0.01 to 20 parts by mass and preferably 0.1 to 15 parts by nmass, As a
vul cani zi ng auxiliary agent, zinc oxide_and stearic acid can be used. [01461
[ Rubber conposition obtained by cross V'nRing nodi fi ed conj ugated di ene

pol ymer. conposition] The first and second nodified conjugated di ene
pol ymer conpositions descri bed above are each crosslinked 92 - by adding
e.g., a craesslagikimmgeaxgentarard \srliious acohpowsd dgénmtrs are prepare a. rubber
conposition, which can be used in producing desired rubber products, As the
crossl i nki myredgertolce aqid sa Isidaf urs dlrcamrAiwy sdgent BRATRASEr §ani c
peroxi de are used. Exanples of the coirpound agent include a. vuicani sin
accel er at orthends i1 GauligeivAen g ralngililady agntstlica angs syie-hga¥aRd

vul cani zi ng agent, for, exanple, sulfur and norpholine disulfide ar d.
Exanpl es of° thé&drigaiiiid verloxi BE Fhﬁp'i§eﬁséaagﬁél68ep6§%§5ﬁkqﬁero§i3:?

ﬁ;g?ggler g)e(ir’%)e(cgmd%hedivi-etwﬁoblur{tyloJpecrh()eXiedxedeffe%ng Xola(\lua cle? kpeet:rwoggndelo%d cunene
hysteresis loss properties and wet skid resistance.
[0127]

In the modified conjugated diene polymer composition,
from the viewpoint of obtaining practically good abrasion
resistance and breakage characteristics, the nitrogen
adsorption specific surface area of a silica inorganic
filler obtained by BET adsorption method is preferably
100 to 300 m?/g and more preferably 170 to 250 m/g.

Furthermore, if necessary, a silica inorganic filler
having a relatively small specific surface area (for
example, specific surface area is 200 m?/g or less) can
be used in combination with a silica inorganic filler
having a relatively large specific surface area (for
example, 200 m?/g or more). By virtue of this, good low
hysteresis loss properties can be highly balanced with
wet skid resistance.

[0128]

As described above, the amount of silica inorganic
filler to be blended in the first modified conjugated
diene polymer composition based on 100 parts by mass of
the rubber component containing a modified conjugated

diene polymer is preferably 0.5 to 300 parts by mass,



As the vul cani zi ng accel erator, an agent. containing at |east one of a
sul fenam de, thiazole, thiuram thiourea, gmanidine, dithiocanbam c acid,
al dehyde -am ne, or al dehvde-amoni a, i m dazoline or xanthate vul cani zi ng

accel erator can. be used As the v écani zing auxiliary agent, e, g.,
zinc oxide and stearic acid can he used. Furthernore, an. age resister can
be used, [0147] [Tire and the |ike] Pmhber conpbsiti bns obtai ned by

crosslinhing the first and second nodified conjugated di ene pol yner

conposi t i on® reeptriedred bdlyove tear Oe pased by tase, avidbriatritderpr oof rubber
and various industrial products, in particular, the rubber

conposi ti omsedieeadlivt A9 youddd @< ritse byubleers -matleei ansuner ofi FéliFead and
rubber materials for can tread and under tread- Exanples [01481 The
present i nVEMEIGA I 111 18€ Imdice bspdeicridedl Iy desdritséd Yoy -way ottt Ay

foll owi ng Exanpl es; however, the present invention. s not limted by the
fol | owi nb E¥&TpIo&s NAF Camy Ry e ViewRere 't Kat Samhed e yzedyby t he

fol I ow ng gﬁ%ﬁ&%?bfLQ%é?hnorganic filler and preferably 300 parts
by mass or less from the viewpoint of dispersibility.
[0129]
<Carbon black>

To the first modified conjugated diene polymer
composition mentioned above, carbon black may be added.

Examples of the carbon black that can be used
include, but not particularly limited to, classes of
carbon blacks such as SRF, FEF, HAF, ISAF and SAF. Of
them, carbon black having a nitrogen adsorption specific
surface area of 50 m?/g or more and an amount of
dibutylphthalate (DBP) oil absorption of 80 mL/100 g, is
preferable.

The content of carbon black based on 100 parts by
mass of the rubber component containing a modified
conjugated diene polymer is preferably 0.5 to 100 parts
by mass, more preferably 3 to 100 parts by mass and
further preferably 5 to 50 parts by mass. The amount of
carbon black to be blended is preferably 0.5 parts by
mass or more from the viewpoint of delivering performance
required for use in, e.g., tire such as dry grip
performance and conductivity, and preferably 100 parts by

mass or less from the viewpoint of dispersibility.



(1) Anount of bound styrene 100 ng of a sanple was diluted in chloroformin
a. nmeasuring cylinder to 100 nL and dissolved to prepare a neasurenent
sanpl e. The anmount. (nmassof bound stvrene was determ ne& by measuring
absorption of a phenyl group of styrene_at UV. 253% nn (spectrophotoneter
"WV-2450" manuf actured by Shi madzu Cbrﬁ%rétion). 10150] (2)

M caostira ture of butadiene noiety (anmount of 1,2- vinyl bonding) 50
ng of a sanple was dissolved in 10 EL of carbon disulfide to prepare a.
measur enent[Sa®dl e. Using a solution cell, an infrared spectrum was
measured in the 94 range of 600 to 1000 cnbl. and absorbanca at a

pr edet er m rél twdy @ igithem dndls teBt adived=iB&sed on the absorbance, the

m crostructure of the butadi ene noiety was obtai ned by the computati onal
expressi on of tRe HarpLénss rechédeCF6arD8F2E6AvELENEnPPAFFEFed

spectrophot oneter. "FT-1R230" :
P P composition ment?i%ne %lgoa{fcet,urae?ne%lJ%SxCi%ec%rrPdo raatn{ec{nal)' [01511

hydroxide may be added in addition to a silica inorganic
filler and carbon black.

The metal oxide refers to solid particles containing
a substance represented by chemical formula MxOy where M
represents a metal atom, and x and y each represent an
integer of 1 to 6 as a main component of a constitutional
unit, and for example, alumina, titanium oxide, magnesium
oxide and zinc oxide can be used.

Furthermore, a mixture of a metal oxide and an
inorganic filler other than the metal oxide can be used.
Examples of the metal hydroxide include, but not
particularly limited to, aluminum hydroxide, magnesium
hydroxide and zirconium hydroxide.

[0131]
<Silane coupling agent>

To the first modified conjugated diene polymer
composition mentioned above, a silane coupling agent may
be added. The silane coupling agent has a function of
facilitating the interaction between a rubber component
and a silica inorganic filler and has a group having
affinity or binding ability to each of the rubber
component and the silica inorganic filler. Generally, a

compound having a sulfur binding moiety, an alkoxysilyl



(3) Mooney viscosity Mooney vi scosity was neasured by a Money
vi sconeter ('VR1132" manufactured by Ueshi ma Sei sakusho Co,, Ltd.) in
accordance with 515 X6300 (130289-1). The neasurenent tenperature was set

at 100C. First, a sanple was preheatgd8 or one mnute and a rotor was
rotated. at 2 rpm Four mnutes later.; torque was neasured to obtain

Mooney viscosity (1,11,,,,h ;0152] (4) dass transition tenperature (Tg)

A DSC curve was recorded by use of a differential scanning cal orineter
(05032005) granuf sctcursed gy IVae Bl erndestyi A-racc oradaTee aniitsh Uss@.22760: 2006,
whil e supplying heliumat a rate of 50 nmiL/minute and increasing the

t enper at ur EHarhi-cl Goanrdte sa tretre gt 12001096 Mitse. [3The peak top (Inflection
point) of the OGSO differential curve was determ ned as a glass transition
t enper at ur el ETIEEPK YL Wol denrar weisghiiesuédide, big<hiomat ogr am was

obt ai ned by use of a. . measur n{. apparatus jn which. three colums
char ged. wi&trFleﬁg'IWSﬁ%’ 'ﬁo%/gqg#ﬁ%‘ﬁéﬁc%eraéﬁc ected, Based on the
calibration curve aSing standard ,pal ystyr ,..the weiant average nol eul ar
wei ght . Rfi 1w ’iyhselqﬁ’ ee?t%é&ér gcg%crﬁ%sluglgrﬁ 4G wei ght (Mh) were obt ai ned

and a. ol ecul ar weight it Rytl Q) GMY My, 8% caleukateded on

100 parts by mass of the aforementioned silica inorganic
filler is preferably 0.1 to 30 parts by mass, more
preferably 0.5 to 20 parts by mass and further preferably
1 to 15 parts by mass. When the amount of silane

coupling agent to be blended falls within the above range,
the addition effect of the silane coupling agent can be
exerted further significantly.

[0132]

<Rubber softener>

To the first modified conjugated diene polymer
composition mentioned above, a rubber softener may be
added from the viewpoint of improving processability.

As the rubber softener, mineral oil or liquid or low
molecular weight synthetic softener is suitable.

The mineral-oil rubber softener contains oil called
process oil or extender oil, which is used for softening
rubber, increasing volume of rubber and improving
processability of rubber. The mineral-oil rubber
softener is a mixture of an aromatic ring, a naphthene
ring and a paraffin chain. Of such rubber softeners, a

softener in which the carbon atoms of the paraffin chain



As an eluent, tetrahydxofuran (I M) was used As the columm, a guard.
colum: TSK guard col um Super H H manufactured by boson Corporation, and
colums: TSKgel Super 1-17000, TSKgel Super 56000 and TSKgel Super 55000
manuf act ured by Tosoh Corporation \Ne[eBI_.Llsgd. Under the conditions: an
Oven tenperature of 40QC and a. Tl-ill"“flowrate of 1,0 nL/mnute, an Rl
detector ("5L08320" manufactured by Tosoh Corporatipn) was used, 10
ng of a measurenent sanple was dissolved in 20 of Ti-IF to prepare a
measur ementosolmt iSd% and 200G kAl tdfe edsur emeritors oltutnison sva liljeect ed into
a GPO neasur enent apparatus and neasurenent was performed_ [0154] (6)
Degree of hraamchiing rubber Assiimngg it ats diHenml ééUI‘A&rl%ﬁ@ﬂ GIrHe peak
top in a GPO chromat ogram of the conjugated di ene pol yner |ng an active

end abt ai ned- 9% tHe ol W?é?}}tz%ﬁrieorﬁé”tgeﬁ%?ﬁ’dw n%Q:t‘iQ/a‘]tEéﬁ i t %.'¢2t% 4l cohol ,
L R AT S R L
r epr esent egs%%/ T the fi: agT it of %Oen caon%l%sneon saGTy rzliatr}cglél\l/o];]ll\%

cal cul at ed[ 01@'@]3; (%Cﬁ%ochafl 33@fdﬁ%@%&afwtagéﬁtié’%ﬁléd br anches

or nore." cation ratio
an aromatic rubber softener.

As the rubber softener used for the first modified
conjugated diene polymer, a softener having an
appropriate aromatic content is preferable since
adaptability to the polymer tends to be good.

The aromatic content of a rubber softener is
preferably 2 to 65%, more preferably 5 to 55% and further
preferably 10 to 45%.

The content of rubber softener based on 100 parts by
mass of the rubber component containing a modified
conjugated diene polymer is preferably 0 to 100 parts by
mass, more preferably 10 to 90 parts by mass and further
preferably 30 to 90 parts by mass. When the amount of a
rubber softener to be blended based on 100 parts by mass
of the rubber component exceeds 100 parts by mass, bleed
out tends to occur and the surface of the composition may
be sticky.

[0133]
<Additives>
To the first modified conjugated diene polymer

composition mentioned above, other softeners and fillers



Modi fication ratio was neasured by using a phenonenon where a nodified
conponent adsorbs to a. GPC. colum charged with silica gel as a filler.
Edf f erence between a chromatogram which was obtai ned by neasuring a sanple
and a sanpl e solution containing a | ow pgol ecul ar wei ght internal standard
pol ystyrene by a polystyrene gel col umh“and a. chromat ogram whi ch was

obt ai ned by neasuring themby a silica columm, was obtained. Eased on the
di fference, the amount of adsorption to the silica colum was neasured to
obtai n a. nodidri datdrorthreatd fog remediBilo r@ Pregaratd lon aofd sanpiteesol uti on;

10 ng of a. sanple and. 5 ng of standard pol ystyrene were dissolved in 20
Ti of THE tipraapardd bivam Juctsdisutd dreal 0367 s RGP0 Sfeasior et

conditions usini a polystyrene col um: Measur enent. was perforned by

usi ng THF & aittel Vet AP T ect iRF B0 & sidtte SO 4 appt at us: ~ As
the columms, a. guard colum: TEK guard cal umm Super H H manufactured by
Tosoh Cor pGtt i 'St Hrid ¢ 6l Lﬁﬁ%soraf&gaé'icgﬁjg]éili’% -~ TSk get aéffi)eéf H6000 and
TSKgel Sup 000 nuf act.ured by .Tosch Corporatio e e

Measur errent%{sv\gcs epeoriﬂ‘q:{;errrnssaD J%utnecfleerr st’hekncoownr%ji%?%tg%n:eras. c%(ﬁ’% Li(;s\s/ee(?f tenperature

?T, Hl“f)'lggzg,'?d rr:nlé Zeg{itf‘ri\g Olregz%\?aia‘ifesl-o%O'E'h’emo%‘l‘lte‘%r £ YS! N9c 13y R detector
; y Tosoh Corporation) to obtain a chromatogram

calcium carbonate, magnesium carbonate, aluminum sulfate
and barium sulfate. As each of the above heat resistant
stabilizer, antistatic agent, weather resistant
stabilizer, age resister, colorant and lubricant, known
materials can be used.
[0134]
(Method for producing first modified conjugated diene
polymer composition)

The method for producing the first modified
conjugated diene polymer composition is not particularly
limited. For example, the aforementioned rubber
component, a silica inorganic filler and other materials
as needed are melted and kneaded by use of a general
kneader such as an open roll, a Banbury mixer, a kneader,
a single screw extruder, a double screw extruder and a
multi screw extruder. In addition to this method,
examples include a method in which individual components
are dissolved and mixed and then a solvent is removed by
heating.

Of them, the melting and kneading method using a

roll, a Banbury mixer, a kneader or an extruder is



[0158] * GPC neasurenent conditionsn a silica colum: Measur enent was

performed by using THF as an eluent and injecting 200 pl of a sanple into

t he apparatus. As the colums, a guard colum: DICOL 4. 6 x 12.5 mm 5

m crons, and colums: Zorbax PSM -1002§ PSNMB0O0S and PSMH 60S were used.
r

Under the conditions: colum ovemn te

of 0,5 nD/ m nute,

ature of 40C and. a TRH flow rate
measurenent was perforned by CC28020 series built-up type

GPO system, AS -S020, SD 0022, COPS, CC-8020 and RI-8021. manufactured by
Toson Cor paratfiicombland doyn use ofiearpRintdetfegtrordudto wobityaianda astircbmat ogr am
L0159] * Calculation nmethod of nodificatibn ratio: Assum ng that the
total peak karegegliofy e rstreoitdtesyra. m usi ng a pol ystyrene col utm was 100, the

peak area of a sanple was represented by Pt, the peak area of. standard
pol ystyrene was?’r 8pFddértedorpyapPedandcass Bri-ngrhatd YRE1°96 total peak

area of a chromatogramusing a.silica colum s .100, .t he peak area of a
sanpl e W?sdcr%‘bm‘oé’ép Eﬁtaé?cfrkﬁ/sf 3{( j[khee Sdé‘&iét. %ﬁ%é’o Uosfviaﬁétlﬁb}ﬁfé} edypﬂﬂpytst yr;an;al was

represente a no cation ratio was_ obt.ai ne e oW n
oot s omadsd o GRLeRH S ol 85,0 BRsRC felyckte Lol  owi ng

be applied.

[0135]

(Vulcanizate)

The first modified conjugated diene polymer

composition can be suitably used as a vulcanizate.

The vulcanizate can be obtained by mixing a modified

conjugated diene polymer with e.g., an inorganic filler

such as a silica inorganic filler, and if necessary,

carbon black, a rubber-like polymer other than a modified

conjugated diene polymer, a silane coupling agent, a

rubber softener, a vulcanizing agent and a vulcanizing

accelerator/auxiliary agent, heating and vulcanizing the

mixture.

Examples of the vulcanizing agent that can be used

include a radical generator such as an organic peroxide

and an azo compound, an oxime compound, a nitroso

compound, a polyamine compound, sulfur and a sulfur

compound. Examples of the sulfur compound include sulfur

monochloride, sulfur dichloride, a disulfide compound and

a high-molecular weight polysulfide compound.

The amount of vulcanizing agent to be used based on

100 parts by mass of the rubber component comprising a



[fIfl (Note that P1+ P2 - P3 t P4 - 100.) [0160] (B) Styrene chain In
accordance with the Keithoff's nethod, an osm um aci d deconposition product
was obtai ned as a. neasurenent. sanple. Using this, insoluble polystyrene

corresponding to a bl ock polystyrene mg preC|p|tated i n nmet hanol . The
anount of insoluble polystyrene was quantified and the amount (nass% of
bl ock styrene per polyner was obtai ned. The content (mass% of a

single chain styrene consisting of one styrene unit in the total styrene
and the comteentt ifErhssH) wofatleohgticha posStyyreene scowsisgdtliyng -6f1 8 cor2tor e
consecutive styrene units in the total styrene were obtained in accordance
wi th Tanak®agttsalby metstfodnd Polgfshalln?d - 11721 1019810s by deEsnmodieng a

st yrene- but adi ene copol yneri zed rubber with ozone fol | owed anak{3|s by gel

per meat i on &cAFGFRIGGRAPIY (EPELI [ GLEPY I Prdict iYon B EnBl & S?Hfhesis
f (4-(2- lidi th | t | Pr oduct Ex ,
byt ol | i nikt FAISEsrenhehy o en&éé]%g;ﬂt heuPsenChlCa R Frogany 120

aton}contalnl oun ﬁé B the polynerlzatlon st ep.

Flrsp,_to EggéhPénﬁrBSF SEHgéynég “inner volune at 1 1., and
sufficiently pup g d ‘O‘uflgaﬂ'ltzrﬁ%eﬂccﬁérgtgﬁr cycl. glﬂ g@eio %@l% hown
59go0

pyrrolidine and I'vinyl’lbenzeno were adde to stand

still in ayater pat.gl 1k RQQRLat@Qaﬁbieg’gf the vulcanizing

accelerator include a sulfenamide agent, a guanidine
agent, a thiuram agent, an aldehyde-amine agent, an
aldehyde-ammonia agent, a thiazole agent, a thiourea
agent and a dithiocarbamate agent.

The amount of wvulcanizing accelerator to be used
based on 100 parts by mass of the rubber component
comprising a modified conjugated diene polymer is usually
0.01 to 20 parts by mass and preferably 0.1 to 15 parts
by mass.

As a vulcanizing auxiliary agent, e.g., zinc oxide
and stearic acid can be used.

[0136]

If a vulcanizate is obtained by dispersing a silica
inorganic filler in the modified conjugated diene polymer
obtained by the first or second production method
mentioned above, the vulcanizate acquires excellent
balance between low hysteresis loss properties and wet
skid resistance and excellent operation stability.

[0137]

(Second modified conjugated diene polymer composition)



Subsequently, a cycl ohexane solution. containing 0.072 g of n-butyllithium
was added and stirred. Two hours later, isopropanal was added to the
systemto term nate the reaction- Extractioniwahinulpurifitation were
performed to obtain 4-(2-pyrroildinoet gl )styrene. [0162] [Exanple 1]

A tenperature controll abl e autocl ave having an i nner volume of 5 L and

equi pped with a stirrer and a jacket was used as a reactor. In the reactor,
265 g of 1,3- butadiene (Bd), 93 a of styrene (St), 1,66 g cf

N, Ndi et hyl vi nyirThenzgkanidnectDiWBY, cb638gatefl noemel phkéyare (nSex) and 0. 85
g of 2,2-his2-oxol anyl)propane serving. as a polar substance, from which

i mpurities aeerEsitixgo corgragvisols | yp rakfo e, t swdtve i i exf and tHeT mt eri or
tenperature of the reactor was maintai ned at 55C cl ohexane

sol ution coftigihiify UV.1133 qrot/ dbuitasiign mlLﬂﬁ]%/erhﬁSr‘?gj & alo%cﬂ%ﬁﬁa?i zation
initiator was supplied to theEi reactor. After ini t% t|o of a

pol yner i zatPoMaTacti dite tHe55H é‘rqHHDrorieéT‘FpecroﬁRﬁje“d?gt Ystarted
temper at U & e TS t‘*{‘e%i;‘%d@f B IER “dlae“ﬁ’%te'@?eia&%%%?' the
react! on ! enp %E%(fft ];ﬁaﬁc e 108 Ra ﬁocf‘ocoqs%f /-4l MGy L £
trifiet hoxy pr opy aza- s acyc opent ane s added to the react or.
and a nDdifdéﬁﬁdéﬁké&*ﬁ%éﬁg‘ﬁ%ﬁ&ﬁé?r'éﬁkalned by the first or second
production method mentioned above.
The second modified conjugated diene polymer
composition is suitable in the case of using the modified
conjugated diene polymer to be obtained by the second
production method mentioned above, in particular, in the
case of using the modified conjugated diene polymer to be
produced by using 1,3-butadiene as a conjugated diene
compound in the polymerization step.
Note that the filler to be contained in the second
modified conjugated diene polymer composition is
preferably silica and carbon black and a mass ratio of
silica to carbon black is preferably 1:99 to 99:1. When
the modified conjugated diene polymer of the embodiment
is used, the combination effect of various functional
groups can be obtained. Due to this effect,
dispersibility of both silica and carbon black is
improved and excellent reinforcing effect can be obtained.
[0138]

<Rubber component>



out at 75 (:. for 5 m nutes. At this time, the nolar ratio of
N, Ndi met h71 vi nyi benzyl am ne and the nodifier relative to nbutyl:Lithiumwas
2.00 and 0. 25, respectively, [0163] To the polynmer solution, 0,7 g of
an antioxidant (2,6-dl-tert-bufyl- roxyt ol uehe; BHT) was added, and
thereafter the sol vent was reaned by ?ean1tr|pp|ng and drying treatnent
was applied by a dryer to obtain a styrene-butadi ene copol yner (nodified
conj udat ed di ene pol yner; sanple A) having a nodified conponent. [01641
"As a result of Ranahgsiesook saipee Acomphecammumubbtrboahe oyveEreswas 27
mass% and anmount of bound butadiene was 73 |11aSS% The Money viscosity-
at 100C wasBEr THerandunthatl Miad|cariimeaged shivurtt fofl e ko i%fy) in the
m crostructure of a butadi ene noi et obt ai ned _by cal cul ati on in accordance
with the HaHtbn's GrEtHOH baded 68 ¥h§ ﬁé&?ﬁ?e%é%@ PESUIES Shy thSe of an
infrared spectro hot onet er 57% . Furt her t he nDdlflcqglon rati o was
G G

94% The ardl'Vsi'$ resiits of ! RGNS TP h 29 {1651
XDl e, 2 o BB BRSO 56 LAt POE e g 1
M N-di et h)ﬁk dlr@/ Jﬁergcyrlﬁfaapcee& Odlbeqnea%dyl?{@zs cgon%?o&tlon can all be
used.
[0139]
<Filler>

The second modified conjugated diene polymer
composition contains 5 to 200 parts by mass of silica
and/or carbon black as a filler based on 100 parts by
mass of the rubber component comprising 20 parts by mass
or more of the modified conjugated diene polymer.

If a large amount of filler is used, hardness and
modulus increase. Thus, desired physical properties
depending upon the application can be obtained by
adjusting the content of the filler. When the content of
the filler falls within the above range, the dispersion
of the filler is good and good processability can be
obtained.

The content of the filler is preferably 5 to 150
parts by mass for use in tire, and preferably 30 to 200
parts by mass for use in footwear. When the content of
the filler falls within the range, the composition can be

applied to a wide variety of products from soft products

to hard products.



The nmolar- ratio of N, Nedi nethyl vinvi benzyl am ne and , the nodifier
relative to n-butyilithiumwere 4.00 and 0. 25, respectively. As a.
result of analysis of sanple 0, the anmount of bound styrene was 27 nass,ti
and the amount of bound. butadi ene was_ 73 nmass% The Mooney viscosity at
10000 was 55. The anount of vinyl i nk& e (amount of 1,2- bonding) in the
m crostructure of a butadi ene noiety, obtained by cal culation in accordance
with the Hanpton's nethod based on the neasurenent results by use of an
infrared spectr dphet chetehawdse54%nEumphedmer e2nt heé spodef pdatisérdrati o was
92% The analysis results of sanple 8 were shown. in Table 1. - 102 e
l..01661 [ Bramsie d] Sanplsd ICiEs -obt ai ned in. the sane manner as in
preparation of the above sanple A except that the anpunt of

N, N- di met hyl vi n§FbéRgyParihé CiéChe AdGeda™rasiaSeasqthe extender

0ils mentioned above can be used. Other than these, e.g.,
various naturally occurring oils, synthetic oils and low
molecular weight polymers are used.

[0140]

[Silical

Examples of the silica include sedimentary silica
and fumed silica. Particularly, sedimentary silica is
preferably used.

As the sedimentary silica, silica having a nitrogen
adsorption specific surface area (N;SA) measured by the
BET method of 50 to 400 n@/g is preferably used and
silica having Ny;SA of 100 to 300 m?/g is more preferably
used. When the N,SA falls within the range, the balance
between reinforcing properties and dispersibility becomes
good.

Depending upon the application, silica having a
suitable particle size can be used. For example, silica
having a particle size in the range of less than 200 m?/g
and silica having a particle size in the range of 200
m?/g or more can be used in combination. By virtue of
this, e.g., rolling-resistance (low hysteresis loss
properties), breaking strength (fracture strength) and

operation stability can be controlled.



The molar ratio of N, N-di met hyl Ni nyl eenzyl ami ne and the nodifier relative
to n-butyllithiumwere 8.00 and 0.25, respectively. As a result of
anal ysis of sanple. C, the amount of bound styrene was 26 nass% and the
anmount . of bound but adi ene was 74 ma§s%% The Mooney viscosity. at 100C was
54. The amount of vinyl l|inkage (anount of 1,2 - bonding) in the
m crostructure of a butadi ene noiety, obtained by cal culation in accordance
with the Hanpton's nmethod based on the neasurenent results by use of an
i nfrared spectr@photonefeedwasn55%: tEdr thensropre,lvinhe pbdiefinedt bon rati o was
90% The analysis results of. sanple C were shown in Table 1, [0167]
' Exanpl e 4]the firsSamyl eebanss FolstaidiadTi mathe & ae tiemyrst adsvien can
preparation of the above sanrle A except that 4 -(2 - , o
pyrrol i di nCBIRANSS esh@ shas Tadddd 167 plsdde of NSNAPHEEhy FvERy-68nzyl ani ne
in an anount of 2.07 g. ... In this Exanple, the l.ar rati.o of 4 -(2
pyrrol i di nd&thiy19 diterpessid ﬁél%(ﬁef iaé:rrg)ar ellSatulS\Peo{’r’}[)ot%beutsylllljﬁanictﬁ‘ﬁ1 wer e
2.00 and 0'b25’ .reseoectoi \(/qeel ¥ o'll'ﬁ S & .Ies ult of analysis of sanple D,
the anount Gt Bound styrane wis 27 FHEEY% and t he amount of bound but adi ene
was 73 nanﬂle que Mooney viscosity at 100C was 49. The anmount of vinyl
I i nkage (anount 'of 1,2 - honding) in the mcrostructure of a butadiene
noi ety, obtained, py,caligul ation in accordance with the Hanpton's nethod
based on the nmeasurenent” results by use of an .infrared spectrophotoneter
was 5! % Furt hergprg, eshe fmedirbiceatiionr i atica wees G32% Fvg anal ysissmesul ts
of sanple Es were shown in Table 1. [0168] [Ezanple 5]

and SAF. Carbon black can be selected depending upon the

application.

Reinforcing properties can be enhanced and the dry
grip performance for use in tire tread can be improved by
using a plurality of carbon blacks in combination.

Carbon black having a nitrogen adsorption specific
surface area (N,SA) measured by the BET method of 30 to
200 m?/g is preferably used. When N,SA of carbon black
falls within this range, the balance between reinforcing
effect and dispersibility becomes good.

[0142]
[Other fillers]

In the second modified conjugated diene polymer
composition, other fillers can be used. Examples of the
fillers include alumina, calcium carbonate, clay,
magnesium oxide, magnesium hydroxide, talc, titanium
oxide and mica.

[0143]

<Silane coupling agent>



Two autocl aves having- an. inner volunme of 10 L, a ratio (1,/D) of the
hei ght and di anmeter of the interior portion of 4, and an inlet at. the
bottom and an outlet on the top, and equi pped with a stirrer and a jacket
for adjusting tenperature were connect gg inline. The first autoclave was
used as a polynerization reactor; whereas the second autocl ave was used as
a nodification reactor. [0169] 1, 3-Butadiene at 17.8 g/ mnute.,
styrene at 6.2 g/ mnute, N, N-dinethylvinyibehovlam ne (DWS) at 0,94

/ m nute and n--hexahe atecbRB. Boglhidiledt eonfirgmbtwhli ch eingpwriltyives such as
wat er were previously renoved, were m xed. |Immediately before the m xed
sol uti on wemplarded dm the tiasta redacror , CHthitig 149K umaores nekdd vat i ng
inmpurities was mxed at 0.075 mmol/mnute by a. static - 104 m xer, and
then, the nixedT86 tliléAowas "@ATIINAEESILYy T8GFFIS &€& o COREOWOEt om of t he

first reactor., Then, 2,2 - bis -ozel anyl)propane as a pol ar substance was
suppl i ed t &dHe Dot dmC o tsrf:llfcfar_sa[?ﬁjéﬁ%{)%r&%‘f%hor} aa[ré&)oa]‘ iy ol minute
and n-butyllithiumas a .polynerizationinitiator.. S . t arate of
0.187 nil/ rﬁfnédtn ; yl't?eorgtojlci/nrrelrr} Aation. - Heact :Igir?. S&a\ﬁg%gon{%&lﬁ&g&fy per f or med.
such that t ifitef, iz tenmerat ;bsej I EAC ut let. G- [0170]
An al i quot g(;t}emjtlhder¥ gLoﬁ yt .rl(gohlel i%ﬂ]e%@{%;l a ¥ di#llo(%%ﬁ'was adg%ay\%%s t aken out
from the outdel, of, the-figst; £ eact or and,am anid 0xd dant c{BH) g maso added in
an. anount of 0.2 °q per 100 g of polyner. After that, the solvent was
renmoved and,# hg, eV SCRsIt Ve abond00C was neasured, The Money
viscosity was 49. [01711 The tenperature of the second reactor was
mai nt ai ned at. &5Qhp12s2 thdimetithaxyt kan( de tudaretihoxysid ylpriopydy) -aza 2
-silacycl opehtane as a nodifier was added at a rate of 0,060 mrolimnnte
fromthe batiromef tde Isiecohd reactiory ol perfary at eodi$utatdon (coupl i ng)
reaction_ To the polymer solution which flowed out fromthe top portion of
t he second ieactoryierh @y $ oy damp vBlgaiguivasdeon?ifldusl y added so as to

satisfy an anount of 0,2 g per. 100 g of polyner at a rate of 0.043 g/ m nute
(n _hexane'@Qﬂqﬁhqﬁygllylpropyl)dlsulflde, Pis(2-

trimethoxysilylethyl)tetrasulfide, 3-
mercaptopropyltrimethoxysilane, 3-
mercaptopropyltriethoxysilane and 3-
trimethoxysilylpropylbenzothiazolyltetrasulfide.

The amount of silane coupling agent to be blended
based on 100 parts by mass of silica is preferably 1 to
20 parts by mass and more preferably 2 to 15 parts by
mass.

If the silane coupling agent is blended within the
range, the dispersibility of silica is further improved
and processability becomes good. In addition, abrasion
resistance is improved. Likewise, the performance of the
vulcanized rubber is improved.

[0144]



to termnate the nodification reaction. After that, Se - 105 - RAE oil
("COMO process NC140" manufactured by JX N ppon Ol & Energy Corporation)
as extender oil was added so as to satisfy 30,0 g per 100 g of polyner, and
the sol vent was renoved to obtain a rmg'éfi ed conjugated di ene pol yner
(sanmple E), [0172] As a result of analysis of sanple E, Money viscosity at
100C was 75. Furthernore, the anmpbunt of bound styrene was 26 mass%, the
anount of hound but adi ene was 74 mass, % the anmount of vinyl |inkage
(anmount of (MeZhdmbraimng)raddudieg Eutcadice me dbimdicng amivtgavas! 58 ansl e. % . and
the nodification ratio was 91% The analysis results of sanple E are shown
in Tabl e 2prdlo1E3] Jo@mesdrtdtdinie Exanpl e 1] A tenperature controllable
aut ocl ave havi ng an inner volunme of 5 L and equipped with a stirrer and a
jacket was usedPastherBaeher. fpr PREIPEABLOENC265C6T8f MPI3L 1K adi ene, 93 g

o SV sk S A e astycene (LB 20 A6, 9,01, forml hexane
[ om i o JRAC LA 33000 el st X615 g g the Lt ert o
Cone Rt oY st 9 W WAL DI NG AP S RPIAEd Ao TitTator vas
solution can be applied. A mechanical kneading method by
a mixer is preferable. More specifically, a known method
using e.g., a roll mill, a Banbury mixer, a kneader or
Brabender is suitably employed.
[0145]
(Vulcanizate)
The second modified conjugated diene polymer
composition is suitably used as a vulcanizate.
A vulcanizate can be obtained by mixing a modified
conjugated diene polymer with e.g., a filler, which is
silica and/or carbon black, a rubber-like polymer other
than the modified conjugated diene polymer, a silane
coupling agent, additives, a vulcanizing agent and a
vulcanizing accelerator/auxiliary agent, heating and
vulcanizing the mixture.
As the vulcanizing agent, a radical generator such
as an organic peroxide and an azo compound, an oxime
compound, a nitroso compound, a polyamine compound,
sulfur and a sulfur compound can be used. Examples of

the sulfur compound include sulfur monochloride, sulfur



- 106 - After initiation of a Kilginerizatibn reaction, the interior
tenperature of the reactor started increasing by heat generation due to
pol ymeri zation and the final interior tenperature of the reactor reached
83C. Two m nutes after the reacti ? tenperature reached the peak, 0,40
g of 2,2-dinethoxy-I-(3- trinethoxysil 5 propyl) -1 -aza-2-sil acyclopent ane
was added to the reactor and a nodification reaction was carried out at
75C. fot 5 mnutes ;';t this tine, the nolar ratio of

4-tert - but yistyirenieleanad tche uiddide erompeluatd verct @ i-loit-yidlietchilam was 2. 00
and 0.25, respectively. An anti oxi dant was added and the sol vent, was
renoved by wtiedrh Wcilppinddide dversamesl -manner as in preparation of sanple A
above to obtain sanple F, Asa result of analysis of sanple F, the
anount of boundT§?yﬁ@ﬁén\ﬁa§f28uﬁf§§§%éﬁ6 afdtht t6f PRolREhEEaG end was 74

(amount of 11 55 ipaé’s'qqsy e T R (B “Pﬁogﬁ%r@#;l” ity

the- moasur KB FoeilD 7 °1?e"’}1“e°epo A7 ed spect ropHaconet or miege&?

o T i, 715 7 5,
mass.

As a vulcanization method, a conventionally known
method can be applied. The vulcanization temperature is
preferably 120 to 200°C and more preferably 140 to 180°C.

As a vulcanizing accelerator, a conventionally known
material can be used. Examples of the vulcanizing
accelerator include a sulfenamide agent, a guanidine
agent, a thiuram agent, an aldehyde-amine agent, an
aldehyde-ammonia agent, a thiazole agent, a thiourea
agent and a dithiocarbamate agent.

The amount of vulcanizing accelerator based on 100
parts by mass of the rubber component comprising a
modified conjugated diene polymer is usually 0.01 to 20
parts by mass and preferably 0.1 to 15 parts by mass.

As a vulcanizing auxiliary agent, e.g., zinc oxide
and stearic acid can be used.

[0146]
[Rubber composition obtained by crosslinking modified
conjugated diene polymer composition]

The first and second modified conjugated diene

polymer compositions described above are each crosslinked



- 107 a A tenperature controll abl e autocl ave having an inner vol ume of
Stand equipped with a stirrer and a jacket was used as a. reactor. In the
reactor, Cd of 1,3- butadiene, 93 g of styrene, 0,70 g of

N, Ndi net hyl vi nyi benzyl am ne, 1633 g of Sornal hexane and 0,34 g of

2, 2-bi s(2- oxol anyli propane serving as a pol ar substance, from which
inpurities were previously renoved, ware placed and the interior

tenperature of the reactor was maintai ned. at 55QC. . R cycl ohexane
sol uti on cant aduimgy &.14, @ ofrassitividiinchiagargerarichy aast calpaloymrtingat i on
initdator was supplied to the reactor. After initiation of a

pol yrer i zatdasm rsedct irgiePatte d ntudkicsr admyesridtigre ofhite Gedadtioristrt ed

i ncreasi ng by heat generation due to polynerization and the final interior
t enper at ur - TofP AIR FleEL td5S 1 1esa P e 7 2% dUCfie nol ar ratio of

N, Nadi et hyl vi nyi benzyl am ne rel.ative to n-butyllithiumwas 2, 00. An
ant i oxi dant WasAﬁdggl& gﬁasﬁﬁéngélr’\?eﬁ@e s Feffoved By 'dt&amtripping in the

sane nmanner_as in preparation _of sanple A ag)ove );.o obat i le G ,result
. VU ni n t an a nic eroxide Iaé - !
of analysis ocasa% eqoégetrhe anbunt of° hound Styrene was nass% and

anmount of bound i.en 7 0 i.SCOS t t: 1 '
52. uThe am)uﬁt gggvh?n;?% ﬁifﬁggeéfﬁﬁé%j gggfygqg‘%&ﬂﬁg% %#l%éﬁguzjl%%c e

ni crost ructyre 1of . & butadi ene, misty. oy ained hy-ealgulation in accordance
with the Hanpton's nethod based a 108 -.- on the neasurenent result by use

of an infrared gpeehiophatroreten was -55% aburihermor ex e Jyodidlifat i on
ratio was 79% Theanalysis results of sanple G were shown in Table 1,
10175] and morpholine disulfide are used. Examples of the
organic peroxide that is used include benzoyl peroxide,
dicumyl peroxide, di-t-butyl peroxide, t-butylcumyl
peroxide and cumene hydroperoxide.
As the vulcanizing accelerator, an agent containing
at least one of a sulfenamide, thiazole, thiuram,
thiourea, guanidine, dithiocarbamic acid, aldehyde-amine,
or aldehyde-ammonia, imidazoline or xanthate vulcanizing
accelerator can be used.
As the vulcanizing auxiliary agent, e.g., zinc oxide
and stearic acid can be used. Furthermore, an age
resister can be used.
[0147]
[Tire and the like]
Rubber compositions obtained by crosslinking the
first and second modified conjugated diene polymer
compositions mentioned above can be used in tire,

vibration-proof rubber and various industrial products.



: Conparative Exanple 3.! A tenperature controll abl e autocl ave havi ng
an inner volune of 5 L and equipped with a stirrer and a jacket was used as
a reactor. in the reactor, 265 g of 1,3- butadiene, 93 g of styrene, 1.06 g
of N, Ndi net hyl vi nyl benzyl am ne, 1633 9, f normal hexane and 0.54 g of

2, 2- Thi s(2- oxol anyl ) propane serving as pol ar substance, from which
inpurities were previously renoved, were placed and the interior

tenperature of the reactor was maintai ned at 55C, A cycl ohezane
sol uti on cont ai Ainnga@t2tugaof nbet yubbehi gompesvitngnas agepshymabilzat i on
initiator was supplied to the reactor, After initiation of a

poi ymer i zatiss¥ rasacdtticomultitie immttertiicrl ¢ difpertatif & fad FG abtwr st art ed

i ncreasing by heat generation due to polynerization and the final interior
t enper at ur &% tive § et Giel daGTet a?@?luﬂder tread. pnjnputes after the
reaction tenperature reached the peak, 0.33 g of N-n-butyl -aza-2, 2-

di met hozysi | acycl opent ane was added to the reactor and a nodification
reaction\Mﬁ%éﬁuried out at 75C for 5 minutes, At this tine, the nolar
ratio of N, B9 di met hyl vi nyl benzyl ami ne and a nodifier relative to
idbutyllitrﬂgﬂgéqas 2.00 and 0, 50, respectively. An anti oxi dant was
added and the sol vent was renond. by steamtripping in the sane nanner as

in preparation @rfhesgrfréls%n% abowe o nohtiaiin 3ample HoeciricAs A result of
anal ysis of sample H the anobunt of bound styrene was 26 mass% and anount

of bound buadieneyas, i BsS%ne folldhe,dboney véscasbidvat, 1008 was 56.
The anount of vinyl. l|'inkage (anmount of 1,2-bonding) in the mcrostructure

of a. but adiene-moietyerobtai ned hyt calrcided iton e atebradance with the
Hanpt on' s nmet hod based on the nmeasurenent result by use of an infrared
spect r ophotiretere saisn S4%e W t hernore, the nodification ratio was 93% The
analysis results of sanple H were shown. in Table 1.
Note that, samples were analyzed by the following
methods.
[0149]
(1) Amount of bound styrene
100 mg of a sample was diluted in
chloroform in a measuring cylinder to 100 mL and
dissolved to prepare a measurement sample. The amount
(mass$%) of bound styrene was determined by measuring
absorption of a phenyl group of styrene at UV 254 nm
(spectrophotometer "UV-2450" manufactured by Shimadzu
Corporation).
[0150]
(2) Microstructure of butadiene moiety (amount of 1,2-
vinyl bonding)
50 mg of a sample was dissolved in 10 mL of carbon

disulfide to prepare a measurement sample. Using a

solution cell, an infrared spectrum was measured in the



10176] 1: Tab: LE--; 2 Exanple 5 Sanple No. , Bdl(aiminute \ 1', ..,
Sri(g/ nl i rtut e) i nyl COM pound*

- 094 -

range of 600 to 1000 cm™* and absorbance at a
predetermined wave number was obtained. Based on the
absorbance, the microstructure of the butadiene moiety
was obtained by the computational expression of the
Hampton's method (Fourier conversion infrared
spectrophotometer "FT-IR230" manufactured by JASCO
Corporation).

[0151]

(3) Mooney viscosity

Mooney viscosity was measured by a Mooney viscometer
("VR1132" manufactured by Ueshima Seisakusho Co., Ltd.)
in accordance with JIS K6300 (IS0289-1). The measurement
temperature was set at 100°C. First, a sample was
preheated for one minute and a rotor was rotated at 2 rpm.
Four minutes later, torque was measured to obtain Mooney
viscosity (MLi4q) .

[0152]
(4) Glass transition temperature (Tg)

A DSC curve was recorded by use of a differential
scanning calorimeter (DSC3200S) manufactured by Mac
Science, in accordance with IS0 22768:2006, while
supplying helium at a rate of 50 mL/minute and increasing
the temperature from -100°C at a rate of 20°C/minute. The
peak top (Inflection point) of the DSC differential curve
was determined as a glass transition temperature.

[0153]

(5) Molecular weight
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A chromatogram was obtained by use of a GPC
measurement apparatus in which three columns charged with
polystyrene gel as a filler were connected. Based on the
calibration curve using standard polystyrene, the weight
average molecular weight (Mw) and the number average
molecular weight (Mn) were obtained and a molecular
weight distribution (Mw/Mn) was calculated.

As an eluent, tetrahydrofuran (THF) was used.

As the column, a guard column: TSK guard column
Super H-H manufactured by Tosoh Corporation, and columns:
TSKgel Super H7000, TSKgel Super H6000 and TSKgel Super
H5000 manufactured by Tosoh Corporation were used.

Under the conditions: an oven temperature of 40°C
and a THF flow rate of 1.0 mL/minute, an RI detector
("HLC8320" manufactured by Tosoh Corporation) was used.

10 mg of a measurement sample was dissclved in 20 mL
of THF to prepare a measurement solution and 200 pL of
measurement solution was injected into a GPC measurement
apparatus and measurement was performed.

[0154]
(6) Degree of branching

Assuming that the molecular weight of the peak top
in a GPC chromatogram of the conjugated diene polymer
having an active end obtained in the polymerization step
and inactivated with e.g., alcohol, (unmodified polymer)
was represented by Mb and the molecular weight of the

peak top in a GPC chromatogram of the modified conjugated
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diene polymer (modified polymer) obtained after the step
of modifying the active end was represented by Mc, the
fraction of the component satisfying Mc/Mb = 3 was
calculated. The fraction was defined as a "component
fraction of 3 branches or more."

[0155]

(7) Modification ratio

Modification ratio was measured by using a
phenomenon where a modified component adsorbs to a GPC
column charged with silica gel as a filler.

Difference between a chromatogram, which was
obtained by measuring a sample and a sample solution
containing a low molecular weight internal standard
polystyrene by a polystyrene gel column and a
chromatogram, which was obtained by measuring them by a
silica column, was obtained. Based on the difference,
the amount of adsorption to the silica column was
measured to obtain a modification ratio.

[0156]
e Preparation of sample solution:

10 mg of a sample and 5 mg of standard polystyrene
were dissolved in 20 mL of THF to prepare a sample
solution.

[0157]
¢ GPC measurement conditions using a polystyrene column:
Measurement was performed by using THF as an eluent

and injecting 200 uL of a sample into the apparatus. As
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the columns, a guard column: TSK guard column Super H-H
manufactured by Tosoh Corporation, and columns: TSKgel
Super H7000, TSKgel Super H6000 and TSKgel Super HS5000
manufactured by Tosoh Corporation were used.

Measurement was performed under the conditions: a
column oven temperature of 40°C and a THF flow rate of
1.0 mL/minute, by using an RI detector ("HLC8320"
manufactured by Tosoh Corporation) to obtain a
chromatogram.

[0158]
e GPC measurement conditions using a silica column:

Measurement was performed by using THF as an eluent
and injecting 200 pL of a sample into the apparatus. As
the columns, a guard column: DIOL 4.6 x 12.5 mm, 5
microns, and columns: Zorbax PSM-1000S, PSM-300S and PSM-
60S were used. Under the conditions: column oven
temperature of 40°C and a THF flow rate of 0.5 mL/minute,
measurement was performed by CCP8020 series built-up type
GPC system: AS-8020, SD-8022, CCPS, CO-8020 and RI-8021
manufactured by Tosoh Corporation, and by use of an RI
detector to obtain a chromatogram.

[0159]
e Calculation method of modification ratio:

Assuming that the total peak area of a chromatogram
using a polystyrene column was 100, the peak area of a
sample was represented by Pl, the peak area of standard

polystyrene was represented by P2; and assuming that the



Py-St 4- ( 2 -pyrrolid incethyl ) st yrene tBu-St ; -tert-butylstyrene NBL:
normal butyllithi.um AZ-1: 2, 2-di methoxy-1-(3-trinethoxysilyipropyl)-1-
aza- 2-sil acycl opent ane AS-7
N—n-butyl-aza-2,2-dinethozysi1acyclope3§ape =n1l-3¢c,1[Exanpleis 51to
101 , [Conparative Exanples 4 to 6] Rubber conpositions contai ning
each of raw material rubbers (sanples Ato Db Fto H shown in Table 1 and
(sanple Ei shown in Table 2 were obtained according to the fornul ati ons
shown bel owotal peMbidiafrieed cdony udatcet: tdicerss: poliyrer (sdnpleesAuwm 0, to H):

100,0 parts by nmass, (sanple I'S): 130,0 parts by. nass Silica
("Utrasi| W 3 Oandfrectnedd aeaEvdnick sBaEGUss &GP nfSerdgeh adsotpti on
specific surface area: 175 M2,/ul: 75,Q parts by nass Car bon bl ack

(" SEAST KU YB3 meififf adt Fledday ordiediy sSCarsois ¢3S HSRE9Ses. 9 part s by

nmass , .
P4, a modification ratio (%) was obtained by the

following equation:

Modification ratio (%) = [1 - (P2 x P3)/(P1l x P4)] x
100
(Note that P1 + P2 = P3 + P4 = 100.)

[0160]
(8) Styrene chain

In accordance with the Kolthoff's method, an osmium
acid decomposition product was obtained as a measurement
sample. Using this, insoluble polystyrene corresponding
to a block polystyrene was precipitated in methanol.

The amount of insoluble polystyrene was quantified
and the amount (mass%) of block styrene per polymer was
obtained.

The content (mass$%) of a single chain styrene
consisting of one styrene unit in the total styrene and
the content (mass%) of long-chain styrene consisting of 8
or more consecutive styrene units in the total styrene
were obtained in accordance with Tanaka et al. method
(Polymer, 22, 1721 (1981)) by decomposing a styrene-
butadiene copolymerized rubber with ozone followed by
analysis by gel permeation chromatography (GPC).

[0161]



Sil ane coupling agent ("5175", bis(triethoxysilyipropyl)disuifide,

manuf actured by Kyrn..:Hc Dequssa C MH): 6.0 parts by Mass S
-P1'5". oil (JOMO process NO140" manufactured by JX N ppon. 011 & Energy
Corporation): 30,0 parts by nass (sanptb?s -P1 to (), Fto H alone. Not
added to Sanple E:1 Zinc oxide: 2.5 parts by mass Steanic acid: 2,0 parts
by mass Age resister (N eisoprwl eN -phenyl ep - phenyl ened| am ne):
2,0 parts by mass Sul fur: 1,8 parts by mass Vul cani zi ng accel erat or
(N -cycl oheBpodigst izgnZbtanirdzy I sulfimeécmided)s @7(Pparts by illaSs
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Total : 228 1Y partidisipatdssl [o180ne) )

In Production Example 1, 4-(2-
pyrrolidinoethyl)styrene: Py-St, was synthesized as a
nitrogen atom-containing vinyl compound to be used in the
polymerization step.

First, to a pressure-proof container having an inner
volume of 1 L and sufficiently purged with nitrogen, 388
g of cyclohexane, 36 g of pyrrolidine and 65 g of
divinylbenzene were added and allowed to stand still in a
water bath regulated at 0°C.

Subsequently, a cyclohexane solution containing
0.072 g of n-butyllithium was added and stirred.

Two hours later, isopropanol was added to the system
to terminate the reaction.
Extraction/washing/purification were performed to obtain
4—-(2-pyrrolidinoethyl)styrene.

[0162]
[Example 1]

A temperature controllable autoclave having an inner
volume of 5 L and equipped with a stirrer and a jacket
was used as a reactor. In the reactor, 265 g of 1,3-
butadiene (Bd), 93 g of styrene (St), 1.66 g of N,N-
dimethylvinylbenzylamine (DMVB), 1633 g of ncrmal hexane
(nHex) and 0.85 g of 2,2-bis(2-oxolanyl)propane serving

as a polar substance, from which impurities were



The aforenentioned materials were kneaded by the follow ng nethod to

obt ai n rubber conpositions.. Each of the raw material rubbers (A to
H, a filler (silica, carbon black, an organic silane coupling agent,
process oil, zinc. oxide and stearic %Tcd d were kneaded by using an airtight
m xer equi pped wth a tenperature cont S “uni t (inner volune: 0,5 L), under

the conditions of a first-stage kneading: a charge rate of 65% and rotor
spi nni ng nunber: 50/57 rpm_ At this tinme, the tenperature of the airtight
m xer was cgomwigiusad, rAmcyedi,s otrareg @ lteargpk rratcurténcofintEs- itay 160' 6, rubber
conpositions (blenci) were obtained. Subsequently, a second-stage
kneadi ng waserperfadrured .o fAftther ntetres ol re nak o itaalinfed resb et Vids' Ceool ed t o room
tenperature, an age resister was added. The m xture was kneaded again in
order to inprové §VEPEPSHEERCofOSitiied. CARSG1PATEhYs >Cade Ot Re di schar ge
tenperature of the blend was adjusted at 155 to .160C by the tenperature
control of FHe ke "aArtEr ‘doldhg @Wr Jé)rbtﬂrb]aﬁﬁarz]ﬁ% rE‘Ic)scel er at or

wer e added and. .kncfatdedﬁh(thr ee .stage kneadi ng) by an open roll set. at
he bler

7001. Ther eséﬁpelrl,e nd:em%Fstorlro'l ded and vul cani zed by a vul cani zati on

press at 160C f%_cft%(} THAYL8% onllt & po1ymdhlieh (ke Mé%%'lio%‘?}t g, the

vi scbel asticity of the rubber ccnrosstaons was neasured. The neasurenent

results of vjscoelastdgldyswere shawe inJdable SafilBlincreasihe by
vi scoel asticity of the rubber conpositions was neasured by the follow ng

met hod. hea¥ igaaelastdiCidue pay PEl LIS Welel dreasid echdyr anyi scbel asticity
tester, RES' manufactured by Rheonetric Scientific at. a torsion node.

interior temperature of the reactor reached 82°C.

Two minutes after the reaction temperature reached
the peak, 0.40 g of 2,2-dimethoxy-1-(3-
trimethoxysilylpropyl)-l-aza-2-silacyclopentane was added
to the reactor, and a modification reaction was carried
out at 75°C for 5 minutes.

At this time, the molar ratio of N,N-
dimethylvinylbenzylamine and the modifier relative to n-
butyllithium was 2.00 and 0.25, respectively.

[0163]

To the polymer solution, 0.7 g of an antioxidant
(2,6-di-tert-butyl-4-hydroxytoluene; BHT) was added, and
thereafter the solvent was removed by steam tripping and
drying treatment was applied by a dryer to obtain a
styrene-butadiene copolymer (modified conjugated diene
polymer; sample A) having a modified component.

[0164]
As a result of analysis of sample A, the amount of

bound styrene was 27 mass% and amount of bound butadiene
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denonetrate istance of tire, and further have high | G!,
whi ch denonsiyiad 5 expl | ent coperatison stabikist Wf sample A were

shown in Table 1.
[0165]
[Example 2]

Sample B was obtained in the same manner as in
preparation of the above (sample A) except that the
amount of N,N-dimethylvinylbenzylamine to be added was
3.32 g.

The molar ratio of N,N-dimethylvinylbenzylamine and
the modifier relative to n-butyllithium were 4.00 and
0.25, respectively.

As a result of analysis of sample B, the amount of
bound styrene was 27 mass% and the amount of bound
butadiene was 73 mass%. The Mooney viscosity at 100°C
was 55. The amount of vinyl linkage (amount of 1,2-
bonding) in the microstructure of a butadiene moiety,
obtained by calculation in accordance with the Hampton's
method based on the measurement results by use of an
infrared spectrophotometer was 54%. Furthermore, the
modification ratio was 92%. The analysis results of

sample B were shown in Table 1.



It was also confirnmed. that the nodified conjugated di ene pol yner
conpositions of Exanples 6 to 10 using sanples Ato E nodified with a

nodi fier, which is a conpound represented by the fornul ahave excell ent wet
skid resistance, |ow hysteresis |oss g@gpgrties and operation stability,
conpared to the conposition of Conparati've Exanple 5 using sanple (3. in
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of Conparative Exanple 6 using sanple Hin which the active end of a

pol ynmer chdioi6ed nodified with a nodifier other than the conpound
represented by the formula (1). [0184] Fromthe above, it was confirmed
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0.25, respectively.
As a result of analysis of sample C, the amount of
bound styrene was 26 mass$ and the amount of bound
butadiene was 74 mass%. The Mooney viscosity at 100°C
was 54. The amount of vinyl linkage (amount of 1,2-
bonding) in the microstructure of a butadiene moiety,
obtained by calculation in accordance with the Hampton's
method based on the measurement results by use of an
infrared spectrophotometer was 55%. Furthermore, the
modification ratio was 90%. The analysis results of
sample C were shown in Table 1.
[0167]
[Example 4]
Sample D was obtained in the same manner as in
preparation of the above sample A except that 4-(2-
pyrrolidinoethyl)styrene was added in place of N,N-
dimethylvinylbenzylamine in an amount of 2.07 g.
In this Example, the molar ratio of 4-(2-
pyrrolidinocethyl)styrene and the modifier relative to n-

butyllithium were 2.00 and 0.25, respectively.



A cyci cnexane solution. containing 13.0 mmi of n butyllithiumserving as a
pol yneri zation initiator was supplied to the reactor. After
initiation of a polynerization reaction, the interior tenperature of the
reactor started increasing by heat g_egtrat?i on due to polynerization and the
final interior tenperature of the reactor reached. 90C Two m nut es
after the reaction tenperature reached the peak, 3,25 mml of 2, 2-dinethoxv
-1 -(3 - trinethoxysilylpropyl.) -1 -aza -2 -sil acycl obentane was added to
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a blend tafiés 88 aT8€aBiPiRér ° Bﬁﬁnﬁsléagégei aﬁﬁuBﬁoﬁﬁ\tﬂﬁoF‘l mass%
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Mooney Vi sGRsiHdg o O Was$HEGeasurement results by use of an

infrared spectrophotometer was 57%. Furthermore, the

modification ratio was 92%. The analysis results of

sample D were shown in Table 1.

[0168]

[Example 5]

Two autoclaves having an inner volume of 10 L, a
ratio (L/D) of the height and diameter of the interior
portion of 4, and an inlet at the bottom and an outlet on
the top, and equipped with a stirrer and a jacket for
adjusting temperature were connected in line. The first
autoclave was used as a polymerization reactor; whereas
the second autoclave was used as a modification reactor.
[0169]

1,3-Butadiene at 17.8 g/minute, styrene at 6.2
g/minute, N,N-dimethylvinylbenzylamine (DMVB) at 0.94
g/minute and n-hexane at 125.6 g/minute, from which
impurities such as water were previously removed, were
mixed. Immediately before the mixed solution was placed
in the first reactor, n-butyllithium for inactivating

impurities was mixed at 0.075 mmol/minute by a static



The amount of vinyl |inkane (anmount of 1,2-bonding) in the mcrostructure
of the butadi ene noiety obtained by calculation in accordance with the
Hanpt ou' s nmet hod based. on the neasurenent result by an infrared

spectrophotoneter was 52 nol e% The nodification ratio was 99% The gl ass
transition tenperature was -30C. he anal ysis results of polyner |
were shown in Table 4. [0196) [Exanple 12] A. tenperature

control |l abl e autocl ave having an i nner volane of 11 L and equipped with a
stirrer arindx&y,acket thas uséd as x@d eadtérion washeorgastuons1ly70 g of 1, 3-
but adi ene, 260 q of styrene, 4250 d of cycl ohexane and 1,45 g of

2, 2- bi s(2- GXEPAMAD proopdso bsdrtemg faghe golrat seesttarice, TREBm 2which
inmpurities were previously renoved, were placed and the interiar,

t enper at ur 16 (4 & FledetoP MRS YRaicht & med gt S3pEtance Nasy sp}’éiR?]ﬁeerq zati oh

nigiator 2 Sl shane SOluLl 91 onallng 430 Wl o 0 020 1 one
imine (13.Q mmbl ) AU REH M 1 & BB e MBS A0 18 EAGLEY
was supplied at a rate of 0.187 mmol/minute. The
polymerization reaction was continuously performed such
that the interior temperature of the reactor outlet was
90°C.
[0170]

An aliquot of the polymer solution before a modifier
was added was taken out from the outlet of the first
reactor and an antioxidant (BHT) was added in an amount
of 0.2 g per 100 g of polymer. After that, the solvent
was removed and the Mooney viscosity at 100°C was
measured. The Mooney viscosity was 49.

[0171]

The temperature of the second reactor was maintained
at 85°C, 2,2-dimethoxy-1-(3-trimethoxysilylpropyl)-l-aza-
2-silacyclopentane as a modifier was added at a rate of
0.060 mmol/minute from the bottom of the second reactor
to perform a modification (coupling) reaction. To the
polymer solution which flowed out from the top portion of
the second reactor, an antioxidant (BHT) was continuously
added so as to satisfy an amount of 0.2 g per 100 g of
polymer at a rate of 0.048 g/minute (n-hexane solution)

to terminate the modification reaction. After that, S-



After initiation of a polynerization reaction, the interior tenperature of
the reactor started increasing by heat generation due to pol ynerization and
tho final interior tenperature of the reactor reached 90C. Two m nut es
after the reaction tenperature reach_egot he peak, 3.25 rmol of.

2, 2-di met hoxy- 1- (3- trinmethoxysilyipr py‘r1 )-1-aza- 2-sil acycl opent ane was
added to the reactor and a nodification reaction was perforned for 5

m nut es, Subsequently, 26 moi of di net hyl nonoet hoxysil abe and a

sol uti on ofREghlcorlopl"atdMel @ racieds NG1lEPr opandladweredaddedX Thepron
chloroplatinic acid used herein was 0.30 mol jnol relative to the

hydr osi | ah@icorfpdifd 9y LROPSHatliong ids Comidfie®vihiee mdR%RisH My t he
interior. tenperature %{ 90C, One hour l|ater, the reaction mXxture was

transferredd 3t Bilehdtd) ¢ mer A SdbiRGL2EEr BIFF Qdfed SH an anount
of 1 mass%relative tp.the pol.yner, T ef._sﬁcﬁ)ieveht. was r lveende bﬁ’ola drumdryer
for |aboratdry UEE TS dist &5 Hél )?}9941 e bt aded Dol yrer Swms’"desi gnat ed
as pol yner ﬁsam 1e a result of analysis of polynmer J, the anmount of
bound styrene Was ‘massy and the anount of bound butadi ene was 75 nass%

The Mboney [\(jlsp;gsi ty at 10000 was 65, The amount of vinyl |inkage
(armount of 1,2-bonding) in the mcrostructure of the butadi ene noiety

obt ai ned by cal aul at @Rk aecandanee sWotrh sbhe 1Hampt e s ciet hod based. on
t he neasurenent result by an infrared spectrophotoneter was 52 nol e% The
nodi ficati o d@ddix Was CARPC was 75. Furthermore, the amount of
bound styrene was 26 mass$%; the amount of bound butadiene
was 74 mass$%; the amount of vinyl linkage (amount of 1,2-
bonding) in the butadiene binding unit was 55 mole%; and
the modification ratio was 91%. The analysis results of
sample E are shown in Table 2.
[0173]
[Comparative Example 1]
A temperature controllable autoclave having an inner
volume of 5 L and equipped with a stirrer and a jacket
was used as a reactor. In the reactor, 265 g of 1,3-
butadiene, 93 g of styrene, 1.65 g of 4-tert-butylstyrene
(tBu-St), 1633 g of normal hexane and 0.85 g of 2,2-
bis(2-oxolanyl)propane serving as a polar substance, from
which impurities were previously removed, were placed and
the interior temperature of the reactor was maintained at
55°C.
A cyclohexane solution containing 0.33 g of n-
butyllithium serving as a polymerization initiator was

supplied to the reactor.



The glass transition tenperature was -30C. The analysis results of polyner
] were shown in Table 4, [01871 [Conparative Exanple 71 A tenperature
control |l abl e autocl ave having an i nner volune of Il L and equipped with a
stirrer and a jacket, was useras a [egg} r, in the reactor, 770 g of 1, 3-
but adi ene, 260 d of styrene., 4250 g cycl ohezane and 1,00 g of

2, 2- bl s(2- oxol oanyl ) propane serving as a pol ar substance, from which
inmpurities were previously renoved, -- 121 were placed and the interior
tenperature of Phgereactoramasnmaiinbabredrarizgtion reaptépel ofi@cane
solution containing 7,9 muol of nbutyllithium serving as a pol ynerization

initiator WaSeSUppl itedner athe s edcttdte reactomstar oy tingtiseir 1619 v
pol ymeri zation reaction, the inte&%g{ t enperat ure o{ t he actor started

e
nct easi ng et Sataratioh e 1 REHKARI Z4tioh S 1o TitEd i nteri or
tenperature of the reactor re 8C- Two minutes a %ﬁ%cthe reaction

tenperatyréqgﬁﬁﬁﬂﬁjHQWPﬁﬁﬁﬂ&égcggt e reactor reache
ol 3- (di met ny! 3.k ALARKILIEL eLNezYsLLane WS (2ddRd LR the Leagtor and a
performed fort m nutes.

nmodi ficati on reacti on was héereafter, the

reaction m'tq{éJ;Eﬁeé/}@,s d ransf er# ed 10558, 0l gnd, tanks- and BHT was added in an
anount of | nasal relative to the polyner as a stabilizer and the sol vent
was renoved Bndse:0fs @ i ryer: f0ra 1aborat ofy diseh tah oblad nnaipol ymer,
to the reactor and a modification reaction was carried
out at 75°C for 5 minutes.
At this time, the molar ratio of 4-tert-butylstyrene
and the modifier relative to n-butyllithium was 2.00 and
0.25, respectively.
An antioxidant was added and the solvent was removed
by steam tripping in the same manner as in preparation of
sample A above to obtain sample F.
As a result of analysis of sample F, the amount of
bound styrene was 26 mass%$ and amount of bound butadiene
was 74 mass%. The Mooney viscosity at 100°C was 54. The
amount of vinyl linkage (amount of 1,2-bonding) in the
microstructure of a butadiene moiety obtained by
calculation in accordance with the Hampton's method based
on the measurement result by use of an infrared
spectrophotometer was 56%. Furthermore, the modification
ratio was 78%. The analysis results of sample F were
shown in Table 1.
[0174]

[Comparative Example 2]



The obt ai ned, polynmer was designated as polyner K As a result of
anal ysis of polynmer K, the anount of bound styrene was 25 nasal and the
anount of bound but adi ene was 73 mass% The Mooney viscosity at 100C was

58. The anmount. of vinyl Iinkag (ﬁpqpunt of 1,2 -bonding) in the
m crostructure of the butadi ene noi ety obtained by calculation in
accordance with the Hanpton's nethod. based - 12.2 - on. tne neasurenent

result by an infrared spectrophotoneter was 53 nole% The nodification
rati o was 80% TFhéegbassturansinicoplienper avtrelnas h29€ng an inTkg

anal ysis results of polynmer K were shown in Table 4. [01881
volume of 5 L and equipped with a stirrer and a jacket

was used as a reactor. In the reactor, 265 g of 1,3~
butadiene, 93 g of styrene, 0.70 g of N,N-
dimethylvinylbenzylamine, 1633 g of normal hexane and
0.34 g of 2,2-bis(2-oxolanyl)propane serving as a polar
substance, from which impurities were previously removed,
were placed and the interior temperature of the reactor
was maintained at 55°C.

A cyclohexane solution containing 0.14 g of n-
butyllithium serving as a polymerization initiator was
supplied to the reactor.

After initiation of a polymerization reaction, the
interior temperature of the reactor started increasing by
heat generation due to polymerization and the final
interior temperature of the reactor reached 72°C. The
molar ratio of N,N-dimethylvinylbenzylamine relative to
n-butyllithium was 2.00.

An antioxidant was added and the solvent was removed
by steam tripping in the same manner as in preparation of
sample A above to obtain sample G.

As a result of analysis of sample G, the amount of
bound styrene was 26 mass%$ and amount of bound butadiene
was 74 mass%. The Mooney viscosity at 100°C was 52. The
amount of vinyl linkage (amount of 1,2-bonding) in the
microstructure of a butadiene moiety obtained by

calculation in accordance with the Hampton's method based



[ Conpar ati ve Exanpl e 8] A tenperature controll abl e autocl ave having an
i nner volune of 11 Land equipped with eatirrer and a ';acket was used as a
reactor. In the reactor, 770 g of 1,3- butadiene, 260 g of styrene, 4250 ¢
of cycl ohexane and. 1.45 g of 2, 2-nis(2-0xol anvi)propane serving as a pol ar
substance, fromwhich inpurities were previously. renoved, were placed and
the interior tenperature of the reactor was naintai ned at 38C A

ovci onexane solution containing 13,0 mml of nbutyllithiumserving as a

pol ymer i zatdrort hieninteiaatorenwars: suppllitedd vt oistehe fr eactiovErared  After
initiation of a polynerization reaction, the interior tenperature of the
reactor st aresd Harirdasiatg by dfeatd genrathennaye  t hpoligAerizatiiéR and t he
final interior tenperature of the reactor reached 90C Two m nut es
after the réddtd "% eper atlifecfaadfied TREVPEAKOI3SIBPKADE BFTSi I con
tetracnlorigg)mas a d%gé%gethe reactor to performa nodification reaction
for 5 m nut®e¥ne 1 ia quently., 26 mmol of dici hyl am nodi net hyi sl | ane
and a solut*ﬂﬁ f. chiorbplatinic acid in isopropanol were added. The
chl orool ati cid. used herein. was 0.25 nmol/nol relative to the

o
hydr osi | an t | r45ing was conti nued while maintaining the
RS weyed 4

interior t e hour |ater, the reaction m xture was

transferred to @ @Eﬁ@@r%%ﬁ%e@%@n%&%ﬁ1%%@er%%QBEQBv@i%h%ﬁ%gw%%.H%@@ﬁferred
to a blend tank. As a stabilizer, ENT was added in an amount of | mass%

relative taodihgnpoliyner, athe spliMeidd wascH enomed by ardi um dryjest f or
| aboratory use to obtain a polyner. The obtained pol yner was desi gnated as

pol ynmer L. ,was usedAsii & esaddtof. anal ysies rebcpokyneesEg e laeunt of bound
styrene was 25 mass% and t he anount of bound butadi ene. was 75 =ss% The
Mooney Vi sdosiddiete,100C gvast 6, yrene, 1.06 g of N,N-
dimethylvinylbenzylamine, 1633 g of normal hexane and
0.54 g of 2,2-bis(2-oxolanyl)propane serving as a polar
substance, from which impurities were previously removed,
were placed and the interior temperature of the reactor
was maintained at 55°C.

A cyclohexane solution containing 0.21 g of n-
butyllithium serving as a polymerization initiator was
supplied to the reactor.

After initiation of a polymerization reaction, the
interior temperature of the reactor started increasing by
heat generation due to polymerization and the final
interior temperature of the reactor reached 76°C.

Two minutes after the reaction temperature reached
the peak, 0.33 g of N-n-butyl-aza-2,2-
dimethoxysilacyclopentane was added to the reactor and a
modification reaction was carried out at 75°C for 5

minutes. At this time, the molar ratio of N,N-



The amount of vinyl |inkage (amount of 1,2 -bonding) in the mcrostructure
of the butadi ene noiety obtained by calculation in accordance with the
Hanpt on' s nmet hod. based on the neasurenent result by an infrared
spectrophot oneter was 52 nol e% The _nq_ﬁ?fiﬁcati on ratio was 90% The gl ass
transition tenperature was -30C, e analysis results of polyner L
were shown in Table 4, [01891 - :124 --- [Table NO Sanple No Production
conditions Analysis value 4 ]

dimethylvinylbenzylamine and a modifier relative to n-

butyllithium was 2.00 and 0.50, respectively.

. An antioxidant was added and the solvent was removed
by steam tripping in the same manner as in preparation of
sample A above to obtain sample H.
As a result of analysis of sample H, the amount of
bound styrene was 26 mass% and amount of bound butadiene
was 74 mass%.
The Mooney viscosity at 100°C was 56. The amount of

vinyl linkage (amount of 1,2-bonding) in the

microstructure of a butadiene moiety obtained by

calculation in accordance with the Hampton's method based

on the measurement result by use of an infrared

spectrophotometer was 57%. Furthermore, the modification

ratio was 93%. The analysis results of sample H were

shown in Table 1.

[0176]
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[0177]
[Table 2]
Example 5
Sample No. E
Bd (g/minute) 17.8
St (g/minute) 6.2
Vinyl compound | Type *1 DMVB |
Amount to be added (g/minute) 0.94
Molar ratio to Li ) 2.00
nHex (g/minute) 125.6
Polymerization temperature °O) 9%
Initiator Impurity treatment NBL *2 (mmol/minute) 0.075
Polymerization NBL *2 (mmol/minute) 0.187
 Polar substance Amount to be added (g/minute) 002 |
Modifier Type *3 AS-1
Amount to be added _(mmol/minute) 0.06
Molar ratio to Li 0.25
Mooney viscosity | Before modification | 49
________ After oil extension o 75
Molecular weight | Weight average molecular weight (Mw) 56.1
(x 10% Number average molecular weight (Mn) 25
Mw/Mn . 2.24
Amount of bound styrene (mass%) 26
Amount of vinyl linkage (amount of 1,2-bonding) _(mol%) 55
Modification ratio (%) 91

[0178]

*1 to *3 in Table 1 and Table 2 will be described

below.

*1 DMVB: N,N-dimethylvinylbenzylamine,

Py-St:

tBu-St:
*2 NBL: normal butyllithium
*3 AS-1:
aza-2-silacyclopentane

AS-2:
[0179]

[Examples 6 to 10],

4-tert-butylstyrene

4- (2-pyrrolidinoethyl) styrene

N-n-butyl-aza-2,2-dimethoxysilacyclopentane

[Comparative Examples 4 to 6]

2,2-dimethoxy-1-(3-trimethoxysilylpropyl)-1-
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Rubber compositions containing each of raw material
rubbers (samples A to D, F to H) shown in Table 1 and
(sample E) shown in Table 2 were obtained according to
the formulations shown below.

Modified conjugated diene polymer (samples A to D, F
to H): 100.0 parts by mass,

(sample E): 130.0 parts by mass

Silica ("Ultrasil VN3" manufactured by Evonik
Degussa GmbH, nitrogen adsorption specific surface area:
175 m?*/g): 75.0 parts by mass

Carbon black ("SEAST KH (N339)" manufactured by
Tokai Carbon Co., Ltd.): 5.0 parts by mass

Silane coupling agent ("Si75",
bis(triethoxysilylpropyl)disulfide, manufactured by
Evonik Degussa GmbH): 6.0 parts by mass

S-RAE o0il (JOMO process NC1l40" manufactured by JX
Nippon 0il & Energy Corporation): 30.0 parts by mass
(samples A to D, F to H alone. Not added to Sample E)

Zinc oxide: 2.5 parts by mass

Stearic acid: 2.0 parts by mass

Age resister (N-isopropyl-N'-phenyl-p-
phenylenediamine): 2.0 parts by mass

Sulfur: 1.8 parts by mass

Vulcanizing accelerator (N-cyclohexyl-2-
benzothiazylsulfine amide): 1.7 parts by mass

Vulcanizing accelerator (diphenylguanidine): 2.0

parts by mass



DEASIH 62 25 52. 90 -30 1.3 8.8 0 50 1-1lydrosilyl conpound *6 Money
viscosity Anount of bound (mass% Anount of vinyl (nole% Modification
ratio 3 ass transthon ienperature (' C) Ml ecul ar anount |W Mol ecul ar
anmount - 113

Total: 228.0 parts by mass
[0180]

The aforementioned materials were kneaded by the
following method to obtain rubber compositions.

Each of the raw material rubbers (A to H), a filler
(silica, carbon black), an organic silane coupling agent,
process o0il, zinc oxide and stearic acid were kneaded by
using an airtight mixer equipped with a temperature
control unit (inner volume: 0.5 L), under the conditions
of a first-stage kneading: a charge rate of 65% and rotor
spinning number: 50/57 rpm. At this time, the
temperature of the airtight mixer was controlled. At a
discharge temperature of 155 to 160°C, rubber
compositions (blend) were obtained.

Subsequently, a second-stage kneading was performed.
After the blend obtained above was cooled to room
temperature, an age resister was added. The mixture was
kneaded again in order to improve dispersion of silica.
Also in this case, the discharge temperature of the blend
was adjusted at 155 to 160°C by the temperature control
of the mixer. After cooling, sulfur and a vulcanizing
accelerator were added and kneaded (three stage kneading)
by an open roll set at 70°C. Thereafter, the blend was

molded and vulcanized by a vulcanization press at 160°C

for 20 minutes.



distribution (tVlw Mt) Fraction of conponent having 3 or nore (nmass%
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After the vulcanization, the viscoelasticity of the
rubber compositions was measured. The measurement
results of viscoelasticity were shown in Table 3.

[0181]

The viscoelasticity of the rubber compositions was
measured by the following method.

Viscoelasticity parameters were measured by a
viscoelasticity tester, "ARES" manufactured by Rheometric
Scientific at a torsion mode.

Individual measurement values were indexed based on
the values of Comparative Example 4 regarded as 100.

Tand measured at 0°C, a frequency of 10 Hz, a strain
of 1% was used as an indicator of wet skid resistance.
The larger the value, the better the wet skid resistance.

Tand measured at 50°C, a frequency of 10 Hz and a
strain of 3% was used as an indicator of fuel saving
properties. The smaller the value, the better the fuel
saving performance.

Complex elastic modulus |[G*| (|G*| = (G'2 + G"Z)”Z)
at 50°C, a frequency of 10 Hz and a strain of 3% was used
as an indicator of operation stability. The larger the
value, the better the operation stability. G' and G"
each represent a storage elastic modulus and loss elastic
modulus, respectively.

[0182]
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[ .9 0] 4" toin Table 4 will he described below,. N SLnorma. -uro,
hexameth ' eirdnoliim AS- 1

2, 2-di met hoxy-1-(3-trinmethcf.ysilvipropyl)-1- asa -2 -silacycl opant ane

rhl APTE; S 3 - (di net hyl am no) propyl tri et hoxysilane SiClA silicon.

tetrachl ori de *6 DEASI H di et hyl anf nodilét hyl si | ane FOSt h

di net hyl noncet hoxyai |l ane [ 01911 [ Exanpl es 13 and 14], [Conparative

Exanpl es. 9 and 10] Rubber conpos:itions containing. the respective raw
[0183]

As shown in Table 3, it was confirmed that the
modified conjugated diene polymer compositions of
Examples 6 to 10 using samples A to E containing a
nitrogen atom in a polymer chain, compared to the
composition of Comparative Example 4 using sample F
containing no nitrogen atom in the main chain of the
polymer, have high tand at 0°C (excellent wet skid
resistance), as well as low tand at 50°C (small
hysteresis loss), which demonstrates low rolling-
resistance of tire, and further have high |G*]|, which
demonstrates excellent operation stability.

It was also confirmed that the modified conjugated
diene polymer compositions of Examples 6 to 10 using
samples A to E modified with a modifier, which is a
compound represented by the formula (1) have excellent
wet skid resistance, low hysteresis loss properties and
operation stability, compared to the composition of
Comparative Example 5 using sample G in which the active
end of a polymer chain is not modified and the
composition of Comparative Example 6 using sample H in
which the active end of a polymer chain is modified with
a modifier other than the compound represented by the
formula (1).

[0184]
From the above, it was confirmed that vulcanizes

obtained from the modified conjugated diene polymers and



mat eri al rubbers, polynmers I. to Li obtained were obtained in accordance
with the formul ati ons shown bel ow, Fornul ation Modi fi ed but adi ene
pol ymer (sanples | to Li): 100.0 parts by nass Silica (Nipsil AQ
manuf actured by Tosho Silica Cor poratl on): 75,0 parts by. nass Car bon
bl ack (SE-AST KR (N: G O manuf act ur ed.t y Tokal. Carton Co., Ltd.): 5.0
parts by nmass Si | ane coupling agent (5175 manufactured by Evonik

Degussa GhbH): 6,0 parts by mass S-F-1E oil (STOMO process Nel40
manuf act ur ethdynchX f iINppom jQdat&eEneragy fednparatdiomasiSQaqr® parts by mass
Wax ( SUNNCC N manufactured by OQUCH SHI NKG CHEM CAL | NDUSTRI AL CO.,
1.5 parts camssing Mo dxiaderle Separ tesidnyl Ivags Stleardes kadivke2, 1®wparts by

mass

hysteresis loss properties and wet skid resistance and
excellent operation stability.

[0185]

[Example 11]

A temperature controllable autoclave having an inner
volume of 11 L and equipped with a stirrer and a jacket
was used as a reactor. In the reactor, 770 g of 1,3-
butadiene (Bd), 260 g of styrene (St), 4250 g of
cyclohexane (cHex) and (1.45 g of 2,2-bis(2-
oxolanyl)propane serving as a polar substance, from which
impurities were previously removed, were placed and the
interior temperature of the reactor was maintained at
38°C.

A cyclohexane solution containing 13.0 mmol of n-
butyllithium serving as a polymerization initiator was
supplied to the reactor.

After initiation of a polymerization reaction, the
interior temperature of the reactor started increasing by
heat generation due to polymerization and the final
interior temperature of the reactor reached 90°C.

Two minutes after the reaction temperature reached
the peak, 3.25 mmol of 2,2-dimethoxy-1-(3-
trimethoxysilylpropyl)-l-aza-2-silacyclopentane was added
to the reactor and a modification reaction was performed

for 5 minutes.

=DJ:



Ape resister (Nphenvlip- phenyi enedi am ne)enediamne): 2.0 parts by nass

Sul fu parts by mass Vul cani zi nqg accel erat or Aexyl benzothiazy:amde.): 1.7
parts by nmass Vol anizinL accel eratoriohenyl guani ddne): parts by mass .5

parts by nmass The aforenention', 1s megﬁi%qpaded in accordance with the

fol.thod to obtain rubber conposition

Subsequently, 52 mmol of diethylaminodimethylsilane
and a solution of chloroplatinic acid in isopropanol were
added.

The chloroplatinic acid used herein was 0.25
mmol/mol relative to the hydrosilane compound.

Stirring was continued while maintaining the
interior temperature at 90°C. One hour later, the
reaction mixture was transferred to a blend tank. As a
stabilizer, BHT was added in an amount of 1 mass%
relative to the polymer. The solvent was removed by a
drum dryer for laboratory use to obtain a polymer. The
obtained polymer was designated as polymer I.

As a result of analysis of polymer I, the amount of
bound styrene was 25 mass% and the amount of bound
butadiene was 75 mass%.

The Mooney viscosity at 100°C was 60.

The amount of vinyl linkage (amount of 1,2-bonding)
in the microstructure of the butadiene moiety obtained by
calculation in accordance with the Hampton's method based
on the measurement result by an infrared
spectrophotometer was 52 mole%.

The modification ratio was 99%.

The glass transition temperature was -30°C.

The analysis results of polymer I were shown in
Table 4.

[0186]

[Example 12]



[01921 A raw material rubber, a fillerca, carbon black), an organic silane
coupling agent, proceso, oil, zinc oxide and stearic acid were kneaded by
usir airtight m xer(inner volunme: 0.3 LA ego pped with a tenperature
control unit, under the conbi :ions of -h-Je kneadinqg: a charge rate. of
65% and r ot or ng nunber: r3, -~ t]éngpe‘rature of the air At this tine,
the m xer was controlled rubber conpos i lion was obtained at a ddscharge
tenperature (blend) of 155 to 160e. Subsequently, a second-stage
kneadi ng was pen. tempedAfi.ee theobbailnedcabovecwasechakvpds to roomr
tenperatu-e an age resister was added- The bl end was kneaded again in order
to i nprove wilsper siforl ofl. sirld cayjuipped wAltdo & rsttthirecasel & hedischar ge.
tenperature (blend.) was adjusted at 155 to 160C by controlling the

t enper at ur evasf udvel ey .roafaterr codhi e §@Iafcif}pran)é7@/ 9v@ifcanidzi ng

accel erator were added and kneaded (third - stage kneading) by an open roll
set at 70QRUtHTErEE t 6100 theo bl EntEeias ol Vel EndE XA TETFed B a

vul cani zation. press at. 160C for 20 minhutes. After the vul canifggi on, the

physi cal priopet t9 & ofr 1 He § Whpere HATRHE west e’ sastit €d.P°

substance, from which impurities were previously removed,
were placed and the interior temperature of the reactor
was maintained at 38°C.

As a polymerization initiator, a cyclohexane
solution containing 13.0 mmol of
hexamethyleneiminolithium previously obtained by reacting
hexamethylene imine (13.0 mmol) and n-butyllithium (13.0
mmol), was supplied to a reactor.

After initiation of a polymerization reaction, the
interior temperature of the reactor started increasing by
heat generation due to polymerization and the final
interior temperature of the reactor reached 90°C.

Two minutes after the reaction temperature reached
the peak, 3.25 mmol of 2,2-dimethoxy-1-(3-
trimethoxysilylpropyl)-l-aza-2-silacyclopentane was added
to the reactor and a modification reaction was performed
for 5 minutes.

Subsequently, 26 mmol of dimethylmonoethoxysilane
and a solution of chloroplatinic acid in isopropanol were
added. The chloroplatinic acid used herein was 0.30

mmol/mol relative to the hydrosilane compound.



The neasurenent results of the physical. properties were shown. in Table 5,
[ 0193] The physical properties of rubber conpositions were neasured
by the, follow ng nethode. (1) Mooney viscosity of blend A. Mooney

vi sconeter was used. After preheating was perforned at 130QC for one mnute
in accordance with JI'S Y6300 -1 andtHéR a rotor was rotated at a rate of
two rotations per mnute for 4 mnutes, viscosity was neasured, The results
wer e i ndexed based on the results of. Conparative Exanple 9 regarded as

100. The smal |l esttheimagl hes thatbgttar whheepnocassabiihiyt ynel01941 (2) 300%
nodul us and tensile during breakage 300% nodul us and tensile during

br eakage weme cdater Mdiped ratt vaccerdance . Wi dite theut ension, tiesé method of -
128 - JI'S E6251 and i ndexed based on the results of Conparative Exanple 9
regarded aseHioh @li%Sure was transferred to a blend tank. As a
stabilizer, BHT was added in an amount of 1 mass%
relative to the polymer. The solvent was removed by a
drum dryer for laboratory use to obtain a polymer. The
obtained polymer was designated as polymer J.

As a result of analysis of polymer J, the amount of
bound styrene was 25 mass$% and the amount of bound
butadiene was 75 mass%.

The Mooney viscosity at 100°C was 65.

The amount of vinyl linkage (amount of 1,2-bonding)
in the microstructure of the butadiene moiety obtained by
calculation in accordance with the Hampton's method based
on the measurement result by an infrared
spectrophotometer was 52 mole%.

The modification ratio was 99%.

The glass transition temperature was -30°C. The
analysis results of polymer J were shown in Table 4.
[0187]

[Comparative Example 7]

A temperature controllable autoclave having an inner
volume of 11 L and equipped with a stirrer and a jacket
was used as a reactor. In the reactor, 770 g of 1,3-
butadiene, 260 g of styrene, 4250 g of cyclohexane and
1.00 g of 2,2-bis(2-oxolanyl)propane serving as a polar

substance, from which impurities were previously removed,



(3) Viscoelasticitv paraneter VI scoel aeticity paraneters were
measureCl by a viscoelasticity tester (ARES) manufactured by Rheonetric
Scientific at a. torsion node. |ndividual. neasurenent val ues were indexed
based on the val ues of Conparative E_xalnzfrll e 9 regarded as 100. Tano
measured at. O C, a frequency of 10 HZ and a strain of 1% was used as an

i ndi cator of wet skid resistance. The larger the value, the better the wet

skid resistance. Tans neasured. at 50t a frequency of 10 Hz and a.
strain of. “Epanas agsed aasl e rditeationr dfergslasad mf pricpeitdELr The

snmal | er the value, the better the fuel saving performance. [0196] (4)
Abr asi on. resi stedideined atapifRt of abrasi on was measured by an Akron

abrasion tester (manufactured by Yasuda Sel ki .Sedsakusho, Ltd. t | oad
o aa 1IN ane nP LD REkERE P s RoRae ARt g ot THO EkEea 2 and.

i ndexed base the val ue of Conparati-ve Exannl.e 9 .reqarde 00. The
| arger the%|un gL;i,ltt e mmisreervelxncgela{%n qqnlé’ma ras On T elsr}lgttaiaa(h{cog:, %? 971

[ Tabl e 5] supplied to the reactor.

After initiation of a polymerization reaction, the
interior temperature of the reactor started increasing by
heat generation due to polymerization and the final
interior temperature of the reactor reached 88°C. Two
minutes after the reaction temperature reached the peak,
3.96 mmol of 3-(dimethylamino)propyltriethoxysilane was
added to the reactor and a modification reaction was
performed for 5 minutes.

Thereafter, the reaction mixture was transferred to
a blend tank, and BHT was added in an amount of 1 mass$%
relative to the polymer as a stabilizer and the solvent
was removed by use of a drum dryer for laboratory use to
obtain a polymer.

The obtained polymer was designated as polymer K.

As a result of analysis of polymer K, the amount of
bound styrene was 25 mass% and the amount of bound
butadiene was 75 mass%.

The Mooney viscosity at 100°C was 58.

The amount of vinyl linkage (amount of 1,2-bonding)
in the microstructure of the butadiene moiety obtained by

calculation in accordance with the Hampton's method based
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on the measurement result by an infrared
spectrophotometer was 53 mole%.

The modification ratio was 80%.

The glass transition temperature was -29°C.

The analysis results of polymer K were shown in
Table 4.

[0188]
[Comparative Example 8]

A temperature controllable autoclave having an inner
volume of 11 L and equipped with a stirrer and a jacket
was used as a reactor. In the reactor, 770 g of 1,3-
butadiene, 260 g of styrene, 4250 g of cyclohexane and
1.45 g of 2,2-bis(2-oxolanyl)propane serving as a polar
substance, from which impurities were previously removed,
were placed and the interior temperature of the reactor
was maintained at 38°C.

A cyclohexane solution containing 13.0 mmol of n-
butyllithium serving as a polymerization initiator was
supplied to the reactor.

After initiation of a polymerization reaction, the
interior temperature of the reactor started increasing by
heat generation due to polymerization and the final
interior temperature of the reactor reached 90°C.

Two minutes after the reaction temperature reached
the peak, 3.25 mmol of silicon tetrachloride was added to
the reactor to perform a modification reaction for 5

minutes.
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Subsequently, 26 mmol of diethylaminodimethylsilane
and a solution of chloroplatinic acid in isopropanol were
added.

The chloroplatinic acid used herein was 0.25
mmol/mol relative to the hydrosilane compound.

Stirring was continued while maintaining the
interior temperature at 90°C. One hour later, the
reaction mixture was transferred to a blend tank and then
the reaction mixture was transferred to a blend tank. As
a stabilizer, BHT was added in an amount of 1 mass%
relative to the polymer. The solvent was removed by a
drum dryer for laboratory use to obtain a polymer.

The obtained polymer was designated as polymer L.

As a result of analysis of polymer L, the amount of
bound styrene was 25 mass% and the amount of bound
butadiene was 75 mass%. The Mooney viscosity at 100°C
was 62.

The amount of vinyl linkage (amount of 1,2-bonding)
in the microstructure of the butadiene moiety obtained by
calculation in accordance with the Hampton's method based
on the measurement result by an infrared
spectrophotometer was 52 mole%.

The modification ratio was 90%.

The glass transition temperature was -30°C.

The analysis results of polymer L were shown in
Table 4.

[0189]
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[Table 4]
NO. Example | Example | Comparative | Comparative
11 12 Example 7 | Example 8
Sample No. | J K L
Production | Initiator*4 Type NBL HMI-Li NBL NBL
conditions Amount to
be used 13.0 13.0 7.9 13.0
(mmol)
Modifier*5 Type AS-1 AS-1 DMAPTES SiCL4
Amount to
be used 3.25 3.25 3.96 3.25
(mmol)
Hydrosilyl Type DEASIH | EOSiH None DEASiIH
compound *6 | Amount to
be used 52 26 0 26
(mmol)
Analysis | Mooney viscosity (100°C) 60 65 58 62
value Amount of bound styrene 95 55 95 25
(mass%)
Amount of vinyl linkage
(mole%) 52 52 53 52
Modification ratio (mass%o) 99 99 80 90

Glass transition

temperature (°C) s -30 29 el
11\/([)§4)lecular amount (Mn) x 51 54 51 59
Molecular amount
distribution (Mw/Mn) = 16 = -
Fraction of component
having 3 or more branches 85 85 5 88
(mass%o)
Block styrene (mass%) 0 0 0 0
Ozone Single-
decomposition | chain 50 50 50 50
styrene
(mass%)
Long-chain
styrene 4 3 4 4
(mass%)

[0190]
*4 to *6 in Table 4 will be described below.
*4 NBL normal butyllithium

HMI-Li  hexamethyleneiminolithium
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*5 AS-1 2,2-dimethoxy-1-(3-trimethoxysilylpropyl)-1-
aza-2-silacyclopentane

DMAPTES 3-(dimethylamino)propyltriethoxysilane

SiCL4 silicon tetrachloride
*6 DEASiH diethylaminodimethylsilane

EOSiH dimethylmonoethoxysilane
[0191]
[Examples 13 and 14], [Comparative Examples 9 and 10]

Rubber compositions containing the respective raw
material rubbers, polymers I to L obtained were obtained
in accordance with the formulations shown below.

Formulation

Modified butadiene polymer (samples I to L): 100.0
parts by mass

Silica (Nipsil AQ manufactured by Tosho Silica
Corporation): 75.0 parts by mass

Carbon black (SEAST KH (N339) manufactured by Tokai
Carbon Co., Ltd.): 5.0 parts by mass

Silane coupling agent (Si75 manufactured by Evonik
Degussa GmbH): 6.0 parts by mass

S-RAE o0il (JOMO process NC140 manufactured by JX
Nippon 0il & Energy Corporation): 30.0 parts by mass

Wax (SUNNOC N manufactured by OUCHI SHINKO CHEMICAL
INDUSTRIAL CO., LTD.): 1.5 parts by mass

Zinc oxide: 2.5 parts by mass

Stearic acid: 2.0 parts by mass



resistance of tire,fertner have high tanS at. which demantrates excell ent
wet skid perfornmance, It was al so confirned. 2-Jeer conpositions of
Exanpl es 13 and 14 have sufficient processabil (Montiscosityd)abrasion
resi stance 300% nodul us and ten 53duri breakage [0199] The present
applicon is based on Japanese Patent Ag%l ication No, 2011-184397 filed with
t he Japanese Patent O fice on August2011 and Jepanepe Patent Application No
2011-229038 filed with the Japanese - 130
Age resister (N-isopropyl-N'-phenyl-p-
phenylenediamine): 2.0 parts by mass
Sulfur: 1.8 parts by mass
Vulcanizing accelerator (N-cyclohexyl-2-
benzothiazylsulfin amide): 1.7 parts by mass
Vulcanizing accelerator (diphenylguanidine): 2.0
parts by mass
Total: 229.5 parts by mass
The aforementioned materials were kneaded in
accordance with the following method to obtain rubber
compositions.
[0192]
A raw material rubber, a filler (silica, carbon
black), an organic silane coupling agent, process oil,
zinc oxide and stearic acid were kneaded by using an
airtight mixer (inner volume: 0.3 L) equipped with a
temperature control unit, under the conditions of a
first-stage kneading: a charge rate of 65% and rotor
spinning number: 50/57 rpm. At this time, the
temperature of the airtight mixer was controlled. A
rubber composition was obtained at a discharge
temperature (blend) of 155 to 160°C.
Subsequently, a second-stage kneading was performed.
After the blend obtained above was cooled to room

temperature, an age resister was added. The blend was

kneaded again in order to improve dispersion of silica.
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nodi fi ed conjugate- 1 olvner of the present inventionindustrially appl _
able as a techn.ique for producing a nopdjfied conjugated di eno pol yner
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rubber for footwear 131 - Clains [Claim1] A nmet hod for producing a
nodi fi ed conjugatied dinenedipokyrer ctarpriischgrge teappokymeei Zatliepal) step of
obtai ning a conjugated di ene polyner containing a nitrogen atom in a

pol ynmer chaias ant i@ tan Ectiovel @id by copokyhieriing, tgea conj ugated di ens
conpound and a nitrogen at pm -contai ning vinyl conpound or a coni ugated

di ene conpduambe i ot itél@vimiy‘le,r-coﬁégﬁﬁdcézﬁéllégmi Fiogen afémPcont ai ni ng
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nmetal conpdUid 3kt 2 5ol 3ffs i Za i on W5 iaﬁ%ﬂ,) Ay kneadoe% "?qﬁcati pn step

of reacting a. nmodifier, which is a conpound represented t he foll ow ng
formul a ; 1)Stafis KReRd Q)i WY et Bttt h@]éorﬁ%é{)tegﬁhpeneTg%WﬁgF?r[ For nul a

1] the blend was molded and vulcanized by a vulcanization

press at 160°C for 20 minutes. After the vulcanization,
the physical properties of the rubber compositions were
measured.

The measurement results of the physical properties
were shown in Table 5.
[0193]

The physical properties of rubber compositions were
measured by the following methods.
(1) Mooney viscosity of blend

A Mooney viscometer was used. After preheating was
performed at 130°C for one minute in accordance with JIS
K6300-1 and then a rotor was rotated at a rate of two
rotations per minute for 4 minutes, viscosity was
measured. The results were indexed based on the results
of Comparative Example 9 regarded as 100. The smaller
the value, the better the processability.
[0194]
(2) 300% modulus and tensile during breakage

300% modulus and tensile during breakage were

determined in accordance with the tension test method of



R3 {2 ;z1T4041) ( RIO)rn SINRESI OR2 )n( 1) RS 7' wherein Rl to R4 each
i ndependent|y represent an alkyl grout: 1-,avirg | to 20 carbon atoms or an
aryl group having 6 to 20 carbon atons; Rs represents an al kyl ene group
haying 3 to 10 carbon atons; R6 reprei%l%ts an al kylene - 132 - group
having 1 to 20 carbon atonms.) in is am“nteger of | or. 2; and nis an
integer of 2 or 3. 2] The met hod for producing the nodified coniugated
di ene pol yner according to claiml, wherein an amount of the nitrogen
at om cont aiJisng 6&isly larcpripounctd easedadded hes @551t 100 Grolpes-dfdsed on 1
mol e of the polynerization [Caim 3] The nethod for producing the
nmodi fi ed coRwugated dissrrerdeol wrerl (docording to claim 1 or. 2, wherein the
nitrogen at-vinyl conpound is a conpound
[019% P P
(3) Viscoelasticity parameter
Viscoelasticity parameters were measured by a
viscoelasticity tester (ARES) manufactured by Rheometric
Scientific at a torsion mode. Individual measurement
values were indexed based on the values of Comparative
Example 9 regarded as 100.
Tand measured at 0°C, a frequency of 10 Hz and a
strain of 1% was used as an indicator of wet skid
resistance. The larger the value, the better the wet
skid resistance.
Tand measured at 50°C, a frequency of 10 Hz and a
strain of 3% was used as an indicator of fuel saving
properties. The smaller the value, the better the fuel
saving performance.
[0196]
(4) Abrasion resistance
BAmount of abrasion was measured by an Akron abrasion
tester (manufactured by Yasuda Seiki Seisakusho, Ltd.) at
a load of 44.1 N and at a rotation of 1000 in accordance
with JIS K6264-2 and indexed based on the value of
Comparative Example 9 regarded as 100. The larger the

index, the more excellent the abrasion resistance.

[0197]



represented by the followng fornmula (2) or (3): [Formula 21 \ (2) RW

-Al 2 wherein R? to RO each i ndependently represent hydrogen, an al kyl group
having. 1 to 20 carbon atons or an aryl group having 6 to 20 carbon atons;
R19 represents a single bond or a divalent hydrocarbon group having 1 to 6
carbon atons, which may be interruptegl@]y any of NR, 0 and Sin the mddle
of the chain; and toeach independently represent any selected fromthe
group consisting of an alkyl. group having 1 to 30 carbon atons, an aryl
group havi nge®ltco B0 carbon atons and a tr-substituted silyi group having

an al kyl NERIP haying - —to 30 car by, 3t0 o i 4 5
don N B Phbardtiod | El-HRMaYi ng
to 30 carhon atons on silicon; Fof%g%:] Rt)?ﬁ?ﬂe Exa%:plel9 Exﬁi]ello
Sample No. 1 J K L
Blend Mooney viscosity of
blend (index) 101 110 100 95
0,
390/6h40duhm 105 "G % 100
(index)
Tensile during
Physical | breakage (index) 115 105 100 95
properties | Abrasion resistance
of rubber | (index) 130 150 100 90
composition O.OC tand (strain 1%) 105 108 100 i
(index)
50°C tand (strain
3%) (index) 70 71 100 95

[0198]

As shown in Table 4, it was confirmed that the
modified conjugated diene polymer compositions of
Examples 13 and 14, compared to the polymer compositions
of Comparative Examples 9 and 10, have low tand at 50°C
(small hysteresis loss), which demonstrates low rolling-
resistance of tire, and further have high tand at 0°C,
which demonstrates excellent wet skid performance.

It was also confirmed that the rubber compositions
of Examples 13 and 14 have sufficient processability
(Mooney viscosity of a blend), abrasion resistance, 300%
modulus and tensile during breakage in practice.

[0199]

The present application is based on Japanese Patent
DApplication No. 2011-184397 filed with the Japanese
Patent Office on August 26, 2011 and Japanese Patent

Application No. 2011-229038 filed with the Japanese



wherein R7 to R' are the sane as defined in the formula (2); X represents
a dival ent hydrocarbon group haying 3 to 10 carbon. atbma, which may be
interrupted by any of NR, O and Sin the :riddle of the chain and being a
saturated ring formng portion in whi all carbon -carbon bonds are single
bonds or an unsaturated ring formng Gion. in which at l|east one of the
car bon-carbon bonds is a double bond; and RI 4 represents an al kyl group
having | to 30 carbon atonms or an aryl. group having 6 to $0 carbon atons,
[Caim4] Ha34nt Offikenwdi fOcebbeonjlibgat?dd 1di erre copdlepier adbtvdiingd by t he
met hod for producing the nodified conjugated di epe polymer according to any
one of cl aiare LnayrPoratiedl mersjin by refenggtdsod for produci ng a nodified
conj ugat ed. di ene pol ynmer conpri sing a polynerization step of
obt ai ni ng a conj ugated di ene pol yner having an active end by polynerizing a
conj ugat ed di ene or caqpolynerizing a. conjugated. diene with a

copol yrer i rali%e oRdméP Ry A& 1S %n al kal i netal conpound or an al kal i no

earth netalnﬁﬂﬂﬂound as a polynmerization initiator,

The method for producing a modified conjugated diene
polymer of the present invention is industrially
applicable as a technique for producing a modified
conjugated diene polymer composition and a modified
conjugated diene polymer constituting a rubber
composition suitable for e.g., rubber for tire,

vibration-proof rubber and rubber for footwear.



a nodification step of nodifying the active end by reacting a conpound
represented by the followng formula (1) with the active end of the

conj ugat ed di ene copol yner, and [Fornmula 4] 1231(2.0 SiN) R25/ R240.-q)
2Si ----- (OR22 ) _ 131 -

Claims

[(Claim 11

A method for producing a modified conjugated diene
polymer comprising

a polymerization step of obtaining a conjugated
diene polymer containing a nitrogen atom in a polymer
chain and having an active end by copolymerizing a
conjugated diene compound and a nitrogen atom-containing
vinyl compound or a conjugated diene compound, an
aromatic vinyl compound and a nitrogen atom-containing
vinyl compound by use of an alkali metal compound and/or
an alkaline earth metal compound as a polymerization
initiator, and

a modification step of reacting a modifier, which is
a compound represented by the following formula (1), with
the active end of the conjugated diene polymer:

[Formula 1]

R%(2.m) R(3n)
( R1O-)m—Si—N-—R6-—~—Si——€OR2 ) (1)
n
R5
wherein R! to R? each independently represent an alkyl
group having 1 to 20 carbon atoms or an aryl group having

6 to 20 carbon atoms; R’ represents an alkylene group

having 3 to 10 carbon atoms; R® represents an alkylene



a step of nodifyinggroup of a main chain of the conThgated di ens pol yner
with a silippn nodification group haying at | east one functional group
selected fromthe group consisting of an am no group, an al koxysilyi group
and a hydrozy group by a hydrosilyiati % reaction; where P21 to R24 each
i ndependently represent an al kyl gr o_up1 “aryl group having 1 to 20 carbon
atons; R25 represents an al kyiene group having | to 10 carbon atons; R25
represents an ai kviene group haying 1 to 20 carbon atons; p is an integer
of | or 2; camoipg Hesriawy ilnttegeX0 afarfrorr 'atdms; m isThen mettromf orf pr oduci ng
the nodified conjugated di ene polyner according to claimb5, wherein the
step of nodif yi:ngral vi mA agr cupesfent v Faiar chain is a step of reacting a
hydrosi | ane conmpound having at | east one functional group selected fromthe
group consil$tlidd ofl an amino group, an al kozysilyl group and a hydroxy
group with the conjugated di ene pal yner in the presence aof a catalyst,
after the acti vghgn@%fci‘oﬁ‘oépffi &‘Ipdﬁ“@l&igmtgﬂ modlfied conjugated

diene polymer according to claim 1, wherein an amount of
the nitrogen atom-containing vinyl compound to be added
is 0.5 to 100 moles based on 1 mole of the polymerization
initiator.

[Claim 3]

The method for producing the modified conjugated
diene polymer according to claim 1 or 2, wherein the
nitrogen atom-containing vinyl compound is a compound
represented by the following formula (2) or (3):
[Formula 2]

R7

RB
RET XX

| X

>
T (2)
R11’N‘\R12
wherein R’ to R’ each independently represent hydrogen,
an alkyl group having 1 to 20 carbon atoms or an aryl
group having 6 to 20 carbon atoms; R!® represents a
single bond or a divalent hydrocarbon group having 1 to 6

carbon atoms, which may be interrupted by any of NRY, ©

and S in the middle of the chain; and



A. nodified conjugated diene pol yner obtained by the production nethod
according to claim5 or 6, wherein a polystyrene-equival ent nunber average
nmol ecul ar wei ght WMh; determ ned by gel perneation chromatographic (GPC)
nmeasurenent. is 20,000 to 2,000, 000._ [1 aim 81 A nodi fi ed conjugat ed
di ene pol yner having a nitrogen atom contai ning functional group in a main
chain of the polyner, and a functional group having at | east one secondary
am no group , at llI east one al koxysilyi group, and 3 to 6 branches on at

| east one of end@s. to RID 3gach [egpejently remers¢iledieoni whREee di ene
pol ynmer conposition conprising 0,5 to 300 parts by mass of a silica

i nor gani ¢ filYer-N5a $E@ IR0 F OG0 SHaTSs By arass ot & 1Abhér Vedrpondrt

conprising 20 parts by nass or nore of the nuodified canjugated diene

pol yner ac@ér dfaﬁé)% WP Sané o eiai o R, %?Valﬁ’c? g t[odggjl rﬁg‘ir&ﬁn The
nodi fi ed caonj ugat ed, di ene pol r_ canposi.ti.on _according to claim-9,
conpri si ng a%lot“% ?(5](91 6ar s Wb\r{?gc‘salécugcferaohséléﬁ iggé)uipn(?raé%%}gtc h il Ialalekrri).l [Caim
11] group having 1 to 30 carbon atoms and/or an aryl group

having 6 to 30 carbon atoms on silicon;

[Formula 3]

R?'

S

.
()

wherein R’ to R!® are the same as defined in the formula

(3)

(2); X represents a divalent hydrocarbon group having 3
to 10 carbon atoms, which may be interrupted by any of
NR', O and S in the middle of the chain and being a
saturated ring forming portion in which all carbon-carbon
bonds are single bonds or an unsaturated ring forming
portion in which at least one of the carbon-carbon bonds
is a double bond; and R' represents an alkyl group
having 1 to 30 carbon atoms or an aryl group having 6 to
30 carbon atoms.

[Claim 4]



R nodified conjugated diene pol yner conposition conprising 5 to 200
parts by mass of a filler, which is silica and/or carbon bl ack, based on
100 parts by nass of a rubber conponent conprising 20 parts by mass or nore
t he nodi fi ed conjugated di ene pol yner Jagcor ding to any one of clains 4, 7

and a. [Caim12] A rubber conposition obtained by subjecting. the
nodi fi ed conjugated di ene pol yner conposition according to any one of
claims 3 to 11 to crosslinkinp, [Caim13] A tire conprising the

rubber conpositPonodéédrdi agnt soekadnfigne copolymer obtained by

the method for producing the modified conjugated diene
polymer according to any one of claims 1 to 3.
[Claim 5]

A method for producing a modified conjugated diene
polymer comprising

a polymerization step of obtaining a conjugated
diene polymer having an active end by polymerizing a
conjugated diene or copolymerizing a conjugated diene
with a copolymerizable monomer by use of an alkali metal
compound or an alkaline earth metal compound as a
polymerization initiator,

a modification step of modifying the active end by
reacting a compound represented by the following formula
(I) with the active end of the conjugated diene copolymer,
and

[Formula 4]
23 24
R 2p) R™3.q)

( R?'0}—Si——N—R?—si—{0R?? ) (1)
q

’ \\RZSJ/

a step of modifying a vinyl group of a main chain of
the conjugated diene polymer with a silicon modification
group having at least one functional group selected from
the group consisting of an amino group, an alkoxysilyl

group and a hydroxy group by a hydrosilylation reaction:
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where R?' to R?*! each independently represent an alkyl
group or aryl group having 1 to 20 carbon atoms; R%®
represents an alkylene group having 1 to 10 carbon atoms;
R?® represents an alkylene group having 1 to 20 carbon
atoms; p is an integer of 1 or 2; and g is an integer of
2 or 3.

[Claim 6]

The method for producing the modified conjugated
diene polymer according to claim 5, wherein the step of
modifying a vinyl group of the main chain is a step of
reacting a hydrosilane compound having at least one
functional group selected from the group consisting of an
amino group, an alkoxysilyl group and a hydroxy group
with the conjugated diene polymer in the presence of a
catalyst, after the active end is modified.

[Claim 7]

A modified conjugated diene polymer obtained by the
production method according to claim 5 or 6, wherein a
polystyrene-equivalent number average molecular weight
(Mn) determined by gel permeation chromatographic (GPC)
measurement is 20,000 to 2,000,000.

[Claim 8]

A modified conjugated diene polymer having a
nitrogen atom-containing functional group in a main chain
of the polymer, and a functional group having at least
one secondary amino group . at least one alkoxysilyl

group, and 3 to 6 branches on at least one of ends.
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[Claim 9]

A modified conjugated diene polymer composition
comprising 0.5 to 300 parts by mass of a silica inorganic
filler based on 100 parts by mass of a rubber component
comprising 20 parts by mass or more of the modified
conjugated diene polymer according to any one of claims 4,
7 and 8.

[Claim 10]

The modified conjugated diene polymer composition
according to claim 9, comprising 5 to 200 parts by mass
of the silica inorganic filler.

[Claim 11]

A modified conjugated diene polymer composition

comprising 5 to 200 parts by mass of a filler, which
is silica and/or carbon black, based on 100 parts by mass
of a rubber component comprising 20 parts by mass or more
of the modified conjugated diene polymer according to any
one of claims 4, 7 and 8.

[Claim 12]

A rubber composition obtained by subjecting the
modified conjugated diene polymer composition according
to any one of claims 9 to 11 to crosslinking.

[Claim 13)]
A tire comprising the rubber composition according

to claim 12.



