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METHOD FOR MANUFACTURING MODIFIED POLYMER, MODIFIED
POLYMER, RUBBER COMPOSITION AND TIRE

TECHNICAL FIELD
[0001] The present invention relates to a method for mactufing a modified
polymer, a modified polymer, a rubber compositiow @ tire.

BACKGROUND ART
[0002] There has been conventionally used in a rubber ositipn an oil-
extended rubber which is obtained by oil-extendangw material rubber with an
extender oil. However, in a case where such aexénded rubber is used in a
rubber composition, the extender oil in the oilended rubber fails to be
structurally incorporated into the raw material lbeb because the extender oil is not
involved with crosslinking, thereby causing a peghlin that hysteresis loss and
thus heat generation of the rubber compositiongases due to the presence of the
free extender oil therein.

In this connection, there has been developedtamative extended
rubber which is obtained by extending a raw matetibber with a low-molecular
weight diene-based polymer (which polymer will le¢erred to as a “low-molecular
weight polymer” hereinafter) instead of an extendier In this case, the low-
molecular weight polymer is involved with crossling and structurally
incorporated into the raw material rubber, wheralhybber composition using the
alternative extended rubber can significantly daseshysteresis loss thereof and
achieve satisfactorily low-heat generation and higdar resistance of the rubber
composition in a compatible manner.

Further, there has also been developed a tecamifjusing a modified
diene-based polymer as a matrix of a rubber contiposin order to further
decrease hysteresis loss of the rubber compodiyamdecrease in loss tangent
(tand) thereof, while employing a low-molecular weighdlymer described above
as a rubber extender (PTL 1 mentioned below). Suctodified diene-based
polymer for a matrix of a rubber composition (whijpblymer will be referred to as
a “modified polymer for matrix” hereinafter) exhtbihigh affinity with fillers
generally blended with the rubber composition. d5a modified polymer for
matrix in a rubber composition therefore improvespdrsibility of fillers, thereby
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further decreasing hysteresis loss of the rubberpasition.

CITATION LIST
Patent Literature
[0003] PTL 1: JP 2006-241358 A

SUMMARY
(Technical Problem)
[0004] However, conventionally, in a case where the medifpolymer for
matrix and the low-molecular weight polymer desedkabove are used in a robber
composition, there arises a problem in that a pctdo rate of a target polymer in
a synthesis facility slows down because it is nsagsin the manufacturing process
to first prepare each of the modified polymer faatnix and the low-molecular
weight polymer separately and then blend them.

Further, in a case where copolymer of a conjufydiene compound and
an aromatic vinyl compound is used for each ofrttoalified polymer for matrix
and the low-molecular weight polymer, the microstuses (contents of the
aromatic vinyl compound in particular) of the madd polymer for matrix and the
low-molecular weight polymer must be alike in orderstably ensure good
compatibility between the modified polymer for matand the low-molecular
weight polymer. However, when the modified polyni@r matrix and the low-
molecular weight polymer are synthesized separat&lgversion rates of the
aromatic vinyl compound may differ between the bgsis of the former and the
synthesis of the latter, which makes the microstmes of the modified polymer for
matrix and the low-molecular weight polymer diffatérom each other and
possibly deteriorate compatibility between the niiedi polymer for matrix and the
low-molecular weight polymer.

[0005] In view of this, an object of the present discl@sis to provide a
method for manufacturing a modified polymer, whiokthod can solve the
aforementioned prior art problems and obtain a firedlipolymer equivalent to a
blend of the modified polymer for matrix and thevionolecular weight polymer
described above at a high production rate.

Further, another object of the present disclossite provide: a
modified polymer manufactured by the aforementiomexthod, which polymer can
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be used in a rubber composition so that low-heatg®ion property and wear
resistance of the rubber composition improve; @artcomposition containing the
modified polymer and being excellent in low-heahgetion property and wear
resistance; and a tire using the rubber composdiuh being excellent in low-fuel
consumption property and wear resistance.

(Solution to Problem)

[0006] Primary features of the present disclosure foieghg the
aforementioned objects are as follows.

[0007] A method for manufacturing a modified polymer bétpresent
disclosure, comprises continuously supplying a naaterial monomer containing at
least conjugated diene compound, a polymerizatidator containing lithium,
1,2-butadiene and a modification agent into a filbmeugh reactor, causing the raw
material monomer to be continuously polymerizedé¢oerate polymer and also
causing a portion of the polymer thus generateoetonodified with the

modification agent, wherein:

the polymerization and the modification are cedrout at temperature
equal to 110C or higher; and

a mole ratio (1,2-Bd/Li) of the 1,2-butadiene2-Bd) with respect to
lithium (Li) of the polymerization initiator containg lithium is set to be 0.37 or
less.

The modified polymer manufactured by the methbthe present
disclosure has a wide range of molecular-weightrihigtion in which a high
molecular-weight component exhibits a high modifica rate and a low molecular-
weight component exhibits a low modification rateereby being equivalent to the
aforementioned blend of the modified polymer fortrixaand the low-molecular
weight polymer of the prior art.  Further, the netifor manufacturing the
modified polymer of the present disclosure can aehia high rate of productivity
because it can manufacture the modified polymeivedent to the prior art blend
by the same (one) process.

[0008] In a preferable example of the method for manufiacy a modified
polymer of the present disclosure, the modificatagent contains at least one of
nitrogen atom and silicon atom. In this cases possible to manufacture a
modified polymer having high affinity with fillersuch as carbon black and silica.

[0009] In another preferable example of the method fonufiacturing a
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modified polymer of the present disclosure, the material monomer further
contains an aromatic vinyl compound. The methadianufacturing a modified
polymer of the present disclosure manufacturessanimlecular-weight component
and a high molecular-weight component at the same or in the same process,
whereby, when the raw material monomer containaramatic vinyl compound,
the low molecular-weight component and the higheunalar-weight component
exhibit relatively small difference in the aromatioyl compound contents thereof
and thus high compatibility therebetween. Moreoweis possible to manufacture
a modified polymer suitable for a tread or the Iea tire in this case because the
raw material monomer contains an aromatic vinyl poomd.

[0010] A modified polymer of the present disclosure isu@tterized in that it
is manufactured by the aforementioned method fanufecturing a modified
polymer. The modified polymer of the present discire is equivalent to the
aforementioned blend of the modified polymer fortrixaand the low-molecular
weight polymer of the prior art, as described ahavieereby it is possible to
eliminate a process of extending a modified polyfoematrix of a rubber
composition by a low molecular-weight polymer anddgprocess of separately
synthesizing a modified polymer for matrix and aimolecular weight polymer
and then blending them.

[0011] It is preferable that the modified polymer of fhresent disclosure has
the average modification rate of 60% or higher,aification rate of 90% or
higher at the molecular weight of 600,000, and alifi@ation rate of 40% or less at
the molecular weight of 80,000. In this case, ofsthe modified polymer in a
rubber composition can realize satisfactory lowthgsmeration property and high
wear resistance each equivalent to the rubber ceitipo disclosed in PTL 1.
[0012] A rubber composition of the present disclosureharacterized in that it
contains the modified polymer described above. fher composition of the
present disclosure, containing the aforementionedified polymer and thus
exhibiting small hysteresis loss (@nhas satisfactory low-heat generation
property and high wear resistance.

[0013] A tire of the present disclosure is characterizethat it uses the rubber
composition described above. The tire of the predésclosure, using the
aforementioned rubber composition exhibiting snhgKteresis loss (t&), has
satisfactory low-fuel consumption property and hvgdar resistance.

PO164746-PCT-ZZ (4/30)



10

15

20

25

30

(Advantageous Effect)

[0014] According to the present disclosure, it is possiiol provide: a modified
polymer which is equivalent to the prior art blewfda modified polymer for matrix
of a rubber composition and the low-molecular weigblymer and capable of
improving low-heat generation property and wearstasice of the rubber
composition when used in the rubber compositiomt amethod for manufacturing
a modified polymer, which method can manufactueerttodified polymer at high
productivity.

Further, according to the present disclosurs ftossible to provide: a
rubber composition containing the modified polyra@ed being excellent in low-
heat generation property and wear resistance; dimd asing the rubber
composition and being excellent in low-fuel constimp property and wear

resistance.

DETAILED DESCRIPTION
[0015] < Method for manufacturing modified polymer >

A method for manufacturing a modified polymertoé present
disclosure will be described in detail hereinatigran embodiment thereof.

The method for manufacturing a modified polyméthe present
disclosure is characterized in that it includestouarously supplying a raw material
monomer containing at least conjugated diene comg@oa polymerization initiator
containing lithium, 1,2-butadiene and a modificategent into a flow-through
reactor, causing the raw material monomer to beicoausly polymerized to
generate polymer and also causing a portion optiigmer thus generated to be
modified with the modification agent, wherein, whitie modified polymer is
manufactured: the polymerization and the modifmatiescribed above are carried
out at temperature equal to PDor higher; and a mole ratio (1,2-Bd/Li) of the
1,2-butadiene (1,2-Bd) with respect to lithium (bf)the polymerization initiator
containing lithium is set to be 0.37 or less.

[0016] In general, in a case where a batch-type reastosed for generating
living polymer by living anion polymerization (bdtaype polymerization) and
modifying the living polymer thus generated, witlmadification agent, in one
batch, the terminal carbanions (active sites) eflthing polymer are reacted with

the modification agent homogeneously, whereby giassible to synthesize
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polymer having homogeneously modified terminals #ng exhibiting a high
modification rate.

In contrast, in a case of continuous polymer@atf monomer by using
a flow-through reactor, side reactions such asrchainsfer and reaction
interruption at the terminal carbanions (activesjttend to occur because of the
high polymerization temperature, stirring like banking, etc. inside the reactor.
As a result, homogeneously modified polymer carreobbtained but instead a
modified polymer having uneven distributions of exallar weight and
modification rate (i.e. at least a portion of tr@ymer exhibits a low modification
rate) is obtained in the continuous polymerizatiom view of this, continuous
polymerization is generally carried out under loalymerization temperature
condition lower than 10T, to suppress side reactions, increase the matiidic
rate and modify the polymer as homogeneously asiples
[0017] However, the method for manufacturing a modifiedymer of the
present disclosure successfully aims at manufaoguai modified polymer having
an uneven distribution of modification rate in wihia high molecular-weight
component reliably has a high modification rate usyng a flow-through reactor
for continuous polymerization of monomers and kagghe temperature during the
polymerization and the modification at T@or higher, while setting a mole ratio
of the 1,2-butadiene as a chain transfer agent respect to lithium of the
polymerization initiator containing lithium to be3¥ or less.

The modified polymer manufactured by the methbthe present
disclosure has a modification rate distributioominich high modification rates are
biased toward the high molecular-weight side,a.@igh molecular-weight
component has a high modification rate and a lovegwdar-weight component has
a very low modification rate. Accordingly, the mbeld polymer of the present
disclosure has a composition similar to the pridrbdend of a modified polymer
for matrix of a rubber composition and an unmodifiew-molecular weight
polymer.

Therefore, use of the modified polymer manufaetuby the method of
the present disclosure in a rubber compositionlace of the extended rubber
obtained by extending a modified polymer for matwisth a low-molecular weight
polymer described above improves low-heat genangiroperty and wear

resistance of a rubber composition in a highly beéal manner. Further,
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according to the method of the present disclosairmgmponent corresponding to
the modified polymer for matrix and a componentresponding to the low-
molecular weight polymer of a rubber compositionm & manufactured at the same
time, whereby the production rate in a polymer bgsis facility enhances and
economy improves in total.

[0018] Type of the flow-through reactor for use in thethus for
manufacturing a modified polymer of the presenthtisure is not particularly
restricted as long as the reactor can continuosishply the respective raw
materials and discharge the products and any caioreaily known flow-through
reactor can be employed. The method for manufaua modified polymer of
the present disclosure, using a flow-through reacan cause the raw material
monomer to be continuously polymerized to contirslpwenerate polymer. The
flow-through reactor, which supplies the modificatiagent, as well, can also
continuously carry out a modification reaction bétpolymer thus generated.
[0019] The raw material monomer for use in the methodnianufacturing a
modified polymer of the present disclosure contaihkast a conjugated diene
compound and may further contain an aromatic vagyhpound.

Examples of the conjugated diene compound inclu8ebutadiene,
isoprene, 1,3-pentadiene, 2,3-dimethylbutadieneh@ayl-1,3-butadiene, 1,3-
hexadiene, and the like. Examples of the aromatigl compound include
styrene,a-methylstyrene, 1-vinylnaphthalene, 3-vinyltoluee#&hylvinylbenzene,
divinylbenzene, 4-cyclohexylstyrene, 2,4,6-trimdgtyrene, and the like.

When the conjugated diene compound and the aromiatyl compound
are used in combination as the raw material monptherproportion of the
aromatic vinyl compound in the raw material monoro@&n be appropriately
selected in accordance with the target contenh@faromatic vinyl compound in
the resulting modified polymer.

[0020] The polymerization initiator for use in the methfed manufacturing a
modified polymer of the present disclosure is aypwrization initiator containing
lithium. This polymerization initiator containidghium can initiate anion
polymerization of the raw material monomer desalibéove. The polymerization
initiator containing lithium is preferably used by amount of 0.2 mmol to 20
mmol per 100 g of the raw material monomer.

Examples of the polymerization initiator contaigilithium include

PO164746-PCT-ZZ (7/30)



10

15

20

25

hydrocarbyl lithium and a lithium amide compounddydrocarbyl lithium is
preferable among these examples. In a case whéhauan amide compound is
used as the polymerization initiator containin@ilitm, a resulting low molecular-
weight component will be a modified polymer becaasdtrogen-containing
functional group is added to the polymerizationiiating sites thereof.

[0021] Examples of the hydrocarbyl lithium include etlityllum, n-
propyllithium, isopropyllithium, n-butyllithium, sebutyllithium, tert-octyllithium,
n-decyllithium, phenyllithium, 2-naphthyllithium,-Butyl-phenyllithium, 4-phenyl-
butyllithium, cyclohexyllithium, cyclopentyllithiuma product obtained by a
reaction of diisopropenyl benzene and butyllithitand the like.

[0022] Example of the lithium amide compound includeilith
hexamethyleneimide, lithium pyrrolidide, lithiumparidide, lithium
heptamethyleneimide, lithium dodecamethyleneimidieium dimethylamide,
lithium diethylamide, lithium dipropylamide, lithia dibutylamide, lithium
dihexylamide, lithium diheptylamide, lithium diodamide, lithium bis(2-
ethylhexyl)amide, lithium didecylamide, lithium Nethylpiperazide, lithium
ethylpropylamide, lithium ethylbutylamide, lithiumethylbutylamide, lithium
ethylbenzylamide, lithium methylphenethylamide, dhd like.

[0023] Use of a lithium amide compound represented bgnida: Li-AM (in

the formula, “AM” represents a substituted aminowgy represented by formula (1)
or a cyclic amino group represented by formula gHpwn below) as the
aforementioned lithium amide compound makes it fidsgo obtain a modified
polymer having at least one nitrogen-containingctional group introduced thereto,
the at least one nitrogen-containing functionalugrdeing selected from the group
consisting of a substituted amino group represehiethe formula (I) and a cyclic
amino group represented by the formula (11).

N— (1)

(In formula (1), Rs each independently represent;€alkyl group, cycloalkyl
group or aralkyl group.)
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U — -+ (I )

(In formula (I1), R represents alkylene, substituted alkylene, oxylakkg or N-
alkylamino-alkylene group having a4 methylene group.)

[0024] In the formula (1), Rs each independently represent;€alkyl group,
cycloalkyl group or aralkyl group. Specificallyrgferable examples of'Rnclude
methyl, ethyl, butyl, octyl, cyclohexyl, 3-phenyigropyl, isobutyl group, and the
like. R's may be of either the same type or different typespectively.

Further, in the formula (I1), Rrepresents alkylene, substituted alkylene,
oxyalkylene or N-alkylamino-alkylene group havin@€ais methylene group. The
substituted alkylene group may be any of mono-d@-ubstituted alkylene groups
and examples of the substitute group thereof irelGd;, linear or branched alkyl,
cycloalkyl, bicycloalkyl, aryl, and aralkyl groups.Specific examples of Rnclude
trimethylene, tetramethylene, hexmethylene, oxydiktne, N-alkylazadiethylene,
dodecamethylene, hexadecamethylene groups, arikéhe
[0025] The aforementioned lithium amide compound may itieee preliminary
prepared from a secondary amine and a lithium camgand then used in a
polymerization reaction or generated in a polymegion system.

Examples of the secondary amine include dimethyila, diethylamine,
dibutylamine, dioctylamine, dicylohexylamine, dimdylamine, and cyclic amines
such as azacyclohepatane (i.e. hexamethylenein2r@-ethylhexyl)pyrrolidine,
3-(2-propyl)pyrrolidine, 3,5-bis(2-ethylhexyl)pipdme, 4-phenylpiperidine, 7-
decyl-1-aza-cyclotridecane, 3,3-dimethyl-1-aza-oyetradecane, 4-dodecyl-1-aza-
cyclooctane, 4-(2-phenylbutyl)-1-aza-cyclooctan&tByl-5-cyclohexyl-1-aza-
cycloheptane, 4-hexyl-1-aza-cycloheptane, 9-isoathgka-cycloheptadecane, 2-
methyl-1-aza-cycloheptadece-9-en, 3-isobutyl-1-agaododecane, 2-methyl-7-
tert-butyl-1-aza-cyclododecane, 5-nonyl-1-aza-cgioldecane, 8-(4'-
methylphenyl)-5-pentyl-3-aza-bicyclo[5.4.0]Jundecaheutyl-6-aza-
bicyclo[3.2.1]octane, 8-ethyl-3-aza-bicyclo[3.2.&{ane, 1-propyl-3-aza-
bicyclo[3.2.2]nonane, 3-(tert-butyl)-7-aza-bicyeldB.0Olnonane, 1,5,5-trimethyl-3-
aza-bicyclo[4.4.0]decane, and the like. Examplethe lithium compound which
can be used include hydrocarbyl lithium, as desctibove.

[0026] The method for manufacturing a modified polymette present
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disclosure uses 1,2-butadiene as a chain trangéeta The 1,2-butadiene has an
effect of transferring active sites (terminal carlwas and the like) of living
polymer to a different sites.

An amount of 1,2-butadiene for use is selectazhghat a mole ratio
(1,2-Bd/Li) of the 1,2-butadiene (1,2-Bd) with resgp to lithium (Li) of the
polymerization initiator containing lithium is 0.3 less, preferably in the range of
0.10 to 0.35. Setting the mole ratio (1,2-Bd/Li)tlee 1,2-butadiene (1,2-Bd) with
respect to lithium (Li) of the polymerization irator containing lithium to be 0.37
or less ensures a relatively small number of mdeoiithe 1,2-butadiene with
respect to lithium of the polymerization initiatoontaining lithium, thereby
suppressing inactivation of active sites due totthasfer thereof and thus
successfully enhancing the modification rate.

[0027] The modification agent for use in the method f@mfacturing a
modified polymer of the present disclosure is redawith active sites of the living
polymer thus generated, thereby adding functionaligs to the polymer and
generating a modified polymer. A modification ageantaining at least one of
nitrogen atom and silicon atom is preferable asnloglification agent.

[0028] Examples of the modification agent containingogen atom (i.e. a
nitrogen-containing compound) include a nitrogemtaaning compound having
substituted/unsubstituted amino group, amide graumo group, imidazole group,
nitrile group, pyridyl group, or the like. More egfically, examples of the
nitrogen-containing compound include N,N’-dimethmyidazolidinone (1,3-
dimethyl-2-imidazolidinone), N-methylpyrrolidone;dimethylaminobenzylidene
aniline, 4,4’-bis(N,N-dimethylamino)benzophenong}’ 4is(N,N-
diethylamino)benzophenone, 4-(N,N-dimethylamino}gyhenone, 4-(N,N-
diethylamino)benzophenone, [4-(N,N-dimethylamina@pfllmethylethylketone,
4,4’-bis(1-hexamethyleneiminomethyl)benzophenoné’-#dis(1-
pyrrolidinomethyl)benzophenone, 4-(1-hexamethyleriromethyl)benzophenone,
4-(1-pyrrolidinomethyl)benzophenone, [4-(1-
hexamethyleneimino)phenyllmethylethylketone, anellike.

[0029] The modification agent containing silicon atone (ia silicon-containing
compound) is preferably a hydrocarbyloxysilane coomql and more preferably a
hydrocarbyloxysilane compound represented by thedia (I11) or the formula
(IV) shown below.
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RO)
N
Si—R5—A1 - (1)
R

[In the formula (I11), A' represents a monovalent group having at least one
functional group selected from the group consisbh@thio)epoxy, (thio)isocyanate,
(thio)ketone, (thio)aldehyde, imine, amide, isoayaa acid triester,
(thio)carboxylic acid hydrocarbylester, a metak sdil(thio)carboxylic acid,
carboxylic anhydride, carboxylic acid halide, aradbonic acid dihydrocarbylester;
R® and R each independently represent a;¢monovalent aliphatic hydrocarbon
group or a G.1g monovalent aromatic hydrocarbon group;rBpresents a single
bond or a Gy divalent inactive hydrocarbon group; n represamsnteger in the
range of 1 to 3; when a plurality of@s exist, the BDs may be of either the same
type or different types; when a plurality of$Rexist, the Bs may be of either the
same type or different types; and the molecule @ostno active proton and no
onium salt therein.]

Rep-Si-(OR)ap -+ (IV)
[In the formula (IV), R and R each independently represent a;€monovalent
aliphatic hydrocarbon group or &.¢ monovalent aromatic hydrocarbon group; p
represents an integer in the range of 0 to 2; whphurality of Rs exist, the s
may be of either the same type or different typetlsen a plurality of OFs exist,
the OR's may be of either the same type or different typesl the molecule
contains no active proton and no onium salt the}ein

In the present disclosure, “(thio)epoxy” represespoxy and thioepoxy,
“(thio)isocyanate” represents isocyanate and tbioyanate, “(thio)ketone”
represents ketone and thioketone, “(thio)aldehydgtesents aldehyde and
thioaldehyde, “(thio)carboxylic acid hydrocarbylestrepresents carboxylic acid
hydrocarbylester and thiocarboxylic acid hydrocédebter, “a metal salt of
(thio)carboxylic acid” represents a metal salt aflboxylic acid and a metal salt of
thiocarboxylic acid.
[0030] In respect of the functional group irt Af the formula (I11), “imine”
includes ketimine, aldimine and amidine, “(thio)waxylic acid hydrocarbylester”
includes unsaturated carboxylic acid ester sucicagdate and methacrylate.

Examples of the metal of “a metal salt of (thioJmaxylic acid” include alkali metal,
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alkali earth metal, Al, Sn, Zn and the like. Fueth“n”, which is an integer in the
range of 1 to 3, is preferably 3.
[0031] Examples of Rand R include G.»oalkyl group, G.1galkenyl group,
Cs-1s aryl group, G.ig aralkyl group and the like. The alkyl group ahe alkenyl
group may be linear, branched or cyclic and examghereof include methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butygrt-butyl, pentyl, hexyl, octyl,
decyl, dodecyl, cyclopentyl, cyclohexyl, vinyl, menyl, allyl, hexenyl, octenyl,
cyclopentenyl, cyclohexenyl groups and the like heTryl group may have a
substituent group like a lower alkyl group on tleraatic ring thereof and
examples of such an aryl group include phenyl,ltolylyl, naphthyl groups and
the like. The aralkyl group may have a substitugoup like a lower alkyl group
on the aromatic ring thereof and examples of suchralkyl group include benzyl,
phenethyl, naphthylmethyl groups and the like.
[0032] The G.»o divalent inactive hydrocarbon group int Breferably a €20
alkylene group. The alkylene group may be linéaanched or cyclic but
preferably linear in particular. Examples of tireelr alkylene group include
methylene, ethylene, trimethylene, tetramethylgestamethylene, hexamethylene,
octamethylene, decamethylene, dodecamethylene grang the like.
[0033] In respect of the hydrocarbyloxysilane compourtesented by the
formula (l11), examples of the hydrocarbyloxysilaeempound containing
(thio)epoxy group include 2-glycidoxyethyltrimethesilane, 2-
glycidoxyethyltriethoxysilane, (2-glycidoxyethyl)rtteyldimethoxysilane, 3-
glycidoxypropyltrimethoxysilane, 3-glycidoxypropyikthoxysilane, (3-
glycidoxypropyl)methyldimethoxysilane, 2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, 2-(3,4-
epoxycyclohexyl)ethyltriethoxysilane, 2-(3,4-
epoxycyclohexyl)ethyl(methyl)dimethoxysilane, thag®ained by substituting the
epoxy group in the aforementioned compounds wiibeghoxy group, and the like.
3-glycidoxypropyltrimethoxysilane and 3-glycidoxymyltriethoxysilane are
particularly preferable among these examples.

Examples of the hydrocarbyloxysilane compoundtaioing imine
group include N-(1,3-dimethylbutylidene)-3-(trietheilyl)-1-propaneamine, N-(1-
methylethylidene)-3-(triethoxysilyl)-1-propaneamijni¢-ethylidene-3-
(triethoxysilyl)-1-propaneamine, N-(1-methylpromgine)-3-(triethoxysilyl)-1-
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propaneamine, N-(4-N,N-dimethylaminobenzylidenett8ethoxysilyl)-1-
propaneamine, N-(cyclohexylidene)-3-(triethoxysgitgtpropaneamine,
trimethoxysilyl compounds, methyldiethoxysilyl cooynds, ethyldiethoxysilyl
compounds, methyldimethoxysilyl compounds, ethyletinoxysilyl compounds
corresponding to the aforementioned triethoxysslyinpounds, and the like. N-
(1-methylpropylidene)-3-(triethoxysilyl)-1-propamaame and N-(1,3-
dimethylbutylidene)-3-(triethoxysilyl)-1-propaneamei are particularly preferable
among these examples.

Examples of the compound containing imine (anedligroup include 1-
[3-(triethoxysilyl)propyl]-4,5-dihydroimidazole, 13-(trimethoxysilyl)propyl]-4,5-
dihydroimidazole, N-(3-triethoxysilylpropyl)-4,5-dydroimidazole, N-(3-
isopropoxysilylpropyl)-4,5-dihydroimidazole, N-(3eathyldiethoxysilylpropyl)-4,5-
dihydroimidazole, and the like. N-(3-triethoxydpyopyl)-4,5-dihydroimidazole
is preferable among these examples.

Further, as other hydrocarbyloxysilane compourdamples of the
hydrocarbyloxysilane compound containing carboxglotd ester group include 3-
methacryloyloxypropyltriethoxysilane, 3-methacryloyypropyltrimethoxysilane,
3-methacryloyloxypropylmethyldiethoxysilane, 3-
methacryloyloxypropyltriisopropoxysilane, and thieel  3-
methacryloyloxypropyltrimethoxysilane is preferalaleong these examples.

Yet further, examples of the hydrocarbyloxysilamenpound containing
isocyanate group include 3-isocyanatopropyltrimegtsidane, 3-
isocyanatopropyltriethoxysilane, 3-isocyanatopropsihyldiethoxysilane, 3-
isocyanatopropyltriisopropoxysilane, and the like-
isocyanatopropyltriethoxysilane is preferable amtmgse examples.

Yet further, examples of the hydrocarbyloxysilamenpound containing carboxylic
anhydride group include [3-(triethoxysilyl)propyliscinic anhydride, [3-
(trimethoxysilyl)propyl]succinic anhydride, [3-
(methyldiethoxysilyl)propyl]succinic anhydride, atite like. [3-
(triethoxysilyl)propyl]succinic anhydride is pretdle among these examples.
[0034] In respect of the formula (IV), the aforementiorgsscriptions on &R
and R of the formula (l11) are applicable to®Rind R thereof. Examples of the
hydrocarbyloxysilane compound represented by thedda (1V) include

tetramethoxysilane, tetraethoxysilane, tetra-n-pxygilane, tetraisopropoxysilane,
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tetra-n-butoxysilane, tetraisobutoxysilane, tetea-butoxysilane, tetra-tert-
butoxysilane, methyltrimethoxysilane, methyltriexlysilane,
methyltripropoxysilane, methyltriisopropoxysilarethyltrimethoxysilane,
ethyltriethoxysilane, propyltriethoxysilane, butythethoxysilane,
phenyltrimethoxysilane, phenyltriethoxysilane, ditmddimethoxysilane,
methylphenyldimethoxysilane, vinyltrimethoxysilanenyltriethoxysilane,
divinyldimethoxysilane, divinyldiethoxysilane, atige like. Tetraethoxysilane is
preferable among these examples.
[0035] The modification agent is used preferably by thant of 0.25 mol to
3.0 mol, more preferably by the amount of 0.5 noolt5 mol, per 1mol of the
polymerization initiator containing lithium in use.
[0036] The method for manufacturing a modified polymette present
disclosure is preferably carried out by solutiohypeerization. A solvent for use
in the solution polymerization is preferably a hgdarbon solvent inactive to a
polymerization reaction. Examples of the hydrocarksolvent inactive to a
polymerization reaction include propane, n-butasebutane, n-pentane,
isopentane, n-hexane, cyclohexane, propene, l-buigwbutene, trans-2-butene,
cis-2-butene, 1-pentene, 2-pentene, 1-hexene, 8rsgbenzene, toluene, xylene,
ethylbenezene, and the like. These hydrocarboreatd may be used by either a
single type solely or two or more types in combioat

In the case of solution polymerization, concetidraof the raw material
monomer in the solvent is preferably 5-50 mass %raore preferably 10-30
mass %.
[0037] The method for manufacturing a modified polymette present
disclosure may be carried out under the preseneerahdomizer. A randomizer
can control a microstructure of a conjugated diem@mpound. For example, a
randomizer has an effect of: controlling a vinyhio(1,2-bond) content of the
butadiene unit of the polymer manufactured by udifBsbutadiene as the raw
material monomer; randomizing, when copolymer ispared by using a
conjugated diene compound and an aromatic vinylpmmmd as monomers, the
conjugated diene compound unit and the aromatiglviompound unit of the
copolymer; and the like.

Examples of the randomizer include dimethoxybeez¢etrahydrofuran,

dimethoxyethane, diethyleneglycol dibutyl etheettyleneglycol dimethyl ether,
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2,2-di(tetrahydrofurayl)propane, triethylamine, jpine, N-methylmorpholine,
N,N,N’,N’-tetramethylethylenediamine, 1,2-dipipeindethane, potassium t-
amylate, potassium t-butoxide, sodium t-amylatel tre like. The randomizer is
used preferably by the amount of 0.01 mol to 100 peo 1mol of the
polymerization initiator containing lithium.

[0038] According to the method for manufacturing a maetifpolymer of the
present disclosure, a raw material monomer, a pefyzation initiator containing
lithium, 1,2-butadiene and a modification agent @atinuously supplied into the
flow-through reactor described above. In the fliwweugh reactor, the raw
material monomer is then polymerized by the polyizedion initiator containing
lithium to generate living polymers and at the sammee active sites are transferred
by 1,2-butadiene between the living polymers theisegated.

In this respect, a low molecular-weight livinglpmer tends to make
itself stable by abstracting a proton*jHrom a high molecular-weight living
polymer. The low molecular-weight polymer thuskslized neither makes a
further growth nor is reacted with the modificatiagent, whereby it is likely to
remain an unmodified, low molecular-weight polyme©On the other hand, the
high molecular-weight living polymer, from whichgions (H) have been
abstracted, has a plurality of active sites, mdkether growth and increases the
molecular weight thereof. Such a high molecularghieliving polymer is reacted
with the modification agent, whereby a modifiedywoér is generated. As a result,
a modified polymer having a functional group dedveom the modification agent
tends to have a high molecular weight. Therefaoeording to the method for
manufacturing a modified polymer of the presenthtisure, it is possible to
manufacture an unmodified, low molecular-weightymoér and a modified, high
molecular-weight polymer having a functional gradgrived from the modification
agent (they correspond to the prior art blend ofaified polymer for matrix of a
rubber composition and a low-molecular weight podyjmat the same time.

[0039] According to the method for manufacturing a mastifpolymer of the
present disclosure, the polymerization and the fation described above are
carried out at temperature equal to 1@ ®r higher, preferably at temperature in the
range of 115C to 130C. Setting the temperature in the polymerizatibthe raw
material monomer and the modification of genergtelymer at 110C or higher
facilitates chain transfer of active sites of tlengrated polymer during the
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modification, so that a low-molecular weight compahmade inactive by the chain
transfer is likely to remain unmodified and a higlolecular-weight component
having a plurality of active sites as a resulthod thain transfer is likely to be
modified. It is therefore possible to increasectipancy between a higher
modification rate and a lower modification rate,igrhdiscrepancy is associated
with the molecular weight, whereby a modified pobmhaving an uneven
distribution of modification rate can be synthesize

[0040] < Modified polymer >

The modified polymer of the present disclosureharacterized in that
it is manufactured by the aforementioned methodranufacturing a modified
polymer. The modified polymer of the present discire is equivalent to the
aforementioned prior art blend of a modified polyrfer matrix and a low-
molecular weight polymer, whereby it is possiblghe former to eliminate a
process of extending a modified polymer for matixa rubber composition by a
low molecular-weight polymer and/or a process aqfagately synthesizing a
modified polymer for matrix and a low-molecular @kt polymer and then
blending them.

[0041] The modified polymer of the present disclosure: hlas average
modification rate which is preferably 60% or higherore preferably in the range
of 70% to95 %; a modification rate of 90% or higla¢the molecular weight of
600,000; and a modification rate of 40% or lesthatmolecular weight of 80,000.

Setting the average modification rate of the rfiedipolymer to be 60%
or higher increases, when the modified polymersisduin a rubber composition,
affinity between the modified polymer and fillethereby improving low-heat
generation property and wear resistance of thegubbmposition.

Further, setting a modification rate at the malac weight of 600,000
to be 90% or higher and a modification rate atrttdecular weight of 80,000 to be
40% or less renders the modified polymer of thespn¢ disclosure substantially
equal to the blend of an unmodified, low moleculdgaight polymer and a modified
polymer for matrix as disclosed in PTL 1. Use lué modified polymer in a
rubber composition therefore can realize satisfgckow-heat generation property
and high wear resistance each equivalent to thieetubomposition disclosed in
PTL 1.

[0042] The modified polymer of the present disclosuregnably has the
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number average molecular weight (Mn) of 70,00016,200, the weight average
molecular weight (Mw) of 140,000 to 500,000, and geak molecular weight (Mp)
of 150,000 to 400,000, each calculated in termgadfstyrene, although type of the
modified polymer of the present disclosure is nattigularly restricted thereto.

The modified polymer satisfying the aforementiomadges of the molecular
weight has an advantage that it achieves low hgsiefoss property and high wear
resistance in an excellently balanced manner.

[0043] < Rubber composition >

The rubber composition of the present disclossiigharacterized in that
it includes the modified polymer described abové&he rubber composition of the
present disclosure, containing the modified polytinerein, is excellent in low-
heat generation property and wear resistance. niddified polymer works as a
softening agent and a rubber component for matrithe rubber composition of the
present disclosure. The rubber composition ofpifessent disclosure may contain
a rubber component other than the aforementionedified polymer.

[0044] In addition to the aforementioned modified polymfdters such as
carbon black, silica and the like, antioxidantasg coupling agent, vulcanization
accelerator, vulcanization accelerator auxiliamylcanizing agent, etc. may also be
appropriately selected and blended with the rulglbenposition of the present
disclosure unless addition of these optional add#iadversely affects the object of
the present disclosure. Commercially availabledpots can be suitably used as
the optional additives described above.

The rubber composition of the present disclosame be manufactured
by subjecting a blend of the aforementioned modifpelymer and respective
additives appropriately selected according to ngitgsto mixing and kneading,
warming, extrusion, and the like.

[0045] < Tire >

The tire of the present disclosure is characeerin that it uses the
rubber composition described above. The tire efghesent disclosure, using the
aforementioned rubber composition, has small rglliesistance and is excellent in
wear resistance. The rubber composition is appléecto tire portions such as a
tread, a sidewall, a case member, and the like.e ribber composition is
preferably applied to a tread of a tire in partaaul
[0046] The tire of the present disclosure may be manufadtby either i)

PO164746-PCT-ZZ (17/30)



10

15

20

25

30

-18 -

molding the rubber composition in an unvulcanizeatesand subjecting a resulting
green tire to vulcanization or ii) subjecting thiober composition to a preliminary
vulcanization process, molding half-crosslinkedli{tvallcanized) rubber thus
obtained by the preliminary vulcanization process] subjecting a resulting tire to
a main vulcanization process, depending on the ofpplication of the tire. The
tire of the present disclosure is preferably a pnatic tire and examples of gas
with which the tire is to be inflated include ingds such as nitrogen, argon,
helium or the like, as well as ambient air andadiwhich partial pressure has been
adjusted.
[0047] < Other applications >

The rubber composition of the present disclogsura crosslinked rubber
composition obtained by crosslinking the rubber position of the present
disclosure is applicable to, other than a tire eotftubber products such as vibration
damper rubber, base-isolation rubber, belt (convegdt), rubber crawler, various
types of hoses, Moran, and the like.

EXAMPLES

[0048] The present disclosure will be described furtmedétail by Examples
hereinafter. The present disclosure is not limitgdany means to these Examples.
The respective measurements and evaluations wetiec¢aut by the methods
described below.
[0049] (1) Molecular weight

The number average molecular weight (Mn), thegiveaverage
molecular weight (Mw) and the peak molecular wei@¥ip) in terms of
polystyrene of each sample polymer were obtaineshectively, by gel permeation
chromatography [GPC: “HLC-8020" manufactured by THSCORPORATION,
Column: “GMH-XL" (two in series) manufactured by BOH CORPORATION,
Detector: a differential refractometer (RI)] withomodispersed polystyrene as the
reference.
[0050] (2) Microstructure and bonded styrene content

Butadiene content (mass %), bonded vinyl conteratss %) of the
butadiene portion, and styrene content (mass %)e@tample polymer were
obtained, respectively, based on integral ratioHoNMR spectrum.
[0051] (3) Modification rate
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(i) Method for measuring modification rate of blatpolymerized
product

A consumption rate of the modification agent wakulated by
measuring by gas chromatography (GC) the contetit@fmodification agent
remaining unreacted. The value of the consumptid@ was regarded as the
modification rate.

(if) Method for measuring modification rate oframuously-
polymerized product

Polymer cement was collected from a reactor imatety before
charging the modification agent to the reactor Hredpolymer cement thus
collected was charged in a pressure-resistantebotth large amount of 4,4’-
bis(diethylamino)benzophenone (DEAB) was addedéliottle and the mixture
was stirred for 30 minute in a thermostatic batlwiich the temperature was kept
at 50C.

2,6-di-tert-butyl-p-cresol (BHT) was added toesulting reaction
product and then the product was dried by a heabiigf which temperature was
adjusted at 11TC.

The continuously-polymerized sample, which hadrbmodified by
DEAB, was subjected to measurement by GPC for nraagsthe molecular weight
thereof and analysis by an UV detector for detemgrabsorption intensity at 280
nm.

The modification rate at a specific molecular gigj of the
continuously-polymerized sample, was calculated¢dyparing the intensity
thereof with the intensity of the batch-polymerizaimple having a molecular
weight equal to the specific molecular weight, niedi by DEAB and whose
modification rate is known. The average modifioatrate was calculated as the
average of modification rates in the range of 80,0600,000.

[0052] (4) Productivity

For each of Examples and Comparative Example® tequired for the
conversion rate of the raw material monomer to neE@0% was counted.

In a case of the continuous polymerization usrfgpw-through reactor,
the aforementioned “time” means time during whikbl taw material monomer was
required to stay inside the reactor.

In each of Examples and Comparative Examples shiow ables 1 and
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2, productivity is expressed by an index which oaverted value of the inverse
number of the aforementioned “time” relative to theerse number of the
aforementioned “time” of Comparative Example 3 lgeit00”. Similarly, in each
of Examples and Comparative Examples shown in TaBland 4, productivity is
expressed by an index which is a converted valud@inverse number of the
aforementioned “time” relative to the inverse numbgtthe aforementioned “time”
of Comparative Example 9 being “100”. The largedex value represents the
shorter time required for the conversion rate ef thw material monomer to reach
100%, i.e. the higher productivity.
[0053] (5) Heat generation property (@n

The rubber composition thus obtained was subgetde/ulcanization at
160°C for 20 minutes and then measurement odtayya dynamic viscoelasticity
analyzer (manufactured by Rheometric Scientific)nmnder the conditions of
temperature: 60C, dynamic strain: 5%, frequency: 15 Hz. In eatExamples
and Comparative Examples shown in Table Btiarexpressed by an index relative
to the ta® value of Comparative Example 16 being “100” an@ath of Examples
and Comparative Examples shown in Table @tarexpressed by an index relative
to the ta®d value of Comparative Example 21 being “100” acoogdo the formula
shown below. The smaller index value represergddiver heat generation, i.e.
smaller hysteresis loss.

Heat generation index = [(t&rof sample rubber composition)/ (&of
rubber composition of Comp. Example 16 or Comp.r&pke 21)]x 100
[0054] (6) Wear resistance

The rubber composition thus obtained was subgetde/ulcanization at
160°C for 20 minutes and then measurement of wear ateegording to JIS K
6264-2:2005 by using a Lambourn abrasion testeeutite conditions of slip rate:
25 %, temperature: 28. Wear resistance is expressed by an index whiah
converted value of the inverse number of the weasunt value of the sample
rubber composition relative to the inverse numibethe wear amount value of
Comparative Example 16 being “100” in each of Exées@nd Comparative
Examples shown in Table 5 and similarly wear resisé is expressed by an index
which is a converted value of the inverse numbehefwear amount value of the
sample rubber composition relative to the inversmber of the wear amount value

of Comparative Example 21 being “100” in each ohEwles and Comparative
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Examples shown in Table 6, according to the fornsllawn below. The larger
index value represents the smaller wear amounthigher wear resistance.

Wear resistance index = [(wear amount of rubloenmosition of Comp.
Example 16 or Comp. Example 21)/(wear amount ofdamubber composition}
100
[0055] < Example 1 >

Example 1 was carried out by: supplying, to avtiirough reactor
(internal volume: 76 L), a hexane solution (20 m#ssoncentration) containing 35
mass % of styrene monomer and 65 mass % of 1,3}Heuwa monomer (“mass %"
with respect to the total mass of the monomer) r@te of 138.47 kg/hour and also
3 mass % of n-butyllithium as a polymerization iator at a rate of 503.00 g/hour;
continuously supplying, from the bottom portiontbé reactor, 1,2-butadiene (0.18
equivalent unit with respect to n-butyllithium) 22di(tetrahydrofuranyl)propane
(0.50 equivalent unit with respect to n-butyllitmy, and N-(1,3-
dimethylbutylidene)-3-(triethoxysilyl)-1-propaneamai (0.50 equivalent unit with
respect to n-butyllithium) as Modification agentrépresented by the chemical
formula shown below; carrying out polymerizationteat the materials stayed for
20 minutes in the reactor, while maintaining th& #mperature of the reactor”
(the temperature measured at a height approximai8lyf the side wall measured
from the bottom of the reactor) at 22 stopping the polymerization reaction by
adding isopropanol to the polymer cement thus olethiby the aforementioned
reaction; further adding 2,6-di-tert-butyl-p-cre¢BHT) as an antioxidant to the
polymer cement, to leave it in a blend tank forrmppmmately 2 hours; then
removing the solvent from the polymer cement andndy the product, thereby
obtaining Polymer 1.

EO)S iMNM

The styrene content of Polymer 1 thus obtained 8&mass %, the
butadiene content with respect to the total ma€3adymer 1 was 65 mass %, and
the bonded vinyl content of the butadiene portiasW@8 mass %.

[0056] < Example 2, Comparative Examples 1, 2 >
Each of Polymers 2-4 was prepared in a manneisito that of

Example 1, except that the supply ratios of n-Hitym, 2,2-
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di(tetrahydrofuranyl)propane, and 1,2-butadieneengranged in the formers as
shown in Table 1, to change the polymerization terafure.

[0057]  [Table 1]
Comp. Comp.
Example 1 Example 2 Example 1 | Example 2
Polymer Polymer 1 Polymer 2 Polymer 3 Polymer 1
Styrene charging ratio (mass %) 35 35 35 35
1,3-butadiene charging ratio (mass %) 65 65 65 65
n-butyllithium (mmol/hour) 234 234 234 245
2,2-di(tetrahydrofuranyl)propane (molar ratio) | 0.50 0.46 0.40 0.44
1,2-butadiene (molar ratio) * 0.18 0.35 0.44 0.46
T Modification | Modification | Modification | Modification
Type of modification agent
agent A agent A agent A agent A
Modification agent (molar ratio) * 0.50 0.50 0.50 0.50
Tem_p_era_ture Slurlng polymerization and 122 111 94 112
modification (°C)
Styrene content (mass %) 35 35 36 35
Bonded vinyl content (mass %) 28 27 28 28
Mn (x1,000) 161 178 201 182
Mw (x1,000) 451 427 402 455
Mp (x1,000) 275 260 268 284
Polymer - —
: Molecular weight distribution 2.8 2.4 2.0 25
properties -
Average modification rate (%) 67 65 69 41
Modification rate (%) at high
molecular weight region (600k) >90 >90 4 &
Modification rate (%) at low
molecular weight region (80k) 28 35 58 30
Productivity of polymer (index) 117 112 107 112

* molar ratio with respect to n-butyllithium

[0058] < Comparative Example 3 >

Comparative Example 3 was carried out by: chaygia a nitrogen-
substituted autoclave reactor (a batch-type reaatternal volume: 5 L), a hexane
(2486 g), 2,2-di(tetrahydrofuranyl)propane (0.10l/nid, potassium t-amylate
(KTA, 0.10 mol/Li), styrene (154 g), 1,3-butadie{®85 g); adjusting the
temperature of the mixture in the reactor atd.@nd then adding n-butyllithium
(0.587 mmol) to the mixture, to initiate polymetiwa (the polymerization was
carried out under a heat-insulated condition ardnilaximum temperature reached
85°C); adding 10 g of 1,3-butadiene to the polymeusoh when the
polymerization conversion rate reached 99% andaatig the polymerization to
proceed for 5 more minutes; collecting a small amaf the polymer solution from
the reactor for sampling and adding the polymeutsoh thus collected to 30 g of a

cyclohexane solution to which 1 g of methanol hadrbadded; adding N-(1,3-
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Modification agent A to the polymer solution, torgaout a modification reaction

for 15 minutes; adding 2,6-di-tert-butyl-p-cresBHT) to the reaction mixture;

then removing the solvent from the reaction mixtoyesteam stripping and drying

the rubber by a heating roll of which temperatueeswadjusted at 131G, thereby

obtaining Polymer 5.

[0059]

< Comparative Examples 4-6 >

Each of Polymers 6-8 was prepared in a manneisito that of

Comparative Example 3, except that the chargingsadf n-butyllithium, 2,2-

di(tetrahydrofuranyl)propane, and potassium t-aney(&TA) were changed in the

formers as shown in Table 2.

modification agent.

Comparative Exampded@ot use any

[0060]  [Table 2]
Comp. Comp. Comp. Comp.
Example 3 | Example 4 | Example 5| Example 6
Polymer Polymer 5 Polymer 6 Polymer 7 Polymer 8
Styrene charging ratio (mass %) 35 35 35 35
1,3-butadiene charging ratio (mass %) 65 65 65 65
n-butyllithium (mmol) 0.587 0.859 1.122 2.357
2,2-di(tetrahydrofuranyl)propane (molar ratio) | 0.1 0.1 0.1 0.1
Potassium t-amylate (molar ratio) * 0.1 0.1 0.1 0.1
Type of modification agent Modification | Modification | Modification )
agent A agent A agent A
Modification agent (molar ratio) * 0.50 0.50 0.50 -
Styrene content (mass %) 35 36 37 35
Bonded vinyl content (mass %) 28 26 27 27
Mn (x1,000) 250 168 112 68
Mw (x1,000) 450 320 190 75
Mp (x1,000) 281 192 147 70
Polymer - —
properties Molecular weight distribution 1.8 1.9 1.7 11
Average modification rate (%) 81 83 82 0
Modification rate (%) at high i i i
molecular weight region (600k)
Modification rate (%) at low i i i
molecular weight region (80k)
Productivity of polymer (index) 100 100 100 102

* molar ratio with respect to n-butyllithium

[0061]

< Example 3 >

Polymer 9 was prepared in a manner similar to oh&xample 1,

except that N-(1,3-dimethylbutylidene)-3-(trieth@xyl)-1-propaneamine

(Modification agent A) of the latter was replacedhaN-(3-triethoxysilylpropyl)-
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4,5-dihydroimidazole (Modification B representedthy chemical formula shown
below) in the former.

EO )BS I/\/\N/\N
[0062] < Example 4, Comparative Examples 7, 8 >

Each of Polymers 10-12 was prepared in a marinelas to that of
Example 3, except that the supply ratios of n-Hitym, 2,2-
di(tetrahydrofuranyl)propane, and 1,2-butadieneengranged in the formers as
shown in Table 3, to change the polymerization terafure.
[0063] [Table 3]

Comp. Comp.

Example 3 |  Example 4 Example 7 | Example 8

Polymer Polymer 9 Polymer 10| Polymer 1.  Polymer ]2
Styrene charging ratio (mass %) 35 35 35 35
1,3-butadiene charging ratio (mass %) 65 65 65 65
n-butyllithium (mmol/hour) 234 234 234 245
2,2-di(tetrahydrofuranyl)propane (molar ratio) | 0.50 0.46 0.40 0.44
1,2-butadiene (molar ratio) * 0.18 0.35 0.44 0.46
T Modification | Modification | Modification | Modification
Type of modification agent
agent B agent B agent B agent B
Modification agent (molar ratio) * 0.50 0.50 0.50 0.50
Polymerization Temperature (°C) 122 111 94 112
Styrene content (mass %) 36 37 35 36
Bonded vinyl content (mass %) 27 28 27 28
Mn (x1,000) 157 164 181 170
Mw (x1,000) 455 377 344 442
Mp (x1,000) 268 257 270 265
Polymer - —
: Molecular weight distribution 2.9 2.3 1.9 2.6
properties —
Average modification rate (%) 71 68 68 39
Modification rate (%) at high
molecular weight region (600Kk) >90 >90 IS 4
Modification rate (%) at low
molecular weight region (80k) 24 36 60 28

Productivity of polymer (index) 117 112 107 112
* molar ratio with respect to n-butyllithium

[0064] < Comparative Example 9 >

Polymer 13 was prepared in a manner similar & ¢ Comparative
Example 3, except that N-(1,3-dimethylbutylidene(ti3ethoxysilyl)-1-
propaneamine (Modification agent A) of the latteaswreplaced with N-(3-
triethoxysilylpropyl)-4,5-dihydroimidazole (Modifation B) in the former.
[0065] < Comparative Examples 10, 11 >

Each of Polymers 14, 15 was prepared in a masingtar to that of
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Comparative Example 9, except that the charginigsadf n-butyllithium, 2,2-
di(tetrahydrofuranyl)propane, and potassium t-arney(&TA) were changed in the
formers as shown in Table 4.

[0066] [Table 4]

Comp. Comp. Comp.
Example 9 | Example 10| Example 11

Polymer Polymer 13| Polymer 14  Polymer 1p
Styrene charging ratio (mass %) 35 35 35
1,3-butadiene charging ratio (mass %) 65 65 65
n-butyllithium (mmol) 0.587 0.859 1.122
2,2-di(tetrahydrofuranyl)propane (molar ratio) | 0.1 0.1 0.1
Potassium t-amylate (molar ratio) * 0.1 0.1 0.1

S Modification | Modification | Modification
Type of modification agent

agent B agent B agent B
Modification agent (molar ratio) * 0.50 0.50 0.50
Styrene content (mass %) 36 35 35
Bonded vinyl content (mass %) 27 28 25
Mn (x1,000) 253 189 128
Mw (x1,000) 480 340 205
Mp (x1,000) 271 202 147
Polymer - —
: Molecular weight distribution 1.9 1.8 1.6
properties -
Average modification rate (%) 77 79 84
Modification rate (%) at high i i i
molecular weight region (600Kk)
Modification rate (%) at low i i i
molecular weight region (80k)

Productivity of polymer (index) 100 100 100
* molar ratio with respect to n-butyllithium

[0067] It is understood from the results of Tables 1 tihat the method for
manufacturing a modified polymer of the presentltisure achieves high
productivity.
[0068] < Preparation of rubber composition and evaluatiereof >

Test rubber compositions were manufactured bygyoag out two stages
of mixing and kneading, i.e. the first stage mixergd kneading and the subsequent
final stage of mixing and kneading, using a conierdl Banbury mixer according
to the blending prescriptions shown in Tables 5 @nd The maximum temperature
of the test rubber compositions was set at’06ét the first stage mixing and
kneading and at 10& at the final stage mixing and kneading, respetyiv

Heat generation property (&@nand wear resistance of the test rubber
compositions thus obtained were evaluated by théhoas described above,
respectively. The results are shown in Tablesdb&n
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[0069]  [Table 5]

Example 5| Example 6 Comp. Comp. ) Comp. Comp. Comp.
Example 12Example 13Example 14Example 1$Example 14
Polymer 1 120 - - - - - -
Polymer 2 - 120 - - - - -
Polymer 3 - - 120 - - - -
Polymer 4 - - - 120 - - -
Polymer 5 - - - - 30 - -
] Polymer 6 - - - - 40 100 100
F!rg,t stage Polymer 7 - - - - 30 - -
mixing and
kneading Polymer 8 - - - - 20 20 -
. Carbon black N220 *1 10.0 10.0 10.0 10.0 10.0 10.d 10.0
Bf;g'irsg Silica 2 P?T:;SSZV 65.0 65.0 65.0 65.0 65.0 65.0 65.0
Silane coupling agent *3 5.0 5.0 5.0 5.0 5.0 5.0 5.0
(0] - - - - - - 20.0
Stearic acid 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Antioxidant 6PPD *4 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Zinc white 25 25 25 25 25 2.5 25
Final stage]Vulcanization accelerator DPG *5 0.6 0.6 0.6 0.6 0.6 0.6 60
mixing and|Vulcanization accelerator MBTS *§ 1.0 1.0 1.0 1.0 1.0 1.0 1.0
kneading |vulcanization accelerator TBBD *] 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5 1.5
. |tar® Index 93 94 95 102 95 95 100
Evaluation -
Wear resistance Index 120 118 113 115 117 112 100
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[0070]  [Table 6]

Comp. Comp. Comp. Comp. Comp.
Example 7| Example 3Examplp:e 1"Exampl|?a 1!1Exampl|?a 14 ExampIF()e Z(LExampIE)e 21
Polymer 9 120 - - - - - -
Polymer 10 - 120 - - - - -
Polymer 11 - - 120 - - - -
Polymer 12 - - - 120 - - -
Polymer 13 - - - - 30 - -
] Polymer 14 - - - - 40 100 100
F!rg,t stage Polymer 15 - - - - 30 - -
mixing and
kneading Polymer 8 - - - - 20 20 -
. Carbon black N220 *1 20.0 20.0 20.0 20.0 20.0 20.4 20.0
Bf;g'irsg Silica 2 P?T:;SSZV 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Silane coupling agent *3 5.0 5.0 5.0 5.0 5.0 5.0 5.0
(0] - - - - - - 20.0
Stearic acid 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Antioxidant 6PPD *4 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Zinc white 25 25 25 25 25 2.5 25
Final stage]Vulcanization accelerator DPG *5 0.6 0.6 0.6 0.6 0.6 0.6 60
mixing and|Vulcanization accelerator MBTS *§ 1.0 1.0 1.0 1.0 1.0 1.0 1.0
kneading |vulcanization accelerator TBBD *] 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5 1.5
. |tar® Index 96 97 98 104 98 98 100
Evaluation -
Wear resistance Index 115 114 108 109 114 112 100
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[0071] *1. Product name “#80” manufactured by Asahi Cari@o., Ltd.

*2:  Product name “Nipsil AQ” manufactured by Tds8ilica
Corporation, BET surface area: 205/q

*3:  Bis(3-triethoxysilylpropyl)disulfide (the avage sulfur chain
length: 2.35), Silane coupling agent, product nd8i&5” [ manufactured by
Evonic Industries, AG

*4: N-(1,3-dimethylbutyl)-N’-phenyl-p-phenyleneainine, product
name “Nocrac 6C” manufactured by Ouchi-Shinko Cherhindustrial Co., Ltd.

*5:  1,3-diphenylguanidine, product name “Sanc@&émanufactured
by SANSHIN CHEMICAL INDUSTRY CO.,LTD.

*6: Di-2-benzothiazolyl disulfide, product nam8énceler DM”
manufactured by SANSHIN CHEMICAL INDUSTRY CO.,LTD.

*7:  N-tert-butyl-2-benzothiazolylsulphenamidepguct name
“Sanceler NS” manufactured by SANSHIN CHEMICAL INBJRY CO.,LTD.
[0072] It is understood from Tables 5 and 6 that a ruldmenposition using the
modified polymer manufactured by the method of phesent disclosure has low-
heat generation property and wear resistance elgumto those of a rubber
composition prepared by separately synthesizingdified polymer for matrix and

a low-molecular weight polymer and then blendingnth

INDUSTRIAL APPLICABILITY

[0073] The modified polymer manufactured by the methothefpresent
disclosure is applicable, for example, to a rubtmmposition for use in a tire and
the like. The rubber composition of the presesthtisure is applicable to a tire
and other rubber products. The tire of the presdesdlosure can be used as a tire

for various types of vehicles.

PO164746-PCT-ZZ (28/30)



10

15

20

25

30

- 29 -

CLAIMS

1. A method for manufacturing a modified polymesmprising
continuously supplying a raw material monomer conitey at least conjugated
diene compound, a polymerization initiator contaglithium, 1,2-butadiene and a
modification agent into a flow-through reactor, sang the raw material monomer
to be continuously polymerized to generate polyaret also causing a portion of
the polymer thus generated to be modified withrtieadification agent, wherein:

the polymerization and the modification are cedrout at temperature
equal to 110C or higher; and

a mole ratio (1,2-Bd/Li) of the 1,2-butadiene2-Bd) with respect to
lithium (Li) of the polymerization initiator containg lithium is set to be 0.37 or

less.

2. The method for manufacturing a modified podyrof claim 1,
wherein the modification agent contains at least ohnitrogen atom and silicon

atom.

3. The method for manufacturing a modified poéyrof claim 1 or 2,

wherein the raw material monomer further contaimg&eomatic vinyl compound.

4. A modified polymer, manufactured by the metlior

manufacturing a modified polymer of any of claim&13.

5. The modified polymer of claim 4, which hasarerage
modification rate of 60% or higher, a modificaticate of 90% or higher at a
molecular weight of 600,000, and a modificatioreraf 40% or less at a molecular

weight of 80,000.

6. A rubber composition, containing the modifgalymer of claim 4
or 5.

7. Atire, using the rubber composition of claém
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