- 1 - Description Title of Invention: METHOD FOR PRODUCI NG BRANCHED
CONJUGATED DI ENE- BASED POLYMER Techni cal Field [0001] The present
invention relates to a nethod for prgdchng a branched conj ugat ed

di ene-based pol yner. Background Art [0002] A nmet hod for producing a
branched pol ymer or copol ynmer has conventionally been proposed, in which a
conj ugat ed di ene conmpound is polynerized or a conjugated di ene conpound and
a vinyl aromatic conpound are cop8EyRELPEE@™ n a hydrocarbon sol vent using
an alkali netal-based initiator, and the polyner or the copolyner is
further reacted with a pol yfunctional |ow nolecular conpound to performa
coupling rea #ion (for exanple, see Patent Document 1). [0003] As a
met hod for 6% ﬁiﬁﬁngngeﬁfégghed copol ymer, a technique of continuously

performing pol yyeriaat g Laoshc!astelioupaackignezonssytey i selpsed. in

whi ch a pol yfunctional T'ow nbl'ecul ar conpound’is”a
POLYMER

Technical Field
[0001]
The present invention relates to a methoed for

producing a branched conjugated diene-based polymer.

Background Art
[0002]

A method for producing a branched polymer or
copolymer has conventicnally been proposed, in which a
conjugated diene compound is polymerized or a conjugated
diene compound and a vinyl aromatic compound are
copolymerized in a hydrccarboeon solvent using an alkali
metal-based initiator, and the polymer or the copolymer
is further reacted with a polyfunctional low molecular
compound to perfcrm a coupling reaction (for example, see
Patent Document 1).

[0003]

As a method for obtaining a branched copolymer, a
technique of continuously performing polymerization in at
least two reaction zones is disclosed, in which a

polyfunctional low molecular compound is added to the



- 2 - first reaction zone to performa coupling reaction (for exanple, see
Pat ent Docunent 2). [0004] A techni que of continuously performng

pol ymeri zati on using two ponnerizatLoQ vessels is disclosed, in which a
pol yfunctional |ow nol ecul ar conpound i"s added to the second pol ynerization
vessel to performa coupling reaction (for exanple, see Patent Docunent 3).
[ 0005] Furthernore, there is disclosed a technique in which

conti nuati darpol yreciciani gonies tpeprkofmet asicogrtlwndpslepetiionat(ifon vessel s,
and a pol yfunctional |ow nol ecul ar compound is then added using a static

m xer to pérRBPRca 668pFRAGNTeROCIUBRNLS 6P -exanpl e, see Patent Document 4).
Citation List Patent Docunent [0006] Patent Docunent 1. Japanese Patent
Publ i cati onOR84149- 36957 Patent Document 2: Japanese Patent Publication

No. 54- 6274 A technique of continuously performing

pelymerization using two polymerization vessels is
disclosed, in which a polyfunctional low molecular
compound is added to the second peolymerization vessel to
perform a coupling reaction (fcor example, see Patent
Document 3).

[0005]

Furthermore, there is disclosed a technique in which
continuation polymerization is performed using two
polymerization vessels, and a polyfunctional low
molecular compound is then added using a static mixer to
perform a coupling reaction (for example, see Patent

Document 4).

Citaticen List

Patent Document

[0006]

Patent Document 1: Japanese Patent Publication No. 49%-
36957

Patent Document 2: Japanese Patent Publication No. 54-
6274

Patent Document 3: Japanese Patent Laid-Open No. 61-

2508917



Pat ent Docunent 3: Japanese Patent Laid-Open No. 61- 255917 - 3 - Patent
Docunent 4: International Publication No. WZ2006/ 104215 Summary of

I nvention Problens to be Solved by the. nvention [0007] However, in
the nethod for producing the branched ¢onjugated di ene-based pol yner by
continuously polynerizing the conjugated di ene polynmer followed by the
coupling reaction continuously perforned, a slight change in a process
great |y i nFliiendebogugealti dy dhtariiandlonglodudtl 1cktion Neus an i nport ant
subj ect to produce a branched conjugated di ene-based pol yner industrially
stably.  WO20PRdAC4P 5 s an object of the present invention to provide a
nmet hod capabl e of industrially, stably and efficiently providing a branched
conj ugat ed di ene-based polyner, that is, a branched conjugated diene

pol yrer ru%ber or. a_branched random copol yner rubber conposed of a

conj ugat ed *48RE e StpdiN§“&nd™a vinyl aromatic conpound and producing the

above-desc&&%%qe Engqgglg%&v%%]% o ulkber. ar. _copol ymer rubber. Means for
0 .

Sol ving the Praoblens | The present “inventors have investigated,
for solvinqob@q]above-described probl ens, a nethod for producing a

However, in the method for producing the branched
conjugated diene-based polymer by continuously
polymerizing the conjugated diene polymer follcowed by the
coupling reaction continuously performed, a slight change
in a process greatly influences a quality of a final
product. It is thus an important subject to produce a
branched conjugated diene-based polymer industrially
stably.

Then, it is an object of the present invention to
provide a method capable of industrially, stably and
efficiently providing a branched conjugated diene-based
polymer, that is, a branched conjugated diene polymer
rubber or a branched random copolymer rubber composed of
a conjugated diene compound and a vinyl arcmatic compound
and producing the above-described high-quality polymer

rubber or copolymer rubber.

Means for Solving the Problems
[C008]
The present inventors have investigated, for solving

the above-described problems, a method for producing a



- 4 - branched conjugat ed di ene-based polynmer, in which a conjugated diene
conpound is polynerized or a conjugated di ene conpound is polynerized with
a vinyl aromatic conmpound in a hydrocarbon sol vent using an al kal

nmet al - based initiator continuously to obtain a living polynmer or copol yner
and the obtained living polynmer or copolyner is reacted with a

pol yfunctional conpound to performa coupling reaction. As a result, it has
been foundbﬁﬁaﬁhﬁﬁecébﬁééﬁtédnd@@nacbﬁéﬁédpbgyw@ﬁbrémlMHQCQ g nme until the
coupling reaction is perforned after the polynerization and controlling a
pressure of°&Jpradeacet diersyCREPEUTFet SoPCd YPEIyFEF £&t Pof Fdsgerern which

the polynerization is perforned, |eading to the conpletion of the present
i nvent i on. 91€ne CepRpu 9,thEOg¥@§éﬁFeQnyéﬁpi8nvﬁpgﬁ B&°F8SEFi bed | ater.

0009 1 t hod f duci hed ' t.ed di based
pol ynbr - cofrpesed TR 30y BaeiBrte sflafnd: BRSO elnenRbauary RaTyner i 2i ng
a conj ugat F)gsg'deri] i%?iﬁ'&%%”@ogfti%%%'sﬁgeft'oz'o%%a%n‘?%”lﬂ%kgfj 9 '1g%%rco”p9“”d
and a vinyl aromati ¢ conpound Tn a hydrocarbon solvént "usi hg an al kal

met al - based i pbbibalRkr And RALY BBLLZALIL0N 14853 hol 9m@ht 3 Rpli1yiag pol yner
or copolymer; = 57- a coupling step of performng a coupling reaction

by reaCtinﬂstH%abE%HngiEﬁ|ﬁU@bl?Eu%@@Qb%ﬁ&rcthBu@dprYEéﬁgb&QP@| COﬁppund
in a coupling reactor that is connected to the polynerization vessel via a
pi pe provi dedpatnanredtkebnof Abeapekyinet| zati nasvessel tbunm whath the
l'i ving pol ymer or copolyner is discharged, and that is connected to a
di schar gi nghpi pejkati ngnabeopehiirgedepyeecadirostling anittimeametd lsol vent
renoval step
the coupling reaction is performed after the
polymerization and controlling a pressure of a product
removing outlet of a pclymerization vessel in which the
polymerization is performed, leading to the completion of
the present invention.
That is, the present invention will be described
later.
[CC09]
(1]
A method for producing a branched conjugated diene-
based polymer comprises:
a polymerization step of continuously polymerizing a
conjugated dienrne compcund or copolymerizing a conjugated
diene compound and a vinyl aromatic compound in a
hydrocarbon solvent using an alkali metal-based initiator

in a polymerization vessel to obktain a living polymer or

copolymer;



wherein the living polymer or copolyner is reacted with the pol yfunctional

conpound within 5 mnutes after the polynerization step, and a
pressure at the outlet of the polyne[i%agion vessel is controlled to 0.5 to
2 MPaG by the opening-degree adjusting-unit. [0010] [2] The net hod

for producing the branched conjugated di ene-based pol yner according to the
above item|[1], wherein the coupling reactor is equipped with a rotary
stirrer and i s a tanklieac$soepha¥i pgraovoiugeaofolpbing 568 basedvwn t he
vol ume of the polynerization vessel. [0011] [3] The net hod for
produci ng thechkiadacked é@ﬁﬂngap@dY@ﬁén@rb§§@@1WUﬁynﬁﬁtécéord|ng to the
above item|[1] or % wherein the polynerization vessel is a tank reactor
- 6 - equi ppPUTHIE 18n§ﬂ|FP@P°u§ﬁlehé E6HPddaLedeadrénE E8RbodAd and the

vinyl aromatic conpound are r ndoni Qpol ynerized.,in the presence of a
bol a1 conpBERASERSEh&CpsNGrEri YEEFOREaR. VEOGES] LA @ PLPS

provided at an outlet of the polymerization vessel from
which the living polymer or copclymer is discharged, and
that 1s connected to a discharging pipe having an
opening-degree adjusting unit; and

a solvent removal step,

wherein the living polymer or copolymer is reacted
with the polyfunctional compound within 5 minutes after
the polymerization step, and

a pressure at the outlet of the polymerizaticn
vessel is controlled to 0.5 to 2 MPaG by the opening-
degree adjusting unit.

[0010]
[2]

The method for producing the branched conjugated
diene-based polymer acccrding to the above item [1],
wherein the coupling reactor is equipped with a rotary
stirrer and is a tank reactor having a volume of 0.5 to
50% based on the volume of the polymerization vessel.
[0011]

(3]

The methecd for producing the branched conjugated

diene-based polymer according to the above item [1] or

[2], wherein the polymerizaticon vessel is a tank reactor



The nethod for producing the branched conjugat ed di ene-based pol yner
according to any one of the above itens [1] to [3], further conprises a
step of sanpling the living polyner or _copolyner between the polynerization
step and the coupling step and neasuriﬁg a Mooney viscosity thereof, and

a step of sanpling the branched conjugated di enebased pol yner when a
residence tine fromthe outlet of the polynerization vessel is |ess than 15
m nut es af egniphedcwiphi agsstepeandandasbei agnaulbbadydiiseosity t hereof.
[0013] [5] The met hod for producing the branched conjugated

di ene- basedopBPyRer aBEcbPEi HINY aﬁ9méﬁécoﬁomﬁéuﬁﬁoﬁéelFéﬁﬁoﬁgy to [4],
wherein one tank reactaor equipped with a stirrer is used as

pol yner i zafPBRLYBEEAFET] OD1AS BFeSence Ofpg H@%ﬁSchﬁPOBPQd&E|EBethe
branched con ated glene based pol ynmer according to any one of the above
itens [1] P8 F FrigAer8M'nS5®Bol yepoxy conpound having a tertiary anino
group in a[HBE%fU|e is used as the polyfunctional conpound. [0015] [7]

[4]

The method for producing the branched conjugated
diene-based polymer according to any one of the above
items [1] to [3], further comprises a step of sampling
the living polymer or copolymer between the
polymerization step and the coupling step and measuring a
Mocney viscosity thereof, and

a step of sampling the branched conjugated diene-
based polymer when a residence time from the cutlet of
the polymerization vessel is less than 15 minutes after
the coupling step and measuring a Mooney viscosity
thereof.

[C013]
[3]

The method for producing the branched conjugated
diene-based polymer according to any one of the above
items [1] to [4], wherein one tank reactor equipped with
a stirrer is used as the polymerization vessel.

[0014]
[6]
The method for producing the branched conjugated

diene-based polymer acccording te any one of the above



The nethod for producing the branched conjugat ed di ene-based pol yner
according to any one of the above itens [1] to [6], wherein the

pol yfunctional conmpound conprises a glychyIanino group-contai ning | ow

nol ecul ar conpound having 2 or nore tertiary am no groups and 3 or nore

gl ycidyl groups bonded to the tertiary amno groups in a nolecule, and an
ol i goner conponent of a dinmer or higher oligoner of the glycidylamno

gr oup- cont afainag[Lowcaol étul dheEdipoandoldaboriecpBP9hufichpBhad eonpound
conprises 75 to 95% by nmass of the | ow nol ecular conpound and 25 to 5% by
nmass of thbEeslFigdHerTbASedr8HPalloRalCfiBUnE &Ff vABIpBFyFlActi onal

conpound. %0016% E 8 % The met hod for producing the branched

conj ugat edPai8nB2EEEBR2poFYRBPUEBcording to any one of the above itens [1]
to [7], “hihﬁig a coupling reaction ratio of the living polyner or

copol ymer ﬁe pol yfunctional conpound is 10 to 80% by nmass. [0017] - 8
- The q?thod for producing the branched conjugated di ene-based pol yner
accordi ng 40 any one of the above itens [1] to [8], wherein the branched
conj ugated die y. i C I ght
di stribution rrenggs?%rslg%ug@é gg('l;£ p%?érr%lg(??%én)e%ﬁ? o%ﬁ%@%%h%?%&%e peak, and
has a wei ght za¥eragedmphecubar awebght ngf £t808n008nE0o2, 00Q, 888w th respect
to a pol ystyrene-equival ent nol ecul ar wei ght. [0018] [10] The net hod
for productrgmthelbranched, canpgahedhdi ppeybasedipahynmeemaeaasdi ng to any
one of the above itens [1] to [9], wherein the branched conjugated

di enebasedcpopyfreesi 8 glgopdlyyaminof gaccpnpugabédidgenewconpeuvndaand a
vinyl aromatic conpound; an anmount of a single chain of the vinyl aromatic
conpound bycupcongobEvioa @i th vroretestio%yoprnAppredbased enda3t oral anount
of the vinyl aromatic conpound; and an anount of 8 or nore chains of the
vinyl aron@Pire edipddid PsoPEoporgsd. to the tertiary amino groups

in a molecule, and an oligomer component of a dimer or
higher cligomer of the glycidylamino group-containing low
molecular compound; and

the polyfunctional compound comprises 75 to 85% by mass
of the low molecular compcound and 25 to 5% by mass of the
oligomer based on a total amcunt of the polyfunctional
compound.

[0016]

[8]

The method for producing the branched conjugated
diene-based polymer éccording to any one of the above
items [1] to [7], wherein a coupling reaction ratio of
the living polymer or copolymer and the pelyfunctiocnal
compound is 10 to 80% by mass.

[0017]
[9]



Advant ages of the Invention [0019] The produci ng nmethod of the present
i nvention can stably and efficiently produce a high-quality branched

conj ugat ed di ene-based polymer. - 9 -, That is, the producing nethod
can continuously produce a branched coﬁjugated di ene- based pol yner havi ng
little fluctuation in viscosity and a branching degree, in a short
residence tine, and a high conversion rate and a hi gh branchi ng degree, in
energy savi ng wWié meskogefoyeperdntong WpeledfanciCd rgbngu@utedhe | nvention
[ 0020] ~ Hereinafter, a node for carrying out the present invention
(her ei naf t 8ienpebappddred YAST RECHHSEENTE CeABYdPRENET) thtl PPBESdescri bed in
detail . ) The_present _invention is not limted to the foll ow ng
descriptioﬁFeTﬁe[55e§8nﬂ8ﬂmv@ﬁ??8ﬁnc&ﬁebgrﬁﬁﬁgéﬁeﬁPEQuﬁﬁtﬁﬂppéﬁpﬁéteIy

nodi fying |t within the scope thereof. [0021 t hod.f or Producing

Br anched CBAPBHaPEAvIFEnBogngel Pormir] o nobechEE"RE1G8E

distribution measured by gel permeation chromatography
{GPC) cne peék, and has a weight-average molecular weight
of 500,000 to 2,000,000 with respect to a polystyrene-
equivalent mclecular weight.

[0018]

[10]

The method for producing the branched conjugated
diene-based polymer according to any one of the above.
items [1l} to [9], wherein the branched conjugated diene-
based polymer is a copolymer of a conjugated diene
compound and a vinyl aromatic compound; an amount of a
single chain of the vinyl aromatic compound by
decomposition with ozone is 40% or more based on a total
amount of the vinyl aromatic compound; and an amount of 8
or more chains of the wvinyl aromatic compound is 5% or

less.

Advantages of the Invention
(00191

The producing method of the present invention can
stably and efficiently produce a high-quality branched

conjugated diene-based polymer.



A nmet hod for producing a branched conjugated di enebased pol yner of the
present enbodi nent conpri ses: a polynerization step of continuously
pol ymeri zi ng a conj ugat ed di ene conpound or copol ynmeri zing a conjugated

di ene conpound and a vinyl aromatic corfpound in a hydrocarbon sol vent using
an al kali netal - based initiator in a polynerization vessel to obtain a
living polynmer or copol yne - 10 - a coupling step of performng a
coupl i ng reactlEhabylﬁeaﬁbﬁngrpﬁécﬂﬁglﬁgtbéﬁyﬁéﬁ 6PNEGPBPYARY With a

pol yfunctional compound in a coupling reactor that is connected to the
pol yner i zaﬂf@ﬁ%%brﬁngh@%.c&w icde @ 140 cawaeeq @toldfnetrh@avm_g

polynerlza on _.vessel fromwhi.ch the livin olyner or .c ymnmer
di schar ged, %ﬁ&et fr Cltélaé&ﬁﬁ]edflea’lrsﬁezf’l&lys%ﬁéir Cﬁ%“ﬁp\?{eﬁ&eﬁn

openi ng- degr ee, a tin nd a solven wherein the
l'i vi ng pol %rer o(rfl'J (%pol % enlde reacted Wi tahthtlﬁe po nv uncltolnor]fé'lltec&%iound

Wi thin 5 m_nyt (éshl %frta‘?lrchtﬂﬂ% Q%\%,rs%él zat QR I%Iae & Wstgl A 3 Y. e%%lire at the

outlet of the ynerization i's contro aG by the
openi ng- de%é%%fgyl%%tlng unit. [0022] (Production Apparatus Carrying out
Pr oduci ng thod of Branched Conjugated D ene-based Pol yner) First, a
producti on apparatus (hereinafter, may be nerely referred to as a
producti on apparatus) carrying out the producing nethod of the branched
conj ugat ed Miicene-drased rgahynern toft Heha rpregsinin enbodi ment wi I | be descri bed.
The production apparatus is equi pped with a polynerization vessel and a
coupling rd&c2dx]. <Pol yneri zati on Vessel >
Hereinafter, a mode for carrying out the present
invention (hereinafter, referred to as "the present
embodiment") will be described in detail.
The present invention 1s not limited to the
following description. The present invention can be
implemented by appropriately modifying it within the
scope thereof.
[0021]
[Method for Producing Branched Conjugated Diene-based
Polymer]
A method for producing a branched conjugated diene-
based polymer of the present embodiment comprises:
a polymerization step of continucusly polymerizing a
conjugated diene compound or copclymerizing a conjugated
diene compound and a vinyl arcmatic compound in a
hydrocarben sclvent using an alkali metal-based initiator

in a peolymerization vessel to cbtain a living polymer or

copolymer;



The pol ynerization vessel is preferably a tank reactor having a stirrer,

and nore preferably a vertical polynerization vessel in view of the ease of
start and stop. The term "verti "_means a structure di sposed so
that the central axis of the tank reactor is perpendicular. The use
of the tank reactor is preferable for copolynerization having a high random
property in a polymerization step as described |later, particularly in a

pol ymeri zati on %t@@uphh@@nﬁyeﬁo%glQﬁéfpﬁmh@qaac@ﬁPHba@@dr@@@héO@ohﬁound and
a vinyl aromatic conBound.,An ozone deconposi tion-based nethod is used as a
met hod f or T¢&FGAFENG ehd 1V aRGoRPPYBSEr OF. COPOLYMELidit8s30f the structure

of the pol ri.zation vessel include a structure using a_tank,reactor
havi ng n SPPLYELAGHACRAT FORPGRES R o R gl AFRETO5T haly st sati on

vessels are CO”@%Ctqui@h%e%%%smeEE%a%EE%CE%%%eﬂS%Q% a ng§nerization
of " a

vessel is SPEPSraﬁﬁe ecaus i'gher l1iving ratio. 3] <Coupling

React o> Py iEA8 SRUBLI BauieRcLEr he €RNNACLEDAiR-a plpgIPraylded at the

polynerizaplon vessel outlet dischargin pol ymer ained int

abPVe'deSC%EQ%ﬂ_E%EYEE&E%gtb%Qy%%§S%E-copo&%mpr is cARCPReRILAY- degr ee
adjusting unit is provided in a discharging pipe fromthe coupling reactor

which is cengectedcbantheceoupl kngikedekding pipeAnRRESZUER at the outl et
of the polynerization vessel can be controlled g} adjusting this
openi ng- degpeeiadi-debirag bBdrckitddg unit; and

a solvent remcval step,

wherein the living polymer or copolymer is reacted
with the polyfuncticnal ccmpound within 5 minutes after
the polymerization step; and

a pressure at the outlet of the polymerization
vessel is contreolled to 0.5 to 2 MPaG by the opening-
degree adjusting unit.

[0022]
(Production Apparatus Carrying out Producing Method of
Branched Conijugated Diene-based Polymer)

First, a producticn apparatus (hereinafter, may be
merely referred to as a production apparatus) carrying
out the producing method of the branched conjugated
diene-based polymer of the present embodiment will be
described.

The production apparatus is equipped with a

polymerization vessel and a coupling reactor.

<Polymerization Vessel>



[ 0024] As described later, in the coupling reactor, a coupling
reaction is performed by m xing a pol yfunctional conpound with a sol ution
of a living polyner or copol yner obtgjffq_in a polynerization reaction in

t he pol ynerizati on vessel. The coupling reactor is equipped with a
rotary stirrer. The coupling reactor is preferably a tank reactor having a
volunme of 0.5 to 50% of that of the polynerization vessel, and nore
preferably a tahkereatyoerhagthgnavedbahelsfpicforabiyt aeradk. The
tank reactor provides an advantage that a probl em of bl ockage caused by a
gel gener afBaCitATt REVPHPy ReFt2EEFEn FE8EsBPIRs PRELGTEE 1gcéurertical The
coupling reaction can be stably perforned _to correspond to variation in the
flom1rateSPS#yWﬁélﬁéFﬁﬁﬁrV&ﬁ&eﬁhénp8F§WuﬁétF&ﬁa@aéﬁnﬁ uRd2TEufffler nore, the
coupling re%ction can be nore stably perforned by the volune of the

above- descfi-B&d range. The excessive vol ume of the coupling reactor

| engt hens a residen i nd_1 nc s_t f aLi - ;13 - range of
vi scosity and a% %aﬁ%ﬁlng§%£g$g3i0r$§%§gl?kggg Egﬁtgaﬁéﬁgas%%lgﬁer after
coupling t@nmekepnpt dikigult 110 sGORKLEOk Jhike rui3¢Q8 Ly and the branchi ng
degree. The volunme is a volune of a liquid phase. Wien a gaseous phase

exi sts, orpwheppnaishiibier and another device exist, the volunme does not
contain a portion thereof. [0025] In the coupling reactor, the

rel ati onship d/ thbetiweepranhenpgnkdirageter Ds(preapdanlbl ade diameter d (m
of the stirrer is preferably 0.5 or nore, and nore preferably 0.6 or nore.
When t he | pperlgmamdtzert iand hislve ngl adé idhameteloroforvperstyl iner sati sfy the
above-descri bed relationship, the fluctuation in the viscosity and the
branchi ng dedwveerdfasicoupltietg apoldgser ipededatted i Padedicadsed vevenai f t he

volume is conparatively small, to enable a stable coupling reaction.
polymerization step randomly cepolymerizing a ccnjugated

diene compound and a vinyl arcomatic compound. An ozone
decomposition-based method is used as a method for
valuating the random property.

Examples of the structure of the polymerization
vessel include a structure using a tank reactor having a
stirrer and a structure in which a plurality of
polymerization vessels are connected in series. The
structure using a polymerization vessel is preferable
because of a higher living ratio.

[0023]
<Coupling Reactor>

The coupling reactor is connected via a pipe
provided at the polymerization vessel outlet discharging
a polymer obtained in the above-described polymerization

vessel.



A product nd of a rotation nunber n (s-1) of the rotary stirrer of the
coupling reactor and the bl ade dianmeter d (m is preferably 0.1 or nore,
and nore preferably 0.2 to 5 in light economni cal efficiency. In
this case, the variation in the viscosity and the branchi ng degree of the
generated pol yner can be further decreased. In addition, the volune of the
coupling reactor can also be decreased. [0026] (Polynerization Step) - 14
- The pol Zmerpeat hondsgepei sdaust &pd ofintbnt $ nbvosigedoiyn@ri zi ng a
conj ugat ed di ene conpound or copol yneri zing a conjugated di ene conpound and
a vinyl aréﬁﬁ?hérgéﬁﬁoﬁhﬁelﬁrémhﬁﬂﬁoéaﬁﬁéﬁngoF@éﬁﬁoﬁsWﬁ@cﬁnlélkaI

netal -based initiator in a yneri zation vessel to obtain a living polyner
or copolyn@Pnn?ﬁt?Hetabépg &8§€ﬁﬂB§dr68F§ﬁErlzatlon vessel . First,

t I d th I t be., d bed. Th th
S‘E}ei.“f?gspgfi BT ERRTaD bETI ORELGbeRt | bR PrOUSST  LebArTgnt o Di ene
Co > I but
ot it edoPae LD hEa GRS 8 YRanSy s fE ERRD SRR Lo cDut are

1,3-pentadbgggsE§§ge%Q¥£§}O§ pent adi ene, 1, 3-heptadi ene and

1, 3- hexadi But adi ene and isoprene are particularly preferable.
These may heopyged either singly or in conbination of 2 or nore thereof.

4s described later, in the coupling reactor, a
coupling reaction is performed by mixing a polyfunctional
compound with a solution c¢f a living polymer or copolymer
obtained in a polymerization reaction in the
polymerization vessel.

The coupling reactor i1s equipped with a rotary
stirrer. The coupling reactor is preferably a tank
reactor having a volume of 0.5 to 50% of that of the
polymerization vessel, and more preferably a tank reactor
having a velume of 1 to 20% thereof.

The tank reactor provides an advantage that a
problem of blockage caused by a gel generated in the
polymerization vessel is hard to occur.

The coupling reaction can be stably perfecrmed to
correspond to variatiocon in the flow rates of the polymer
and the polyfunctional compcund. Furthermore, the
coupling reaction can be more stably performed by the
volume of the above-described range.

The excessive volume of the coupling reactor

lengthens a residence time, and increases the fluctuation



[0028] <Vinyl Aromatic Conmpound> Exanpl es of the aromatic vinyl
conpound i ncl ude, but are not Iinited to, styrene, p-nethylstyrene,

anet hyl styrene, vinylethyl benzene, n¥$xylene, vi nyl napht hal ene and

di phenyl et hyl ene. Styrene is partlcul y preferable. - 15 - These
may be used either singly or in conbination of 2 or nore thereof. [0029]
<Hydr ocar bon Sol vent > Sat ur at ed hydrocarbons and aromati ¢ hydrocar bons
or the |ikeaage ofediasoshéyhpidogablyencsdshgedegrErampl édet Rakeob i ncl ude
al i phati c hydrocarbons such as butane, pentane, hexane, pentane and

hept ane; aRi ByehicheryBPdyaLEORE teickoaP 1ay6| Spefitkfe i tofaITdAEXAfe tO

nmet hyl cycl opent ane and net hyl cycl ohexane; aronatlc hydr ocar bons such as
benzene, tGpﬂéﬁ@laﬁaexyﬁéﬁ851éﬁdaﬁ?d?&@ab56ﬁ§ ﬁﬁ@edSQIﬁFxtu?%g t her eof .

[ 0030] vfDﬁefore a _polyneriz t|o reacti on described |later of each or

m xture of Bm§b6§eadggﬁppﬁe8 c@nj&&Hﬂgdp PEffe cONpouRd®ar8hati c vi nyl
conpound aEth drocarbon soI%ent S%q9¥%l gkdlggg%hgle F%%%% %ilgglsture

al | enes, endd=5Rd carbonyls Enapl es prepara "havi ng

ap active %ﬂ@ L3123l BBGORRENLEALIAR %ngo%*i' %V% @fe o, a ni g def ormat i on

rati i's preferable that as an anmount o fhese inpurities,
annunts of b@g sioi sture, allenes and acetyl enes are respectively less than
20 ppm Iess than 200 ppm and | ess than 200 ppm based on the total nmass of
nmononmers presentgdcher cbhglpRbYrBAEEZAL] OBhEeagl hONonship d/D

between an inner diameter D (m) and a blade diameter d
(m) of the stirrer is preferably 0.5 or more, and more
preferably 0.6 or more.

When the inner diameter and the blade diameter of
the stirrer satisfy the above-described rélationship, the
fluctuation in the viscosity and the branching degree of
a coupling polymer generated is decreased even if the
volume is comparatively small, to enable a stable
coupling reaction.

A product nd of a rotation number n (s™h) of the
rotary stirrer of the coupling reactor and the blade
diameter d (m) is preferably 0.1 or more, and more
preferably 0.2 to 5 in light of ecconomical efficiency.

In this case, the variation in the wviscosity and the
branching degree of the generated polymer can be further
decreased. In addition, the volume of the coupling
reactor can also be decreased.

[0026]

(Polymerization Step)



A chain transfer agent of a slight amobunt for preventing gel generation

during the polynerization, for - 16 - exanple, the allenes, specifically,
1, 2- but adi ene and propadi ene nmay prejeigbly exist within a range of |ess
than 200 ppm [0031] <Al kali netal-based initiator> As the al kal

met al - based initiator, any alkali nmetal conponent having a function of
initiating polynerization is usable. Organolithium conmpounds are
particul arly préfheraplencrizatipe stganobi &hstapcofpoontdsnipeblde t hose
havi ng a | ow nol ecul ar wei ght, organolithium conpounds of a solubilized
ol i gomer, Pﬁé§@eﬁaﬁﬂﬁ§,aiﬁoﬁlﬁﬁﬁééﬁl@lﬁﬁér€8ﬂPo§PﬁgP§ l'ithium those
having, in a mol ecul e thereof, a plurality of lithiums, and those in which
an or gani c CGPEaPTERd ZLPEhPuAPRI B IBEERd HWHER Sa SORPRERY AR @mYBoNd, a
ni trogen-1lithi umbond or a tﬁn-gihhhyn1b%$%. solv ngpe%gficaexanples of the
organolithFﬁﬁP&&ﬁﬁoﬁﬁ@pﬁﬁpgh I's %t He “arkar T Netarbased At &t or i ncl udi ng
an Or93”0”82%'51!1&%%@&13%8%@1‘1inﬁtH%lt%fr”’lgt 'aog%'lp{%re%'}%'t'i%ﬁ' Yosgepound and
a conpound "having a nitrogen-lifhiumbond are sShown bel ow.
to obtain a living polymer or copolymer, in the above-
described polymerization vessel.
First, materials used in the polymerization step
will be described. Then, the specific polymerization
step will be described.
[ooz7]
<Conjugated Diene Compound:>
Examples of the conjugated diene compound include,
but are 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. 1,3-
Butadiene and isoprene are particularly preferable.
These may be used either singly or in combination of 2 or
more therecf.
[0028]
<Vinyl Arcmatic Compound>
Examples of the aromatic vinyl compound include, but
are not limited to, styrene, p-methylstyrene, o-
methylstyrene, vinylethylbenzene, vinylxylene,

vinylnaphthalene and diphenylethylene. Styrene is

particularly preferable.



Exanpl es of the organononolithium conmpound include, but are not limted to,
n-butyllithium sec-butyllithium tert-butyllithium n-hexyllithium

benzyl lithium phenyllithium and stilbfﬁelithiunl Exanpl es of the

poi yfunctional organolithium conpound clude, but are not limted to, 1,4-
- 17 - dilithi obutane, reaction products between secbutyllithium and

di i sopropenyl benzene, 1,3,5- trilithi obenzene, reaction products anong
n-butyl I'i t hi um The8ebmeérdbenesaddedibhenybbeatigner andcemasnpdbmoprofucts

bet ween n-butyllithiumand a pol yacetyl ene conpound. Exanpl es of the
conpounds Ra@irngwotige thietreeden- 1 i t hi um bond i ncl ude, but are not linmited to,
dlnethylanlnollthlun1 di hexyl am nol i thium diisopropylam nolithium and

hexanethylé@@lﬁlnollthlunl In addition, organoal kali netal conpounds
di scl osed |n U. %% 1 % 708, 092, British Patent No. 2,241,239 and
U.S. Patent N9r°§a§ 759191 He Iike are al so usabl e. [0032] As t he
organolithlun1c Qun hi um_and y i

preferable. Héggég 8§§5¥ ?ﬁ%ﬁﬁ?c%ﬁ%oﬁ% %aﬁ%& %gb%geggégbﬁer singly or
in Conblnak.%le&F 2o RIS a@e %%f ribon soﬂ%@%ﬁpleﬁxg&

or ganoal kali conmpoun other th n the organollthlun1conp8un8 i ncl ude

or ganosodi L&%%@%O%Q&ud%r GANQRRLATS IHYRCRRHILS s RIHIAOYHHIM conpounds

and or ganocesi um COprOUI’] S.
pentane, hexane, pentane and heptane; alicyclic

hydrocarbons such as cyclopentane, cyclohexane,
methylcyclopentane and methylcyclcohexane; aromatic
hydrocarbons such as benzene, toluene and xylene, and
hydrocarbons made of mixtures thereof.

[0030]

Before a polymerization reaction described later of
each or mixture of the above-described conjugated diene
compound, aromatic vinyl compound and hydrocarbon solvent,
removal of impurities such as moisture, allenes,
acetylenes and carbonyls enables preparation of a polymer
having an active end in a high concentration and
achievement of a high deformation ratio.

It is preferable that as an amount of these
impurities, amounts of the moisture, allenes and
acetylenes are respectively less than 20 ppm, less than
200 ppm and less than 200 ppm based on the total mass of
monomers presented for the polymerization reaction.

A chain transfer agent of a slight amount for

preventing gel generation during the polymerization, for



Exanpl es of the organoal kali netal conpound other than the organolithium
conpound i nclude, but are not limted to, sodi um naphthal ene and pot assi um
napht hal ene. - 18 - I n addition, alkgf'des, sul f onat es, carbonates and

am des of lithium sodiumor potassiu re usabl e. [0034] The al kal
met al - based initiator may be used in conbination w th another organonetal

conpound. Exanpl es of the organonetal conpound include organonagnesi um
conpounds ardmpiganaakurilbhemesonppandsicSpégifilc 2ekatpHéesnthendof i ncl ude
di butyl magnesium and triethyl alum num [0035] <Polar Conpound> The

use of theppobardieorpuardrrederhed ywekhstheisboveadessogebed argal i

net al -based initiator can increase a polynerization initiation rate,
control th&hancPe8t Fature of a conjugated diene unit in the polynmer, and
control a nononer reactivity ratio in the copolynerization. The pol ar
conpound i 408t 11inmited to the fol | owing conpounds. However, for exanple,

et her conpouynds, .tertiary am ne conpounds, netal al koxi de conpounds,

phosphi ne 5§ﬁgﬁaﬁd?egﬁg"ﬁﬁégﬂoéﬁﬁgéﬁiSrgcid_netal conpounds or the |ike are
used. ~_The pol ar compound, has, af S%&ef$&¥?a£89doghg'QQk&REeCt Ina
copol yneri zati on”between"a conjugatea I'ene” conpouhd and an aromatic vinyl
;Oﬁpound aﬁe@%ﬁc%bgﬁgngﬁkeEa%anh%tfhhc%@%nb%fuﬁ%Qtﬁ%tﬁnBEQU|at'ng agent of

polymerization is usable.

Organclithium compounds are particularly preferable.

The organolithium compounds include those having a
low-mclecular weight, organclithium compounds of a
sclubilized oligomer, those having, in a molecule thereof,
single lithium, those having, in a molecule thereof, a
plurality of lithiums, and those in which an organic
group and lithium are bound via a carbon-lithium bond, a
nitrogen-lithium bond or a tin-lithium bond.

Specific examples of the organolithium compound
which is the alkali metal-based initiator including an
organomonolithium compound, a polyfunctional
organolithium compound and a compound having a nitrogen-
lithium bond are shown below.

Examples of the corganomonolithium compeound include,
but are not limited tec, n-butyllithium, sec-butyllithium,
tert~butyllithium, n-hexyllithium, benzyllithium,
phenyllithium and stilbenelithium.

Examples of the polyfunctional organolithium

compound include, but are not limited to, 1,4-



- 19 - distribution of the aromatic vinyl conmpound or a regul ating agent of
a styrene bl ock content. Exanpl es of the polar conpound include

et hers such as tetrahydrofuran, dlethyi et her, di oxane, ethylene glycol

di ret hyl ether, ethylene glycol dibutyl ether, diethylene glycol dinethyl
et her, diethylene glycol dibutyl ether, dinmethoxybenzene and 2, 2-bi s(2-
oxol anyl ) propane; tertiary am ne conpounds such as

t et r anet hyHétlhyhepbditanene regicpii par bdicnoetranetweenmselyl am ne,
triethylam ne, pyridine and quinuclidine; alkali netal alkoxide conpounds
such as pob&§§|l&n¢baw| ape, dadeapsrerny. Benyrate, 1s§’d|5umt butyl ate and
sodi umt - anyl at e; phosphi ne conpounds such as tri phenyl phosphi ne; and al kyl
or aryIsuIFéﬁﬂétQ&PHGESﬁﬁﬁun&§a§ﬁéﬁna§rﬁgF§§§lﬁﬁpﬂadécypﬁgﬁ}éﬁélgﬂkphonate

and sodi um dqdec enzene sulphona ar_conp S may be

0”61 t hor'+ o R COFTEn Se e Aty O 257 28 %r “high ¢ Brbra5! DIPagae
;igunslgfekh% Bg|25 _GoR9 QQhE% b s d %§§r%%t yitably 2 Ig%;ed dependlng
on the using purpose agg ge ree ?n %egt. P 3 Séuaflm %Pon10 01 to 100

ol es based on éxéﬁﬂuggeé’f EhﬁhébQXEFgﬁﬁﬁéi ngiﬁ?k@hé H‘EE%gQﬁsed initiator.

Such a pol ar conpo can be used Tn an adequate anmount as a regul ating

agent of t@%twlafnogtomctlwcqu@f [t hecpalenen cdijene 1w @y, depending on a
desired vinyl bond - - content, in addition to the adj ust ment of a

COpO'Y”EFIa@hbaﬁyﬁéaﬁhb!ukﬁlmahl@1hexylaﬁh&oqu@ﬁuﬁgnpound is preferably an
et her group-containing hydrocarbon conpound having 2 or nore ether groups
at | east oneiebpwbhibgh afrdnrs ia hrilumg anidn ha xemleetylleneiminolithium,
In addition, organoalkali metal compounds disclosed
irn U.S. Patent No. 5,708,092, British Patent No.
2,241,239 and U.S. Patent No. 5,527,753 or the like are
also usable.
[0032]
As the organolithium compound, n-butyllithium and
sec-butyllithium are more preferable.
These organolithium compounds may be used either
singly or in combination cf Z or more thereof.
[0033]
Examples of an organcalkali metal compound other
than the organclithium compound include organcsodium
compounds, organopotassium compounds, organorubidium
compounds and organocesium compounds.
Examples of the organocalkali metal compound other

than the organolithium compound include, but are not

limited to, sodium naphthalene and potassium naphthalene.



The use thereof provides effects of a high nonomer conversion rate, snall
deactivation on the way and a high living polynmer rate of the copol yner.
The et her group-containing hydrocarb_pn1 onmpound having 2 or nore ether
groups at |east one of which forns a ring, in a nol ecul e includes

2, 2-bi s(2-oxol anyl ) propane and al kyl ether of tetrahydropyranyl nethanol.
2,2- Bis(2-oxolanyl)propane is preferable. [0037] <Polynerization Step>

In the above-dddétiibed pokymedezat suodfvassel, aarbenagepokbynermdresopol yner
is obtained by continuously polynerizing a conjugated di ene conpound or
copol yneri @ifnélahéamjfugaﬂéamdpén@O@@ﬁﬁéumdaéﬁdUﬁa@ilﬁyl aromati c compound in
t he above-descri bed hydrocarbon sol vent using the above-descri bed al kal

net al - based Pt at or. A nononer concentration in a polynerization
solution is preferab . to 30% b ss,.and nore_preferably.10 to 20% by
Tess. P H5 SR b Dhefr Sl - Bho SR oL PLRERF e T i nAFEE) S s such as &
monorrer . a iy geanhen, selvent, and an abkakl .- Rhoo Tt al -based initiator
are contin&8usﬁy &d"f F'om one “or noregpre Stermned nozzl es provided in the

pol yrer i zati on yesss| oo AbEernLhe, Conbant s akenBoh XA hzedact e content s are

continuously extracted froma predetermned no e corresponding to the

pol ynmeri zal,i 98 n¥gs g8k sQukl %bm%io%%@%r 3k o2 cRALYTRF i SRkl Hoa cand shei ng
different fromthe " nozzle. [0038] The pol yneri zation step is

pref erabl y specfi@r bed <whbh ekhe heeaper ahunedel diketqut melgnefsite and
pol yneri zation vessel set to 70C to 110C, nore preferably 90C to 110C and
still nore<cprief@erabhyudiGuina 107C.

[0035]

<Polar Compound>

The use of the polar compound together with the
above-described alkali metal-based initiator can increase
a pelymerization initiation rate, control the
micreostructure of a conjugated diene unit in the polymer,
and control a monomer reactivity ratio in the
copolymerization.

The polar compeound is nct limited to the following
compounds. However, for example, ether compounds,
tertiary amine compounds, metal alkoxide compounds,
phosphine compounds and organcsulfonic acid metal
compounds or the like are used.

The polar compound has an effective randomizing
effect in a copolymerization between a conjugated diene

compound and an aromatic vinyl compound as described

later so that it can be used as a regulating agent of a



Aliving ratio is increased by setting a polynerization tenperature to 110C
or less to obtain a high coupling yield. On the other hand, a high
conversion rate i s obtained by settipg¢§h§ pol ymeri zation tenperature to
70C or nore. A hi gher conversion tate of the nmononer in the outlet of

t he pol ynerization vessel is good. The conversion rate is preferably 95% or
nore, nore preferably 98% or nore and still nore preferably 99% or nore.
The conver siiefizibtisips PAf tbenesdmby iche lowtl epmperper attuge of the

pol yneri zation _vessel, tenperature distribution in the polynerization
vessel , a SEPPApR4NSt apentt RE anshNTeHE PROCKNCON&ESL - the kind and anount

- 22 - of the polar conpound and a nean residence_tine. The living ratio is

desirably i ncr ea3¥8PWAT| @f t e cBAVRF sFERPPARE FRCINERe8ERETS| FutRe
i i fficiently high i .bed ab v L | i vi ti
of L he obt BPnGa 5OPYHEP RS SR GHAP S Nen HEE e i oL deREEVEERE | n the <
| i zat i | A i iel d.i i t
esor | bed Padert Sifieghlr debetrelniluhle BEoReT Bublequratfiero step as

pol yimer | Zaui QR essel oh9oRetenlly Wl il 40 Bylene Therman resi dence

time is nore preferabl’y within nutes. "On the~other "h: when the nean
residence HipRthS eXx6esSi WehkthRhbent-RECORERS AR Abe IS reduced.

Thereby, the nean residence tine i's preferably 15 m nutes or | onger. [0039]
(Coupling S&eRhnyl)propane; tertiary amine compounds such as
tetramethylethylenediamine, dipiperidinoethane,
trimethylamine, triethylamine, pyridine and quinublidine;
alkali metal alkoxide compounds such as potassium-t-
amylate, potassium-t-butylate, sodium-t-butylate and
sodium-t-amylate; phosphine compounds such as
triphenylphosphine; and alkyl or arylsulfonic acid
compounds such as potassium dodecylbenzene sulphonate and
sodium dodecylbenzene sulphonate.

These polar compounds may be used either singly or

in combination of 2 or more thereof.
(0036}

An amount of the polar compound to be used can be
suitably selected, depending on the using purpose and
degree of effect. It is usually from 0.01 to 100 moles
based on 1 mole of the above-described alkali metal-based
initiator.

Such a polar compound can be used in an adequate
amount as a regulating agent of the microstructure of the

polymer diene moiety, depending on a desired vinyl bond



The coupling step is a step of perform ng a coupling reaction by reacting
the living polynmer or copolyner obtained in the polynerization step with

t he pol yfunctional conpound. Flrsé materials used in the coupling
step will be described. Then, the spec ?IC coupling step will be descri bed.
[ 0040] <Pol yfunctional Conpound> A compound having a plurality of

functional groups in a nolecule is used as the pol yfunctional conpound. -
23 - The funeaticonal igr adps tieactowthle thigulsitwiend pdl yner or copol yner to
forma bond. The pol yfunctional conpound has 3 or nore sane or

di fferent topetlivorallzgitdops rieacaimvditecuylegicand forns at | east three
branches in a coupling reaction. The pol yfunctional conpound is preferably
a polyfunctlonaTh@oﬁﬁg@ﬁdcﬁﬁP@Hnﬁo%ﬁBPF6 PrPHPAKCABSSEBCEI gRPUBT anches.

As a result of a hond reaction, a differen uncti_onal gr oup . may be
|ntroducedCpﬁﬁélPﬂégeHdd6PC@ﬁ?°BoF?W§P E@B&Pﬁh@ror m reAﬁtQﬁEUnt of the

polyfunctlonal co 0 be used i.s_ pr ferabl .0.05.to ﬂylv Ient
o

anount s as HREFFu L SﬁﬁE SPguﬁ o PP @p 8F§Puﬁc "84l *LofpBind Based on 1
ol e of 1he aboygs descr%QSg “BLbyimLE! LEaseds! Bt hahetn ABARBES

preferably 0.1 to 2" equirvarl e
conversion rate, small deactivation on the way and a high

living polymer rate of the copolymer.

The ether group-containing hydrocarbon compound
having 2 or more ether groups at least cone of which forms
a ring, in a molecule includes 2,2-bis(Z-oxolanyl)propane
and alkyl ether of tetrahydropyranyl methanol. 2,2-

Bis (2-oxolanyl)propane is preferable.
[0037]
<Polymerization Step>

In the above-described poiymerization vessel, a
living polymer or copolymer is obtained by continuously
polymerizing a conjugated diene compound or
copolymerizing a conjugated diene compound and a vinyl
aromatic compound in the above-described hydrocarbon
solvent using the above-described alkali metal-based
initiator.

A monomer concentration in a polymerization solution
is preferably 5 to 30% by mass, and more preferably 10 to
20% by mass.

In this polymerization step, required raw materials

such as a monomer, a hydrocarbon solvent and an alkali



Exanpl es of the functional group reacting with the |iving polyner or
copolyner to formthe bond include a hal ogen group, a carbonyl group, a
carboxylic ester group, a carboxylic anjde group, a carboxylic hal ogenide
group, a thiocarbonyl group, a thiocarboxylic acid ester group, a

t hi ocarboxylic acid am de group, a thiocarboxylic hal ogeni de group, a

i socyanato group, a thioisocyanato group, an epoxy group, a thioepoxy
group, an mkekexybiekgH groupatarvemgl cgroupuaysayf drét fonal cdeubke bond and
an imno group. - 24 - [0042] A pol yfunctional conpound which has a
f unct i onal mgreuprRAGRTEsRFarPBEL LBy PRPVRAAEf LR EPewWPPRETIETBERRGBonded to
a living end or having bond reactivity, in the nolecule of the

pol yf unct i R&ESdonpotihdr i SN preferably fsedeolymer E2adpl B of R He FRinct i onal

group include a t ntiar¥ anlng rgug,fand a pri Ly or s condaré am no
group prot§5?e808§l§u§P l¥of* G%ﬁ Ghd ST PBoA3PreosterBiERE, P84 %dRanpl es of
t he pol yfunctional compound, i ncl N l.og i.licon
bis(trihalgﬁﬁﬁgFgaﬁsﬂngl%gl%g%e?gggg%gééggggﬁasggggﬁn?h%é%?aalkoxy silicon,
{1l al koxyalkdlnslbh6on s BEfaakkoxydishlbanendkelhly allrexyehbypafkane,
bi s(trial koxysiI'ylFal RKyl") al' kyl'am ne,
bi s(trial kexysihkbybakkyl)trial klsilylamne, tris(trial koxysilylalkyl)am ne,
1,4- bis(trial koxysilylalkyl)piperazine, 1, 3-
bi s(trial kgyysishyl al kyl )i m dazolidine, 1, 3-
bi s(trial koxysi |yl al kyl ) hexahydropyri m di ne, 1, 1-
di al koxy-2(tri atTkexysiiybalikyt)ed- stta- 2sapaeyekrapént aneformed with
1, 1-di al koxy-2(trial koxysilylal kyl)-1-sila-2- azacycl ohexane,
1, 1- di al koxye2tenpalrkaxysi lofl dahkylcptletsiclfatbearacyolesheptdes, a
di carboxylic acid diester, a tricarboxylic acid triester, a carbonic acid
di ester, avesspduseéthaw A§°S be hDPY glryaiawreidwrb gy AUPE, te 11026 -
and still more preferably 95°C teo 107°C.
A living ratio is increased by setting a
polymerization temperature to 110°C or less to obtain a
high coupling yield.
On the other hand, a high conversion rate is
obtained by setting the polymerization temperature to
70°C or more.
A higher conversion rate of the monomer in the
outlet of the polymerization vessel is good. The
conversion rate is preferably 95% or more, more
preferably 98% or more and still more preferably 99% or
more.
The conversion rate is influenced by the cutlet
temperature of the polymerization vessel, temperature

distribution in the polymerization wvessel, a stirring

state, the amount of the initiatcr, the kind and amount



conpound having 3 or nore glycidylam no groups, and a conpound having 2 or
nore di gl ycidyl am no groups. [0044] Speci fic exanpl es thereof include
silicon tetrachloride, silicon tetrabromde, silicon tetraiodide, stannic
chloride, 1,2-bis(trichlorosilyl)ethane, tetranethoxysilicon,

tetraet hoxysilicon, trimethoxynethylsilicon, hexaethoxydisilane, 1, 2-

bi s(trinmethoxysilyl)ethane, 1,1- bis(trinethoxysilyl)ethane, bis(3-

tri et hoxysiefytpeopylrirechybanide anpi ¢( Reatr prgetHeRgSi Lymet hyThor opyl am ne,
bi s(3- trimethoxysilylpropyl)trinmethylsilylam ne, )
tris(trinethdtpgi FeLast Ayl Yagiinallyr tacseaeeferhdkysith§l FPBEFFFaRTNe,

1, 4-bi s[ 3- (trinethox¥silyl)pr0ﬁyligi erazi ne, 1,4-bis£3-

(triet hoxy&PIF§l Lpr opYEERFEEr azt hetl'd, Rpyefgion rate 1

(trinmethoxysilyl)pr | 1i.m _dazol, di ne , 3:. bi s[ 3- _ .
(triethoxyéPF§¥f%g8§§¥]¥ﬁ9 af8|P8Fﬁé}bf%39BP¥F3-the 1iving ratio of
(trimethoxysil . I dr.Qpyr i m. di 1, 3-.bi - :

(triethoxyéﬁﬁy %%gé§§¥1h§§§ﬁ% ré%y%ﬁﬁgggngﬁef,gﬁgigF%% residence
(tributoxysi|yl %gr PR¥Lbodyfiod: 4ok eLhANLAEaYiLTLdier. A coupling

1, 1-di met hoxy-2(3-tri net gxy5|IyIpropyl)-1-5|Ia-2- azacycl opent ane]
1,1-d!eth0§sza(§ntélebhg&xaglxkgbogxlhes&ribb@-za@é%cxglﬁ@%ﬁb@ne,

1, 1- di met hoxy- 2- (3- di net hoxynet hyl silyl propyl)-1-sil a-2-azacYcl opent ane,
1, 1- di net hoxy- 2t4e txéa®t hoxysehybbuiyd) id- shéap@iymer26at iazacysbohexane,
1, 1- di met hoxy-2(5-tri met hoxysilyl pentyl)- 1-sil a-2-azacycl ohept ane,

di nmet hyl adispatrefetrnbigt hylchtini @8l mihates.t rTie¢ hyéatr raesdeate, t dneaet hyl
carbonate, glycerintriglycidylether, pentaerythritoltetraglycidylether,

t etragl yci dplmdr8- phefamehdyewiyhdycBohesangses. On the other hand,
tetragl yci dyl - m xyl enedi am ne, tetraglycidyl-4,4'-di am nodi phenyl met hane,
N,Ndiglyci@§fn4tp@-gﬁﬁéiaﬁflﬁﬁgﬁseﬁa@ﬁnyﬁ)&ﬁﬁﬁﬁﬁévaﬁa short, the

N, Ndi gl yci dy1-4-gl yci dyl oxyani | i ne. [0045 More preferred exanpl es of
the pol yf uREFVERAI CEokPoEnd Si FEFYGEa p%h%é%xy E]B‘?rp%gﬁ’a haviAg S tertiary
am no grou@.in a nol ecule, .3 g% mor e  epoxy groups provi de a branched

pol yrer . ime (5 PREECEaReY 4 pT PP5GGcP i $9/8F 'generat ed. The obt ai ned
branched pﬁb%@%r has excel | ent perfornmance as a rubber. Speci fic
exanpl es t ereoﬂ i nclude tetragl ycidyl-1, 3- bi sam nonet hyl cycl ohexane,
tetragl yci gyl.-,netaxyl nedi am ne, tetraglycidyl-4,4"-
dianinodipﬂgﬁygg%?ﬁaﬁé%%&,N-diglycidy1-4-(4-glycidy1-1- pi perazi nyl)aniline
and N, N-di gl yci gyd-dough yakdytexyani bi Beepl 88046krformindt bl koiprengreferred
exanpl es of the polyfunctional conmpound include a pol yfunctional conpound
conpri si ng raagityeindylarcae tdhou pheo ntiaiimign g olleweidloec Woah 1¢akpound

obtained in the polymerization step with the
polyfunctional compound.

First, materials used in the coupling step will be
described. Then, the specific coupling step will be
described.

[0040]
<Polyfunctional Compound>
A compound having a plurality of functional groups

in a molecule is used as the polyfunctional compound.



- 27 - having 2 or nore tertiary am no groups and 3 or nore glycidyl groups
bonded to the am no groups in a nolecule, and an oligonmer conponent of a
di mer or higher oligoner of the glyqjﬁxiqpino group-contai ning | ow
nol ecul ar conpound; and a pol yfuncti orfal conpound conprising 75 to 95% by
mass of the | ow nol ecul ar conmpound and 25 to 5% by nass of the oligoner
based on a total amount of the polyfunctional conpound. Specific
exanpl es tfibeebfinchibndé grpipsureagt with the living polymer or
tetragl yci dyl-1, 3- bi sam nonet hyl cycl ohexane and an ol i gonmer conponent
t hereof. copothBesEcoforfeaabed-described pol yfunctional conpound
provi des a branched conjugated di ene conpound havi ng nore excel |l ent
physi cal propertiesPasyBIRghheral [ GoURPUEPT i HgPBtBPSS Same PR this
coupling step, the palyfunctional conpound is.m xed and reacted with the
living pol $reEeEriEobBlSiRPIEdl GEPUR A BcHaPGeacrom EAE GRETEL i t he
POl yIer | 284100, VESSEL- pancndAl sNES LG, nhhe ahoygsdespribed -
pol ymeri za ron vessel and coupl ing reactor drée connécted ih series via the
pi pe provi I e.pRo i (,0 7

fed 2lintBeoRUL ] BbnphuhBe 1 ROLYERELARELOD K89 98hn ThEna

pol yfuncti conpound nee 0 be X eac wth the ﬁiving

pol yrmer or -cppelyAeLhsehUELRRsdirsehargadcheambhe;gutl ek-aat:nkhe
pol ymeri zation vessel within 5 mnutes as a nean reéesidence tinme after - 28

- discharging faomthesQutl et ofbbhe pehyreshzati @nryesset. The nean
residence time is preferably wwthin 3 mnutes and nore preferably within 2
m nutes. funckhohhe presentagnbedimembduasddeacri hed ahovef the
openi ng- degree adjusting unit capable of controlling a pressure at the
outl et of phéyaboverdespribwerpol ynerization vessel is provided in a

di schargi ng pi pe connected to the coupling reactor. Thereby, the pressure
at the outlet oRnt@wopolyeerthkatpohyfesselonal copmporrddteold. 85¢d 2 MPaG

is preferabkly 0.05 to 5 equivalent amounts as the
functional group of the polyfunctional compound based on
1 mole of the above-described alkall metal-based
initiator, and more preferably 0.1 to 2 eguivalent
amounts.

[0041]

Examples of the functional group reacting with the
living polymer or copclymer to form the bond include a
halcgen group, a carbonyl group, a carboxylic ester group,
a carboxylic amide group, a carboxylic halogenide group,
a thiocarbonyl group, a thiocarboxylic acid ester group,
a thioccarboxylic acid amide group, a thiocarboxylic
halogenide group, a isccyanato group, a thioisocyanato
group, an epoxy group, a thioepoxy group, an alkoxysilyl
group, a vinyl group as a functicnal double bond and an

imino group.



The preferred setting value of the pressure may be controlled to such a
degree that the solution is not vaporized since the pressure is
sufficiently higher than a stean1pre§sy£e_in t he pol ynerization vessel. The
setting value of the pressure is preferably within a range of from0.6 to
1.5 MPaG and nore preferably within a range of fromO0.7 to 1.2 MPaG The
fluctuating range of the pressure to the setting value is preferably within
0.2 MPa andO®diZe preferably less than 0.1 MPa. The fluctuating range is
preferably smaller. An automatic or nanual pressure control valve, and
an orifice plat® BPlyRenfikereancperappri siisk £RAé 8péRrA§LIAEEGLee adj usting
unit. Particularly, the autonmati c pressure cq

. ntrol valvye i s preferable.
When t he a@F@HﬁtP@VBPQS§8P€35&WHA&FYV§PJ@'Psf&é Iaﬁﬁtﬁﬁ@toﬁﬁﬁpﬁg-degree of
the control_val ve varies significantly, .the. - 29 - nual pr.essure contro
valve is p#@p SbIvy ﬁsgdvFH%hﬁﬁﬁ|%ﬁi@%¥ﬁﬂ%PV?ﬁilgﬁvgﬁﬁFﬁg”pﬁggzhfé contro

val ve. re re _at th | ft I rizatd sel is
controlled gr%gggréﬁggeﬁ %Plaﬁéﬁﬁ%?%%“% éxﬁléﬁgﬁ%gﬁééﬁﬁﬁgg%g %ziene-based
pol ymer whigch s the object fromthe above-described pol ymerization step to

t he coupling step. Thus, the branched conjugated di ene-based pol yner

can be stably produgedswhkhehit tlh8cyabhati geoup the1vbscasikkyragdybranchi ng
degree of the produced branched conjugated di ene-based pol yner by

speci fyi ng sthecsetddung leeatd @t iafartyhe ropenricigtadegree radjdistipng unit to the
di schargi ng pi pe connected to the coupling reactor and controlling the
pressure atridieced &y af stild quol yweermpdazatd.on vessel . [ 0048] The
setting |location of the opening-degree adjusting unit may be any point in
the m ddl e t0®4t3He next step in the discharging pipe corresponding to a
downstream of the coupling reactor. A m xer m xing an additive agent
or an extender BFPfQFr?ﬁe@Kﬁmélﬁﬁyoﬁetbﬁoppé§éupﬁtﬂﬁéagi§€WQP§Pﬁg pi pe

connected to the coupling reactor. [0049 ., In the produci ng nmet hod of
t he brancheédCoiudsted MdileEFasst deﬁif]r‘?é‘rf L5 e PP SEfnd®5odi nent, a

pol yneri Zatsii(i@fle}%qiraaﬁteu,s the Vriarflgalaér(];e%%rgcpg{idn%grt%ecraalkoxy silicoen,
trialkoxyalkyl silicon, hexaalkoxydisilane,
bis(trialkoxysilyl)alkane,
bis(trialkoxysilylalkyl)alkylamine,
bis(trialkoxysilylalkyl)trialklsilylamine,
tris(trialkoxysilylalkyl)amine, 1,4-
bis(trialkoxysilylalkyl)piperazine, 1,3~
bis{trialkoxysilylalkyl}imidazelidine, 1, 3-
bis{trialkoxysilylalkyl)hexahydropyrimidine, 1,1-
dialkoxy-2(trialkoxysilylalkyl)-1l-sila-2-azacyclopentane,
1,1-dialkoxy-2{trialkoxysilylalkyl)-1-sila-2~
azacyclohexane, 1,1-dialkoxy~2(trialkoxysilylalkyl)-1-
sila-2-azacycloheptane, a dicarboxylic acid diester, a
tricarboxylic acid triester, a carbonic acid diester, a

compound having 3 or more glycidyl ether groups, a



- 30 - adjusting unit provided on the downstream of the coupling reactor is
used in order to prevent a sudden pressure drop caused by an operation of

t he openi ng-degree adjusting unit, g%g vaporization of a solvent
resulting therefrom to maintain a co ntration and a flowrate in a

uni form state. [0050] It is economcally preferable to control the
pressure at the outlet of the polynerization vessel to 0.5 to 2 MPaG si nce
a suffici enbmponuer shenngaBeccamobe géguiddlamdnohgrprpducing et hod can be
carried out by conparatively sinple equipnent. It is necessary to
subst ant i akbypsendt hevpresgups APTEhE1ghy et YoRIERE AEPYREri zati on vessel
to this ran% A setting location of a pressure detector for automatically
control ling §4 Blessure is not linited to the outlet of the pol ymeri zation

vessel . The setting, location be in nmerization vessel, the pipe
in between or tﬁ%e%bﬁb?lﬁﬁamggagtheﬁgo%oﬁﬁgggg?h@lié??Png location is on

W R T T e

openi ng- deﬁ? provi t He oufl et pe of

t he polynerlz%thgncﬁﬁgieraanq Eh%l%%EE?EhﬁbQ%sqﬁggW%t%%%gl'”g reactor Even

in the casé ble that the outl et sure of

pol ymeri al .0 esse B}'S%l oY 2085 re@hlo%q,s%tc@% openi ng- degr ee adj usti ng
unit of the out et pi 31 - coupling reactor. Pressure contro

caused by Eggmgggg&@gEQﬁgq%q1@@b%stm@&a@mmbﬁ@aygﬂxaﬁe nitlre outlet pipe of

the coupling reactor may be aided by the opening-degree adjustlng uni t

provi ded i mikhe raukltebxpispe vaf) ethenpgl yinar- zati on vessel .
bis (trimethoxysilyl)ethane, bis{(3-
triethoxysilylpropyl)methylamine, bis(2-
trimethoxysilylethyl)propylamine, bis(3-
trimethoxysilylpropyl)trimethylsilylamine,
tris(trimethoxysilylmethyl)amine, tris(3-
triethoxysilylpropyl)amine, 1,4-bis[3-
(trimethoxysilyl)propyllpiperazine, 1,4-bis[3-
(triethoxysilyl)propyllpiperazine, 1,3-bis{3-
{trimethoxysilyl)propyl]imidazolidine, 1,3-bis[3-
(triethoxysilyl)propyllimidazolidine, 1,3-bis([3-
(trimethoxysilyl)propyl]lhexahydropyrimidine, 1,3-bis[3-
(triethoxysilyl)propyllhexahydropyrimidine, 1,3-bis[3-
(tributoxysilyl)prepylil-1,2,3,4-tetrahydropyrimidine,
1,1l-dimethoxy-2 (3-trimethoxysilylpropyl)-l-sila-2-
azacyclopentane, 1,1l-diethoxy-2-(3-triethoxysilylpropyl)-
l-sila-2-azacyclopentane, 1,1-dimethoxy-2-(3-
dimethexymethylsilylpropyl)-l-sila-2-azacycliopentane,

1,1-dimethoxy-2 (4-trimethoxysilylbutyl)-1-sila-2-



[ 0052] As descri bed above, a branched conjugated di enebased pol yner
having little fluctuation in viscosity and a branchi ng degree, and a high
conversion rate and an optional branc 'Qg_degree for a short residence tine
can be continuously produced in energ avi ng whil e reduci ng gel
generation, by perform ng and conpl eting the polynerization step and the
coupling step at a conparatively high tenperature for a short tine. [0053]
[ Vi scosi t yakanagilngeStep} 1, 1-dimeisopyefdbablémehbixyheé lplodutiyag—net hod
of the branched conjugated di ene-based pol yner of the present enbodi nent
further indradés-3-seapyeflobgarprinfg ChBELNYilngdpoRyRer t6ATespElymer and
measuring a Money viscosity thereof between the abov -des%ribed

pol yrer i zatirémeddepaahd Fﬁéeéﬁﬁéeiaégéﬁﬁﬁéﬁecogﬁpﬁﬁ§y§tEﬁF SRaT& step of
sanpl i ng thﬁ br anched OELE% t%g di ene- based pol yner when the residence
time from EhEELLNES LG YER 38| fréri zation vessel is less than 15 minutes

d ' Vb [ ity th ft | i tep. - 32 -
Ther oyt RE G EELO0T By AR SR BTG ABT 6 of “TRE B ARNad écn) ugat ed

di ene- based B0l B £A0 10 SLANLLLZed othe giopidnce Liie amhiipe out | et

of the pol yimeri zation S to the sanpling’is erably less than

10 i nut €S- A8 5501980 o) LExaDl;asli a9 deseibed aleer v peheating is
usual |y perForne at an optional tenperature of 100C to 130C for 1 minute

accordi ng t94dhSiKy83Q0-(} -uUsiyed 4y 1IMIGREYe\HaSCOSI1Y WnTatielk. aflie NYeney

viscosity neter is then rotated at two rotations per mnute. The viscosity

of the |ividag1geliyRer eigleealy el aafiidnhed m nutes i s neasured. [0054]
[0045]

More preferred examples of the polyfunctional
compound include a polyepoxy compound having a tertiary
amino group in a molecule. 3 oOr more epoxy groups
provide a branched polymer.

In this case, a by-product is not generated. The
obtained branched polymer has excellent performance as a
rubber,

Specific examples thereof include tetraglycidyl-1,3-
bisaminomethylcyclohexane, tetraglycidyl-meta-
xylylenediamine, tetraglycidyi-4,4'-
diaminodiphenylmethane, N,N-diglycidyl-4-(4-glycidyl-1-
piperazinyl)aniline and N,N-diglycidyl-4-
glycidyloxyaniline.

[0046]

Still more preferred examples of the polyfuncticnal

compound include a polyfunctional compound comprising a

glycidylamine group-containing low molecular compound



In particular, it is preferable that the Mooney viscosity of the living

pol ymer or copolynmer in the previous stage of coupling is neasured and
managed from a predeterm ned sanpling zzle at the outlet of the

pol ynmeri zati on vessel or at the previous stage adding the pol yfuncti onal
conpound; and the Mooney viscosity of the branched conjugated di ene-based
pol ymer obtained after the coupling step is neasured and managed from a

pr edet er mi hedisandl PngravezieratarkieaBiunPegroprshandodpPEngCFreact or or
later or in_a position in which the residence tine fromthe outlet of the
pol yneri za¥i bR JEsseronBs| BesdeAaho15RAi ATILRS. ITOUPS THe2aBBvECHEScri bed
sanpling nozzle has ,a constitution in mhigh a branﬁhigg pipe is provided in
a - 33 - predefePhiABBCHi FETBPIERE PEKd; YaMGEsSEl PAIOFAgCatéB G required
for sanpling | s provided; and a predeterpmined gate valve i rovi ded on
front and Pearis ALECOTY L AB UGS IaP oD har HoPa. Moo SYRBFTAG nozzl e
preferably onst it ut] i I I j,ALr Lng: i paeti gas into
Phe veosel CPEgRadr ashti ¢ Rasyoqnetr6hat EoRBeb AL EEHERg: hE"2R KB At ed
based on thesvpl upEsof o £hgua9wpme§@09§§§'EQQEBﬁﬁaganqugpﬂeng% by  Wen
a stirrer and other device exist Iin the case ere a gaseous phase” exi sts,

the portiopathepreofhbsonoohBe! HH8dd bA0RSEotal aReliateod@ndnafter the
coupling step, the variation in a product during the step can be

i nst ant anepysiyusensedaandogpbuagponded by neasuring and managi ng the
Mooney viscosity of the living pol ymer or copolyner, and further
conparatively shostehingetdeptesi deaceof i imciuden ¢ heivuttetodf the

pol ynmeri zation vessel, to finally stabilize the viscosity and branching
degree of therbpamchddlcdnpuhasendidreathbasedlpbeyaae whidchni s the obj ect.
[ 0056] In the present enbodinent, the living polymer or copol yner

bef ore t hecéduplERgcsteprnpref ERgBERPThas a Mooney viscosity (M-1) of 50 to

100 at 110C. The branched conjugated di ene- based ? | ymer or_copol ymer after
the coupling stEpF pief e bbfyehakose Mboney ied coet gu%ﬁilﬁﬂa%f 100 to 150 at

110C. compound provides a branched conjugated diene compound
having more excellent physical properties as a rubber.
[0047]
<Coupling Step>

In this coupling step, the polyfunctional compound
is mixed and reacted with the living pclymer or copolymer
solution discharged from the outlet of the polymerization
vessel.

At this time, the above-described polymerization
vessel and coupling reactor are connected in series via
the pipe provided at the outlet of the polymerization
vessel. The polyfunctional compound needs to be mixed
and reacted with the living polymer or copolymer solution
discharged from the cutlet of the polymerization vessel

within 5 minutes as a mean residence time after



- 34 - The Mooney viscosity (M.-C) is preferably 1.2 to 3 tinmes as
| arge as the Mboney viscosity (M--1). [0057] A managi ng wi dth of the
Mooney vi scosity before the coupling_sé pis preferably within 10 with
respect to a desired value and nore preferably within 5. A managi ng
wi dt h of the Mooney viscosity after the coupling step is preferably within
15 with respect to a desired value and nore preferably within 8. E0058]
The wi dt h efi scherybogeyroimstcosi vytBeftord the eodphendzstdpn yegrefler abl y
managed to a nunerical value range narrower than that of the Money
vi scosity ZheefefRe reSipENRG $L8F. 15 prefgradlanpiélithe RildUHeiSs managed
to the nunerical val ue range b&,incre sing and decreasing the anount of the
%

initiator €8% KSESt RESKBSA EGd HtEScoupling falls within the
managi ng wi dt h, _angd by increasin nd decreasing th mount of _t he
LB EnRE S e Rhar M eRE INB0 ey o, Sogst rhoar CEP Ve

pol yfuncti onal eyaV|scos%%y af ter cbu% ?ng falls

wi thin the \?gi%g%%?ﬂgg—%&‘@r%h adjust &ég(ra um%a%ia%%b(\i%n ocfptci(?@t%%.lth%g\/i scosity,

nmol ecul ar branchirng ee of the branched conjugatie

di ene- based pAloylyer Jphicplh hcihe o o6l AAGLCARSReGuLe stabi i zed qual ity
in a processability of a rubber and a pertormance of a vul cani zed rubber.

[ 0059] polymerization vessel is provided in a discharging pipe
connected to the coupling reactor. Thereby, the pressure
at the outlet of the polymerizaticn vessel is controlled
to 0.5 to 2 MPaG.

The preferred setting value of the pressure may be
controlled to such a degree that the solution is not
vaporized since the pressure is sufficiently higher than
a steam pressure in the polymerization vessel. The
setting value of the pressure is preferably within a
range of from 0.6 to 1.5 MPaG, and more preferably within
a range of from 0.7 to 1.2 MPaG. The fluctuating range
of the pressure to the setting value is preferably within
+0.2 MPa and more preferably less than 0.1 MPa. The
fluctuating range is preferably smaller.

An automatic or manual pressure control valve, and
an orifice plate or the like can be applied as the
opening-degree adjusting unit. Particularly, the
automatic pressure control valve is preferable. When the
automatic pressure control valve 1s used and the opening-

degree of the control valve varies significantly, the



- 35 - [Quality Managi ng Step] In the produci ng nethod of the branched
conj ugat ed di ene-based pol yner of the present enbodinent, it is preferable
to carrying out a quality managi ng st ep, once coll ecting the solution of the
branched conj ugated di enebased pol yner %copolyner) passi ng through the
openi ng- degree adjusting unit provided in the discharging pipe of the
coupling reactor after the above-described coupling step in the reservoir
and managi Agnvkd gugisistyeofongodovatlivenis prefegablesemedi Anis preferably
hel d at a pressure of about 0.05 to 0.3 MPaG Before the solution is
col | ect ed, SPAPERE tieSe by Cher aNEPBRE 1L SEIPPENE Sr ERONVEIPIsEg V&t er the
solution comes gut of the reservoir, a_stop_a gnt, neutralizer, a

Shi ProPhenbofy

n
anti oxi dant, or 'Pf REBAEHTEn2pr bEBsSPhY Rerecan-be"furt her
added. In the al.ity nagi.n tep, .a_Maney viscqosity,. a hranchin

degr ee, anvgﬁg%#tlgfcgﬁ gﬁgﬁﬁgvzogggﬁﬁfyéﬁ&%é o 5§pf¥&ﬁgrgpgb in ?he case
of a copol Ol T o - _ar red. [Sakvent Renoval

St ep] %EF%5¥£¥%éQ§ﬂg' %ﬁgigﬁ%@%a?5§§¥fgéﬂﬁ§%§g%%gggiéﬁ,%P%e branched

conj ugat ed og)!j%'&%' hased Rl wiRK (CRRAYVIRIY 3aldan 06 dhhe i) text ended
conj ugat ed diene pol yner (copolyner) solution’is fed to a predeterm ned

finisher byna piegatiegmsree punp or the like, to renmove a solvent. - 36 -
Ther eby, the branched conjugated di ene-based pol ynmer which is the object is
obt ai ned. Ahoenventi brahkyeknovnjoethed caBnbebapphi pdligsea net hod for

removi ng the solvent to obtain the branched conjugated di ene-based pol yner.
can be stably produced with little variation in the

viscosity and branching degree of the produced branched
conjugated diene-based polymer by specifying the setting
location of the opening-degree adjusting unit to the
discharging pipe connected to the coupling reactor and
controlling the pressure at the outlet of the
polymerization vessel.

[0048]

The setting location of the opening-degree adjusting
unit may be any point in the middle to the next step in
the discharging pipe corresponding to a downstream cf the
coupling reactor.

A mixer mixing an additive agent or an extender oil
or the like may be provided in the discharging pipe
connected to the coupling reactor,.

[0049]

In the producing method of the branched conjugated

diene-based polymer of the present embodiment, a

polymerization apparatus having an opening-degree



For exanple, a nmethod for separating a solvent by steamstripping or the
| i ke, thereafter filtering the solvent, further subjecting the obtained
product material to an anhydration qﬂgyypying treatnments to obtain a
branched conj ugated di ene-based poly . a nmethod for concentrating a
solution in a flashing tank and further devolatilizing the solution with
vent extruder or the like, and a nethod for directly devolatilizing a
sol uti on watihuatdngnuditeprovitihd bnkeheanobesappkinedf EDE6&pupBiagched
Conj ugat ed Di ene-based Pol yner] The branched conjugated di ene-based
pol ynmer whirehcisrt he vbpdctni 9rdbrainedrbyessch 6fdgRe nb6¥ELdEscri bed
st eps. Hereinafter, the characteristics of the branched conjugated
di ene- basedrpsl ¢REECEbPHi ABdOBFTEAEPYI ARG ShF PRENPFREIEEPAGSMet hod of the
present enbaodi nent will be described.,%C0upIin Reaction Ratio %o

Pol yf uncti 8RaFSESRFoHRA) - 279 A UBRBFiIAGTBACLFofi FALVE"Sf TERELIHFAAched
conj ugat ed_di ene- based pol r .obt ai ned by the praoducing.nethod of_ - 37
t he preseangﬁﬁ§59WEngot8a¥ﬁ§aé809e988§8P¥53518§I?Péngt?%ﬁglrggﬁpéﬁnd i's
preferably_10 ¢t % SS. The coupling reaction ratio to the
polyfuncti8n5plg8%%oﬁgétg? t he above-descri bed range provides a noderate
br anchi ng qgg@g§, good processability, and a vul cani zed rubber having
excel | ent physical properties. [0062]

It is economically preferable to control the
pressure at the outlet of the polymerization vessel to
0.5 to 2 MPaG since a sufficient conversion rate can be
secured and the producing method can be carried out by
comparatively simple equipment.

It is necessary to substantially set the pressure at
the outlet of the poclymerization vessel to this range. A
setting location of a pressure detector for automatically
controlling a pressure is not limited to the outlet of
the polymerization vessel. The setting location may be
in the polymerization vessel, the pipe in between or the
coupling reactor, as long as the setting location is on
an upstream of the opening-degree adjusting unit.

[0051]

The copening-degree adjusting unit can be also
provided in the outlet pipe of the polymerization vessel
and the ocutlet pipe of the coupling reactor. Even in the
case, it is preferable that the outlet pressure of the
polymerization vessel is mainly controlled by the

opening-degree adjusting unit of the outlet pipe of the



(Mol ecul ar Wi ght Distribution) A nol ecul ar wei ght distribution
according to gel perneation chromatography (GPO of the branched conjugated
di ene-based pol yner obtained by the produci ng method of the present

enbodi mrent has one nountain, that is, Ohe peak. The branched conjugated

di ene-based pol yner preferably has a wei ght-average nol ecul ar wei ght of

500, 000 to 2,000,000 with respect to a pol ystyrene-equival ent nol ecul ar

wei ght . coufhangeirghctaver ajeesolieeutant wel ghauvsedt e abeve- descri bed
nuneri cal val ue range provides good processability and a vul cani zed rubber
havi ng exc@PEEANIpRYSIrESl AFPEFELNTesn1T ProYREeRplLEc tibgr CWeilGht P1Pe
distribution according.to GPOis preferably 1.7 to 3.0 as Mw

(wei ght-avé?#aé@enﬁpéé’gﬂé}ﬂ WEEGHOF/ NRY( REnBerSay EYadéembPEEINET wei ght), and
preferably 1.8 to 2.8. . The nol ecul ar .wei ght di stribution_of the

bove. doserEHEa= ARIE 550 e TgBe8 TS Redbabifi £y ARG AI0E BnFoEd r ubber
havi ng excel | i.cal _pr rties. - 38 - [0063] (Preferred Enbodi nent
of Branche%oégﬁj532%2&%%ig%§%%§§ed Pol yner) The branched conj ugat ed
diene-baseqoggb mer obtai ned by the produci ng nmethod of the present

enbodi ment 'i's obtained by respectively polynerizing a conjugated di ene

conpound or copgRLYABELZiBEdaap00LU0At BHaHlRBE €8APAYAHaNdian¥inyl aromatic
conpound. For exanpl e, the branched conjugated di ene-based pol yner is

pref er abl y ppekyibgbagimere hapahyi soprtere £ lachutadioanen sapenetgopakymer, a
styrene-but adi ene copol yner, a styrene-isoprene copol yner or a
st yr enebut adbeneachiopr elag reepolaywien, hamth oneeprsdafoar alty thel an
st yrene- but adi ene copol yner. Wien the branched conjugated di ene-based
pol ynmer i sopthrandhédanshdom cepgalegndorot she réomjesgaicedediténe campound and
the vinyl aromatic conmpound, it is preferable that a mass ratio of the
conj ugat edbgi EpatésmpIsAY PF skl aRc 88§ NN GeMESpoIyker Lieslusando 80% by
mass, and a nmass ratio of the vinyl aromatic conmpound is 50 to 20% by nass.

gel generation, by performing and completing the

polymerization step and the coupling step at a

comparatively high temperature for a short time.

[0053]

[Viscosity Managing Step]

It is preferable that the producing method of the

branched conjugated diene-based polymer of the present

embodiment further includes a step of sampling the living

pclymer or copolymer and measuring a Mooney viscosity

thereof between the above-described polymerization step

and the above-described coupling step, and a step of

sampling the branched conjugated diene-based polymer when

the residence time from the outlet of the polymerization

vessel is less than 15 minutes and measuring a Mconey

viscosity thereof after the coupling step.



An anount of a vinyl structure of a conjugated diene noiety of the
copolyner is preferably 30 to 65 nol % As described later, the
above-descri bed range provides good b nce between wet skid resistance and
fuel consunption properties when a vulTani zed rubber is produced using the
branched conjugated di ene-based - 39 - polyner (copolyner) and the

vul cani zed rubber is utilized as a tread rubber of a passenger vehicle
tire. [0064] Theyg@ewn t Heebyanchettyonpdgaredciiededpased pbdl yher obt ai ned
by the produci ng nethod of the present enbodinent is a branched random
copol yner SﬁaﬁcgéﬁjG@&ﬂéaaéﬁénél@ﬁﬁﬁéﬁﬁﬁdaﬁﬁ1§m€Fn§@naP§n§FP€lédﬁﬁ€und, it
is preferable that a congonent havi a chain |l ength of aromati¢ vinyl of
30 or norelf§ FRSAIEREFI éWﬁuﬁFoﬁrtgge§uﬁ&Fte?FsF.e POLYBSELZALEAN v, when

t he branched conjugated dienebased pol yner oht ai ned t he, produci ng net hod
of “the. pr eSERESmbadIRENE 814 Hut ST GG BESRERE e dpaLy el orna tor anched
conj ugat ed di.ene.based polyner is deconposed by the method of Kolthoff (I.
M KOLTHOFE &t aFf, t he nethod described in J. Polym Sci. 1, 429 (1946));

and nmeasur ement o L Sspgf of e Pymp1 KRpWAs BLhod: fog @gakyzi ng an amount of
pol ystyrene (anount of bl ock styrene) insoluble in nethanol, the anmount of

bl ock styrerenbasedqonsaykakbal yapewrbrakd B¢ bBhanghedneanj ugat ed
di ene-based polyner 'is preferably 5% by nmass or |ess and nore preferably 3%

by mass or tkegerab@965bt 100°c! fopasbicuiar 1 whaliidheadianched wonj ugat ed
di enebased pol yner obtained by the produci ng nethod of the present

enbodi nent JIs #eéSipesdedshygan tponeydedeapedityl owrtreet.hodhealMdoseyr ene
chain distribution is
viscosity meter is then reotated at two rotations per
minute. The viscosity of the living polymer or copolymer
after 4 minutes is measured.
[0054]
In particular, it is preferable that the Mooney
viscosity of the living polymer or copolymer in the
previcus stage of coupling is measured and managed from a
predetermined sampling nozzle at the ocutlet of the
polymerization vessel or at the previcus stage adding the
polyfunctional compound; and the Mooney viscosity of the
branched conjugated diene-based polymer cobtained after
the coupling step is measured and managed from a
predetermined sampling nczzle at the outlet of the
coupling reactor or later or in a position in which the
residence time from the outlet of the polymerization
vessel is less than 15 minutes.

The above-described sampling nozzle has a

constitution in which a branching pipe is provided in a



- 40 - analyzed by GPO, it is preferable that isolated styrene, that is,
styrene having a styrene unit chain of 1 (styrene single chain) anmpbunts to
40% by mass or nore based on a total b yng styrene, and |ong chain bl ock
styrene, that is, styrene having a chainh of styrene units of 8 or nore
anounts to 5% by mass or | ess based on the total bound styrene. The
above-descri bed nunerical value range is preferably set in conmon in the
vi nyl ar onatredeterpéord edpst crutiheg like beavehes lcbajvigat ed vdilene- based
pol ymer wi thout being limted to styrene. The above-descri bed
nuneri cal V&A4dregnderashrevdsda iforéseitesdr RoAnEnO& SFE teRE g cani zed

r ubber usin%tthe branched conj ugat ed di ene-based pol yner, for exanple, a

reduction PRt WéatndSvRFQEIEGF RG &I@EFormEt F67 fafddfScOFeP*of a rubber.
0066] [O | -Extend Pol A i il b ded to th
branched cORFOGAT edt Bf BAECRALBY BBy FRFObbiAi NEG-6Y PRETBF BALE! RBS et hod i n
the present, enBodiaent Jif \neededybef aredt he ahayesdgsarined golygnt removal
step, thereéeby proéUC|ng an oi | - ext ended polymer. the

above-desc&'?gdtggog%ggg gigigroggheggqqph%ed%@“aronatic oi |, a naphthenic
oil, a paraffinic oil and an alternative aromatic oil having a 3% by nass

or less - 41 -7pf a-POLye¥El Lemar 9BRLLE-6RHPOAERhsa8 dRt enal Deduky the
nmet hod of 1P346 are preferable. Particularly, the alternative

aromati c oblf haviid@gia PHuky passielg kessueth agpalyeyel.ic aromatic conponent
is preferably used in views of an environnental safe, prevention of an oi
bl eed and wet - gWwhpnpeopettres. and other device exist in the case
where a gaseous phase exists, the portion thereof is not
included.
[0055]
Before and after the coupling step, the variation in
a product during the step can be instantaneously sensed
and corresponded by measuring and managing the Mooney
viscosity of the living polymer or copclymer, and further
comparatively shortening the residence time from the
outlet of the polymerization vessel, te finally stabilize
the viscosity and branching degree of the branched
conjugated diene-based polymer which is the object.
[0056]
In the present embodiment, the living polymer or
copolymer before the ccupling step preferably has a
Mooney viscosity (ML-I) of 50 to 100 at 110°C. The
branched conjugated diene-based polymer or copolymer

after the coupling step preferably has a Mooney viscosity

(ML-C) of 100 to 150 at 110°C.



Exanpl es of the alternative aromatic oil include TDAE and MES described in
Kaut schuk Gunmm Kunststoffe 52(12), 799 (1999), and RAE. An anmount of
the extender oil is not |limted, homev§ is usually from1l0 to 60 parts by

mass based on 100 parts by mass of the branched conjugated di ene-based
polymer. It is preferable that the anbunt is typically from20 to 37.5
parts by mass. [0067] [Branched Conjugated D ene-based Pol ynmer Conposition]
A vul cani zed ruBberMeonpysivisonasotyt kELbFanéhedrednrabaved- di éne3based

pol ymer is obtained by adding a predeterm ned material to the branched
conjugatedtam@ﬁeﬁésé@rﬁﬁl@ﬁe%h@b§&pﬁ@a s sgesdrtivbddlladdve and nmi xing the
material with the branched conjugated di ene-based pol yner. The
branched céﬁpéﬁdted di ene-based polyner is typically processed by a nethod
usual |y used in_the rubber i stry._and used as.a rubber. produc The
Vul cant zedrubbBr PEBRBOSR! A Her Ryt iHeMBP BREnGUCCONE RgaP BEOUF oFBebased

pol ynmer is obtai.ned by bl.ending the. above-described branched, conjugated
diene-base&oupﬁ&EQPS%&Fyﬁgrgﬁe%ﬁr %&?th%ﬁﬁgﬁgﬁgrﬁ?ﬁ dLPTEEET Mt Erial if

needed, M xing.af iLhor ther g9, 39ding 3.9 |,ANG Gounling agent, a rubber
[ gen§E a ghl i d ]

softener, a vulcanizing a cani zing aid and anot her additive agent

thereto, and prﬁCﬁﬁﬁhagn%hﬁiQEaneheehQOHb@geyedighsa@tpaggee@okmger-
Speci fically, another "rubber material, filler (silica and/or carbon bl ack),

si | ane CouaHu%gi%@e@&eprq@b%&e$@&%%n@rwq&%ian&h@xqu®;r@%pb@% lickg are
added to the branched conjugated di ene-based polyner if needed and these

are kneadedewitdeda viaanee aldu ereopireddraty e, kiieadimgsmachi ne to obtain a
rubber conposition. In that case, kneading is performed at one or nultiple
st ages. [0058]

The width of the Mocney viscosity before the
coupling step is preferably managed to a numerical value
range narrower than that of the Mooney viscosity after
the coupling step.

For example, the width is managed tc the numerical
value range by increasing and decreasing the amcunt of
the initiator so that the Mooney viscosity before
coupling falls within the managing width, and by
increasing and decreasing the amount of the
polyfunctional compound so that the Mooney viscosity
after coupling falls within the managing width.

The managing can optimize the viscosity, molecular
weight and branching degree of the branched conjugated
diene-based polymer which is the object, and can secure
stabilized quality in a processability cf a rubber and a
performance of a vulcanized rubber.

[0059]



In order to inprove the dispersion of the filler, kneading is preferably
performed at nultiple stages. After the obtained rubber conposition is
cool ed, a vul cani zi ng agent and a vulcfiiging aid or the like are added to
t he rubber conposition, and these are then kneaded. The vul cani zed rubber
conposition using the branched conjugated di ene-based pol yner which is the
obj ect is obtained by nolding and vul cani zi ng the kneaded nmaterial. [0068]
A crude ruliberliand daspgtibgt iStepubber can be applied as the another rubber
materi al . Exanples of the synthetic rubber include |owcis polybutadiene,
hi gh-ci s pol ybutadreaePryerciopnpetiepd 86t abifchE2rabBer yoaaaagséﬁd - 43 -
(styrene-butadi ene rubber), isoprene rubber, butyl rubber ,and EPDM

(ethyl ene PA6PPrEAscd &R YFEEher) thropsspent emERsHReaL (o % RE fill er

i ncl ude carbo blﬁ&k, preci pitated iIica,lf med sili.ca, clay, talc, mca,
diatonaceoﬁ§eg§FF ,QNSPI§?F%M1P§,O nFnSPP|P§HiF€Pa§é8ﬁiF egﬁgnfﬁorganic
fibrous substances_such as l.ass fd her. Particul arl v, rbon bl ack
and preci pictogﬁgg%&inlgi celilearséﬁb&el %r 5)6‘1 3%&sgé.an[c6]§'?g]con%%g%ﬂ?§ gﬁ%g%e

coupl i ng. agent. i 5.3 FOTPARERL, 10RO A SUNE! 0 BV ding o ahose

i nteracti on bet e abo scri bed rubber corponent d a’silica-based

i nor gani ¢ fvele apd ARV & 187 R NAENG Afddidi Ofa Randakiilbd w1t o each
of the rubber conponent and the Silica-based inorganic filler. A

conmpound haweng op3uliquirkeitding fRiretthe amboatdkawysidifedgrcaupland a sil anol
group noiety in a nmolecule is typically used as the silane coupling agent.
step in the reservoir and managing the quality of the
solution.
The reservoir is preferably held at a pressure of
about 0.05 to (0.3 MPaG.
Before the sclution is collected, in the reservoir,
or before a solvent removal step after the solution comes
out of the reservoir, a stop agent, a neutralizer, an
antioxidant, or if needed an processing oil or the like
can be further added. TIn the quality managing step, a
Mooney viscosity, a branching degree, an amount cof an
additive agent, and a composition ratio in the case of a
copoclymer, or the like as test are measured.
[0060]
[Solvent Removal Step]
After the above-described guality managing step, the
branched conjugated diene-based polymer (copolymer)
solution or the o0il extended conjugated diene polymer

(copolymer) solution is fed to a predetermined finisher

by a predetermined pump or the like, to remove a solvent.



Exanpl es of the silane coupling agent include, but are not limted to,
bis-[3-(triethoxysilyl)-propyl]- tetrasul phido,

bi s-[3-(triethoxysilyl)-propyl]-disul phido and
bis-[2-(triethoxysilyl)-ethyl]-tetrasul phido. [0071] - 44 - A m ner al
oil, aliquefied softener, a | ow nol ecular weight synthetic softener or a

| ow- nol ecul ar wei ght plant softener is preferably used as the rubber

sof tener. [0072TherebyA tlhei kudn¢hedi atorvdasued udiane-hased fBelevadound or
the |ike can be used as the vul canizing agent. Zinc oxide and stearic
acid or thehirkeigakhhBechsedtad st RET#4NEANI zi ng ai d. A vul cani zati on
accel erator, an_ antioxi dant,_ wax, a conductive agent and. a colorant or the

like are used a8 GPol Fet LWt tY vERAe et AnpiRs T odFRT 18 25 #ereinafter,
(he presentcLauention, vilbg g8reapesit eal L depctibefoutopel orence to
Invention 15,900, tLA H8dnENEE ¥ BOR Fly .

For example, a method for separating a solvent by
steam stripping or the like, thereafiter filtering the
solvent, further subjecting the obtained product material
to an anhydration and drying treatments to obtain a
branched conjugated diene-based polymer, a method for
concentrating a soluticon in a flashing tank and further
devolatilizing the solution with a vent extruder or the
like, and a method for directly devolatilizing a sclution
with a drum drier cor the like can be applied.

[0061]
[Branched Conjugated Diene-based Polymer]

The branched conjugated diene-based polymer which is
the object is cobtained by each of the above-described
steps.

Hereinafter, the characteristics of the branched
conjugated diene-based polymer obtained by carrying out
the producing method of the present embodiment will be
described.

(Coupling Reaction Ratio to Polyfunctional Compound)

A coupling reaction ratic of the branched conjugated

diene-based polymer obtained by the producing method of



[ 0074] First, a neasuring nmethod and an eval uati ng net hod of physical
properties applied to the exanples and the conparative exanples wll be
described later. [(1) Bound Styrene Content] A chl orof orm sol uti on of
a neasurenment sanple was obtai ned, and” an anount of absorption of
ultraviolet rays (UV) having a wavel ength of 254 nm by a phenyl group of
styrene was neasured using UV-2450 manufactured by - 45 - Shinmadzu

Cor por at i otthghplre sesitngmbhdivkhor 6botiresebaveodssamdbgdbound styrene
content (% by mass) was neasured. [0075] [(2) Styrene Chain] An osm c
aci d deconpesvisstpppddccoBpPoanfeasuPerinta8anple #as 886t &Yn8a@SBy Kol t hof f
nmet hod. | nsol ubl e pol ystyrene corresponding to bl ock olgst rene was

deposi ted i n net han6PibsiRg FRECbiATcTakig H%CBH%OE?%56H 5?%8&%%. The
i nsol ubl e pol yst reng ggnun was quantit tiveI% det er.mi ned, and _the bl ock
styrene amb( O%ég Eal clifaf@8Ven §5§lh§ s TRBFSp B HerSS @ MORSES fent of a
styrene singl hai_n i.ng styr i.t, ~and tyr I hai n
havi ng a r%%agfﬁépghég§¥e%br§%§Fy$§ﬁ§%§ﬁ.?élﬁggra%g?yﬁegﬁgggﬁﬁgﬁﬁg to the

rethod of Tanaka. el ialy oLPOINERE. 22 1131 (101N by decomposi ting a

styrene-butadi ene copolymner th ozone t hen subj ecting the
deconposed ppedyct to gel pernmeation chromatography (GPC). [0076]

(Molecular Weight Distribution)

A molecular weight distribution according to gel
permeation chromatography (GPC) of the branched
conjugated diene-based polymer obtained by the producing
method of the present embodiment has one mountain, that
is, one peak. The branched conjugated diene-based
polymer preferably has a weight-average molecular weight
of 500,000 to 2,000,000 with respect to a polystyrene-
equivalent molecular weight.

The weight-average molecular weight of the above-
described numerical value range provides good
processability and a vulcanized rubber having excellent
physical properties.

The molecular weight distribution according to GPC
is preferably 1.7 to 3.0 as Mw {welight-average molecular
weight)/Mn (number-average mclecular weight), and
preferably 1.8 to 2.8.

The molecular weight distribution of the above-
described range provides good processability and a

vulcanized rubber having excellent physical properties.



[(3) Mcrostructure of Butadiene Miety (1,2-Vinyl Bond Content)] A
carbon di oxi de solution of a neasurenent sanple was obtained, and the

m crostructure (1, 2-vinyl bond contept% of a butadi ene noiety was

determ ned according to a cal culation fornula of Hanpton nethod from an
absorbance at a predeterm ned wavenunber by nmeasuring an - 46 - infrared
spectrum of the carbon dioxide solution within a range of from 600 to 1000
cm1l in "FTOOR330" manufactured by JASCO Corporation by using a solution

cell. [0077 [ (4) Mooney Viscos%%yg The viscosity was neasured at 4
m nut e af t dFrpreresd fgpedmend wibt & ra$ichgcalk rigsd ecottdrengcdsedichg to JI'S
K 6300- 1. Measur enment tenperatures were described with nuneric data in

the descri pOLvEStdxts of [exanple 1], [conparative exanple 1] and

ti le 2 d i b |.at.er. 078 5 A I I
oo AR, - Bhe e TSy HRE e ne BOEEh oL ke SEpgEntEl coul o
TeasUr ed by USHAO (8l RSTIEALL AN € I OTRLOGARY,  BRE islng Uil ee connect ed
col ums pach W th °a pol'ystyrene-based g as a filler. f réquency of

every ol ecylan oey gt LLange. g e datale Meak Aea pas calculated

according to an ordinary _ rel ationshi p“between retention
volurme and d g%%ld%rwo%tly%ﬂlzq% hased a2 Loldikimat impene plotted

usi ng standard pol ystyrene, "to cal cul ate a nunber-average nol ecul ar wei ght,
a wei ght - average vivlac blramataicglongehnml ecul ar wei ght di stribution

For example, the branched conjugated diene-based
polymer is preferably polybutadiene, polyisoprene, a
butadiene-isoprene copolymer, a styrene-butadiene
copolymer, a styrene-isoprene copolymer or a styrene-
butadiene-isoprene copolymer, and more preferably the
styrene-butadiene copolymer.

When the branched conjugated diene-based pcoclymer is
a branched random copolymer of the conjugated diene
compound and the vinyl aromatic compound, it is
preferable that a mass ratio of the conjugated diene
compound in the branched random copolymer is 50 to 80% by
mass, and a mass ratio of the vinyl aromatic compound is
50 to 20% by mass.

An amount of a vinyl structure of a conjugated diene
moiety of the copeolymer is preferably 30 to 65 mol%.

As described later, the above-described range
provides good balance between wet skid resistance and
fuel consumption properties when a vulcanized rubber is

produced using the branched conjugated diene-based



Tetrahydrofuran (THE) was used as an eluting solution. - 47 - The
nmeasur enment was perfornmed by using apparatuses and under conditions: guard
colum: Tosoh TSK guardcolumm H R-H, c %unns: Tosoh TSKgel G6000HHR, TSKge
G5000HHR and TSKgel G4000HHR, oven tén% rature: 40C, THF flowrate: 1.0

m./ mn, and neasuring apparatus: HLC- 8020 manufactured by Tosoh Corp. and a

detector: IR The nmeasurenent was perforned by injecting 200 !lL of
each of neasluyerent(ceoprpilyes ri)nanki ¢he2@ uig aofl zehle ruibhsur éventt idampldes was
di ssolved in 20 nL of THF. [0079] [(6) Coupling Reaction Rati 0] An

adsor pt i onagr epémrepcofrupbdirf iodd ac pmseraTes wWaehlags itédet.o a GPC col umm
using a silica-based gel as a filler. A sanple solution containing a sanple
and a | ow MBIP&&dl ar wei ght internal standard pol ystyrene of 5,000 in

nol ecul ar wei ght (pol ystyrene i s not  adsor eg{ was. used. There were
measured both a"gfFo FoéFaﬁFBPdcpépéﬁﬁégg 26 rERGPAEEHr BE BYTosoh Corp.)

[ th | yst - d gel of the ab TSK fact d by Tosoh
Cor p.) gﬁg%téﬁféﬁﬁ:ﬁ%? Segf%%ﬁe‘%%m%t}{qﬁ%gé% PRSI Cor p. “E&?oégzz:"
seri es bui -t.ype GR2C s r \ ,
using a siFF@%gﬁéggﬁ co &%%“‘%ﬁ&é %%%%%ﬁ%Q%ﬁ%%ﬁéﬂégiﬁiEé%%ﬁﬂ?ﬁ%%ﬁ%gi
Col umns; Z%%%?éﬂfc/%%pr%%%%s’an%sw' 39051 RIMBOS.c aupndigrperiat ure: 40C, THE

flow rate: An adsorption anount to the silica colum was
neasured frQ@rerA8 « el a dddRrngesLased Lnerhe intemlorst andar d

pol ystyrené peak to determ ne a coupling reaction ratio.
aromatic vinyl of 30 or more is in a small amount or does
not exist.

Specifically, when the branched conjugated diene-
based polymer obtained by the producing method of the
present embodiment is a butadiene-styrene copolymer; the
branched conjugated diene-based polymer is decomposed by
the method of Kolthoff (I. M. KOLTHOFF ef al., the method
described in J. Polym. Sci. 1, 429 {1946)); and
measurement is performed by a known methced for analyzing
an amount of polystyrene (amount of block styrene) |
insoluble in methancl, the amount of block styrene based
on a total amount of the branched conjugated diene-based
polymer is preferably 5% by mass or less and more
preferably 3% by mass or less.

[0065]

In particular, when the branched conjugated diene-

based polymer obtained by the producing method of the

present embodiment is decomposed by an ozone

decomposition method, and styrene chain distribution is



The neasurenent was perforned in comon by injecting 200 pL of each of
measur enent sanples in which 20 ng of sanples to be neasured was di ssol ved
with 5 ng of the standard polystyrene %$ 20 nmL of TI-IF. The specific
procedure invol ves: setting the whole t he peak area of a chronmat ogram
usi ng the pol ystyrene- based colums to 100, denoting the sanple peak area
as Pl, denoting the peak area of the standard pol ystyrene as P2, setting

t he whol e ehafljecpebly &P€a ot aschrefetrefriamtbgitngsthletsd istyribased col ums
to 100, denoting the sanple peak area as P3, and denoting the peak area of
t he standakbapoliyst pirenengs hrFinghe edupeEnsg Undacchanr &L é was cal cul at ed
fromthe follow ng formula. Coupling Reaction Ratio

(% =[ 1- ( P2XPBYFEPEXPATOX E0GPEAOBORMOMEFEF &Farititt &ti 6 SBeér APt i on of Low

Mol ecul ar Conpound of Pol yf uncti onal Conpoun nd A igoner .Conponent Used
f or C‘oupliF?(ff;‘sﬁéiaé)tniBn]tOt‘E‘)i %°?§Qg§%yé§@g8H§E% igﬁﬁéph%é§0%ﬁﬁfggnd TSKgel

GLOOOHXL manuf act ur y .Tosoh_ Corp. .wer.e use (€ 2 I Il ILF was
used as anS&FIERNg ggﬁgtﬂén;S§H5e8§0h386§ﬁaﬁu%P%Efcggzé% %%& agﬁﬁng by
Tosoh Corp. S _Us asur JParfar si-ng+Rl. as a
detector, ggg%uﬁ e&gggn Ffﬁgﬁg g% gn gggﬁgﬁgﬁ%érafﬁre@%'e%og%aﬁge - 49 - an

el uent flow.ragepghink Qefklienute, and injecting 200 ILL of a THF solution
of 1.0 ng/nL o% a measur enment sanpl e.

The above-described numerical value range is
preferably set in common in the vinyl aromatic compound
constituting the branched conjugated diene-based polymer
without being limited to styrene.

The above-described numerical value range achieves a
movement performance of the wvulcanized rubber using the
branched conjugated diene-based polymer, for example, a
reduction in a heating value during a deformation and
recovery of a rubber.

[0066]
[0Oil-Extended Polymer]

A processing oil may be added to the branched
conjugated diene-based polymer obtained by the producing
method in the present embodiment if needed before the
above-described solvent removal step, thereby producing
an oil-extended polymer.

As the above-described processing oil, for example,
an aromatic oil, a naphthenic oil, a paraffinic cil and

an alternative aromatic oil having a 3% by mass or less



The nol ecul ar wei ght was calibrated by the standard pol ystyrene.

Thereby, there were obtained the contents of "a glycidylam no
group-cont ai ni ng | ow nol ecul ar conpqpqﬂhhaving 2 or nore tertiary am no
groups and 3 or nore glycidyl groups bonded to the tertiary am no groups in
a nol ecul e" and "an ol igoner conponent of a dinmer or higher oligomer of the
gl yci dyl am no group-contai ning | ow nol ecul ar conpound” in the

pol yf unct i ohaé pohpountlic[ 8081itL¢8yorpanenti an Ratejmined Apobhe20 ni of

t he pol yner solution obtained fromthe outlet of the polynerization vessel
was | nj ectedthpdoos bBBtbPeads rDBOLATaPASwWhi ch 0.50 L of n-propyl benzene
and about 20 nL of toluene as internal standards were seal ed, to produce a

sanpl e. TH 5L St el Yvast e ad tr P by Has2 MRt ot apRY Hrdvi ded wit h
a packed ﬁggunn on whi ch AFiez?n gre?se m&g suggor ed. An anmpunpt . of a
resi dual nmohoREr"FAStRE PGFYNBF BoPUtYoX was derBrhtheGFPBHFESI Br ati on

curves of a_butadi ene _nononer_and a styre mn eLigiLnarily obtai ned.
The conver&f® eFab $ oF° hénbﬁfggﬁeﬁg %%n%ﬁggggﬁﬂsbﬁgﬁs %?%he nononer were

det er i ned. L0082 [.(8) NER, (M0ODeX L1859 Rebaxat jophre1c80 - A

Mooney vi sB6S| y an ney relaxation rate’we sured at a

tenperature of 420 usinge Vi1 321 r@aul actar ety Leshi ra: Sef sakusho Co.
Ltd. as a Mooney viscosity nmeter by nmethods specified in 150289-1 and

1S0289-4 (2088) and MES BkEstibpHehgakkngswaskpeuhinednatst3@€ef or |
m nute, and thereafter, a rotor was rotated at 2 rpm A torque after 4

m nut es was2neasyr edot g1ebbai, naadMedRey vi scosity (M1,4). Then, the
rotation of the rotor was i medi ately stopped, and a torque (T) every 0.1
second for 1.6 A dnseconods wli¢ eexsenppt nglhass recordediteda Mboney unit.
An inclination of a straight line in plotting the torque and the tinme (t
(second)) hpvhRvbrl asepgbaldyatireimliascdéfepariédlyandseheaagdoliit e val ue

t hereof was denoted as a Mooney rel axation rate (MSR). ,
100 parts by mass of the branched conjugated diene-based

pelymer. It is preferable that the amount is typically
from 20 to 37.5 parts by mass.

[0067]

[Branched Conjugated Diene-based Polymer Composition]

A vulcanized rubber composition of the branched
conjugated diene-based polymer is obtained by adding a
predetermined material to the branched conjugated diene-
based poelymer obtained as described above and mixing the
material with the branched conjugated diene-based polymer.

The branched cconjugated diene-based polymer is
typically processed by a method usually used in the
rubber industry and used as a rubber product.

The vulcanized rubber composition using the branched
conjugated diene-based polymer is obtained by bklending

the above-described branched conjugated diene-based



Since nore branches reduce the Money rel axation rate (MSR) when the Money
viscosity is equal, the Money relaxation rate (MSR) can be used as the

i ndex of the branching degree. [0083] anple 1 A verti cal

pol ymeri zation vessel having an interngl volume of 10 liter, having an
inlet at the bottomand an outlet at the top, and equipped wth a stirrer

and a tenperature controlling jacket was used. The ratio (LID - 51 - of
an i nt er napohemght wand andihaet predéteheivedt ichbepohyherizatiién vessel was
4 1, 3-But adi ene, styrene, hexane and n-butyllithium whose inpurities

such as nohseded, haisiheen Fembeedtharadvaneddisgeantiédnat CPPEsNGf 27. 3
g/mnute, 12.9 g/mnute, 182.9 g/mnute, and 0.006 g/ m nute, respectively
in a stati@dfhkeraj KrBHPAt EPYLBRESr 2l éFPRGZLAE PEFYRer Pzati on vessel .

The m xed sol ution was then continuousl¥ fed to the bggtonlof th
pol yneri zalFoR20é44BE 8t RBYaBBoE8EsePPbedVFafeS EuFf REFLC, AN

2, 2-bi s(2- I , | ar .subst d, n-butylLithi

pol yrrer | 2abF GRCP NP PabBE REFECTEl PPN Dot auror PREHoFSHEPErati on -

vessel at rates,of 0.04 /n n ] DUt es. ectively. A
oPr 0802 9 M hul g And. 0, 04 33, BL01 DUl e { 3P

pol ymeri zati on %%%c%lon continuously pertorned so that the inner

tenperat ureqat ;the, gyl et cgzbbhebﬂghw?rg%qgh@np%@%g\%e%n to 105C. At
this time, a nmean residence tine in the polynerization-veSsel was 30

mnutes. ruphed- Butradhepeaugedneonkanad br2thut adikeneref 140epprL [ 0084]
After performng the polynerization reaction as descri bed above, a living

pol ymer sokHbi prawascABdent0gaesti Aueustypakkdwpellymbiromranpiepgedcandect ed to
the top portion of the polynerization vessel. A sanpling nozzle was
provi ded i nhtbe arddkecsafietheith a temperature-controllable
- kneading machine to obtain a rubber composition. In that
case, kneading is performed at one or multiple stages.
In order to improve the dispersion of the filler,
kneading is preferably performed at multiple stages.
After the obtained rubber composition is cooled, a
vulcanizing agent and a vulcanizing aid or the like are
added to the rubber composition, and these are then
kneaded. The vulcanized rubber composition using the
branched conjugated diene-based polymer which is the
object is obtained by molding and vulcanizing the kneaded
material.
[0068]
A crude rubber and a synthetic rubber can be applied
as the another rubber material. Examples of the
synthetic rubber include low-cis polybutadiene, high-cis

polybutadiene, VCR (vinyl-cis butadiene rubber) and SBR



- 52 - The pipe was led to a bottomof a coupling reactor performng
the next step. A polyfunctional conpound was fed froma pipe on the near
side of the coupling reactor. [0085] A residence tinme of the living
pol ynmer solution fromthe outl et of'iH%sﬁblynerization vessel to the near
side of the coupling reactor was 1 m nute. A m xture made of
tetraglycidyl-1, 3- bi sam nonet hyl cycl ohexane and an ol i gonmer conponent of a
di mer or hi(ghgreokirbotedither evbbowas, usedrasneheupbkyt uhotivénabbeempound.
The m xture was made of 90% by mass of the

t etragl yci dpd- EPBMbi(sahivhenet RyPeyéEbReskafBeahtPPe% by mass of the ol i goner
based on the total anmount of the pol yfunctional conpound. The m xture
was used a§096§élut|on diluted 1,000 tines wth cycl ohexane. The

pol yfuncti onal a rate of 0.0095 nute, that is, the
sol ution dlluteﬁxqg@ P57 Eh%agl#% a}n%;?%?ec%¥b%ngég%ﬂ¥hute to carry out

| Th |
Cecornr hoa-ERSPhPRFRY SOTiERePEbRaL R B, SRASR) sarcisnlBRecs o T e
vol ume of Eﬁstgagxg%hﬁzggkeﬂ Vﬁgﬁﬁgstonl%ﬁéAm ﬁo&%ihgﬁ nge tinme in the

coupl i ng reactor coupli'ng reactor having a
Cy"ndrlca&eaméeg QHQ %HB&@QEQCWk&Breuétgﬁb@@gnegéd%uwasagssd 1Zhg inner -

53 - dianeter he coupling reactor was 0.104 m the dlaneter d of the
stirring bkaggrthereof was 0.083 m and the ratio d/D of the stirring bl ade
to the inner dianmeter was 0. 8.

Particularly, carbon black and precipitated silica

are preferably used.
[0070]

The silane coupling agent is a component having a
function providing a close interacticn between the above-
described rubber component and a silica-based inorganic
filler and having a group having affinity or bondability
to each of the rubber component and the silica-based
inorganic filler.

A compound having a sulfur bonding moiety, an
alkoxysilyl group and a silanol group moiety in a
molecule is typiceally used as the silane coupling agent.

Examples of the silane coupling agent include, but
are not limited to, bis-[3-(triethoxysilyl)-propyl]-
tetrasulphido, bis-[3-(triethoxysilyl)-propyl]-disulphido
and bis-[2-(triethoxysilyl)-ethyl]-tetrasulphido.

[0071]



A rotation nunber n of the stirrer was 10s-1; and a product nd of the

rotation nunber and the bl ade di aneter was 0. 83. The coupling reactor
was kept warm by a steamtrace so that Jhe inner tenperature thereof was
95C. An automatic pressure contr g4 val ve as an openi ng- degr ee
adjusting unit was disposed in a discharging pipe fromthe coupling
reactor. A pressure of the outlet of the top portion of the

above-descri bed? polyaesnl zatl pna vesget fived sefeeted, antowteobpeniay- degree
adjusting unit was controlled so that the pressure was set to 0.9 MPaG

[ 0087] weifhe diysthatgicngopipaetr o ehéowoupleaylpsareoshmad  PRLS oduced
into a reservoir with a stirrer having a volunme of 100 liter.

sanmpl i ng né@iF@nﬁéslérﬁﬁﬁéééaBﬁytHéeéoﬁﬁsFF@aﬁPBPth§O§ESV§rdeScr|bed
automati c pressure control valve. A residence time fromthe outlet of
t he above- d&8¢fibed polynerlzatlon vessel to the sanpling nozzle was 6.5

t A f { th 7
Tnutos, - 64 & FeSteaR Tt T EN Gt S anE n At Brdbl CF | CABFETatne nuous! y
dded bef t f BHT
(i buty1 hyBPSyt oFuens) S5 UERE 48 Fhs gaaeale? T8RP s by mass of the

pol ymer obtai negl; af.ter a@eaﬁ ug{éggl&e§e£§oar that1ige the POl yaEy in which
a solvent was renoved %ron1t e pol yner ution was added. 37.5 Parts by

mass of S—g@Etgblvﬁm§§$ﬁglﬁgng§@ctured by Japan Ener gy Cbrporatlon) per 100
parts by mass of the polyner was added as the extender oi

A vulcanization accelerator, an antlox1dant wax, a
conductive agent and a colorant or the like are used as
ancther additive agent.

Examples
[0073]

Hereinafter, the present invention will be more
specifically described with reference to the following
examples and comparative examples, though the present
invention is not limited these examples.

[0074]

First, a measuring method and an evaluating method
of physical properties applied to the examples and the
cemparative examples will be described later.

[ (1) Bound Styrene Content]

A chloroform soluticn cof a measurement sample was
cbtained, and an amount of absorption of ultraviolet rays
(UV) having a wavelength of 254 nm by a phenyl group of

styrene was measured using UV-2450 manufactured by



The pipe fromthe outlet of the polynerization vessel to the reservoir was
sufficiently kept warm A pressure of the reservoir was 0.2 Mra. The
pol ymer solution of the reservoir was sent to the finisher; the solvent was
removed; and the polyner was col l ected® A drumdrier was used as the
finisher. [0088] In the state where the polynerization reaction in

t he above-descri bed pol ynerizati on vessel was constant, the pol yner

sol uti on wasiextieactedpcnastrahl whidat usieg thetochlpnrrédrsoboliibhoof about 1
mL of nethanol and about 30 nlL of cycl ohexane fromthe sanpling nozzle
provi ded i antthe UbscHasgivngnpi penfteom {hebponypaer i ¥aci bAavessdl, while
sufficiently taking care so that the polyner solution was not brought into
contact wi fHOdPd. After the antioxidant (BHT) was added so that the anount
of the - 55 - antioxidant was set to 0.2 g per 100 g of the polyner, the
sol vent was (FémBt¥deB§ FRéiBdum drier to obtain a sanple for Money

vi scosity measurenent, , . The sanple was furthe ssed at ten tines by a
6- inch roll setlt®"Hipccid deﬁ?@ﬁgﬁbﬁﬁ?no?rﬂé%ﬁ{ygfi?HP%%?%B?%%H?S t he

| oL set o TS amou _N=Dbl . . g
Pod” tocr eadaPL ihs: oRa REaneY (PLBEryREkAOH ot SEER o The sampl 6 and
the fluctuati e Wi thi .

Speci 1 cal P OPEETRNR LRCL Lol B bR oR  BBYS <PV ERE472S that the
amount  of BéEHtletleidt hiumewas nincngasgdthy L¥%nvwhencthe MeoRgysYiseasi ty

approached the upper limt, and the amount of n-butyllithiumwas decreased
by only 1%whencihe Money viscosity approached the lower limt. Wth
respect to the polynerization conversion rate in a place where the sol ution
was | eft out of ThbBeipebyuelézpblpatyvessel ambhetpobymguazaiteanicenyer sion
rates of butadi ene and styrene respectively reached 99. 5% and 98. 5%

determined, and the block styrene amount was calculated

in % by mass per polymer.

A content of a styrene single chain having one

styrene unit and a styrene long chain having a row of

eight or more styrene units was analyzed according to the

method of Tanaka, et al. (Polymer, 22, 1721 (1981)) by

decompositing a styrene-butadiene copolymer rubber with

ozone and then subjecting the deccmposed product to gel

permeation chromatography (GEC).

[co7e6]

[ (3) Microstructure of Butadiene Moiety (1,2-Vinyl Bond

Content) ]

A carbon dioxide solution of a measurement sample
was obtained, and the microstructure (1,2-vinyl bond
content) of a butadiene moiety was determined according

to a calculation formula of Hampton method from an

absorbance at a predetermined wavenumber by measuring an



[ 0089] The pol yner solution sanpled fromthe sanpling nozzle provided
in the discharging pipe fromthe above-descri bed coupling reactor was
extracted in snmall quantities into a q&¥ed solution of about 1 nL of

n

met hanol and about 30 nlL of cycl ohexane’while - 56 - sufficiently taking

care so that the polyner solution was not brought into contact with air.
After the antioxidant (BHT) was added so that the anmpbunt of the anti oxi dant
was set tolff2ageperrd00rgmobft hbepohyhen, dihaidel gentithas wéebbiadaby the
drumdrier to obtain a sanple for Money viscosity measurenent. The
Mooney vi séasbeyofMEirop 8P01100008P £he BrandHed Feoili ugared aditeebased
pol ymer after the coupling reaction and the fluctuation range thereof were
1353. byhdAfbPetarBPrREL§Rt PYi ¥8LIBURi 8R1BF PReCBranched conj ugat ed
diene-baseﬁBB hgner according to GPO had one peak. The wei ght-average

nmol ecul ar 3 (Mw+C) was 830,000, and the ratio of the weight-average
nol ecul ar ﬁ?ighﬁ gnd tge gunb r-average nol ecul ar wei ght (Mw C MnC) was

2. 5. 6 und E?yr e 88%t§%t was 32% by mass, and a 1,2- bond content

chai . an amourt o1 BT 68k, STy enesy KETT HAF 1 bt Ra ves: 0% by made. an
amount of 8r8hLeRRoskRal ¢ fALACDYs0ANEdeCoTBAskLEOR WRSAANGY MaSS
ased on the total anount of styrene; and a content of a styrene’long chain
havi ng at Legasts8gsktgnene .units connected to each other was 1% by nass
A coupling reaction ratio, that is, a ratio of the branched conjugated
di ene- based pol yo®suaaEen betehpé batuses i €ar € olldstr Wasd 462 hynumssic

data in the descriptive texts of [example 1],

[comparative example 1] and [comparative example 2] as

described later.

[0078]

[(5) Average Moclecular Weight and Molecular Weight

Distribution]

The chromatogram was measured by using gel

permeation chromatography (GPC) using three connected

columns packed with a polystyrene-based gel as a filler.

A frequency of every molecular weight range to the total

peak area was calculated according to an crdinary method

from the relationship between retention volume and

molecular weight obtained based on a calibration curve

plotted using standard polystyrene, to calculate a

number-average molecular weight, a weight-average

molecular weight and mclecular weight distribution.

Tetrahydrofuran (THF) was used as an eluting

solution.



- 57 - The Mboney viscosity and the Mooney relaxation rate (MSR) were
nmeasured by the nethod of |1SO 289-4: 2003. The Mooney viscosity M.1+4 at
120C was 125, and the MSR was 0. 351. 5 - Furthernore, to this conjugated
di ene- based pol yner solution, 37.5 ﬁéf%s by mass of S-RAE oil (NG 140
manuf act ured by Japan Energy Corporation) based on 100 parts by nmass of the
branched conjugated di ene-based pol yner was added, and the sol vent was then
renoved to obt dllre ame ol rerdwndess hrantheted dny ugated adberes based pol yner
(sanple PA). It was confirned that generation of a gel was not
observed i aneéhergprarnedibiancheduesdj Ggared: dienebbiS8dIpar JREFARd t he
equi pnent . E0090] [ Conpar ati ve. Exanpl e 1% An _aut omati.¢ gressure
control val'¥B-WascRérmpeeviagahi hskgedi seR8PHilRg prpectr srPa°d8hpl i ng
reactor” but provided in a discharging pipe fromthe above-described

pol yner i zapPenTvEggé| G4000HHRey RERNCHRUPEFBRERer 8Vt he S&et BVt hose of the

por 1 or mi ng™FRE* coubl G Bact [ an "SRE LERGYY FLEFAACI SR FRRgE Cher cof vere -

& one- basel e BT ot h 8Bl g FaRetr o and the Tl uct uat i on

range ther eof WPLE ﬁg§gurement was performed by injecting 200 pL of
each of measurement samples in which 20 mg of the
measurement samples was dissclved in 20 mL of THF.
[C079]
[(6) Coupling Reaction Ratio]

An adsorption property of modified components was

applied to a GPC column using a silica-based gel as a
filler. A sample solution containing a sample and a low-
molecular weight internal standard polystyrene of 5,000
in molecular weight (polystyrene is not adsorbed) was
used. There were measured both a chromategram of GPC
(HLC-8020 manufactured by Tosoh Corp.) using the
polystyrene-based gel of the above (5) (TSK manufactured
by Tosoh Corp.) and a chromatogram of GPC (manufactured
by Tosch Corp., CCP8020 series buildup-type GPC system:
AS-8020, SD-8022, CCPS, C0O-8020, RI-8021) using a silica-
based column (guard column: DIOL 4.6x12.5 mm 5 micron,
Columns; Zorbax PSM-1000S, PSM-300S8, PSM-60S, oven
temperature: 40°C, THF flow rate: 0.5 mL/min). An

adsorption amount to the silica column was measured from



A wei ght - average nol ecul ar wei ght (Mw+C) of the branched conjugated
di ene- based pol yner after the coupling reaction was 790,000, and a ratio of
t he wei ght-average nol ecul ar wei ght angd the nunber-average nol ecul ar wei ght
(Mv+-C/ M1-C) was 2.7. A bound styr e content was 32% by mass, and a
1,2- bond content in a butadiene bond unit was 38 nol % A coupling
reaction ratio, that is, a ratio of the branched conjugated di ene-based
pol ymer adsaebeddidiferansilsi casedl om thas i40%cby lImessndard A Mooney
viscosity and a Mooney relaxation rate (MSR) were simlarly neasured. The
Mooney vi seediysyyNEne+peak I20CGehasMil?, 2anduPié "NBRewas 1or4zatio. The
branched conjugated di ene-based pol yner was further oil-extended to obtain
an oi | - ext endedTht afieAedreBaNigue 8dPar EAENBEsed HOTYARr P¥ safpretpPRY.
Slight generation of a gel was observed in the obtained branched conjugated
di ene- basedOfokyef §A60t RE FEsEHYEIEr Y 6G9PL ePCeRp#RaAChy  OEREnSie 2]
But adi ene, st nene, h?)xane and -butyldl.i t hi.um vver.%hn’i x?nd al. rates of 13.65
g/ mnute, 6%8*§Pni-futg, m&f?&%e@/ HERutd SSEAd o6 863 "grnucs, FSspect i vel y
in a static,mxer i i |y bef or t erd pol ymeri zati on vessel. -
59 - The nF%ggdggﬁugggg%%égeﬁﬁegkcgﬁt?ﬁh%&gﬁ%Eﬁed to the bottom of the
pol ymerization ¥gsse <8k st he 998¥8'9§3§ﬁb9§9e5§tgetEQB%h%Be whole
2, 2- bi s(2-oxol anyl') pt opane ag a polar substance and n-butyllithiumas a
pol yneri zairOR HeNidelaat Qfr ielg hednt-orhe it emiely the peliyRiirzatd-on
vessel at rates of 0.0201 g/mnute and 0.00665 g/ m nute, respectively. A
pol ynmeri zabjz@ed eadtuin®iz Was 1er,f eremed isuch Hehatanidhe ipweser drenpersathire at
the outlet of the polynerization vessel was 105C.

denoting the peak area of the standard polystyrene as Pz,

setting the whole of the peak area of a chromatogram
using the silica-based columns to 100, denoting the
sample peak area as P3, and denoting the peak area of the
standard polystyrene as P4. The coupling reaction ratio
was calculated from the following formula.

Coupling Reaction Ratio (%)=[1-(P2xP3)/(P1lxP4)]x1C0

[0080]

[{7) Quantitative Determination of Low Molecular Compound
of Polyfuncticnal Compound and Oligomer Component Used
for Coupling Reacticn]

TSKgel G3000HXL, TSKgel G2000HXL and TSKgel G1l000HXL
manufactured by Tosoh Corp. were used as GPC columns; THF
was used as an eluting solution; and GPC apparatus, HLC-
8220 manufactured by Tosoh Corp. was used.

GPC measurement was performed using RI as a detector,

and under conditions of an oven temperature of 40°C and



At this time, a nmean residence tine in the polynerization vessel was 60

m nutes. [0092] A living polynmer solution was made to continuously
flow out fromthe top portion of thquﬁgyperization vessel . A sanpling
nozzl e was provided in the mddle of the discharging pipe in the top
portion of the polynerization vessel. The pipe was led to the bottom
of a coupling reactor performng a coupling reaction in the next step. A
pol yf unct i enakloenpodndwwas tkedff Lo mhémpnpecon aifde indgctsinde 260 t he
coupling reactor. The pipe fromthe outlet of the polynerization
vessel to theofiear TdiFdecdfuittibe edupl-Ongaredcodr anes ashwreaenitmssanpdgger t han
the apparatus used in_the_ exanple 1. A residence tine frogmthe outl et
of the pol ymeri Zagi BALoedsar volehe H%érc§i6€r6Fe@h€ycBﬁﬁl?E@ngéégtor was 6
m nutes. - 60 - LOOQB] A m xture made of tetraglycidyl-1, 3-
bisaninonepﬁgwé§¥ 6fi€xane and an ol i goner conponent of a diner or higher

ol i goner thereoﬁa§%§8?§?ﬁgg?etggr oggé§¥ﬁ%gggﬁg 88H98H9?h9 he m xture was

made of 90% by etraglryci 'sam none cycl ohexane and

10% by nas%l%%i?%ga%hhgo %ﬁ%a%%%t§q§§%§ H%%ahwa%ggﬁ%roEﬁhl%uﬂ%‘yfunCtional

conmpound. m xture S use solution dilute ,000 tinmes with

cycl ohexang, g BOlLYf 4ack @Rgk i6RRPAHAG MRS Jigld alhd I &l rRfrel. 00475
g/ mnute, that i's, the solution diluted 1,000 tinmes was fed at a rate of

4.75 g/ m ngtgctigydaghnbu@st bdreedpltion@ heedelitdRry amind RE@Upsesirdence timnme
in the coupling reactor was 8.3 m nutes.
molecule™ and "an oligomer component of a dimer or higher
oligomer of the glycidylamino group-containing low
molecular compound" in the polyfunctional compound.
[0081]
[(8) Conversion Rate]

About 20 mL of the polymer scluticn obtained from
the outlet of the polymerization vessel was injected into
a bottle of 100 mL in which 0.50 mL of n-prepyl kenzene
and abcut 20 mL of toluene as internal standards were
sealed, to produce a sample.

This sample was measured by gas chromatography
provided with a packed cclumn on which Apiezon grease was
supported. An amount of a residual monomer in the
polymer solution was determined from calibration curves
of a butadiene mcnomer and a styrene monomer
preliminarily obtained. The conversion rates of the
butadiene monomer and the styrene moncmer were determined.
[0082]

[ (9) MSR (Mooney Stress Relaxation)]



An automatic pressure control valve as an openi ng-degree adjusting unit was
di sposed in a discharging pipe fromthe coupling reactor. The
pressure of the outlet of the top poIt'gn_of t he above-descri bed

pol ynmeri zati on vessel was detected, and'the openi ng-degree adjusting unit
was controlled so that the pressure was set to 0.9 MPaG A nmean
residence tine fromthe outlet of the polynerization vessel to the sanpling
nozzl e after thd BoaptivnyireaetipnandsalBoniaut eslakddddh ratglwere A
Mooney viscosity (M--1) at 110C of the living copolymer before the coupling
reaction amgasufredctdati Gempangs urisecdofl 28€euzdg ARMbORey vi scosity
(M.-C) at 110C of the branched conjugated di ene-based pol yner after the
coupl i ng r BEEUEGS takG%a P HeshadfPor SraRge Stive 6o werfe £53¢. Mooneyp

i ght - L ecul i ght 0. of .t . j uga ed
0 cno- baset BGrTTEY AFLEF e TESubr G FPEACtEn Whs 76 000 '2hd a ratio of

t he wei ght - r.ag I | ar wei ght and t he nunber-average nol ecul ar wei ght
(NMFCYNh-C§%é§8%2%8WBO%%q'A bound styrene content was 32% by nmass, and a

1, 2- bond contept ir a_bhut adi ene bgnd i % A coupl i ng
reaction ratio,E%ﬁgg’ig?eée?% '8 8 Stﬁgggégﬁ%§e§§cggkd%a%%ﬁ %iene-based

pol ymer adggnbed i ke %H@ﬂéd%%e%?'%”&t%@&‘%@%’@bﬂ@%@ﬂlat 2 rPnlVDOREY

viscosity and a Mooney relaxation rate (MSR) were simlarly measured. The
Mooney Vi sgesidiye Mslttd at nli20€caasiabl desttdddhe MR was @ 463ney

viscosity (MLj;.s). Then, the rotation of the rotor was
immediately stopped, and a torque (T) every 0.1 second
for 1.6 to 5 seconds after stopping was recorded in a
Mooney unit. An inclination cf a straight line in
plotting the torque and the time (t (second)) with
bilateral logarithm was determined, and the absolute
value therecof was denoted as a Mooney relaxation rate
(MSR) .

Since more branches reduce the Mconey relaxation
rate {(MSR) when the Mooney viscosity is egual, the Mooney
relaxation rate (MSR) can be used as the index of the
branching degree.

[0083]
Example 1

A vertical polymerization vessel having an internal
volume of 10 liter, having an inlet at the bottom and an
outlet at the top, and equipped with a stirrer and a

temperature controlling jacket was used. The ratic (L/D)



The branched conjugated di ene-based pol yner was further oil-extended to
obtain an oil-extended branched conjugated di ene-based pol yner (sanple PC).
Slight generation of a gel was obse[ygﬂltp t he obt ai ned branched conj ugat ed
di ene-based pol yner and the pol ynerizati on vessel. [0095] - 62 - In
the exanple 1, the variation in the Money viscosity of the obtained
branched conjugated di ene-based polynmer was little, and the coupling
reaction rafienwastaksalhhghght andSandetamheepositiba vértheaaut omatic
pressure control valve was provided in not the discharging pipe of the
coupl i ng reatyoerbastihe desehargiagipi pe fromthe pol ynerization vessel in
t he conparative exanple 1, the Money viscosity of the obtained branched
conj ugat ed di ene- bR GHEYRRrS WS rRd RSN ARPY ie Ay Bt 1O ¥R t he Mooney

viscosity was al so great. The pranching degree and the coupling reaction
ati o vel c¥apss FEHNELELES SUCH| ARCMPhE-PES| HEREe EPHBGHETPTt PB

| yf ti I d dded h tlet.of th i zati
Vostel wasoOBPRFCoRST oM CRE - BF GSBHESI RbohTr anol WLERECCoRRAALi ve. exanpl e
2, the Mo Vi [ f_the [ h ofolp] ted di - based
ol yor wad VEHUES, LPhe yal FE0MoR: | REEng" RBenGy o1 ebl: ty was &l S0 of eat.

The branchi d nd_.t he i acti : i | so reduced.
(0008 R O, B8 conposi £ on

shown in thgebokhgwing ga@yﬁe%wgtmgnt besksanpl eneA) i £&d (Sarpt BoPC)

produced as described above, that is, the oil-extended branched conjugated

di ene- basedapokyBRr 80asihavuRBleEkal tbubher BotEBAOTE theb63 -
polymerization vessel at the above-described rate.
Further, 2,2-bis(2-oxolanyl)propane as a polar substance
and n-butyllithium as a polymerizaticn initiator were fed
to the bottom of the polymerization vessel at rates of
0.0402 g/minute and 0.0133 g/minute, respectively. A
polymerization reaction was continuously performed so
that the inner temperature at the outlet of the
polymerization vessel was set to 1C5°C. At this time, a
mean residence time in the polymerization vessel was 30
minutes.

1,3-Butadiene used contained 1,2-~butadiene of 70 ppm.

[0084]

After performing the polymerization reaction as
described above, a living pclymer solution was made to
continuously flow out from a pipe connected to the top
portion of the polymerization vessel.

A sampling nozzle was provided in the middle of the

pipe.



[ Table 1] O |-Extended Polynmer Sanple Silica Utrasil VN3(1l) 137.5 parts by
mass 63 parts by mass Carbon Seast KH(2) 7.00 parts by mass Sil ang
Coupling Agent Si 75 (3) 5.04 parts 5o

The pipe was led to a bottom of a coupling reactor
performing the next step. A polyfunctional compound was
fed from a pipe on the near side of the coupling reactor.
[0085]

A residence time of the living polymer sclution from
the outlet of the polymerization vessel to the near side
of the coupling reactor was 1 minute.

A mixture made of tetraglycidyl-1,3-
bisaminomethylcyclohexane and an cligomer component of a
dimer or higher cligomer thereof was used as the
polyfunctional compound. The mixture was made of 90% by
mass of the tetraglycidyl-1,3-bisaminomethylcyclohexane
and 10% by mass of the oligomer based on the total amount
cf the polyfunctional compound.

The mixture was used as a soluticn diluted 1,000
times with cyclohexane. The polyfunctional compound was
fed at a rate of (.0095 g/minute, that is, the solution
diluted 1,000 times was fed at a rate of 9.5 g/minute to
carry out a coupling reaction in the coupling reactor.
[008B6]

The coupling reactor had an internal volume of 1.5
liter, which was 15% based on the volume of the
polymerization vessel.

A mean residence time in the coupling reactor was
4.3 minutes.

The coupling reactor having a cylindrical shape and

equipped with a stirring blade was used. The inner



by mass Zinc Oxide 2.50 parts by mass Stearic Acid 1.00 parts by nass
Sunnoc N(WAX)(4) 1.50 parts

- 53 -

diameter D of the coupling reactor was 0.104 m; the
diameter d of the stirring blade thereof was 0.083 m; and
the ratio d/D of the stirring blade to the inner diameter
was 0.8.

A rotation number n of the stirrer was 10s™'; and a
product nd of the rotation number and the blade diameter
was 0.83.

The coupling reactor was kept warm by a steam trace
so that the inner temperature thereof was 95°C.

An automatic pressure control valve as an opening-
degree adiusting unit was disposed in a discharging pipe
from the coupling reactor.

A pressure of the outlet c¢f the top portion cf the
above-described polymerization vessel was detected, and
the opening-degree adjusting unit was contrclled so that
the pressure was set to 0.9 MPaG.

[0087]

The discharging pipe from the coupling reactor was
intrecduced into & reservoir with a stirrer having a
volume of 100 liter.

A sampling nozzle was provided on the downstream of
the above-described automatic pressure control valve.

A residence time from the cutlet of the above-
described polymerization vessel to the sampling nozzle
was 6.5 minutes. A residence time immediately before

entering the reservoir was 7 minutes.



by mass Antioxi dant 810NA(5) 2.00 parts by mass Sulfur 1.70 parts by mass
Vul cani zati on Accelerator CZ (6) 1.70 parts

- 54 -

An antioxidant and an extender o0il were continuously
added before entering the reservoir.

0.5 Part by mass of BHT (dibutylhydroxytoluene) as
the antioxidant per 100 parts by mass of the polymer
obtained after ﬁhe coupling reaction, that is, the
polymer in which a solvent was removed from the polymer
solution was added. 37.5 Parts by mass of S-RAE oil (NC-
140 manufactured by Japan Energy Corporation) per 100
parts by mass of the polymer was added as the extender
oil.

The pipe from the outlet of the polymerization
vessel to the reservoir was sufficiently kept warm.

A pressure of the reservoir was (0.2 MPa.

The pclymer sclution of the reservolir was sent to
the finisher; the solvent was removed; and the polymer
was collected.

A drum drier was used as the finisher.

[oosge]

In the state where the polymerization reaction in
the above-described polymerization vessel was constant,
the polymer solution was extracted in small guantities
into a mixed sclution of about 1 mL of methanol and about
30 mL of cyclohexane from the sampling nozzle provided in
the discharging pipe from the polymerization vessel,
while sufficiently taking care so that the polymer
soluticn was not brought into contact with air. After

the antioxidant (BHT) was added so that the amount of the



by mass Vul cani zati on Accelerator D (7) 2.00 parts by mass [ 0098]
raw material shown in the above-described Table 1 will be shown | ater.
(1) Silica Utrasil VN3: nmanufactured Evoni k Degussa Japan Co.,

(2) Seast KH manufactured by Cabot Japan Co., Ltd., Showbl ack N339
(3) Si75: manufactured by Evoni k Degussa Japan Co., Ltd. (4) Sunnoc
N(WAX) : manuf actured by Quchi Shinko Chem cal Industrial Co., Ltd.
(5) Antioxadanbx8dONA: wranakactar 8d2by pPachil C8hionkd Chentedbmendustri al

Co.

Ltd.,

Nocrac 810- NA .
the solvent was removed by the drum drier to obtain a

sample for Mooney viscositiy measurement.

The sample was further passed at ten times by a 6-
inch roll set to 110°C.

The amount ¢f n-butyllithium which is the
polymerization initiator used in the polymerization
reaction was increased and decreased so that the Mooney
viscosity (ML-I) at 110°C of the sample and the
fluctuation range thereof were within a range of 70X3.

Specifically, the amcunt of n-butyllithium was
controlled so that the amount of n-butyllithium was
increased by 1% when the Mooney viscosity approached the
upper limit, and the amount of n-butyllithium was
decreased by only 1% when the Mooney viscosity approached
the lower iimit.

With respect to the polymerization conversion rate
in a place where the sclution was left out of the
polymerization vessel, the polymerization conversion
rates of butadiene and styrene respectively reached 99.5%
and 98.50%.

[0089]

The polymer solution sampled from the sampling
nozzle provided in the discharging pipe from the above-
described coupling reactor was extracted in small
quantities into a mixed soluticn of about 1 mL of

methanol and about 30 mL of cyclohexane while

Lt d.

The



(6) Wul canization Accel erator CZ: manufactured by Quchi Shinko Chem cal

I ndustrial Co., Ltd., Nocceler CZ-G (7) Vul cani zation Accel erator D:
manuf act ured by Quchi Shinko Chem cal Industrial Co., Ltd., Nocceler D

[ 0099] [Produci ng Met hod of Rubber Co sition] - 64 - As a first
stage kneading, a raw material rubber, fillers (silica and carbon bl ack),
an organic silane coupling agent, an oil, zinc oxide and stearic acid were
kneaded ussnfiffacckoséd kakadongamachonehéitntbeenablyskuneolot3on)wpeovi ded
with a tenperature control device with the filling ratio of 65% and under

t he condi tnoh bfonghdrifteqaenties oitBOALY.rphter thetanhiexigarl the
tenperature of the cl osed kneadi ng nachi ne was control |l ed, and a crude
rubber compBET1i sasSwaddspt aPnElakt thRe2BPEBRaP§i RESt BRpEPEEHRBT was

(conposition) of 155 to 165C, Then, as a second stage, kneadi ng, the
crude rubbé?%cBﬁpgs?tEOHeBb%épn@doﬁntPﬁepaggwgrmaggéoBP §5B6 ¥dom ’

tenperature, thereaft dded wi.th an anti oxi dant nd ai,n _kneaded in
order to iﬁ§?8V8dtﬁ¥ gﬁspgfgpoﬂréﬁr3|Pi8§%afﬂe?eﬁ?mBEFaFﬁgngogheg

rubber conpositiaon, Al i |.s case, the discharging tenperature
(conpositigﬁﬁfoaégycgﬁgFgPFéghgf 155 to 160C by the tenperature control of

the kneading Mepl N, oney wALLEL LE@ROL] NGy 8P0&: 1Y NS di ng,
sul fur and a vul ¢ani zation accelerator were kneaded by open rolls set at
70C. cbhgukneaded;materhakbawas 1 pRkaded rrard cyel eanpzgdgat 160C for a

predeterm ned tirnme on a vul canizing press, to obtain a vul canized rubber
conposi ti opeWhkeRni snhhenabjeotruati®h range thereof were 135%3.

The molecular welght distribution of the branched
conjugated diene-based polymer according to GPC had one
peak. The weight-average molecular weight (Mw-C) was
830,000, and the ratio of the weight-average molecular
weight and the number-average molecular weight (Mw-C/Mn-
C) was 2.5.

A bound styrene content was 32% by mass, and a 1,2-
bond content in a butadiene bond unit was 38 mol%.

With respect to the styrene chain, an amocunt of
block styrene by Kolthoff method was 0% by mass; an
amount of a styrene single chain by ozone decomposition
was 47% by mass based on the total amount of styrene; and
a content of a styrene long chain having at least 8
styrene units connected to each other was 1% by mass.

A coupling reaction ratio, that is, a ratio of the
branched conjugated diene-based polymer adsorbed into a

silica column was 45% by mass.



The physical properties of the above-described rubber conposition and

vul cani zed rubber conposition were neasured by the follow ng nethod. The
measurenent results of the physical praperties are shown in Table 2. [0100]
[ Measuring Met hod of Physical Properties of Rubber conposition and

Vul cani zed Rubber Conposition] <(1) Bound Rubber (% by Mass)> About
0.2 g of the rubber conposition after the above-descri bed second-stage
kneadi ng was cuThe ntoop:ecessofs abpusnd - pine sioeney palakataomarate cage
(100-nesh netal screen) and nmeasured for the weight. Thereafter, the
pi eces wer éMBRirersed mﬁasutaénéyf@hezmehbeﬁspfdﬂg@d?aﬁnd=nﬁﬁgéred for the
wei ght . Taki ng undi ssol ved conponents into account, the anmount of the
rubber bonded Moonhg Fiibresstwa¥léalcatatell;C anals t hed prapdritonidf the
rubber bonded to_the fillers based on the rubber amount in the first rubber
conposi ti ohaR&a8 -deter ni ned. [0101] <(2) Mboney Viscosity of Rubber
conposition> The Mboney viscosity of the.rybber Siti fter

conpl etion of tﬁ%rg%%EQQH%SCF?bg l%e%%ﬂagg?g%% éﬁ%ﬁ%iﬁggggsb%%gﬁﬁfed usi ng
an L type rotor .accordi Rg I S K - 1 ;using-a Mo _vi;$cosity neter.
The rubbersggﬁﬁégpfiég'§agggFéh§gt§§ggt%f3§C%ggrO¥qnﬂﬁﬁtg?%and then rotated

in two rotations PELH BYt 8uplRe hese9Sch¥p@ratic®f based on 100
parts by mass of the branched conjugated diene-based
polymer was added, and the solvent was then removed to
obtain an oil-extended branched conjugated diene-based
polymer (sample PA).

It was confirmed that generation of a gel was noct
observed in the obtained branched conijugated diene-based
polymer and the eguipment.

[0020]
[Comparative Example 1]

An automatic pressure control valve was not provided
in "a discharging pipe from a coupling reactor" but
provided in a discharging pipe from the above-described
polymerization vessel.

Other conditions were the same as those of the
example 1.

A Mooney viscosity (ML-I) at 110°C of the copolymer
before performing the coupling reaction and the
fluctuation range thereof were 70x3. A Mooney viscosity

(ML-C) at 110°C of the branched conjugated diene-based



t he rubber conposition at 4 mnutes after starting of the rotation was

measur ed. The Mooney viscosity having a snmall val ue was judged to
provide small consunption energy duri kneadi ng for good processability.
[0102] (3) Hardness of Vul cani zed Rubber Conposition> The har dness

was neasured by a duroneter of type A according to JI'S K6253 using a
constant pressure | oader "CL-150L type" as a digital rubber hardness tester
"DD2- A t ypetlyaeuf adteredhby ckobdashi reeickiioGoand tde fQrOZpatisn Tensil e
Test for Vul cani zed Rubber Conposition> The tensile stress at 100%

el ongat i onreh@8YEkeyctdnivereMPEdPEo% ensil e stress at 300% el ongati on (300%
Mb) (unit: MPa), tensile strength (unit: MPa) and el ongation at breaking
(unit: 9% of aée@%lgaﬁp@%eﬁég% He %fa%aru‘é?h@h{lhéwf’e%? shnpl& of dunbbel |

shape No. acc t.o the tensile testing. nethod Jl K6251
H gher ten FFQC ﬁ pﬁugﬁ&eg|§ﬁ§§FI bR s&f %égﬁﬁﬁga %efhé est sanple were

udoed, {0, e, 8928 LELOA, oo B, RChofehiPacs o Moamkr e Bl oo
by Rupke type . Lapagh16eshLi-enes ghesthad (iRt hadiascarding et holled 6255
weight (Mw-C/Mn-C) was 2.7.

A bound styrene content was 32% by mass, and a 1,2-
bond content in a butadiene bond unit was 38 mol%.

A coupling reaction ratio, that is, a ratio of the
branched conjugated diene-based polymer adsorbed into a
silica column was 40% by mass.

A Mooney viscosity and a Mocney relaxation rate
{MSR) were similarly measured. The Mooney viscosity
MIL1+4 at 120°C was 117, and the MSR was 0.422.

The branched conjugated diene-based polymer was
further oil-extended to obtain an oil-extended branched
conjugated diene-based polymer (sample PB).

Slight generation of a gel was observed in the
obtained branched conjugated diene-based polymer and the
resarvoir.

[C0S91]
[Comparative Example 2]

Butadiene, styrene, hexane and n-butyllithium were
mixed at rates of 13.65 ¢g/minute, 6.45 g/minute, 91.45
g/minute, and 0.003 g/minute, respectively in a static

mixer immediately before entering a polymerization vessel.



- 67 - The inpact resilience at 0C was used as an index of wet skid
resi stance, that is, gripping performance. Lower inpact resilience was

j udged to be good. The i npact rgs%%ignce at 50C was used as an i ndex
of lower rolling resistance of tires. Hi gher rolling resistance was judged
to be good. [0105] <(6) Heat Generation of Vul cani zed Rubber Conposition
(O> The heat generation was tested using a Goodrich Fl exoneter, at a
frequency @helm88@dr pmluatiost weke tbEn0c22s innekslon fgd ¢adtsf 55 pounds,

wi th a nmeasurenent startin%_tenperature of 50C, and indicated by a

di f f er encebbétwBem fa thenperangrd zat 190 Wemseds a&f toe 8P8VEng of the test

and t he startlng t enper at ure. differenc n smal | er val ue
was j udged ?6cﬁﬂ8@@déa§ﬁcelF%ﬁ?hﬁéat g%ng?éﬂgﬁﬂxofﬁ %i 9QP7?6N@§sﬁrenent

f Vi
of Viscoel astic Characteristics of Yyhqanzed Rubber, Composi tion>

initiator were fed to the bottom of the polymerization
vessel at rates of 0.0201 g/minute and 0.00665 g/minute,
respectively. A polymerization reaction was performed
such that the inner temperature at the outlet of the
polymerization vessel was 105°C.

At this time, a mean residence time in the
polymerization vessel was 60 minutes.

[0092]

A living polymer solution was made to continuously
flow cut from the top portion of the polymerization
vessel. A sampling nozzle was provided in the middle of
the discharging pipe in the top portion of the
polymerization vessel.

The pipe was led to the bottom of a coupling reactor
performing a coupling reaction in the next step. A
polyfunctional compound was fed from the pipe on the near
side of the coupling reacter.

The pipe from the outlet of the pelymerization
vessel to the near side of the coupling reactor was three
times longer than the apparatus used in the example 1.

A residence time from the outlet of the
polymerization vessel to the near side of the coupling

reactor was 6 minutes.



A tan 8 was neasured using an ARES viscoel asticity tester, manufactured by
Rheonetrics Scientific Inc., and varying the strain at a frequency of 10 Hz
and at each neasurenent tenperature (0C and 50C) by the tortional node.
A higher tan 8 (loss tangent) neasured’at a | ow tenperature (0C) and at a
strain of 1% was judged to - 68 - exhibit nore excellent wet skid
resi stance, that is, gripping perfornmance; and a |lower tan 3 (|l oss tangent)
measured af 0&%9RAilgh tenperature (50C) and at a strain of 3% was judged to
exhibit a smaller hysteresis loss, and |ower rolling resistance of tires,
that is, a | onek mu%tut%ﬂE@@%t@6nteTOQQ#¥Ck@B} Abfasi on Resi stance of
Vul cani zed Rubber HBOSIIIOH (1 ndex) > th respect to th% abr asi on
resi st anceP1ERBLABRES YA CIRBORERRAS ﬁEQSGPe81é8€8F6|ﬁﬁmp8n§P§ Rt6264- 2
usi ng an Acron rubbgr br asi on test b Efactureg b% %iuda Sei k
Sei sakushoSiPEd. OTaftdPes, 886 9PBEAL FORECEA ¥orodd%5f 284 "IN in the test
met hod A g 1 was indic q? m%pg index set  asqd00, A higher
i ndex i ndi B8t ugcgﬁgﬁﬁircggpggﬁgn éﬁ%%n P2y feh"Was ;| udged £9° pY
favorable.mgg%O%k the tetraglycidyl-1,3-bisaminomethylcyclohexane
and 10% by mass of the oligomer based con the toctal amcunt
of the polyfunctional compound.
The mixture was used as a solution diluted 1,000
times with cyclcochexane. The polyfunctional compound was
fed at a rate of 0.00475 g/minute, that is, the solution
diluted 1,000 times was fed at a rate of 4.75 g/minute to
carry out a coupling reaction.
A mean residence time in the coupling reactor was
8.3 minutes.
An automatic pressure control valve as an cpening-
degree adjusting unit was disposed in a discharging pipe
from the coupling reactor.
The pressure of the cutlet of the top portion of the
above-described polymerization vessel was detected, and
the opening-degree adjusting unit was ccntrolled so that
the pressure was set to 0.9 MPaG.
A mean residence time from the outlet of the
polymerization vessel to the sampling nozzle after the

coupling reaction was 18 minutes.

[0024]



[ Tabl e 2] Exanpl es/ Conparati ve Exanpl es Exanple 1 Conparative Exanple 1
Conparative Exanple 2 Pol ynmer Sanple PA PB PC Bound Rubber % by mass

- p1l -

A Mooney viscosity (ML-I) at 110°C of the living
copolymer before the coupling reaction and a fluctuation
range thereof were 70+£7. A Moconey viscosity (ML-C) at
110°C of the branched cenjugated diene-based polymer
after the coupiing reaction and a fluctuation range
thereof were 123%9.

A weight-average molecular weight (Mw-C) of the
branched conjugated diene-based polymer after the
coupling reaction was 750,000, and a ratio of the weight-
average molecular weight and the number-average molecular
weight (Mw-C/Mn-C) was 2.8.
| A bound styrene content was 32% by mass, and a 1,2-
bond content in a butadiene bond unit was 38 mol%.

A coupling reaction ratic, that is, a ratio of the
branched conjugated diene-based polymer adsorbed into a
silica column was 35% by mass.

A Mooney viscosity and a Mooney relaxation rate
(MSR) were similarly measured. The Mooney viscosity
ML144 at 120°C was 113, and the MSR was 0.473.

The branched conjugated diene-based polymer was
further oil-extended to obtain an oil-extended branched
conjugated diene-based polymer (sample PC). Slight
generation of a gel was observed in the obtained branched
conjugated diene-based polymer and the polymerization
vessel.

[0095]



45 38 36 Mooney Viscosity of Rubber Conposition 74 65 60 Hardnesstype A 62
62 60 Tensile Test
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In the example 1, the variation in the Mooney
viscosity of the obtained branched conjugated diene-based
polymer was little, and the coupling reaction ratio was
alsc high.

Since the position of the automatic pressure control
valve was provided in not the discharging pipe of the
coupling reactor but the discharging pipe from the
polymerization vessel in the comparative example 1, the
Mooney viscosity of the obtained branched conjugated
diene-based pclymer was reduced, and the wvariation in the
Mooney viscosity was also great. The branching degree
and the coupling reaction ratio were alsc reduced.

Since the residence time until the polyfunctional
compound was added from the ocutlet of the polymerization
vessel was departed from the present invention in the
comparative example 2, the Moocney viscosity of the
obtained branched conjugated diene-based polymer was
reduced, the wvariation in the Mooney viscosity was also
great. The branching degree and the coupling reaction
ratio were also reduced.

[00596]

A rubber composition was produced according to a
composition shown in the following Table 1 using the
(sample PA) to (sample PC) produced as described above,
that is, the oil-extended branched conjugated diene-based
polymers as raw material rubbers.

[C087]



100%wWwMPa 2.1 2 1.9 300%wbMPa 10.1 9.2 8.9 Tensil eMPa

- B3 -
[Table 1]
Oil-Extended Polymer Sample 137.5 parts by mass
Silica Ultrasil VN3 (1) 63 parts by mass

Carbon Seast KH (2)
Silang Coupling Agent Si75 (3)
Zinc Oxide
Stearic Acid
Sunnoc N (WAX) {(4)
Antioxidant 810NA (3)
Sulfur
Vulcanization Accelerator CZ {(6)
Vulcanization Accelerator D {(7)

[0098]

.00 parts by mass
.04 parts by mass
.50 parts by mass
.00 parts by mass
.50 parts by mass
.00 parts by mass
.70 parts by mass
.70 parts by mass
.00 parts by mass

N RN RPN OG-

The raw material shown in the above-described Table
1 will be shown later.

(1Y Silica Ultrasil VN3: manufactured by Evonik
Degussa Japan Co., Ltd.

(2} Seast KH: manufactured by Cabot Japan Co., Ltd.,
Showblack N339

{3) 51i75: manufactured by Evonik Degussa Japan Co.,
Ltd.

(4) Sunnoc N(WAX): manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd.

(5) Antioxidant 810NA: manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd., Nocrac 810-NA

(6) Vulcanization Accelerator CZ: manufactured by
Ouchi Shinko Chemical Industrial Co., Ltd., Nocceler CZ-G

(7} Vulcanization Accelerator D: manufactured by
Ouchi Shinkc Chemical Industrial Co., Ltd., Nocceler D
[C099]

[Producing Method of Rubber Composition]



Strength 20 19.4 17.6 El ongation at % Breaking 500 480 470 - 69 - Rupke
| npact 0C%

_64_

As a first stage kneading, a raw material rubber,
fillers (silica and carbon black), an organic silane
coupling agent, an cil, zinc oxide and stearic acid were
kneaded using a closed kneading machine (internal volume:
0.3 L) provided with a temperature control device with
the filling ratio of 65% and under the condition of rotor
frequencies of 50/57 rpm.

At this time, the temperature of the closed kneading
machine was controlled, and a crude rubber composition
was obtained at the discharging temperature {(composition)
of 155 to 165°C.

Then, as a second stage kneading, the crude rubber
composition obtained in the above was cooled to room
temperature, thereafter, added with an antioxidant, and
again kneaded in order to improve the dispersion of
silica, thereby cbtaining a rubbercomposition. Alsoc in
this case, the discharging temperature (compositionn) was
controlled at 155 tc 160°C by the temperature control of
the kneading machine.

After the cooling, as a third stage kneading, sulfur
and a vulcanization accelerator were kneaded by open
rolls set at 70°C.

The kneaded material was mclded, and vulcanized at
160°C for a predetermined time on a wvulcanizing press, to
obtain a vulcanized rubber compositicn which is the

cbject.



Resilience 10 10 10 Rupke I npact50C Resilience 59 56.5 56 Goodrich Heat ATC
Ceneration 25
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The physical properties of the above-described
rubber composition and vulcanized rubber composition were
measured by the following methed. The measurement
results of the physical properties are shown in Table 2.
[0100]

[Measuring Method of Physical Properties of Rubber
composition and Vulcanized Rubber Composition]
<{1l) Bound Rubber (% by Mass)>

About 0.2 g of the rubber composition after the
above-described second-stage kneading was cut into pieces
of about 1-mm square; put in a Harris cage (100-mesh
metal screen) and measured for the weight.

Thereafter, the pieces were immersed in toluene for
24 hnours, dried, and measured for the weight.

Taking undissolved components into account, the
amount of the rubber bonded to the fillers was calculated,
and the proportion of the rubber bonded to the fillers
based on the rubber amount in the first rubber
composition was determined.

[0101]
<(2) Mooney Viscosity of Rubber composition>

The Mooney viscosity of the rubber composition after
completion of the above-described second-stage kneading
was measured using an L type rotor according to JIS
K6300-1 using a Mooney viscosity meter. The rubber
composition was preheated at 130°C for 1 minute, and then

rotated in two rotations per minute. The viscosity of



29 33 Viscoelasticity ARES tan 8(0C) 1% strain 0.41 0.4 0.395 tan
8(500) 3%strain 0.185
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the rubber composition at 4 minutes after starting of the
rotaticn was measured.

The Mooney viscosity having a small value was judged
to provide small consumption energy during kneading for
good processability.

[0102]
<(3) Hardness of Vulcanized Rubber Compositicn>

The hardness was measured by a durometer of type A
according to JIS K6253 using a constant pressure loader
"CL-150L type" as a digital rubber hardness tester "DDZ-A
type" manufactured by Kobunshi Keiki Co., Ltd.

(0103}
<(4) Tensile Test for Vulcanized Rubber Composition>

The tensile stress at 100% elongation (100% Mo)
(unit: MPa), tensile stress at 300% elongation (300% Mo)
(unit: MPa), tensile strength (unit: MPa) and elongation
at breaking {unit: %) of a test sample were measured
using the test sample of dumbbell shape No. 3 according
to the tensile testing method of JIS Ke251.

Higher tensile strength and elongation at breaking
of the test sample were judged to be good.

[0104]

<(5) Impact Resilience of Vulcanized Rubber Composition

fee]

(%) >
The impact resilience was measured at 0°C and at 50°C
by Rupke type impact resilience testing method according

to JIS K6255.



0.19 0.193 Acron Abrasionlndex 100 95 93 [0109] As is apparent fromthe
exanple 1 and the conparative exanples 1, 2 in the above-descri bed Table 2,
the rubber conposition using the branched conjugated di ene-based pol yner
produced by the produci ng nmethod of the present enbodi nent had an i ncreased
bound rubber anmount; and since the vul cani zed rubber conposition had high

i npact resilience at the high tenperature, and a |low tan 8 (|l oss tangent)
at the high tenpesaimpact t hes vl eane zed ¢libbers comadsid izon ek idt | e
hysteresis loss, and low rolling resistance of tires, that is, excellently
| ow fuel coasuApiidonesistanthe BBRANEE . bELMBANEhECISRITEBFSconsunpti on and
the wet skid resistance (tan 8 at the | ow tenperature) was al so excellent.
Further, theWR&Eat™gerEr aEFaA1RASS| e€l UI4RE tRePEbPESFon resistance was

al so good. [0110% . . . _
The impact resilience at 50°C was used as an index

of lower rolling resistance of tires. Higher rolling
resistance was judged to be good.
[0105]
<(6) Heat Generation of Vulcanized Rubber Composition
(°c) >

The heat generation was tested using a Goodrich
Flexometer, at a frequency of 1,800 rpm, at stroke of
0.225 inch, on a load of 55 pounds, with a measurement
starting temperature of 50°C, and indicated by a
difference between a temperature at 20 minutes after
starting of the test and the starting temperature.

The difference having a smaller value was judged to
provide excellent heat generation.
[0106]
<(7) Measurement of Viscoelastic Characteristics of
Vulcanized Rubber Composition>

A tan & was measured using an ARES viscoelasticity
tester, manufactured by Rheometrics Scientific Inc., and
varying the strain at a frequency of 10 Hz and at each
measurement temperature (0°C and 50°C) by the torticnal
mode.

A higher tan 8 (loss tangent) measured at a low

temperature (0°C) and at a strain of 1% was judged to



Since the position of automatic pressure control valve was provided in not
t he di scharging pipe of the coupling reactor but the discharging pipe from
t he pol ynerization vessel in the conpaégiive exanple 1, the - 70 - Money
viscosity of the obtained copol yner was reduced; the variation in the
Mooney vi scosity was al so great; and the coupling reaction ratio was al so
reduced. Therefore, since the bound rubber anount decreased; the

i npact resekinépéd amorehexkicghenénpertatiid waslséwncandthiaé tfigm 8 at the
hi gh tenperature was high, the hysteresis |oss was great, and the | ow
rolling regirdpaice serifpragncehagnids a ﬂﬁ@eﬁowaﬂuél(g©ﬁ§uﬁﬁﬂ99ﬁtWas poor .
The bal ance between the | ow fuel consunption_and the wet skid resistance
(the tan 8MgEsURE] Gl PehpEraterERrRas 8l Jooorangurt har STERET heht
generation_was _high,, and the abrasion resistance was alsq poor. [0111]

Si nce the ﬁésﬁ&énggdﬁﬁﬁetﬁnFﬁsl%ﬁz Soﬁﬁﬁa&éfi§ﬁ5F358ﬁ68u§85ﬁasa§ ded from
the outlet \of the Aglymerizauion ressel syag depart ed TLom{LAg prggent
invention in the conmparafivé exanpl e 2, the Money viscosity of the

obt ai ned b%%gggﬁgtggg_ugated di ene- based pol ynmer was reduced; the variation
in the Mooney viscosity was al so great; and the coupling reaction ratio was
al so reducedio7) Therefore, since the bound rubber anount decreased; the
rupture strength was poor; the inpact resilience at the high tenperature
was | ow, ardsthebptranidnaResiethingle benpenatbuhiessaRubibgt, ddigdiystienesi s

| oss was great, and the lowrolling resistance of tires, that is, the | ow
fuel consunpthidex)was poor. The bal ance between the | ow fuel consunption and
the wet skid resistance (the tan 6

With respect to the abrasion resistance, the
abrasion amount was measured according to JIS K 6264-2
using an Acron rubber abrasion tester manufactured by
Yasuda Seiki Seisakusho, Ltd., after 3,000 rotaticons con a
load of 44.1 N in the test method A.

The example 1 was indicated as the index set as 100.

A higher index indicated a smaller abrasion amount,

which was judged to be favcrable.

[01C8]

[Table 2]

Examples/Comparative Example 1 | Comparative | Comparative
Examples Example 1 Example 2
Polymer Sample PA PB PC
Bound Rubber % by mass 45 38 36
Mooney Viscosity of 74 65 60
Rubber Composition

Hardness type A 62 62 60
Tensile Test

100%Mo MPa 2.1 2 1.9
300%Mo MPa 10.1 9.2 8.9
Tensile MPa 20 19.4 17.6
Strength

FElongation at % 500 430 470
Breaking




- 71 - at the low tenperature) was al so poor. Further, the heat generation
was high, and the abrasion resistance was al so poor. [0112] The
present application is based on Japaneﬁgg Pat ent application No.

2009- 116541, filed to Japan Patent Offte on May 13, 2009, the subj ect of
which is i ncorporat ed herei n by reference. | ndustri al Appl | cabl lity [0113]

The pl’OdU("—r—lu nc hotd—of—the—br alluhcd \.,an th ted—diene- Sea 7P |y||c| of—the
present i My H“ﬁ)&? i ndus?73 al *appl| cabi ?gty tg the gﬁodum ng techni que
of the br Alg\eﬁﬁr&l(e@ﬁ*‘lelmaf ed diene-based polypmer constituting alrubber
conposi t i oRuget dBF@for ti$e°q ubber,| vi i bra?i on absor%ﬁné rubber ariP
f oot wear apgisiiddrire®s or the like. -1 72 - dai [Caimi] A net hod
for produciCogdailmhtameled conjugat ed di enebased pogl ynmerZ8onpri si ng: 33
Generation
Viscoelasticity ARES
tan & (0°C) 1% strain 0.41 0.4 0.395
tan & (50°C)} 3% strain 0.185 0.19 G.193
Acron Abrasion Index 100 95 93
[0109]

As is apparent from the example 1 and the
comparative examples 1, 2 in the abkove-described Table 2,
the rubber composition using the branched conjugated
diene-based polymer produced by the producing method of
the present embodiment had an increased bound rubber
amount; and since the wvulcanized rubber composition had
high impact resilience at the high temperature, and a low
tan & (loss tangent) at the high temperature, the
vulcanized rubber composition had little hysteresis loss,
and low rolling resistance of tires, that is, excellently
low fuel consumption.

The balance between the low fuel consumption and the
wet skid resistance (tan & at the low temperature) was
also excellent. Further, the heat generation was little,
and the abrasion resistance was also good.

[0110]

Since the position of automatic pressure control
valve was provided in not the discharging pipe of the
coupling reactor but the discharging pipe from the

polymerization vessel in the comparative example 1, the



a polynerization step of continuously polynerizing a conjugated di ene
conpound or copol ynerizing a conjugated di ene conpound and a vinyl aromatic
conmpound i n a hydrocarbon sol vent usinﬂgqp al kali metal -based initiator in
a polynerization vessel to obtain a |iving polynmer or copolynmner; a
coupling step of perform ng a coupling reaction by reacting the living

pol ymer or copolynmer with a pol yfunctional conpound in a coupling reactor
that is coMreskesdviecrhe tpobymshiez abiconngdssebovivacy piRpe rproveded at an
outl et of the polynerization vessel fromwhich the |iving polyner or

copol yner ithedvgehacged, 1andhendoorsycERAeeEadYt 28 dil§6har§rng pitfle havi ng
an openi ng-degree adjusting uynit; and a solvent renoval step, wher ei n
the |ivingtp6l FREPLEPICEFEFTHER FétrEalifsd? Sphr?ﬁécﬁgryfunctional conpound

ithin 5 m f h I i i d h
RSt ep atLer the oL XTELLTBLLER BLERe: Ak e B BESERU S 1, e
open ”g'de%h%ei gJa'é%t g%%i‘iﬁ'e cel a‘tﬁ%‘ezkiggeééggleraturEh%a@e.tl'&%d for

produci ng the branched "conjugated di'ene-b ynmer according’to claimi,

wherei n the, coupli Ny, 9agtof, LS, ¢gui PRRALEN. @ [OLaRygalicrer and is a

tank reactor "having a vol ung of ased on ume of the

pol ymeri Zaﬁqggr&e\f%%a%l 10kE @a® 3leat, ahbe chRt hegl fon1pnedueisnathecbr anched
conj ugat ed di ene-based pol yner "according to claim1 or Z, wherein the

pol ymeri zatifom ivesselhiag ast amrker eaet ducaquioppechowibh &ast pber.; and the
conj ugat ed di ene conpound and the vinyl aromatic conpound are randomy
copol yneri zed i mhéheapaasenvetwéen phkalosofipelindonautmheipol ynertkati on
step. [C aim4] The net hod for producing the branched conj ugated

di ene- basedepolsyier recderdneg t(@ahanyaoné et thai iewlteapdratureher
conprising a step of sanpling the |living polynmer or copol yner between the
pol ymer i zatiden adtsep PaRd -t hBUEBLPE ng1&t BpahndehBA3EEPRgVASMBGABY vi scosity
t hereof, and sanpling the branched conjugated di ene-based pol ynmer when a
resi dence PR HFoRPIRE 160t IF8S15t-a0RE YolSy Reérsi°z&4%n vessel is |ess than 15
m nut es aft%r tqe coupling step and nmeasuring a Mooney viscosity thereof.
[Caims] [01id

Since the residence time until the polyfunctional
compound was added from the outlet of the pelymerization
vessel was departed from the present invention in the
comparative example 2, the Mooney viscosity of the
obtained branched conjugated diene-based polymer was
reduced; the variation in the Mooney viscosity was also
great; and the coupling reaction ratio was also reduced.

Therefore, since the bound rubker amount decreased;
the rupture strength was poor; the impact resilience at
the high temperature was low; and the tan 6 at the high
temperature was high, the hysteresis lecss was great, and
the low roliing resistance of tires, that is, the low
fuel consumption was poor. The balance between the low

fuel consumption and the wet skid resistance (the tan §



The nethod for producing the branched conjugat ed di ene-based pol yner
according to any one of clains 1 to 4, wherein one tank reactor equipped
with a stirrer is used as the ponneIi; tion vessel. - 74 - [ aim 6]

The nethod for producing the branched conjugat ed di ene-based pol yner
according to any one of clainms 1 to 5, wherein a pol yepoxy conpound havi ng
a tertiary amno group in a nolecule is used as the pol yfuncti onal
conpound. RE ahm 1pw tempEhetmeehodatorlpeogeeirng Fhetbeanched keafugat ed
di ene- based pol yner according to any one of clainms 1 to 6, wherein the

pol yf unct i 66RET@6ApSU waScaﬁrﬁ%irsé@dat@leyéibaﬁlsaﬁpnée@rlé@én@@nwaﬁniaﬁgq ow

nol ecul ar conpound having 2 or nore tertiary amno groups and 3 or nore

gl yci dyl gP&4pHs bonded to the tertiary anmino groups in a nolecule, and an
ol i gomer cg%ﬁqg nt of a dinmer or higher oligoner of the glycidylam no

gr oup- cont ai’ni 3 | ow nol ecul ar conpound; and t he pol yfuncti onal
conpound conpri sgs 75 59 . f.Lh I o] and 25
to 5% by mass ofﬁ?hér%%gagné%8%5§§g§8ﬁ 5gt§ %gﬁggguﬁggéﬁéF%eﬁgg%§?unctiona

compound. L3-8l op o, ThECHENAG o Anaducing s Brareliedsganugat ed

di ene- base ol'ymer “according to any dne of clains 7, wherein a
coupling reaciaQninat goof, the lshyRetPRlEYMBlich is incorporated
herein by reference.
Industrial Applicability
[0113]

The producing method of the branched conjugated
diene-based polymer of the present invention has
industrial applicability to the producing technigque of
the branched conjugated diene~based pclymer constituting
a rubber composition suitable for tire rubber, vibration

absorbing rubber and footwear applications or the like.



or copolymer and the pol yfunctional conpound is 10 to 80% by mass. [O aim
9 - 75 - The met hod for producing the branched conj ugated
di ene-based pol ynmer according to any_oﬂf of clainms 1 to 8, wherein the

branched conj ugated di ene-based pol ynef“has one peak in a nol ecul ar wei ght

di stribution neasured by gel perneation chromatography (GPC), and has a
wei ght - aver age nol ecul ar wei ght of 500,000 to 2,000,000 with respect to a
pol yst yrene- equi val ent nol ecul ar wei@htim$ C ai m 10] The nethod for
produci ng the branched conjugated di ene-based pol yner according to any one
of clainms 1Cl@i® ldherein the branched conjugated di ene-based polyner is a
copol yner of a conjugated di ene conpound and a vinyl aromatic, conpound; an
amount of a sinﬁl@eégaﬁnfBF pPradurhye arBraprriedonpBuREah§ deeBRBosi ti on
with ozone is 40% qr nore based.on a total amount of the vinyl aromatic
conpound; SRS SN PRISTRE 6P™8Td°RGre chains of the vinyl aromatic conpound

I 0,
Is 5% or less. a polymerization step of continuously polymerizing a

conjugated diene compound or copolymerizing a conjugated
diene compound and a vinyl aromatic compound in a
hydrocarbon solvent using an alkali metal-based initiator
in a polymerization vessel to obtain a living polymer or
copolymer;

a coupling step of performing a coupling reaction by
reacting the living polymer or copolymer with a
polyfunctional compound in a coupling reactor that is
connected to the polymerization vessel via a pipe
provided at an outlet of the polymerization vessel from
which the living polymer or copolymer is discharged, and
that is connected to a discharging pipe having an
opening-degree adjusting unit; and

a solvent removal step,

wherein the living polymer or copolymer is reacted
with the polyfunctional compcound within 5 minutes after
the polymerization step, and

a pressure at the outlet of the polymerization
vessel is controlled to 0.5 tc 2 MPaG by the opening-
degree adjusting unit.

[Claim 2]



- 73 -

The method for producing the branched conjugated
diene-based polymer according to claim 1, wherein the
coupling reactor is eguipped with a rotary stirrer and is
a tank reactor having a volume of 0.5 to 50% based on the
volume cf the polymerization vessel.

[Claim 3]

The method for producing the branched conjugated
diene-based polymer according to claim 1 or 2, wherein
the polymerization vessel is a tank reactor equipped with
a stirrer; and the conjugated diene compound and the
vinyl aromatic compound are randomly copolymerized in the
presence of a polar compound in the polymerization step.
[Claim 4]

The method for producing the branched conjugated
diene-based polymer according to any one of claims 1 to 3,
further comprising a step of sampling the living polymer
or copolymer between the polymerization step and the
coupling step and measuring a Mooney viscosity thereof,
and sampling the branched conjugated diene-based polymer
when a residence time from the outlet of the
polymerization vessel is less than 15 minutes after the
coupling step and measuring a Mooney viscosity thereof.
[Claim 5]

The method for producing the branched conjugated
diene-based polymer according to any one of claims 1 to 4,
wherein one tank reactor equipped with a stirrer is used

as the polymerization wvessel.



[Claim 6]

The method for producing the branched cenjugated
diene-based polymer according to any cne of claims 1 to 5,
wherein a polyepoxy compound having a tertiary amino
group in a molecule is used as the polyfunctional
compound.

[Claim 7]

The method for producing the branched conjugated
diene-based polymer according to any one of claims 1 to 6,
wherein the polyfunctional compound comprises a
glycidylamino group-containing low molecular compocund
having 2 or more tertiary amino groups and 3 or more
glycidyl groups bonded to the tertiary aminc groups in a
molecule, and an oligomer compcnent of a dimer or higher
oligomer of the glycidylaminc group-containing low
melecular compound; and

the polyfuncticnal compound comprises 75 to 95% by
mass of the low molecular compound and 25 to 5% by mass
of the oligomer based on & total amount of the
polyfunctional compound.

[Claim 8]

The method for producing the branched conjugated
diene-based polymer according to any one of claims 1 to 7,
wherein a coupling reaction ratio of the living polymer
or copolymer and the polyfuncticnal compound is 10 to 80%
by mass.

[Claim 9]



- 75 =

The method for producing the branched cenjugated
diene-based polymer according to any one of claims 1 to 8,
wherein the branched conjugated diene-based poclymer has
one peak in a molecular weight distribution measured by
gel permeation chromatography (GPC), and has a weight~-
average molecular weight of 500,000 to 2,000,000 with
respect to a polystyrene-equivalent molecular weight.
[Claim 10]

The method for producing the branched conjugated
diene-based polymer according to any one of claims 1 to 9,
wherein the branched conjugated diene-based polymer is a
copolymer of a conjugated diene compound and a vinyl
aromatic compound; an amount of a single chain of the
vinyl aromatic compound by decomposition with ozone is
40% or more based on a total amount of the vinyl aromatic
compound; and an amount of 8 or more chains of the vinyl

aromatic compound is 5% or less.



