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DESCRI PTI ON CONJUGATED DI ENE PCLYMER AND PROCESS FOR
PRODUCTI ON THERECF 5 TECHNI CAL FI ELD [0001] The
present invention relates to a conjugated diene

pol ymer and a pol ynmer conposition thereof, and process
for production of them Mre specifically, it
pertains to a conjugated di ene polynmer having, in the

nol ecul e 10 thereof, @gg@ﬁfgﬁ@m group and a pol yner
conposition thereof, an rocess for production

t her egioN FAGATRBNIEARTPOLYER AN PRI CERS EORECENt

request for reducing a fuel cost of autonobiles, 15

PROPDUCTIONTHEREOG Y a denand for the devel opnent of
conj ugated di ene polynmers having, as a rubber

material for tires, lowrolling resistance, excellent
abrasi on resistance and failure characteristics and
TECHNIGALHIEEDt drivability typified by wet skid
resi stance. [0003] 20 A decrease in hysteresis |oss
of a {R0&Hni zed rubber is necessary for reducing the
rolling resistance of tires. As eyal uatié:ﬁn [ ndi cators
of a IeIRIaReRlaVeniiErelalests mernidgatediene pPMesAKHa
o 80C, tans at, from50 to 80C,  and heat buil d-up
PRS FaPEY g AR the PERCSRSI0N BERFUCHABERNém. | More
materj.al.s havi ng high.rehoynd resilience at f
SPRBHCal. i pATRIBRTP ABhidqate diers BOlGR? s Higy i B8 Mdicclie
ri ] i |.d- r - b
R0 et B Snitha B b GritoN HiefeBt A Biscess
ials having | ow hysteresis |oss, but
fo?ég{/d{%ggétun gg’i rably | ow wet skid resistance. 1 As a

BACKEOOND afiqci ng hysteresis | oss w thout damagi ng
wet skid resistance, proposed is a nmethod of
i ntrogogpzig a nodi fying group at the polymer end of

To satisfy a recent request for reducing a fuel cost of automobiles,
there is accordingly a demand for the development of conjugated diene
polymers having, as a rubber material for tires, Iow‘ rolling resistance, excellent
abrasion resistance and failure characteristics and also excellent drivability
typified by wet skid resistance.

{0003}

A decrease in hysteresis loss of a vulcanized rubber is necessary for
reducing the rolling resistance of tires. As evaluation indicators of a
vulcanized rubber, rebound resilience at from 50 to 80°C, tand at from 50 to
80°C, and heat build-up measured by a Goodrich meter are used. Rubber
materials having high rebound resilience at from 50 to 80°C, or low tand at
from 50 to 80°C or small Goodrich heat build-up are preferred. Natural rubber,

polyisoprene rubber and polybutadiene rubber are known as rubber materials

having low hysteresis loss, but they have undesirably low wet skid resistance.
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styrene-but adi ene (co)pol yners havi ng vari ous
structures, which are obtained by polynerizationin a
hydr ocar bon solvent in the presence of an
organolithium 5 initiator. [0004] WDX01-23467

di scl oses a silica conposition of a nodified polyner
avai |l abl e by reacting the active end of a rubbery

N4 ] P e
pr&%@?e%siistcé %&M@y ﬁro@%ﬁug@ﬁwd&%%ﬂ%ﬁb%ﬁﬁé Blymer end of

I'nprove sI's 1 0Ss™an rasi on resistance, and

st;}r@né—‘ifﬂtﬁi@ﬁ? 6%@%5@%%&%@ @5iiGuPEractafys) whidh aredobtained

are sna Japanese Patent Lai d-OQpen No. Hei

byéﬂol%ﬁ@ﬁﬂamirﬂ@h?ﬂﬁﬁ%rlﬁiﬂi eoiventlip theipteSrare dian Stganolithium
1-296001 di sclose a nodified pol yner obtained by

inifigget i ng the active end of a rubbery polyner with a

speci fic am de conpound, and a blend conposition of

the p@dQ0Hr. These nodified polyners, when mixed with

silica or carbon, have inproved hysteresis Io_?,s an

abr asWE01r2365 discleses atsiliceenpasitionicd afppdified polymer

satisfactory. 20 [ 0006] Japanesg Pat ent Lai.@j— QJeP No.t. |
avadeble baeacingibe wotve sndf arbbanseplyger i) @ pelyfunctiona

rubber having a tertjar m n roup and_an T
COMRRAYLIRYINGgahs mplechigihErzPt, ARFEPRY SRorkR - | This sitica

such . dified pol tO_a.conmpositi j kU
cavpesiion Poweivek pBre haf hard iRV Inpioted fiflpst fids and

I mproves. its i.cal ' t .
ayBIos RSt iesh AR o SEPE sy effeP 878 &caAbbn blend
ardf gﬁ_sabi lity to the carbon-bl ack-contai ni ng

co

oSsition so that its processing cost is higher.

Pol y 8 ving, introduced therein, a functional
grougqgag/?ﬁg 2 affinity with silica are likely to

have dpifaeet HAENAI H88366RNd. Hei itn-29659%0amd JapanddedP atent
their use is limted. [0007]

Laid-Open No. Sho 61-296001 disclose a modified polymer obtained by

reacting the active end of a rubbery polymer with a specific amide compound,

and a blend composition of the polymer. These modified polymers, when

mixed with silica or carbon, have improved hysteresis loss and abrasion

resistance, but improvement is not satisfactory.

[0006]

Japanese Patent Laid-Open No. Hei 7-233217 and W02003-087171
disclose a diene rubber having a tertiary amino group and an alkoxysilyl group
introduced therein. Addition of such a modified polymer to a composition
containing silica or a mixture of silica and carbon black improves its physical
properties to some extent. The silica-containing composition is inferior in

processability to the carbon-black-containing composition so that its processing

cost is higher. Polymers having, introduced therein, a functional group having
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Japanese Patent Laid-Open No. 2004-18795 describes a
nodi fied 5 polyner having a primry am no group and an
al koxysilyl group. In addition, it discloses a

pol ymer having a polyner chain copolynerized with a
pol yfuncti onal nmonomer or a pol ynmer obtained by
coupling at least a portion of a copolyner with a two

., higher. f Ny ' - i
A s s Uk SR a0 £2B ol S A brogt SEaR LT blg fing so
th ft [ Q&RBSS# .it!eidty due 10 to strong affinity with a
é‘i r'Ferr resulting fromthe primary am no group and

currbe[cﬁﬁﬁﬁ] control of a hydrolysis step to produce the
primary arm ne. [0008] Japanese Patent Lai d-Qpen No.

Hei  133496s2Pdtert L @k OpndU6NE004-18Pes dbsviilses a modified
nmet hyl eneam no group and an al koxysilyl group

pd’(lj,nﬁénoﬁmqﬁ a pimbReamint grolipsard endikoxysiddigroop. ofn addition, it

i ene rubber. These nodified polyners have, in a

disciodema plohcheciatiag & palymer shaincpobyrhediizeécyith a
conposition, inproved hysteresis |oss and abrasion

palyfenstiema enoromet dred pobahemeiiainsdiee poupling airleastsa pedion of
and wet skid resistance is not inproved sufficientl

e hee o & a1 oot
it drh i i
tostier Gt withiaHg e aaybER s e ar ek amyes Brag and
A L

a m)di&'ggéi] pol ymer avail able by reacting the active
end of{ ubbery polymer with a cyclic

am noa N I | Lt an:
e mag P T O e e & are

'ru?f:)l%? RELNE a hetifyIEREARPERRIF SR AA M silgroup introduced

I'l'l ca-contal ni'ng bl end Conposition, for 1nproving
thBY&ih &inkiSa BidrisSorapssitiah bR thediehesubbenc eThwisehmotified

i mpairing wet skid resistance, but the bl end
p6l9omees hiaivenini s cridoalk-hlatio-cbataining foe rsilima-qordaiesgatomposition,
improved hysteresis loss and abrasion resistance, but their balance between
hysteresis loss and wet skid resistance is not improved sulfficiently.

[0009]

Japanese Patent Laid-Open No. 2005-290355 discioses a modified
polymer having a tertiary amino group and alkoxysilyl group and a blend
composition thereof. Use of such a modified polymer for a silica-containing
composition improves hysteresis loss, but its improvement is insufficient.

[0010]

Japanese Patent Laid-Open No. Hei 11-189616 discloses a modified

polymer available by reacting the active end of a rubbery polymer with a cyclic

aminoalkoxysilane compound, and a blend composition of the modified



10

15

20

25

5 [0011] Japanese Patent Lai d-Open No. 2004-182894

di scl oses a nodified polyner having a secondary am no
group and an al koxysilyl group obtained by treating
an al koxysi | ane conpound havi ng an ami no group

contai ning an active hydrogen with an organonet al
conpound, reacting the resulting conpound 10 with the

oFibe SRR AR SEH9% s oann
o%@}%’-? %n& By ?@rﬂgHg‘ih{)ﬂ f&?mgﬁ&hﬁ@ﬂ&s@resus loss and

|on anoun ent

abr2didr l‘ae‘é ﬁ‘gé’nj\é/é@'ithouf’i u% WeR skieiYeRistarite, %Fﬂfésibibh@n

I Mpr oves steresis ut the |nprovenent i s not

BA6rpRItessab 1 -23467 Patent
C&H%&aﬂggﬁ@!Iké{grﬁﬁgggﬁn&atent Lalsdadp“gg No. Hei 11-29659

Patengo@q) tunent 3: Japanese Patent Laid-Open No. Sho
61- 296001 Patent Docunent 4: Japanese Patent _

Lai d- QupaniSee Pésteni7L Zd32pen Neat200d- TRESediscldses a modified
WO2003- 087171 20 Patent Docunent 6: Japanese Patent
palgimer Gawing\s se2ondarysaoBio grauprandan allexysiyl geaabtained by
Patent Lai d-Open No. Hei 11-349632 Patent Docunent 8:
troaling s aliraysiiane gbmpopad haying g0 sming AseUP papiaRing an active

Docunent_ 9: Japanese Patent Lai d
hncirogsgm@ AP GARODEIal FEMPOLGA, ﬁ%ét%imsigb pﬂﬁ%@hf‘g compound
|d Open No., 2004- 182894 2 | SCLOSURE
PREERE PPN RS, 3 ST 2 |t85@§'@b\| The

e T il B9 BN o
ST ARy AR N, ke aaatigponmor
fcfreasblﬁtf;g%ﬂtaulug‘d lo SHifesd ﬁ’npr'o%ﬁ Eﬂ@%ﬁsﬁos@@uﬁ‘%@n

resistance an I'ng strengt I's therefore 5

"HE,%‘V%},}] 6?”?%%?%?{”}2? 01t‘ ire tread irrespective of
Patent Document 1: W0O01-23467

Patent Document 2: Japanese Patent Laid-Open No. Hei 11-29659
Patent Document 3: Japanese Patent Laid-Open No. Sho 61-296001
Patent Document 4: Japanese Patent Laid-Open No. Hei 7-233217
Patent Document 5: WO2003-087171

Patent Document 6: Japanese Patent Laid-Open No. 2004-18795
Patent Document 7; Japanese Patent Laid-Open No. Hei 11-349632
Patent Document 8: Japanese Patent Laid-Open No. 2005-290355
Patent Document 9: Japanese Patent Laid-Open No. Hei 11-189616
Patent Document 10: Japanese Patent Laid-Open No. 2004-182894
DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0012]
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fillers to be added; and a process for production of
the conjugated diene polyner. Another object of the
present invention is to provide a conjugated diene
pol ynmer, when it is used as an el astoner used for
applications other than tire tread, having inproved
strength, flame retardancy, elongation and 10

t ransparency._.c ar i,t. at i | 4
ones DoeataEct @ BREr el ilyorlEiTs b elafiae 3 Mg BA ciene
£ .car.bon :
oARERRch  WhEh HSR3 8 PoapaustbngPply eshderon
trézt P! éﬂc%\fl!ﬁnﬁﬁ h8 B dI RPN R Bng 3 kIR Fsiftahse NBw hysteresis
property,; en it is used as a thernopl astic el astoner
108§ propefyTEBFA¥oN FediftthBe ahd\Bragkin campiatthereforey
W Fh another polar resin, if 15 bl'ended therew th, and
uifaldes mirkfiar for dnsltrebterrdspsantivei afthe &irubdrycembination of
conposition of the conjugated diene polyner and
fillero tebe atidedpand acprocess forqredictidvEANBeROR) KA NETEHE
PROBLEMS [0013] 20 The present inventors have carried
pavinean Anotbes obred of tha prsenbimvention isito/prenidepa conjugated
overconm ng the above-described problens. As a result,
diene elyroeie whengtisquserhas analastamer aisedi fenaprpiajigps other
whi ch can be obtained by reacting the active end. of a
thes)tifrrdieag hAViROIpEERYSE Srengihelleda - afé@ﬁﬁbﬁ?}ng ion and
capabl e constant| ovi dj a_hi gh- performn .
treaarsseney Samar e wigaee ot HTecorie BRALoE BRgausp it enables
i.norgani c_or organi c mat et al I i
R Sesdorpt Ao g oBPlecileh suEl BhhEah s oTe) Yiadg or
1 - I u g - r.]
RO ING s O ARG PSR RO rprovea

aﬁgr\‘;e?]%éjﬁﬁiﬁfrﬂ;eﬂﬁo%ftgg Sjlhééﬁ‘ﬁps WsddPHS HRhEAHOPESHOBRRWIHer or

ereof a secondary am no

tHEr @Bl dsticWasiph havihpqﬁeﬁsﬁb@b@mpbﬁbmwﬁh iahetiest peilatresin, if

triorgano-substituted silyl group, an organic group

blAdeddhaizwithNaft®ndmés afifeeeand fipetdispdisikirom pdlytee
secondary am no group, and at |east one al koxysilyl

compopition ol thevonuigated dieneqralgmed andnt priosess)far production
het er ocycl e

thereof.
MEANS FOR SOLVING THE PROBLEMS

[0013]

The present inventors have carried out an extensive investigation with
a view to overcoming the above-described problems. As a result, it has been
found that a conjugated diene polymer, which can be obtained by reacting the
active end of a polymer with a specific low molecular compound is capable
constantly providing a high-performance composition of a high molecular
compound and an inorganic or organic material even under mild and wide

kneading conditionse, leading to the completion of the present invention.

[0014]
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havi ng a secondary ami no group in which a hydrogen
atomis substituted with a triorgano-substituted
group and at |east one al koxysilyl group; a

hydrol ysate of the diene polyner; a polyner
conposi tion conposed of the diene polynmer 10 and
hydr ol ysate thereof; a conposition conposed of the

e A7 o DO a8 i
h%d#% é‘teﬁtlﬁéﬁé’g onsé]low%él%h%‘?goﬁ'@@fﬁ'ﬁﬂiﬁ in the

VVI ng I nv are provi cess
nfoq’écu.ﬁé Hbtebpg écﬁﬁﬂé%ﬁ% &HoBRSNn Wl&‘l"ifﬁfhy@ﬁ?@ﬁb{dnﬁ)ib
conprises of polynerizing a conjugated diene

SGISSTRGieRdyiBh adriofgtiticlatistitltetangl goupodn drgarticyroup having an

aromati c vinyl conpound in a hydrocarbon solvent in

Nt dtenphetsadiacerttf todhe IN atdm o thes seqondatty sedino igeoupp,rand at least
the group consisting of organoal kali netals and

one giwogkidlgraep eaat lbwmabkecslacompdtind contaiming adn@dierocyde
then reacting the active end of the resulting pol

having asecndan eeyod groepimehich a bpdegenaamly subs tuted with
following formula (1) or the followng fornula (h

a[toomsno-subditited oroup miHat 1gas wselboxs(%mhsr@up' a hydrolysate

o SRS bk S SRS A by bG8 hymer
é&hgﬁb?@gﬁétgl h?f?d’f'a% c&mpogt?on compogede oFthe® lgﬂe%ro %ércand a
conjugated diene polymer coupled with a polyfunctional modifier; and
process for production thereof.
[0015]
Described specifically, the following inventions are provided.
1. Aprocess for producing a conjugated diene polymer composition,
which comprises of polymerizing a conjugated diene compound or a
conjugated diene compound and an aromatic vinyl compound in a hydrocarbon
solvent in the presence of at least one compound selected from the group
consisting of organoalkali metals and organoalkaline earth metals as an
initiator and then reacting the active end of the resulting polymer with a low
molecular compound represented by the following formuia (1) or the following
formula (2):
[0016]

[Chemical formula 1]
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atom not adj acent to the N atom of the am nosilyl
group and having a nolecular weight not greater than
1000, R2 represents a Cl.10 hydrocarbon group or a
C, - 1o hydrocarbon group having no active hydrogen and
substituted 10 with an Si, 0, Nor S atom R3 and R4
each independently represents a Cl.20 al kyl group. or
aryl group, R5, R, and R each represents a Cl. 20

al kyl ggﬁsg or aryl group or a Cl.12 al koxy group and
g stands f0® an integer from1 to 3, and in the
flort|-+gi2) R1BR-agiRHRBRACHh represents a Cl.to :
hydr otar bon gngup, a Cl-1o hydro:fa)r bon group havi ng
no active hydr&jen and substituted’ 15 with an Si, 0,
N or S atom or an organic group containing an N atom
not adjacent to the N atom of an am nosilyl group and
havi ng a nol ecul ar wei ght of 1000 or |ess, and R3,

R4, R5, R? R7 and g have the same neani ngs as

descri &8 7h the formula (1)). [0019] 20 2. A process

far_produci conj ugat ed di ene pol yner conposition
'P&ég'%b‘:@ggqrp%ﬁgbove in 1, wherein polynerizing a

“conj ugat ed di ene conpound or a conjugated diene

conpound and an aromatic vinyl conmpound in a
hydrocarﬁan solvent .in the presence of at |east one
compound s¥Pected from ¢the group consi sting of

oggﬁn aLéaLRanuakﬁRénﬁRBrganoalkaline earth metals 5
and tffen thdé actgve ends of thel @ohjugated di ene
polynmer is co ed by a polyfunctional nodifier
before or after reacting the active end of the
resulting polymer with a | ow nol ecul ar conpound
represefd®®B]by the fornula (1) or formula (2),.

ivdreacipd e ormuIRIGa R TRRISSEISE 78 rVRHiS gro SRR en N
{piom Gt aacsnt' Ins A RERY} 1h B Bhob shlhavingyam! @
bl i Sighed GraiP i o 5raBuR! e ickvarson
gbt@lpﬁﬂ f\%ﬂl I})ﬁrﬁl‘ﬁ?’%{aﬁﬂéﬁﬁ DN b lakctivé kpatpgieh and substituted
| whtHRCSi O ) Biatan] R? kiyd ¢i*alach iydspemdently represents a Ci.z0
3al(k3I ;rroiug_l otyalriliglrgtlxp_),lR"’, R®, and R’ each represents a C1.2o alkyl group or
aryl group or a Cy.42 alkoxy group and g stands for an integer from 1 to 3, and
in the formula (2), R® and R® each represents a Cs.10 hydrocarbon
group, a Cy.10 hydrocarbon group having no active hydrogen and substituted
with an Si, O, N or S atom, or an organic group containing an N atom not
adjacent to the N atom of an aminosilyl group and having a molecular weight of
1000 or less, and R®, R*, R®, R%, R” and g have the same meanings as
described in the formula (1)).
[0019]
2. Aprocess for producing a conjugated diene polymer composition




15 i m dazolidi nyl)propyltrial koxysi | ane,
3-(3-trialkylsilyl-

hexahydr opyri m di nyl ) propyl al kyl di al koxysi | ane or
3-(3-trialkylsilyl-I-

hexahydr opyri m di nyl ) propyl tri al koxysil ane. [0021] 4.
A process for producing a conjugated di ene polyner as

s B bRF oot 0N et BoIIRESAG o A5iBEhiS} Gld EBfbound
or Sl dfidtel ﬁ@rcomgpuﬁmaae a{awnatu@aggﬂ carfipdhnd in 2

I ene pblyner represented the toll ow ng

hngd"é‘r'l!)é'n sbREnPh &B?r&@éﬁé&’\bﬁﬁt IEQEF%H\@ ouR8 setiad from
Sm cal forml -N'Si R5R6R7

thé% dedHsistihg of tﬁrg@ﬁéhlkbmbl‘aaénd @fg’ﬂﬁo@llé&line%%arlmmetals
(D)f 'Si - R88- R6R7 (CRA)m RO (4 5 [0025]
5 andwhen ehe actve eaﬁseﬁﬂ’ﬂi sorgjugateidugiene gotlineeres moluplest by an
the formula (3), R represents an organic group
pobdonetioriah gwca:hﬁed befomonafteradiaatienthea ectiveeend of tie l@fSUVﬂnQ
the am nosilyl group and having a nol ecul ar weig
pohonemwish edow maleculrgonmourshrepsesented byithe formula (1) or
hydrocarbon 10 group or a Cl-1o hydrocarbon group
fomaip{g).no active hydrogen and substituted

[0020]
10 3. A process for producing a conjugated diene polymer as described
| above in 1 or 2, wherein the low molecular compound represented by the
formula (2) is 3-(4-trialkylsilyl-1-piperazinyl)propylalkyldialkoxysilane, 3-(4-
trialkylsilyl-1-piperazinyl)propyltriatkoxysilane, 3-(3-trialkylsilyl-1-
imidazolidinyl)propylalkyldialkoxysilane, 3-(3-trialkylsilyl-1-
15 imidazolidiny!)propyltrialkoxysilane, 3-(3-trialkyisilyl-1-

hexahydropyrimidinyl)propylalkyldialkoxysilane or 3-(3-trialkylsilyl-1-
‘hexahydropyrimidinyl)propyltrialkoxysilane. |
[0021]
4. Aprocess for producing a conjugated diene polymer as described
20 above in 2, wherein the polyfunctional modifier is a glycidyl compound having,
in the molecule thereof, an amino group.
[0022]
5. A conjugated diene polymer represented by the following formula
(3) or the following formula (4}:
25 [0023]

[Chemical formula 3]



with an Si, 0, Nor S atom R3 and R4 each :

i ndependently represents a C, 20 al kyl group or aryl
group, R5, R6, and R7 each represents a C ao al kyl
group or aryl group or a Cl_12 al koxy group and n
stands for an integer froml to 3, m and p each
stands for an integer fromO to 2, and n+mtp=3, and 15
inthe fgrmula (4), R6 and R9 each represents a Cl-1o0
hydrocaﬁa group, a Cl- 1() hydrocarbon group
hawmg—gp—q@hwe.gyihﬁ;g%n and substltut ed with an Si,
0, NorlS atonmhpr an organic grom;3 having an N at om
not adJ(Q;Pedm 30 the N atom of t Ami nosi |yl group
and having a nol ecul ar wei ght not greater than 1000,
and R3, R4, R5, R6, R7, n, m p, and n+rn+p have the
sane 20 neani ngs as described in the formula (3)).

[ 0026] S% 41A conj ugated di ene pol yner represented by
the fol I'ow rJg formula (5) or the follow ng fornula
(@henﬁleﬁﬂ%}mulﬁa emcal formula 5] R3 . IP (D)ri
Si-RI-NH5 (ORA)YmMR2 ( 5 [0028] [Chenical formula 6]
R3 (D)n Si-R8-N-H (OR4)~ RO (6 ) [0029] 10 (wherein,
D represents a conjugated diene polyner, in the

forrrul aF(5) R represents an organi c group having an

g:gm_ potRaad%a £ é 0, the N atom of the secondary
grijoup, an Lo iM
(OR%)m (4)

{0025]

(wherein, D represents a conjugated diene polymer,

in the formula (3), R' represents an Ofgénic group containing an N
atom not adjacent to the N atoh of the aminosilyl group and having a
molecular weight not greater than 1000, R? represents a Cq.40 hydrocarbon
group or a Cy.¢p hydrocarbon group having no aciive hydrogen and substituted
with an Si, O, N or S atom, R® and R? each independently represents a Cs.20
alkyl group or aryl group, R°, R®, and R’ each represents a Cy.z0 alky! group or
aryl group br a Cy.12 alkoxy group and n stands for an integer from 1 to 3, m
and p each stands for an integer from 0 to 2, and n+m+p=3, and

in the formula (4), R® and R® each represents a C1.10 hydrocarbon
group, a Cs.19 hydrocarbon group having no active hydrogen and substituted
with an Si, O, N or S atom or an organic group having an N atom not adjacent
to the N atom of the aminosilyl group and having a molecular weight not |
greater than 1000, and R, R*, R%, R®, R', n, m, p, and n+m+p have the same
meanings as described in the formula (3)).

[0026]
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nol ecul ar wei ght not greater than 1000, R2 represents
a Gro hydrocarbon group or a Cl _Io hydrocarbon group
havi ng no active hydrogen and substituted 15 with an
Si, 0, Nor Satom R3 and R4 each independently
represents a Cl.20 alkyl group or aryl group, and-n
stands for an-integer from1l to 3, and mand p each
stands for an integer fromO to 2, and n+nm¥p=3, and in
the forgul A domjugald diede RelymerTepmsentachystha fallowing formula
hydrocarbon group, a Cl.10 hydrocarbon group having
(&) acthefollowingdomulai@). substituted 20 with an Si, O,
N or S atomor an organi c group having an N atom not
adj acenl0G%1t he N atom of the secondary ami no group

havi a ecul ar wei ght not .10 greater than
1 m'ﬁ?‘:ﬁg’@“lg&i n, m p and n+mtp have the sane
nmeani ngs as described in the fornmula (5)). [0030] 7.
A conj ugat ed d%;ene pol ymer conposition conprising from
1to99 5 w.Ropof a conjugated di ene pol yner
repr esent _Q\gl-t_2$1_fﬁ.f._"[l|l|a(3) and froml1l to 99 w.%
of a conjudlted dieng,_ pol yner represented by the
formula (5), @RYyoRf1 to 99 wt.% 8f)a conjugated
di ene polyner represented by the fornula (4) and from
1to 99 w.% of a conjugated di ene pol yner represented
by the [P&28lula (6). 10 [0031] 8. A conjugated diene
p&ﬁms,r cO osiréi on conprising from5 to 90 wt.%of a
cirhemsedamavi@af) pol yner coupled with a pol yfunctional
nodi fier other than a | ow nol ecul ar conpound
represented by the fornmula (1) or the fornula (2) and
from10 to 953w . % of a conjugated di ene polyner(s) 15
represented pythe fornula (3) and/or the fornmula (5)
or a comg iedn8l] pol ymer (s) represented by the
f or mul awe}j?) la'ng%gﬁfﬁg fornmula (6) and having a
Mooney vi scéBRtynoRfrom 20 to (260) [0032] 9. A
conj ugat ed di ene pol yner conposition as descri bed
above in 8,

[0029)

(wherein, D represents a conjugated diene polymer, |

in the formula (5), R' represents an organic group having an N atom
not adjacent to the N atom of the secondary amino group and having a
molecular weight not greater than 1000, R? represents a Cq.10 hydrocarbon
group or a Cy.50 hydrocarbon group having no active hydrogen and substituted
with an 8i, O, N or S atom, R® and R* each independently represents a Ci2
alkyl group or aryl group, and n stands for an integer from 1 to 3, and mand p
each stands for an integer from 0 to 2, and n+m+p=3, and

in the formula (6), R® and R? each represents a Cy.10 hydrocarbon
group, a C1.10 hydrocarbon group having no active hydrogen and substituted
with an Si, O, N or S atom or an organic group having an N atom not adjacent

to the N atom of the secondary amino group and having a molecuiar weight not
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20 wherein the polyfunctional nodifier is a glycidyl

conpound having, in the nolecule thereof, an am no

group. EFFECT OF THE I NVENTION [0033] The diene

copol ynmer of the present invention constantly provides

a 25 hi gh-performance conposition of a high-nol ecul ar

conpound and an inorganic or organic material even
grésteethai 100@haRY R, meadliane ordiip lhaee thid samesheanings as

various fillers in conbination. Mre specifically, the
descorilpas irt therfoawhiais)s hi gh 11 perfornmance because the

viscosity during kneading of the conposition is not

t oo hiGf¥80ja kneadi ng work proceeds without troubles at

an adequate torque, and an inorganic filler js

di spe¥seé coanjugated dienmpolymes opanasiiascempesing from 1 to 89

Wi 3o G PEF G PR, (SBrS6D4ee Dl [orFi (3) and from 1
to BBakcH S oiDBIec) AoBRRRBRY reRFesaRgSDeT oI aR (G or
e Wi, B e Zhn Batd oo SairiaPr (P pReMe ) FRSpRE
(abapE il §doRERM. it 7 Bphit L eBE P RECH G- b agy the

formggbznce, has inproved abrasion resistance and

norecver, has inproved strength, conpared with
conveg@(jg}gal ones. It is therefore a preferred
conposition also for tire rubber, antivibration rubber

and Bootaesijughted3diéne bolyemcdmgosition eomipeidired feom 5 to 90
pol ymer of the present invention is an el astonmer used
wif Brofappbnjegaicandient polyrméacoupled mathta palyfursitiona! aodifier
inorganic filler such as silica, netal oxide or netal
othgithaxi &l iow sadéspar senipound oepriegentest by the fargwila(1)iar the
is effective for i r&ovi ng strength, flane retardancy,
r

foeholag(@) ieod, fremd O tor2mwp e ofia\conivgaie@ diane: polymer(sof

t he conventional ones. Use of it as an 20 asphalt .
repirgesded byihe foranylade) srdipihe fasrula () AP %Elpsakﬁdediene
poqgrlnglr(g? rggrggggtte% by the formula (4) and/or the formula (6) and having a
Mooney viscosity of from 20 to 200.

[0032]

9. A conjugated diene polymer composition as described above in 8,
wherein the polyfunctional modifier is a glycidyl compound having, in the
molecule thereof, an amino group.

EFFECT OF THE INVENTION

[0033]

The diene copolymer of the present invention constantly provides a
high-performance composition of a high-molecular compound and an inorganic

or organic material even under mild and wide kneading conditions while using

various fillers in combination. More specifically, the composition exhibits high
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[ 0036] Moreover, when the conjugated di ene pol yner of
the present invention is a thernoplastic el astoner or
t hernoplastic resin, a blend conposition with another
pol ar resin can have inproved conpatibility and in 25
addi tion, uniformand fine dispersion can be
acconpl i shed BEST MODE FOR CARRYI NG QUT THE
pedvRAAdE DechBiHe vigcddityfduringdmaiding abinescappesion is not
present invention will hereinafter be described
tocshigh| &iknelating werkderoceeds withibot troubles qéraé‘sadﬂquate torque,
i nvention provides a specific conjugated djen
ang@nyinergara filkey, isidispaieedsp aefpemang fing Pa'a'(:}?@dﬂf%/??@ugated

group, 5 and a conposition of th ne nd process

digner p@yoen maton of H@rnglw mm%@a%%ee%ﬂr@ﬁ y, the
present invention provides a process for production
for pKEE%%ing a di ene copolyner conpri si ng of

g ngy US,E{ ZI ng,sgﬁg?@gﬂggat ed %{'ﬁuéé}ggaocﬁ&qe gﬁwﬂ'ner of the
PrégP RGeS PP RIS f’ﬁ?“’i@é%? Sy Eﬂfﬁ?ﬁ’?%@“ black
is PR@&H@P%S&&Q?H Beltel £ L Ngahle %BP&@oﬁtﬁme‘U thefsfrom for a

nmer Wlth a speC| ow nol ecul ar

tir& %Q%Il@éﬁbﬂ ) V\}!‘ie??]fbh‘-?ln@lo%@élllﬁ thé barsek bewaen twwlaoling

hydrogen atomis substituted

rewsid?\ceaaﬁd et 9RiBgeSihaidel Hagmpidwdd arasion resistaryznarcd
group having an N atom not adjacent to the N atom of
mbredvee tRiRdpipfoast BIreggiby pompaded ithezstveotionalmnes.  Itis
al koxyS| |yl group or a specific | ow nolecular conpound
therefbml 2 prefesredhanepasifian alshdor fite abbescanibibratian Aegpber and
group in which a hydrogen atomis substituted with a
fobtwemargano- substituted silyl group and at | east one

al koxysil@gl group; a diene copolyner preferably
avai | 38035y the process, a hydrol ysate of the di ene

D e R spba B nes TR Sedogt REoMLSA: an
e@%x%pnﬁs%éﬁs&aﬁa‘?%ﬁ‘é?%%%n%&t olrea i Fred HoPg o feresnig Mer
suné:r)\ as X |.88, m%?aﬂtomde or metal hydroxide is dispersed uniformly therein,
use of it is effective for improving strength, flame retardancy, elongation, and
transparency compared with that of the conventional ones. Use of it as an
asphalt composition is effective for improving an aggregate holding property.

[0036]

Moreover, when the conjugated diene polymer of the present
invention is a thermoplastic elastomer or thermoplastic resin, a blend
composition with another polar resin can have improved compatibility and in
addition, uniform and fine dispersion can be accomplished.

BEST MODE FOR CARRYING OUT THE INVENTION

[0037]
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The present invention having such constitutions can
therefore exhibit the above-described advant ages.
[0038] 25 As the alkali netal initiator or alkaline
earth nmetal initiator to be used in the process for
producti on of the present invention, any al kali netal
initiator and alkaline earth netal initiator having
an abpléfbireaferhbbdiidints of el preeentimvention willl Beredrdfier.be
O these, at |east one conpound sel ected from

destpbadapéeaficallyet al  conpounds and organoal kal i ne earth
nmetal conpounds is preferably enpl oyed. 0039] As the
or gandaldesiciibedtablove pthecredeniinyentivn Pravi 50@ ﬁﬁ@‘&'ﬁ@s
are 5 especially preferred. The organolith

coomgam disrierpolyarer ?-aum watherf@%ecm%tnwfeédna@fvmg group,

ght, organal ithi um conpounds of soI Cﬁﬁg
ar@ag@msﬂwﬂmﬁeewﬂm@f 2N oREPGRSSAELPE g’f’e’e"f

DessEiedrspes LY. e Ejoe TN P OL S B3P frgguction

f°?8 : ?nrﬁb%? R ERnrner #ﬁ%"&ﬁﬁ'ﬁ%ﬁ%g%@  coningateg
d*%f'ﬂ%&h&?&#ﬁﬁdq it ERIRRRIs SR e KB REMR! 5L, o Ot i
Lﬂﬁ Ht %’1 h&alldb%ﬂ?]ér? E#:IVQHLQ‘J thbtd?é%ﬁcé‘of‘% )&Mahtrﬁlétﬁmmttator

'rthium "and stil benelithium
ortem? ﬁ'}?%iﬁt@ ?néiQi Mfti'é&‘?rt arfdenregieing thd hbiNeloné ontheiredulting

[ nc ['ithi obutane, reaction products between

‘pél%er Quithya bf[)é&lf it [Bvirsbldui spesmpe st hevigy én the molecule

,3,b-trilithi obenzene, reaction products anong

th@rébﬂ 3 secbhdary arind-dgroupdn evieclaadydirogery Btoen xsasud)staluit@d with
reaction products between n-butyllithium and

a pridrganetsybstiteted sihd gnoyp, tarossganic gragpobenisg andy iatgm ot
ni trogen-1ithium bond include dinethylamnolithium 20

adjabentytbdhie b etarhiofithe secansany @mlamgﬁ@up.taﬂmﬁ% lgAgt one
hexanet hyl enei m nolithium In addition, ganoal kal i

alfexsilytaigmmers Speeic ik malacylascomrEERd qqa aining a
gﬁzggogéawggla;%g‘%@%; 3%1#'8 grcgup2 ff\lw% % Hyd?'rogen a%om is

substituted with a triorgano-substituted silyl group and at least one alkoxysilyl
group; a diene copolymer preferably available by the process, a hydrolysate of
the diene polymer; a polymer composition composed of the diene polymer and
a hydrolysate thereof, and a composition composed of the diene polymer and
a conjugated diene polymer coupled with a polyfunctional modifying agent.
The present invention having such constitutions can therefore exhibit the
above-described advantages.

[0038]

As the alkali metal initiator or alkaline earth metal initiator to be used
in the process for production of the present invention, any alkali metal initiator

and alkaline earth metal initiator having an ability of initiating polymerization is
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Especially preferred are n-butyllithium and
sec-butyllithium These organolithium conpounds may
be used either singly or in conmbination. 25 10041]
Exanpl es of anot her organoal kali netal conpound

i ncl ude organosodi um conpounds, organopot assi um
conpounds, organorubidium 14 conpounds and

usabEANQUEHIcYE) SOBRSUGS coPpeantliselestedriorsoigarioatali metal
sodi um napht hal ene and pot assi um napht hal ene. In

contshuridsnandibigeiniodikaline sdrfromatal compoundsas eseferaply employed.
am des of |ithium sodium or potassium are usable.
These[@O3fnoal kal i nmetal conpounds may be used in
conmbi nation with 5 anot her organonetal ¢o u

[ 0042]As thgpirganoatkakpialal Qﬁmp%@n%maﬁnfaléh&g? p%%‘mpaps are
R e .
R AR S e
thp3e Do an edas ereeh e (RNt Hose Hayilp hitne
myfeeie RS BB OGBS B wFRIPAH 8 Garfi® roup
aljllci‘n ||ﬁ1l§+| Ure ‘E)rouf\ﬁﬂfié‘ Srca%&"i‘-rﬁ?ﬂgﬁ'n%ond? PRPSHHUithim bePdDr tin-

pr ésent i nventi on, conj ugat ed di ene pol ymer

lithRinPb8har ably available by pol ymerization in the
presence of the above-described al kali metal

initigbpgopnd/ or alkaline earth netal initiator and

t hen growth-induci ng anionic polynerization )

r eact i Qypecifid Brampdusiitherorgénomonslithiveh epedgiopnd include n-

performed by a 20 pol ynerization system such as batch
bty teiomy secdnitylitiune, teytbetyllitisiunmg rehexyllitbiue.drergyllitiom,

or nore reactors connected to each other. [0044] ‘,n X
phéryllithaoesand stilbpnelithisimiothose of ke pelvfundicsal aidane ithium

ol ymer in the
cgmp)éund include 1,4-dilithiobutane, reaction products between sec-
butyllithium and diisopropenylbenzene, 1,3,5-trilithiobenzene, reaction products
among n-butyllithium, 1,3-butadiene and divinylbenzene, and reaction products
between n-butyllithium and polyacetylene compound, those of compounds
having a nitrogen-lithium bond include dimethylaminolithium,
dihexylaminolithium, diisopropylaminolithium and hexamethyieneiminolithium.
In addition, organoalkali metal compounds disclosed in U.S. Patent No.
5708 092, British Patent No. 2,241,239, U.S. Patent No. 5,527,753 are usable.
Especially preferred are n-butyllithium and sec-butyllithium.  These
organolithium compounds may be used either singly or in combination.
[0041)]
Examples of another organoalkali metal compound include

organosodium compounds, organopotassium compounds, organorubidium
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present invention, it is especially preferred that the
pol yner has an active end 25 available by the growh
reaction by living anionic polynerization. [0045] The
conj ugat ed di ene polynmer of the present invention is a
pol ymer or 15 copol ynmer of a conjugated di ene
conpound, or a copolyner of a conjugated diene
copfpaeitRGranergamosesiomt compbapds.c ofpecifid exampliegssinciude
pol ymeri zation reaction of the conjugated diene |
sopilry mephtredenelang potasdiemmagddinalenay e i addition, alkexres,
amount of a polar conpound may be added for the
sutfonptese catbaratehang agidep of JiumzsodjuBrer-pIAsEILe Jieysable.
conpound with a conjugated di ene conpound ,u§jnqNﬁﬁ
Thesecorgangalkeli setabedmPeends By kg HEeg I Fmbinationwi
m crostructure of the, conjugated diene noiety, or
anatheloigagoMatal CanePHNGol yrreri zati on. [ 0046]  Exanpl es
of thﬁ ﬁﬁgar conmpound i ncl ude ethers such as 10
tetra 9 furan, diethyl ether, dioxane, ethylene

gl ycol.. di net e e i ,
i ot nyVEHET SRYBTEF e R Gort? e cohoblielg RS
[ 0 I#gﬁ%g :
°’%agaﬁg§{‘ ES% BW%%E@PEQ e, te'r&tﬁfrg?s%frﬁur{?gs acngn'pounds
rc%ﬁﬁﬁ { NAcAFalN dibutyl magnesium, ethylbutyl
o@%@?g@??moet aiucﬁ,&' ﬁﬁ%rﬁet hylﬁrgﬁlmﬁe, t?i et hyl am ne, YRRy
mBYhbSURE aMRChrapybus) idadeesiamkallh atdition, sbipourdds Bbich as
conpounds such as potassiumt-anyl at e,
alRBkiABS] sUfdnaied, arbenates dindnamidelsuif\draslkakmeleaddimetal are
anyl at e; and phosphi ne conpounds such as o
used. pHEmdepbampoalialing eestn metad conpmuwisdsayle usedised
either singly or in conbination of two or nore
combiration Witloan orgapatisali enetalrinitistortaranssnelrorearpaeiRl
is selected, depending on the using purpose and
comwgpuadof effect. It is usually fromO0.01 to 100 nol es
per nole of the initiator. Such a polar conpound

(i nyI[Qpi4§h agent). can be added in an adequate anpunt

o e B AT B LRy rteraby
aegi?aqalg%rg}tp%rllgt(merﬁ‘tzattlohnein the presence of the above-described alkali metal
initiator and/ or alkaline earth metal initiator and then growth-inducing anionic
polymerization reaction.. The production of it is preferably performed by a
polymerization system such as batch system or continuous system using one
reactor or two or more reactors connected to each other.

[0044]

In the process for production of the conjugated diene polymer in the
present invention, it is especially preferred that the polymer has an active end
available by the growth reaction by living anionic polymerization.

[0045]

The conjugated diene polymer of the present invention is a polymer or
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25 sane tinme, many pol ar conpounds have an effective
random zing effect in the copolynerization between a
conj ugat ed di ene conpound and an aronatic vinyl
conpound so that they can be used as a regul ating
agent of the distribution of 16 the aromatic vinyl
conpound or regul ati ng agent of the styrene bl ock
copohymest of a Fbejugatedbdienatcoopavndh od amppohanehef a gpnjugated
adding a portion of 1,3-butadiene intermttently
dieine compoupdiandsan asrmaic vinyHempoyad | M ﬁ@mb@eﬂza“m
Pat ent Lai d- Open No. Sho 59-140211. &1_90484 I’U) e
regetiomef &@r@qmlag%teddiremep@tymﬁsmorqiiegda e present invention, a

srﬂalgag‘gq?ggfg:@,pg ar. Ig:i?p&é en:de?:gfb @éqrgﬁg%u?ﬂéé‘éj 0 ran’dom1y
ccBiobBSTZ108 7 Fogretis ety pa b TarRl B s
cogrﬁ%q}in bUtg]asla% H@xgﬂaﬁéﬂ dr%%) d@’%ﬂt@ﬂﬁﬁfh%%%oethfcture of
g é%?‘@‘evﬁ’ﬁﬁk A %Ea%él ‘?‘fﬁ“b@éi‘%ﬁ‘ﬁ‘ne

They @le used elther singly or in conbination.
Prefe ed conmpounds include styrene. [0049] 15

Pol yf un&dnh1ea! of ke pBldr ompbUndcinbReersthessiiceas
di vi nyl benzene can be added for controlling the

tebahparofiran dithyltather, @li@aing bthylenalglycoldiaiethylesther, ethylene
conj ugat ed di ene polyner. [0050] The nolecular weig

gifesl dibttyhethengdietieglycobdingttityl etbers dicttylene gbw:od;dtbutyl
and pol ystyrene standards are used to calibrate the

ethes tdicneimyybenzene, anth P Ayaisé2rodbieny)psipane; testiatirmine
by the process for production of the pre

compeunnd®auch agteframgtyetvisnedimone, d tplweﬁge%thﬁﬁe
oo, s sHESAGL o s BRSO o
cgr%lp\c/;Sert:Is tsactQ%sup?o gss:ﬂmt-t ame{a?e: eﬁc’dclassmm t- butylate sodium-t-
butylate and sodium amylate; and phosphine compounds such as
triphenylphosphine. These polar compounds may be used either singly or in
combination of two or more thereof.

[0047)

The amount of the pollar compound is selected, depending on the
using purpose and degree of effect. It is usually from 0.01 to 100 moles per

mole of the initiator. Such a polar compound (vinylation agent) can be added

in an adequate amount as a regulating agent of the microstructure of the

‘polymer diene moiety, depending on a desired vinyl bond content. At the

same time, many polar compounds have an effective randomizing effect in the
copolymerization between a conjugated diene compound and an aromatic vinyl

compound so that they can be used as a regulating agent of the distribution of
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production of the conjugated di ene pol ynmer according
to the present invention include saturated
hydr ocar bons and aromati c hydrocarbons; aliphatic 17
hydr ocar bons such as butane, pentane, hexane, pentane
and heptane; alicyclic hydrocarbons such as
cycl opent ane, cycl ohexane, nethyl cycl opentane and
the BEdAIRY PinghesmpeLIndbe redulstinty dgectofitbe styeoh bigck content.
benzene, toluene, and xyl ene, and hydrocarbons_nade of
Thei rshdbatzdtiver methad may bhestbat oBadding appadioprai T, 2utadiene
reaction of each or m xture of the conjugated dieqﬁ".d
intermitiemtiy dusingranpolymeTzationorpaesribadinhlapaness Fstent Laid-
solvent to be wused in the present invention,
OpereblonShp &3-14831t.i ti es such as al l enes or acetyl enes

w th an organonetal conpound enabl es preparation of a
pol ymE304&8avi ng an active end in a high concentration

?8852%%%%? g’g g 63'&%%:‘1}1&@5% gbﬁgﬁtﬁkgﬁﬁgggé 03 butadiene,
soEnen IV ET SR agaePr K asbbniatid e kB

PR D B PERn T, T Rt O e e e

iRYG % ESMpotihih laréar R bptaefieneabhy
s'@%ﬁ\&?.' A%%%bé?%tgnér.%aﬂfﬁl ymg? haviaﬁg a functional

bt C BE of #hk Bomated eyl csrpbynd natude: styrenehyp-
capabl e of separating a functional -group- containing

mBRfliidtyidie, compangstyrerit] virgiethpiiehyene, wioyippiesat . For
thi's ~chromat ography, quantitative determ nation with .
viyiFBphtriens andidisherasethylefef i Mhey may pelusedwither giftgly or in
such as silica to which the functional group conponent
corabimetionbe Prefedradstargpawndsingiutig styteifdard of a

non- adsor pti on conponent for conparison is preferably
enpl 0y{@849] 0053] Exanpl es of the random copol ynmer as

| nvent PoanRIonaLaIAL WAL SSBRP S ParBn RIpUPSRRSNe oan
bggafqgigkﬁgg 5%}1%{;{@35 ét:‘.,%gggnrghci%po?hgﬁor prév%?:?{heengdlatf%wgﬂhe
conjugated diene polymer.

[0050]

The molecular weight (weight-average molecular weight: measured
by GPC and polystyrene standards are used to calibrate the instrument) of the
conjugated diene polymer produced by the process for production of the
present invention is preferably from 100000 to 2000000 in consideration of the
processability and physical properties.

[0051]

Examples of the hydrocarbon solvent to be used in the process for

production of the conjugated diene polymer according to the present invention

include saturated hydrocarbons and aromatic hydrocarbons; aliphatic
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but adi ene-i soprene-styrene random copol ynmer. The
random copol yners are, 18 for exanple, conpletely
random copol yners having a conposition close to the
statistical random conposition and taper random
copolynmers having a conposition distribution in the
tapered form Even in the case of a honopol yner
hydieodargons sutty e butars grentans deixanenpentanemndiapans;
various 5 structures, for exanple, it may be a pol yner
alioitiic demcérbonscsmpcaa tyotopantene, cyciohexadger bond
system such as 1, 4-bond or 1,2-bond, it nmay have

melhwtoyclapentang and meteylsypdehexane; aﬁaniatlcmwcaf@fla%%é‘é@a as
of bl ocks (having block bonds). 054%% g;o nsp
besrzenaetahiens Wamﬁ;@r@ehwr%ﬁ@%\ﬁ hade P Wﬁ@Fe hereof are
bl ocks, a bopd of random % bl ock andf bond oft d
R Ll on bhEagLog FLAUFG T fe-liudate
di bl ock copol yner.. conposed_of
dighe GogBRED, B HEIS LENb T RO R PR e BE Sokent tobe
et.r
sgg‘aﬁ%ﬁg%?%ecrﬁ ﬁrﬁv%ﬂ%& tr‘ég[mgﬁte&. i aJr@BE s?gﬁlséus%%g\:éﬁ or
0C,
oy Y, ot St B PR
h&ﬁﬁ%%ﬁaécﬁqeg R éﬁgﬂ%&h@eﬁﬁﬁhoﬁéndwmm a high
| soprene and/ or a copol ynmer of an aromatic vinyl
mbéanReatss ratil  a conj ugat ed di ene conpound is
represented by B, S-B diblock copolyners, S- B-S
tribl go@sg]opol ynmers, S-B-S-B tetrabl ock copol yners,
and (S-B)m X bl ock 20 copolyners. [0055] More
t ypi cdh cedemtol @chikbit extellent efflecisadfithe rpresmtu@eention especially,
structures represented by the follow ng formul
it (spmferrediq pregiuce tBe(cenip)gated disr®) polymer so that it wall contain a
[(B-S)n-Blm X, and [(S-B)n-S| m X 25 (wherein,
PRlytNed d1eyinge? fseiopRbEIesI @m%@n%@%hﬁmpy”ta%fd?ﬁg@f?b'y S
when a bIockBlsacopoy of an ar tic vi
WEo’cnabgfﬁ?t% oregyRfaighlyy wi t-Sgr gaﬁ% shlim thﬁ&fe{y ably 50
w’afgp; blgﬁ%t%%nyllhe po r?\err] awnngt Q?unctl iz<al grou;ycorﬁponent can be
determined by chromatography capable of separating a functional-group-

containing modifying component and non-modifying component.  For this

chromatography, quantitative determination with a GPC column using, as a

filler, a polar substance such as silica to which the functional group component
is adsorbed and using an internal standard of a non-adsorption component for
comparison is preferably employed.

[0053]

Examples of the random copolymer as the conjugated diene polymer
of the present invention include butadiene-isoprene random copolymer,
butadiene-styrene random copolymer, isoprene-styrene random copolymer and

butadiene-isoprene-styrene random copolymer. The random copolymers are,
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19 uniformy or in the tapered form the block B may
have a plurality of portions in which the aromatic
vinyl conpound is distributed uniformly and/or it is
distributed in the tapered form the block B may have
a plurality of segnents different in a content of the
aromati c vinyl conpound; n stands for an integer of 5
forledmplee abMipletglyaagtiol yopulymerspavingreocortpositisn cnse to the
stands for an integer of 2 or greater, preferably an
stathstieg Prarfdoec@mpositibn ahd epee sandosn gopelyire halving a
coupling agent or a residue of a polyfunctional
compdsititrodistritheiontih éhe tapsreddernmasEverirethe casgpplidal ity
of the blocks S and a plurality of the blocks B, their
hasmopalymes agingra saglamionsmelrCampHtion idmay HRYE varays

may be the sane or different; and_the 1%gstructur.?s %f ¢
Stlttm{llfﬁél fanexampie At MayrRRa RAYMehWih FuREMcapgpition due to
different)., In the present, inyenti h I
a mrvmrrb%gﬂ pistem stk 1% if%bﬁ?‘if’bfl QZEP“‘@HE“‘%@%OBU%S
.hayi the structur.e repr :
a556uESa e BanBelinn 871 R0RE Roffbobhf of placks (having block
bi nyention, sonme or all of the double bonds of the 15
%b@lﬁ ugat ed di ene pol ymer having a functional group can

be co Y654 d into saturated hydrocarbons by
hydrogenat on in an inert solvent. This nakes it

POSSi e h ek BN BIdERB orlcEipkcRIdRNE BoRd &f heaidpalymer blocks, a

resi stance and prevent deterioration of products

b 8f RERIORY pbiyaterioties ahd bebgridoktapen gandem poimer tlocks.
changes the notility of nolecules or inproves the

Themrnate, Rir éxampie] dibloukt dupolyifiehcghposéd olitve suohpineks,

As a result, such a conjugated diene polyner delivers
tribdardd ¢caputiymer Eompased of threevauchdlgcless ang tetraideskaapolymer

such as autonobiles. [0057] Mre specifically, in the
compesed of fourrstichrblockse  HxaTaplesAf e blagkipplyner include,

unsat ur at ed doubl e bonds derived fr im t he cgg uglat eol .
supRefing Y cublgck sradeof ge SEQMBHE ¥, SOWPOMPEPUCT @S Styrene 13

dependi ng on the using purpose and n articul ar
ranrRpenlerdy $ea PlRsiapads ! @ conoaipddiens coRpRLAd such as

ol ymer havin ood, heat N roper.t Vi
ohgclEte AL oPThe SIoE 8 finnrahet o G preDdi Ay EABBlnd and
a conjugated diene compound is represented by B, §-B diblock copolymers, S-
B-S triblock copolymers, S-B-S-B tetrablock copolymers, and (S-B)m-X block
copolymers.
[0055]
More typical examples of the block polymer include structures

represented by the following formulas:
(S-B)n, S-(B-S)n, B-(S-B)n, [(S-B)njm-X, [(B-S)n-Blm-X, and [(S-B)a-Slm-X
(wherein, the boundary between blocks is not necessarily apparent; when a
block B is a copolymer of an aromatic vinyl compound and a conjugated diene

compound, the aromatic vinyl compound in the block B may be distributed
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hydrogenation ratio to exceed 70% preferably 75% or
greater, nore preferably 85%or greater, especially
preferably 90% or greater of the unsaturated double

bonds derived fromthe conjugated di ene conpound in

th;a_ }o_oltyrre;. Flor : n'providng thet hg_alt _ ft abi It ihty, _

notili of nol ecul es and conpati bili Wi a resin,
urfifoliméy dag;idlrtng daperedformaf the h:ibc;nlrl;J Bamay rh]'auéaa plirality of portions in
noiety in the polynmer is preferably from3 to 70% or
witichth& arematiewinys pewpaling ipdistriruted wnifeamyiand/er it 6b%
Al'though no particular Iimtation is inposed on_the
disigibutrsbinthedapersd formptheblopk B mayhayea Bhwally 9k spomgnts
fromthe aromatic vinyl ¢onpound in the opol yner .of
e g sPelei o e eEimal ié?_’naﬁaorafémnraﬁfaef% fﬁylfm iteger o
conpound, e hydrogenat i ratio is, prefer 0
1 6F ST’ brejpeatly afunias) o dp 5 b Stertsfibf ptegér 82 or

ref er ahl 0% or, | _— { ' ! :
aBeliry D 3 fiepifomes f £ X PSRl [fijie 672 ctpiing

L0 g i

aRBr i SR E o Ace] ARG Wi QADEERES herein
a BIREMY A the b PLRHA pIBfhii? of hebIBEkdIBS ARiFsIAAGLECh

nto pol'y

ner. solutiron in the presence of a catal yst.

aﬁﬁ»d@&ls.a&v@@mtand CHRH S QESH RRIYSHE BicPb A9k oruiiltdrent and the

those having a noble netal supported by a porous

strtﬁkﬁﬁmﬁhélﬁbg}rﬁéﬁ@héiﬂd popedes dUmaydiedhessarna on different).
t hose obt ai ne by solubilizing a salt of nickel,

ircthlegbresent inhentiork ehaidbdkhsolymea ataynioe an arbittargmiz@ire of the
or ganoal um num and those using a netall ocene such as

~ companndg havingfthe lsésistureaepiasentebby theiabpye degstlped formula,

under m | d hydrogenation conditions is preferred.
Ar onat 0958} oups can be hydrogenated using a supported
Speci FinhesRiRpRRIdnYRnars SRy Bbahal INor0RVR ERaEs of the
Y O L TR T R T
By SRR 9 S APl Al PERTRATENS T2 e
pgséiBPent%i in?SvgﬁEQ{ ressﬁjsqgn@(g afl weather resistance and prevent
deterioration of products obtained by high-temperature processing. Further, it
changes the motility of molecules or improves the compatibility with another
high molecular compound. As a result, such a conjugated diene polymer
delivers excellent performance in a variety of applications such as automobiles.
[0057]
More specifically, in the present invention, the hydrogenation ratio of
unsaturated double bonds derived from the conjugated diene compound can
be selected as desired depending on the using purpose and no particular

limitation is imposed on it. In order to obtain a polymer having good heat

aging property and weather resistance, it is recommended to adjust the
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organic acid salt of Ni, Co, Fe or Cr or an

acetyl acetone salt and a reducing agent such as

or ganoal um num and (3) so-call ed organonet al

conpl exes such as organonetal conpounds of Ti, Ru, Rh

or Zr. Usable are, for exanple, 5 hydrogenation

catal ysts as described in Japanese Patent Publication
hyBbgebation 4316 16 8xcekrP P0%S préfat Aty 789bbi gaddien mdérePreferably

43-6636, Japanese Patent Publication No. Sho 63-4841,
85% pagesxtePaspoatialfy preferdtlp 80Moor gleatdr- FABE Winsallaptetedeuble

Pat ent Publication No. Hei 1-53851, Japanese Patent
boRdb|decized droniNthe célgiugateadiene anmpspaiiodee patysner. For
_ Laid-Open No. Hei 8-109219. Preferred 10 hydrogenation
impeaving eshealcstabidityy medilityosfl mpleculassard cgmpatlalhgfc\ewé aresin,

conmpound and a reductive organomst al. conpound, [ 0060]

the Rydragepatiga fatio plthe savoaleddiens Mpielyin ke BRIVIICT IR e

oréiraado B 5ohEm Sl S SeasCB BRkERA B8R 1010
609 NEnG1Sh B Arfelei Pt Bumponadi Ty ey hadhddbrvatio
of A4k RoLPR Sehss SR RHR MR DIRALR o
copBlyiei s HBGaicl ding cokipouCutfy i arindfe Linyd EBtound,
the ByBRIRINGtIBAIrEG0 W BiéferaBds0%: b9ass, Mok aiéfepagw BOs or less,

group,” or a specific I ow™20 nol ecul’ar conpoun

stifl Pidral prefstaplyEOBIH¥6d © T hpSroaepation datiy cambecanalyzed by
group in which a hydrogen is substituted with a

a hudloagmagnetibsésdndree (NMR) agpangtus.and at | east one
al koxysi lyl group. The | ow nol ecul ar conpound is
prefef@B8] an organi c conpound having a nol ecul ar
wei ght of 1000 or |ess. The above- described low .
ol ec Ulherhysragenatibri ean bp pestonmed inya knawn s1anngirngEspecially
formula (1) 25 or the following formula (2): [0061]
preteread hademplayed fog@ygrogen@ngn(lmp@w gaseous hydrogen
. Si-Rt-N Si RBR6R7.
into a polymer solution in the presence of a catalyst. As the catalyst,
heterogeneous catalysts such as those having a noble metal supported by a
porous inorganic substance and homogenous catalyst such as those obtained
by solubilizing a salt of nicke!, cobalt or the like and then reacting it with an
organoaluminum and those using a metallocene such as titanocene. Of these,
a titanocene catalyst usable under mild hydrogenation conditions is preferred.
Aromatic groups can be hydrogenated using a supported catalyst containing a
noble metal.
[0059]
Specific examples of the hydrogenation catalyst include (1)
heterogeneous hydrogenation catalysts obtained by supporting a metal such

as Ni, Pt, Pd or Ru on carbon, silica, alumina or diatomaceous earth, (2) so-
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R2 (1) [0062] [Chemcal formula 8 3 3-g (OR4)g
Si-R-NSIRSR6R7 RO (2 ) [0063] 5 (wherein in the
formula (1), R Trepresents an organic group containing
an N atom not adjacent to the N atom of the am nosilyl
group and having a nolecul ar wei ght not greater than
1000, R2 represents a Cl.1o0 hydrocarbon group or a

callpdtdedied hpdargenation cafalysty usipgnetraositivn nstdl sgemas ae
substituted with an Si, 0, Nor S atom R3 and R4

orgaois acidspkofidhitCy, Fepr Esentan acetylagetone szltand gredycing
or Ce.20 aryl group, R5, R6, and R7 each represents a

agent gycalaswrgag%lumwmcgng &Shqag.pa@ep@ gfganometal camplexes
al kox%r ro#) and g stands_for an integer  from1l to 3,

such s h@@rapfelzvjlds AETh Ry, RN eadh rdsatkle dnesfop example,
mykodtReti iabet wy roulisEing manest Fintea PadicAion Ney Sho
4%3*%59%«%&% 38 P8 ﬁlpv%"ﬁ'gnrﬁ@%%#%ﬁﬁeéﬁt SPp.atent
P%I%ﬁﬂgﬁ%%@g—@t’, ;9:% o fegxﬁ’u% |catiIOQ1090°HeE ?%?‘970

he " sane neanin

J %%ék?fé{ehﬁPwlfbdch%% "’Héll1) 5386908Hane<8 F‘é&eﬁpﬁubhcatton No.

resent 1 nvention, I'S an organi c group contal ning

H&i-H0a4 0amhd aﬁpﬁﬁéscﬁphﬁ:‘%ﬁ !lbld-@pbhENé\' HéiQ!m 0524 @e Preferred
ami nosilyl group and having a nolecul ar wei ght of

hydOfermetidresstalyteineliuale! neadtich wakierds 6f §ditirbcghewdmpound
having a tertiary amino group having no active

ang/d redectivel argampiedall dongzoural,  br anched, or may have a
heterocycle and it may be saturated or unsaturated. Rl
has mjP@6A®) preferably a distance corresponding to from
1 to 4 carbon atons between the silicon atom and the
terti dRyhepresendinugstion, aiter pelp@ecizatien pbihd ernjugatedahiene

colmpound or the conjugated diene compound and the aromatic vinyl
compound, the active end of the resulting polymer is reacted with a specific
low molecular compound having, in the molecule thereof, a secondary amino
group in which a hydrogen atom is substituted with a triorgano-substituted sily!
group, an organic group having an N atom not adjacent to the N atom of the
secondary amino group, and at least one alkoxysilyl group, or a specific low
molecular compound containing a heterocycle having a secondary amino
group in which a hydrogen is substituted with a triorgano-substituted silyl group
and at least one alkoxysilyl group. The low molecular compound is preferably
an organic compound having a molecular weight of 1000 or less. The above-
described low molecular compound is represented by the following formula (1)
or the following formula (2): |

[0061] [Chemical formula 7]
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to 4 carbon atons between the tertiary am no group and
the secondary am no group in which hydrogen atomis
substituted with a tri-substituted silyl group

[0065] 10 R2 is a nonoval ent Cl-10 hydrocarbon group
or a Cl-10 hydrocarbon group having no active

hydr ogen and substituted with an Si, 0, N, or S atom
and it may3ave an unsaturated bond. The hydrocarbon’
group nay 3¢ither a non-cyclic hydrocarbon group or
a CiORFL—hgggarpany gﬁﬁp 7 Active hydrogen is

hydr oge deact|vat ng the 1iving %?ﬂ ?uch as Si OH, OH,
NH or 15 NH2. Exanpl es of e/ hydr ocar bon

gr oup substituted mnth an Si-containing organic group
include trial kylsilylalkyl groups,

di al kyl aryl silylal kyl groups, triarylsilylalkyl

gr oups, triarylsilylaryl groups and

dialkyl i L al 20 those of the
hydroca dﬁéﬁ%‘ 'EﬁFFﬁ%BEd wi th an 0-contai ni ng
organi c group include al koxyal kyl groups,

aryl oxyal kyl groups and aryl oxyaryl groups; and

exanpl es ofFﬁﬁe hydrocarbon group substituted with an
N-containin ani c group i ncl ude di al kyl am noal kyl
grouq@,R“q—k-)gi -aNHSIERPR ‘gr oups, di aryl ani noal kyl
groups and di al kyl agi noaryl groups¢ 2 35 [0067] R3 and
R4 each independently represents a Cl- 20 al kyl group
or aryl group; may contain an unsaturated bond; may
be the sane or different; and 24 may be either a

non- cycl[po68)dr ocarbon group or a cyclic hydrocarbon
group. [0068] R5, R6 and R7 each represents a Cl-20
al kyl gr(wherein iz the fogmulad 15rR'rep@msents am ntgqnuger@up contalmng

”%%fri Bl hﬁs%&a%&ﬁa% e Natem of e AigeivtoyE
molScular Wei | t')tcgreat\éd tf?acnaiw I?rrgﬂ%se[tgoe? 8]1 A0 hydrocarbon
group or a Ci.10 hydrocarbon group having no active hydrogen and substituted
with an Si, O, N or § atom, R® and R* each independently represents a C1.20
alkyl group or Ce.20 aryl group, R, R®, and R7 each represents a Cy.o alkyl
group or Cs2o ary! group or a Cy.12 alkoxy group and g stands for an integer
from 1 to 3, and |
in the formula (2), R® and R® each represents a C1.10 hydrocarbon
group, a Ci.10 hydrocarbon group having no active hydrogen and substituted
with an Si, O, N or S atom, or an organic group containing an N atom not
adjacent to the N atom of an aminosilyl group and having a molecular weight of
1000 or less, and R, R%, R®, R®, R” and g have the same meanings as
described in the formula (1)).
[0064]

In the present invention, R' is an organic group containing an N atom
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R8 and R9 each represents a Cl1-10 hydrocarbon group, a

Cl-1o0 hydrocarbon group having no active hydrogen and

substituted with an Si, 0, N 10 or S atom or an

organi c group containing an N atom not adjacent to the

N atom of the am nosilyl group and having a nol ecul ar

wei ght of 1000 or less. R8 is a trivalent organic

- | ' ' i ' Ba\Ang Bemofutird

O T AL B B g o e
welghitefaloonasR ks HrefdrablliAfivarmt BEyati© grouptaving htestiary

case, still nore preferably, the distance 15 between
anting gsblip Bavingtroadive Hydrogen.t | kimayebe finegr apranched, or may

corresponds to from1l1l to 4 carbon atons , th;?
hasde st etesodyeteraritrhay be rsetunatedchar wesajumigd.anB hiag more

secondary am no group in which a hydrogen atomis
prefershly audisténee corrgspendisgdedianuf dg 4s¢ar?»png'=1*@@§ between the

SISO BT e o, RSB
the formula (1) include, ) .
to {.qerpaPIaR keRYeen IhA lerisATING JouB AR Secopipy| aino

| sil I_am

| -. alk d ] . . . . .
arailp i Whis VST GOR) PR i Shbstiigd ity AdgrsuRstiped sl apye.
yl - ak@%nedi am ne,
N-[(d xyal kyl silyl)-alkyl]-N, N -dial kyl-N -trial ky
Li | _ oyl
N (R AP RIBSASIR S Ay arResion gD o & O g Farben
gr%@?t%r%ivwg 4 gﬁf’o 8n and substituted with an Si, O, N, or S atom

yFam no) - 1- pyrrol i di nyl al kyl
ar K} RAJEOAY BihshiiSted bond.  The hydrocarbon group may be either
3-(tri‘al kyl silylal kyl am no)-1-pyrrolidinyl-alkyl-trial
a Keeytlic@Rgdrocarbon group or a cyclic hydrocarbon group.  Active
N-[ (di al koxyal kyl silyl)-al kyl]-N-al kyl -N -(al koxyal kyl
hydroben is ydrpgen idehetivating thel livmepenadrisneh as SiOH, OH, NH or
N-[(trial koxysilyl)-alkyl]-N-alkyl-N -(al koxyal kyl)-N
NHa.t ri al kyl sil yl al kyl enedi am ne,
N-[ (di al koxyal kyl silyl)-al kyl]-Nalkyl-N -
(di al K§P&&li noal kyl )-N -tri al kyl silyl -al kyl enedi ani ne,
and N-[ (trial koxys

a1 kaTRIE A hAFoRBERAL OfouR SUbSRS Mith 37 SireRyeining

OBk STebgng ce ke B fups B ATl Gous,
trif'\alh[lg’}@ﬁﬂﬁlh rlpé{aégﬁﬁr%slé@%% %(Ioghg %i\ld] digikwall&ix%ﬂ%[kw groups;
thbs 3 (e hFllRamid YlotipPatittdtebivhie S &5-B¥htalling organic group
include alkoxyalky| groups, aryloxyalkyl groups and aryloxyaryl groups; and
examples of the hydrocarbon group substituted with an N-containing organic
group include dialkylaminoalky! groups, alkylarylaminoalkyl groups,
diarylaminoalkyl groups and dialkylaminoary! groups.

[0067]

R? and R* each independently represents a Ci.20 alkyl group or ary!

group; may contain an unsaturated bond; may be the same or different; and
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trine
N- [
di e
N[
di e

nmet hyl si |l yl - et hane- 1, 2-di am ne,
3- (nethyltrlnethyIS|IyI) propyl]-N, N 10
thyl -N -trinethylsilyl-phenyl enedi am ne,
3- (trlethoxyS|IyI) propyl]-N N -
thyl -N -trinmethylsilyl-phenyl enedi am ne,
3- (tr|nethyIS|IerthyIan1no) 1-

3-[
mz@ytfé 8lihey é‘}ﬁ'oh dvcﬁ@h},rdf%amérdgﬁidwryé ty@renydrocarbon group.
tr| met hyl'si | yI' propyl anTno) - 1
pyr
[

y ?yl] propyl triethoxysilane,

N- d| et hoxynet hyl silyl)-propyl]-Nethyl -

N - 2R@tmﬁaameﬁyéa)cﬁ\fepresems ayC siolafityl grdumer &ne ghdumbna
e, N-[3-(tripropoxysilyl) 15

C1pp apyoixy -gropp;apply chintz(i2 aetursejwated hond,-may berhe semg op

- phenyl endi am ne, N-[2-

diffeteet; mpdymay bgl @ihey |a)nqn-mlmmarmrpomg§@w pr g eyehe di e
t hyl ami no-ethyl)-N - triethylsilyl-ethane-1, 2-di am ne,

hygFREaRPeBI[AUR- et hoxyS| lyl)-propyl]-Nethyl - N - (2-

dieth noethyl)-N -triethylsilyl-ethane-I
, 2-di ﬁﬂ%:gé A preferred conmpound is

ot 1y R aieRaeton eprksPhE™ Chi bHiobetalerale 2 6 Ehe”
h))ldﬂé%r%géﬁ GO h&%ﬁB%&tfv%ﬂ%fcﬁS&éﬁ dnBY% bRt Withdan §2)o, N
or(Satd n? Akl § gLé(-Fé éfdﬂip‘)@érﬁﬁnmﬁ an N &6m Abkybjabaht@main

3-
ro
3-
(

ane, ('4-tri a

at%m%fﬁlﬁg % P&'M @H{C{;% %hg ??gi?%?( mdl)éélﬂai( \;/ve|ght of 1000 or less.

Rk iriafdr @¥yanit @6up while R® is a divalent organic group. R®, R® and
(3-trialkylsilyl-1-imdazolidinyl)-alkyl-trial koxyS| I a
N atom f&rm aheterocycle. More preferably, R® and R? have at least one
trial kyl silyl-1-hexahydropyrim di nyl)-al kyl - propyl al ky
tettiing bkomy grdwmand amthi§ 8ase rstill hgtesptejerably, the distance
- hexahydr opyri m di nylz al kyl -tri al koxysi |l ane. The
beateeenihe giligos atepenid the f@dtﬁmlaﬁmgoaf 0tl|h§ﬁfre%0lp¢ﬁ)¥>3¥0m 1to
Exanpl es include 3-(4-trimethylsily
4 pRmonatPA )tbec%taﬁﬁ@ WIW%%%WWI%’@O group and the
schﬁga}'éér?]%c? %/ql'c?\akvlt 'ﬁW@FT‘ﬁ I?ﬁjrggzplarrn] )éltgrﬁrlg % tftluteeth1 wu)ﬁ){s

tnggl?%tﬁfqﬂﬂyw[@fﬁ/ %r?ésbplgn%%glf}o%]q to 4 carbon atoms.
i mda 4) i nyl ) propyl et hyl di et hoxysi | ane,
3-(3- ﬁ@ hyl silyl -1-

|3m( gatzl':%éﬁgl% Eglc)f RhS MH&I&&“Q%&(&%SG% represented by the formula
(1§%ﬁuh<t¥§|fspngéii%k@x%wls}|9ﬁ YIRSk pENDORIG) diRne.
alhﬂéﬂl@%{ﬁmng?wmtgFM}ﬂerylﬂJth@mHWﬁalRﬂdllyl-
alkylenediamine, N-[(dialkoxyalkylsilyl)-alkyl]-N,N'-dialkyl-N'-trialkylsilyl-
phenylenediamine, N-[(trialkoxysilyl)-alkyl}-N,N'-dilakyl-N'-trialkylsilyl-
phenylenediamine, 3-(trialkylsilylalkylamino)-1-pyrrolidinylalkyl-
alkyldialkoxysilane, 3-(trialkylsilylalkylamino)-1-pyrrolidinyl-alkyi-trialkoxysilane,

N-{(dialkoxyalkylsilyl}-alkyl]-N-alkyl-N'-{alkoxyalky!)-N'-trialkylsilyi-
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10 pi perazinyl)butyltriethoxysilane. A preferred
conpound is 3-(4-trinethylsilyl-1- piperazinyl
)propyl triethoxysilane. [0074] One of these |ow
nol ecul ar conpounds or two or nore of themused in
conbi nation can be reacted with the active end of the
pol ynmer obtai ned by 15 pol yneri zi ng the conjugat ed
anix@ﬁ@dra@ﬁiﬁeync{(tﬁblkb&%iwamamlk I-RNE&IkGEMEIN-and
the aromatic vinyl conpound. "I n the present invention,
trm@iﬂ&lalﬁﬂ@némm,WN@IK@W@I)@W!?SE@IRWNW the
formula (2) as a nmain conponent is preferred because
(didikplaminoaiRylp-hE-atidiryisilyillanesediaminge, lamd NHitaakkorygsilyl)-alkyl]-
| oss property, wet skid resistance, abrasion
Nralkylsil'afaiczkyd anhiozaie) }-hy tridky | sityl-alkylenediaoirs]  Thesfollowing
present invention relates to a di ene copol yner
agpyepecifin exarpplesceidhemg a conj ugat ed di ene pol ymer with
a | ow mol ecul ar conpound having, in the nolecule
t her edP074] secondary amino group in which a hydrogen

Si T Erarplesdnclyng e tufrimesg o ol Bty -
R e Behe el Mg FoRR B P e By -
oI SRR A RN X R Ry NN

Seco y~an no 'group drogen
fint . : ] g : '
e R G Sl s R e
e e Uy ARG Ao} 1-
pPRORAAYI-bPspyI-oRERFRELtRbXydIENE, 8 Slaﬁinmhylﬁﬁfrlpﬂfﬁi/l@‘nino)-1 -

conj ugat ed di ene pol yner coup| ed with a pol yfunctional
pymdiidingll-prepyd-tiethorgsilaher NefSo@isthorymetrsdsiigl)-prepa-N-ethyl-

of the conjugated diene polyner having an active end
Nivi 2-ethdvey eyl -Nbtrecethglsilgleethanad! , 2-wigmn ree IN-ER (thpraploay silyl)-

above-described formula (1) or the above-descri bed
pramtioNpropyl-N'-@-ethoxyetheh:Nittepthyigilyep-rhesylesnsiamiee, Naf2-

di ene pol yner represented 10 by the followi ng fornula
(digthoxymetfayIsin!)-buinelly edhvil:Naethigh N'-(2-diethylamino-ethyl)-N'-
triethylsityl-ethane-1,2-diamine, and N-[3-(triethoxysilyl)-propyl]-N-ethyl-N'-(2-
diethylaminoethy!)-N'-triethylsilyl-ethane-1,2-diamine. A preferred compound
1s N-{3-(triethoxysilyl)-propyl]-N,N'-diethyl-N'-trimethylsilyl-ethane-1,2-diamine.

[0072]

Examples of the low molecular compound represented by the formula
(2) include (4-trialkylsilyl-1-piperazinyl)-alkyl-alkyldialkoxysilane, (4-trialkylsilyl-
1-piperazinyl)-alkyl-trialkoxysilane, (3-trialkylsilyi-1-imidazolidinyl)-alkyl-
alkyldialkoxysilane, (3-trialkylsilyl-1-imidazolidiny!)-alkyl-triatkoxysilane, (3-
trialkylsilyl-1-hexahydropyrimidinyl)-alkyl-propylalkyldialkoxysilane, and (3-
trialkylsilyl-1-hexahydropyrimidinyl)-alkyl-trialkoxysilane. The following are

specific compounds of them.
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- [0076] [Chem cal formula 9] R3 |IP (D)am

Si-R-NSIRBR6R7 (CRA)m RZ 3 [0077] [Chem cal fornula
10 R3 P (D)- Si-R8-N-SIiRSR6R7 (ORRmR9 ( 4 15
[0078] (wherein, D represents a conjugated diene
polymer, in the formula (3), R represents an organic
group containing an N atom not adjacent to the N atom
of the[ogr,r'rg,posi |yl group and having a 20 nol ecul ar

wei ght not "greater than 1000, R2 represents a Cl ro

hydr 0Cakéhﬂﬁlesgn@me@—(@trﬁleihﬁ}lsJﬂy!diOCaf bon group having
no active hydrogen and substituted 28 with an Si, 0,

phbevaziBykypropy nhgidimethozasitarie) Gefdetiteathyigilyleler esent s a
Cl-20 alkyl group or aryl group, R5, R6, and R7 each
pipspazsyhpropxlt@ithpeysilake| 3dddtumetnylsiyiyik group or a
01.12 al koxy group and n_stands for an integer from!|
pirsrazinghpropyitpbwtaxysitongnd{ 3rtgmetnylsifitdger from 0 to 2,
.and n+tmtp=3, and 5 .in the fornula (4), R6 and R9 each
imiciazaUdiRYsPrePyiethddisthpyeians ns-(Gtsupthylsivt 110
. hydrocarbon group, havi. n Gt.i v drogen and
*@f‘f%é?ﬁUY@UOME‘%“QHY%@%‘?&*@‘Bm@‘ﬂg&lﬁ%r an organic
[ havi.ng,.an, N _at om.nat,. adj acent__t e N.at.om, qf
BRIy A B PRI G e ey R
p . A \ . . _ p’
"R Fopl kI btor B ey lene Bs R v lbet Pl
pigteaZiRyiMSithisthbxysilane. A preferred compound is 3-(4-trimethylsilyl-1-
piperazinyl)propyltriethoxysilane.

[0074]

One of these low molecular compounds or two or more of them used
in combination can be reacted with the active end of the polymer obtained by
polymerizing the conjugated diene compound or the conjugated diene
compound and the aromatic vinyl compound. In the present invention, use of
the low molecular compound represented by the formula (2) as a main
component is preferred because it provides excellent balance among low
hysteresis loss property, wet skid resistance, abrasion resistance and breaking
strength.

[0075]

The present invention relates to a diene copolymer available by
reacting a conjugated diene polymer with a low molecular compound having, in
the molecule thereof, a secondary amino group in which a hydrogen atom is
substituted with a triorgano-substituted silyl group, an organic group having an

N atom not adjacent to the N atom of the secondary amino group, and at ieast

one alkoxysilyl group or a low molecular compound containing a heterocycle

27



[0079] During a subsequent step of separating and

-col lecting the diene polyner fromthe hydrocarbon
solvent, nore specifically, a steamstripping step, a
portion of the secondary am no group (>N Si RSR6R7
group) in which a 15 hydrogen atomis substituted wth
the triorgano-substituted silyl group of the diene
pol ymer -becomes.a secondary am no group>N-H) by the
having| a/sécondant anaimo/groap imwbicha  bydroger éiomﬁe’i@ﬂmﬁ ed

WP o oraANG S rﬁéiﬁﬁerq%wb apd it leastaste, By Giefy: @

ydabysate oteclie gowtansi pafmel Phinpgotibh Diias Tt e

e A Rl 8 Se isn f
5  HidrPpoip@er and Cdﬁﬂléﬁ dieRe pdl JatEwitivd polyunctional

present |nvent| on l ected |n tri ahy 5 fromthe

hysdiferaahan protessifor prodiaction medecﬂneReaphoryqiethe ispnjugated
reaction with a | ow nol ecul ar conpound, hydrol sa e

@ﬁeneheoIMn bayiog ameactive mdamﬁbthyrl%ﬂ mQ!B'FFﬂB"s‘PQ

tfﬂE osed of the di ggeqsge F@%?ﬁ%ﬁ
R fs@r Sl Ry ffesented

f th
10 el e 7 s el of e

uga
[0076] [Chemical formula 9]

R3
| P .
(D)n—sl—R“—-—N—S|R5R6R
ORY)y R (3)

[0077]

[Chemical formula 10)

R3,
(D) —S:|-—RB-—N—S|R5R6R7
(OR“)..,,k 9 (4)
16
[0078]
(wherein, D represents a conjugated diene polymer,
in the formula (3), R' represents an organic group containing an N
atom not adjacent to the N atom of the aminosilyl group and having a
20 molecular weight not greater than 1000, R? represents a Cs.10 hydrocarbon

group or a Cy.10 hydrocarbon group having no active hydrogen and substituted
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by the formula (5) or from1l to 99 wt.% of the

conj ugat ed di ene polynmer represented by the formula
(4) and from1l to 99 w. % of the conjugated diene

pol ymer represented by the formula (6). [0083] 15 In
the present invention, it is preferred to,

pol yneri zati on of the conjugated di ene conpound or

t he conjugated di ene conpound and the aromatic V|nyI
owittpan®, @nN driSatone RtandR® each meemnamytrﬁeregeng‘i@ 120

or the conjugated dieng Jrer With a unc na
n@zllsyifgr@up 9@5@? grovp, B¢ R ema% o3k reprRsen ? 'Byoqu or

3 BT L4 e BT e G AR i1,
C%’p{f ﬁ%% ds'fofan F‘Ré%&% 0383, a8 =3l Bny| eI d a

ene polynmer conposition in "which t

-~ conj ugate ﬁ\éjfoﬁ'ﬂﬁla({q]) YREANd RAGLEN reirberitba G1qwhydrocarbon

mol ecul ar conpound and having a nodifying group has

bﬂmppa (4§ Hytidocarbidmegrpap yWavimgtricoaddive hydrtigeneand suhstitided
| yfunctional nodifier enables inprovenment of
cwith ahl 0300 ¢S ptorn pr andrpanie geaipdiaving an Nsatopnot adjacent

Ifo ini u'_‘g Bl g1 g AmIos B ERLR PR PENIBR 5 TP GRS Ry T
b 30 BN, B RLIRe, BARORY M.y BB IS rifhie 6/

e up, 5 thiocarboxyl ate
g?%ﬁ%r&ﬁg%ﬁlocapgg the g?ogg” t hi ocar boxyl i c am de

group, [poYgpP 9roup, et hyl enei m no group, hal ogen
group, al koxysilyl group, isocyanate group

t hi ol sodyarivag 8 sgbmmmﬁsmpjgaepa'alinemdg}diaﬁl®@9£‘9me

vin group. 0084] In the cal cul ati f the nu

otpO%ewéram then drgﬁerbpaﬁ@lvegt dugre smcgiﬁe‘ﬁy agieap s ripping step,

car bon rou i thio group, ,thi

i offps Secoray e o &@-Sm%@dﬁ%ma

{e M

i aqgﬁuggsg&r@@gr G ol a5 of e
ithe B

g PGP Beco %%?“aﬁ% %‘EFWE e P we

didchbR Qﬁthb@aﬂh} at megll@y%etdwm:dlebemlymraepmmgmm the

following formula (5) or the following formula (6) is obtained.

[0080] [Chemical formula 11]
3
R
(D)n—SIi—-RL-E\I—H
(OR%,, R? (5)

[0081] [Chemical formula 12]
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15 i socyanate group, or thioisocyanate group nust be

‘regarded as bifunctional; and a phosphate group or

phosphite group nust be regarded as trifunctional.

Pol yf unctional nodifiers preferably enployed in the
present invention have, in one nolecule thereof, two
or nore functional groups, nore preferably three or
nore functional groups in total. 20 [0085] Specific
exanpl es of the gel yfunctional nodifier include

pol yglycidyl ethdts of a pol yhydric al cohol such as

et hyl ene gl y@pl_sj igRSeNV ether and gl ycerin

triglycidyl ethet v\%_ l yci dyl et egs of an aronmatic
conpound havi ng ¢ OR nore phenyl® groups such as

di gl yci dyl at ed bi sphenol A; pol yepoxy 25 conpounds
such as 1, 4-diglycidyl benzene, _
1,3,5-triglycidyl benzene, and polyepoxylated |iquid
polybutadlene epoxy-containing tertiary am nes such
as 2hl yci dyl - di phenyl et hyl ani ne and

z‘oipoﬂ'n@g&ega% SRR P or i s bt
ééh@% { Eté?%g&;fﬁieﬁ 8f the present invention collected industrially

edi am ne,

tf?drﬁ 58 Mgdrohdon st bBEbIfes hatiene copolymer by the reaction with
tetragl yci dyi - p- phenyl enedi am ne,

Chh [y mictbcubari coonpeiuing| bydrblybaheeafdhamﬁne polymer, and a polymer
tetraglvym% 1, 3- gifltggm nonet hyI c ﬁ-.edﬁg{}ﬂgpgteqhereof. The
functi gnal uch as

isgﬂrjo bl th g\%le palymer composition composed

OSBRI 99 pier o e
Sfdn'nﬁ@‘(%g aﬁB%gtt? GoSAYRG %@bbn}ugﬂédme/b@lymér represented

' T'nseed 10 Further exanples of it include

aby S/ forale(55 @R FeH 1 fo 99 at.%sf trtes.wrm.lgatbd)ﬂgesm pefener

t et raet hoxysi I ane, tetrabutoxysilane an

atépybsarited by thy mrmm(z:)am feamn dgmmr@e sAniugeted diene

group and al koxysi | group such as
NPPWG?P@SBIWGHLHW%? dermlat8X t ri et hoxysi | yl ) - 1- pr opan
eam ne,

(1, 3-di rfgpﬁ:}l butyl i dene)-3-(tri butoxysilyl)-1-propanea

et ny1 pr B3P PURSRSY Iopfon i grsfered 0. Romernzelion f o

NeBhithhtedediénd compound or the conjugated diene compound and the
aromatic vinyl compound and then react the active end of the polymer or the
conjugated diene polymer with a polyfunctional modifier before or after reacting
the active end of the polymer with the low molecular compound. By this
reaction, the polymer or a portion of the polymer is coupled with a
polyfunctional modifier to yield a conjugated diene polymer composition in
which the conjugated diene polymer reacted with the low molecular compound
and having a modifying group has been coupled with the polyfunctional
modifier. Use of the polyfunctional modifier enables improvement of cold flow

30



10

15

20

25

(triethoxysilyl)-1-propaneam ne, and
N-(3-triethoxysilyl propyl)-4,5- dihydroi mdazole.
[0087] Still further exanples of it include
i socyanat e conpounds such as 2,4- 20 tolylene
di i socyanate, 2,6-tolylene diisocyanate,
di phenyl net hane dii socyanate, diphenyl ethane
propésp aydpabeessability, 3AStHeepalgiunctionalamogifientcampilinds
further exanpl es include hal ogenated sil ane conpounds
hasirghoms or sidredoncticetal godupsr salectediftan epoky orowp, cxardeny!
silicon tetraiodide, nononmethyltrichlorosilicon,
graopoearhgkyletecaiospo sartichc amige Braup, acidanbydside greor,
25 nonohexyl trichl orosilicon,. .
phaspbata arau: Phpsplits giaipn epdiig group, thiocarbony! group,
bistrichlorosilyl&%hane; qnd hal ogenat e alko§%ﬁjlane

thiasaRAsyiRe SieUP. AtioRABEX BIE R IOHRe FHRETEPIdIaMIde group,
BGRB8t
orb TP/ Bt il elefe' FRbp TR B Bl o

terabrg@‘ﬁe, nmononet hyl trichl orotin,
rmnoet[ yltrichiorotin, 5 nonobutyltrichlorotin,

monophs e Eéicﬁ%igfwi%éitﬁé A0FhdR T h1BL oF a5 AIMEbAANGBAD,

phosphor us pol e compounds such as

eﬁdﬂyﬁ‘é}bgbpﬁé‘l@)&ﬁzi %i?u?ﬂ epithibidr 6 GBSO ME grons Smind group,

compounj ds suc ri snonyl phenyl phosphi te,
ethzienietri‘iiﬁb@”roaphhélegen @roup, eiompigeited pierieegroapd arylvinyl group,
phosphat e conpounds such as trimethyl phosphate and
ort alkexyhgifquiposgrhatkexysilgl groopshusithd fedandetias reqpofphetonal;
i ncl ude carboxyl ate conpounds such as di net hyl
carbbppate guiug barboxylip amide gronn, radid eahygidenaiGupe,
di et hyl terephthal ate, dinmethyl phthalate, and.
thipgaskexplatesarphp haithipearbaxylategiau: thiecahexylixamide group,
. conpounds such as pyronellitic anhydride gng . . )
ISQE rgﬁggqu%icgtg pagtqgrogmw regarded as bifunctional;

oG RRRUL D SRS 850 B b ipctona
Pgﬁ‘ﬁubnocrt]i\()héﬂ%%tciﬁge?is BPef%ParB?? %rrhdpﬁoiéjoc {ﬁ 2 pAfeééﬁt invention have, in
one molecule thereof, two or more functional groups, more preferably three or
more functional groups in total.

[0085]

Specific examples of the polyfunctional modifier include polyglycidyl
ethers of a polyhydric alcoho! such as ethylene giycoi diglycidy! ether and
glycerin triglycidyl ether; polyglycidyl ethers of an aromatic compound having
two or more phenyl groups such as diglycidylated bisphenol A; polyepoxy
compounds such as 1,4-diglycidylbenzene, 1,3,5-triglycidylbenzene, and
polyepoxylated liquid polybutadiene; epoxy-containing tertiary amines such as

4 4'-diglycidyl-diphenylmethylamine and 4,4'-diglycidyl-dibenzylmethylamine;
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di acet yl benzophenone and
3-acetyl propoxytrinmet hoxysil ane; aryl vinyl- containing
conmpounds such as divi nyl benzene, diisopropenyl benzene
and divinyl benzene ol i goner; and
hal ogenat ed- hydr ocar bon- cont ai ni ng conpounds 20 such
as trichl oropropane, tribronopropane,
ghicidylasiHooterhpbands sich 3s didlydidylaniiiap odiglycidyidriiotgikiidine,
| ane. They may be used either singly or in ‘
tetcagipcidgimathaxyfieSdiamiri [tgfragiytidylmmhinodiphengineethanéng a
functional group with a strong 25 affinity with
tetsaglycdylap-pheoylenpdieimine ediglytiiwarhinometbyleyclpbexane and
hexaf uncti onal pol yepoxy conmpounds or conpounds havi ng
tetrrgliicidv-bgdisaminnmetanigyaiehexanexgnd compgradphavag an
having 4 to 6 functiopal groups i.n tqtal, which are
CPRKY IS’F‘%‘-'F’ gad @negharifyrchqnial BFRYR84¢aS Bhe nol ecul er

oS e AR O i era S < P H RS o
iAoy Bl o RIS 50 AREaTRRGRR, Paoieg dubstn o

i RGP AordelBl Tondi am ne

tetra Ogg']dyl am nodi phenyl net hane,
tetragl ycidyi - p- phenyl enedi am ne,

di gl yFustnbaBkaapRIsHf icrelRizeNRE%y sTBAe compounds such as
tetragl yci dyl -1, 3- bi sam nonet hyl'cycl ohexane. These

tetpaingthoxysilama tetraethbikgsitineTtatrdiutogetiapetdmey singly or
in conbination of two or nore thereof. [0090] 10 Wen
alkyteiphehgkysiahepaad compolinds Havingsanl imimot greupraesieaikoxysilyl
invention, after pol grreri zation of the conjugated
graie seck aspb(h3-dmetindbutylifea)-3dtriethexysilydirronanaamine, N-
t he aromatic vinyl conpound, the reaction between the
(1 é?t:@imﬁ%ihlélﬁutwlﬁl@ﬂ@%ﬁ-(ﬁlﬁﬂﬂ@%"VBW-H@P@@@E&HH%MJJU nd
h%v' ng, in the nmolecule thereof, a _secondgry am go
melPylREOPYIcRRede- (rathersiuh- Loransasipe: Nralbwitana d 15

s e TR I T
: ' d at | t | k ilyl
FEAGRART 10, 0B o, = Least one el korysil

het er W;J]e

Still further examples of it include isocyanate compounds such as 2,4-
tolylene diisocyanate, 2,6-tolylene diisocyanate, diphenylmethane diisocyanate,
diphenylethane diisocyanate, and 1,3,5-benzene triisocyanate.

Still further examples include halogenated silane compounds such as
silicon tetrachloride, silicon tetrabromide, silicon tetraiodide,
monomethyitrichlorosilicon, monoethyltrichlorosilicon, monobutyltrichlorosilicon,
monohexyltrichlorosilicon, monomethyltribromosilicon, and
bistrichlorosilylethane; and halogenated alkoxysilane compounds such as

monochlorotrimethoxysilane, monobromotrimethoxysilane,
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havi ng a secondary ami no group in which a hydrogen

atomis substituted with a triorgano-substituted

silyl group and at | east one al koxysilyl group and the

20 reaction with the pol yfunctional nodifier may be

performed any order. After coupling reaction with the

pol yfunctional nodifier, the | ow nol ecul ar conpound
dnéﬁdro@lﬁnémgﬁ%d@ Hrbrbh%dirﬁamoay%r@:&méfﬂorwﬂethaimbne and

reacti on w |l ow ol ecul ar conpound, the
trisremmethgxpsitanee end may be reacted with the

pol yfunctional nodifier; or they nmay be conducted

si mul Gdthéatherexaniples irkt3udsstie baldée goppeliads sdchasdar r y

out a coupling reaction with the pol yfunctional
teinachlotide, tarierairomideampnomethdirehitirotin, coonheethgdchipratin,

the | ow nol ecul ar npound in order to produce a
meynELiiri gemoHg, @Oﬂgnbenﬂﬂmhkgpmgnad:tﬁaﬁglﬁm%anmeﬁlane;

rat| The | ow nol ecul ar co und and

pfﬁégg@&w}’q gaau ErRFUNPP IS EYCh 8kl 0959%?“‘{‘% aW

i WUQPEP%Pn@reS%ﬁeﬁt%&%atﬁ}Jn@%tw ﬁ%ﬁ%ﬂﬁeylbﬁerﬁp%gﬁﬂte-
iAo 08 AR e AR, rbA BB e blndisucn
tri%%g%ﬁﬂag@n,aﬁ wﬁéﬁglﬂggﬁ&@r ugated di ene pol ymer of

av n mance excellent in
bal an ng sufficiently |l ow hysteresis |oss,
abrasion resistance and breaking strength. Amounts

exceegtingurthdr l@npIBS indi@e bﬁﬂﬁx‘y%’[@ ce fp%ds%%ﬁ aRs

rise in nodification cost and renoval react ed

dimetisil adipzse, dibtyl adipatd, didefh fi%ph{nelétéomeﬂnﬂ%rb@h&alate
times, nore preferably from0O.1 to 2 tinmes 10 the

dimmetheyl phthalahte pnd simethyvhisephiradate] acidsamihshideesmntbingdg o
produce the conjugated di ene pol yner conposition by
coppaunsisi stiohcas pyroowaliitiyaniytirtiesarns stywmn}maﬂeiorarmdride
conj ugat ed di ene conmpound and the aromatic viny
C@@Hﬁwﬂamld%@@ﬂtm@ng@nmunﬂ@ it ag adipic bléélmﬂchh'@mlde and
grrer with the low nolecular conpound having, in

thacadig dmetudamide, &ag%@mﬁgﬂiﬁtalﬁgmn@wmﬁs 4.4-
dl???tsfgsaﬁeg%%ﬁﬂleﬁn i Shastyropasinsthny ik 2o st
oo BB YL 2 A g e, BisorrBkRRYBrorrr and
dlﬂﬁ?l‘lﬁ@n%n gl @avgﬁla%ﬁjhgiﬁgeﬁ WOEQ%Bﬂ' éBrﬂQin@\]% compounds

et erocyc g a sec no group I n
such as trichloropropane, tribromopropane, tetrachlorobutane and 3-

chloropropoxytrimethoxysilane. They may be used either singly or in
combination.

[0089]

Polyfunctional modifiers having a functional group with a strong
affinity with silica are more preferred. Tetrafunctional to hexafunctional
polyepoxy compounds or compounds having both an epoxy group and an

alkoxysilyl group and having 4 to 6 functional groups in total, which are highly
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a hydrogen atomis substituted with a
triorgano-substituted silyl group and at 20 | east one
al koxysilyl group and the pol yfunctional nodifier
respectively, and blending these two or nore nodified
pol ymer solutions within an adequate anount range.
[009q] The conjugated diene (co)polyner contains the

eﬁew)ze%wiﬁerea%,ﬁwgpmamlémg?n@@y BY¥UPIRRL k@ endrBreferred.

conj ugat ed di ene polyner of the present invention
Glycidy! thepbandsblaeing| ar theonplucotk fnavesfganiamihbegroup are more
nol ecul e thereof, a secondary am no group in which a
priefeirertend sbompoiunds Uiesrid, i tuk micldcuwe Btereof, two or three
triorgano-substituted silyl group, an organic group
diabmdygerawomraupﬁar@espa@p preferred.t hexamatesnineiudehe
secondary am no group, and at |east one al koxysilyl

teypglysidyimetacyleprdimmiseutatfadyrddaminacdiphenyimetane,
e e o
el P BRbtSR il YiRsB e mocters
by b dbo’ Ohetsily B BRI HBRS A urdiel tistgor © °°

corrpozbé'g n containing a (co)polyner conponent
reacted wth a polyfunctional nodifier, a ratio of the

(c0) PAMKBR thé BERANG ok AidRTE\E LiBed iftHeoNrBRhEFNbALion,

conmpound having a 10 secondary am no group, an organic
afr@Hlymadzaebrsf tNeadoHuidibd e €6thpband b thd\cahjoghrid

the secondary anmi no group and at | east one al koxysilyl

digne wpnipburidhend the) areimyatky vinginguesmind, dae resttivnt hetiveen the

pol yfunctional nodifier is within a range of
agiivefegrchibleyedfrand Ot/ 5wt mole’cetar coonpoypcEihaviag] in the anolecule
60/40 to 5/95, still nore preferably from70/30 to
themd, a\Rechndanyraminocyreupds whitied hydnegen atesn issubstituted with
conposition features a small cold flow property of the
a yirgaae-shhatibied sivd grouprascegsnis giaup hiptng anil atpramet
rovides, a,vul] cani zed rubber excellent in the bal ance
a‘gﬁﬁ?f& tpdpe sk atem et fa $eRNdany HTHYS PP Ad [ daast one

BhRES e BBT o R BB S £ el
having a secondary amino group in which a hydrogen atom is substituted with
a triorgano-substituted silyl group and at least one alkoxysilyl group and the
reaction with the polyfunctional modifier may be performed any order. After
coupling reaction with the polyfunctional modifier, the low molecular compound
may be reacted with the remaining active end; after reaction with the low
molecular compound, the remaining active end may be reacted with the
polyfunctional modifier; or they may be conducted simultanecusly. Itis
especially preferred to carry out a coupling reaction with the polyfunctional
modifier and then react the remaining active end with the low molecular

compound in order to produce a polymer having a functional group component
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20 The conjugat ed di ene copol yner contains the
(co) pol ymer conponent reacted with the |ow nol ecul ar
compound having, in the nolecule thereof, a secondary
am no group in which a hydrogen atom substituted with
a triorgano- substituted silyl group, an organic group
having an N atom not adjacent to the N atom of the

insehighdatiy. afhadowmuipculandomipolind Hndopslyrinktayslinhydifier may
group or the 25 | ow nol ecul ar conmpound containing a
edrdt be added én antdmaeuntef drota 0y02at0 B timeyr thepmole oftthe lactive end

hydrogen atomis substituted with a
Oftt%mcg)em%r- guenjugateddiene polymgarou preguntalesscthen (b02 times

al koxysil¥l_ lgroup and the (coQ) po%_mar. conponent 36 =
thedaglednayiaihia produse & crapeetan, whighrs ebtained by yulganization

BBt v R
A RIS T -
' i ;o i-S 108
oS8l P, OS50 07RO o i
sudPtadriss thdﬁ‘)ﬁ%‘ﬂibh QUdst QPH CanbLaAI bt ﬁﬁr%@%ﬂub@@’nc@%. The
ed t e polymer In an

added as nee 0 a solutron of 't

amBEntisPrbiepably A 065 (£8%ha mér%:ﬁﬁbf@és&’fr&ﬂ o ﬁ?!?.‘iiénes

such as net hanol, ethanol or propa an“organi c aci

théGneslec h |18$he bRATENt iriintion] iR AlSo PisEibhs tpictiebthaci d,
or water is usually enployed. In the present

conjugated aienepbiyirercomipasitch by polyengidisgtie oonjufsted diene

deashed as needed. It is the commobn practice to deash
carepalind by ths conguggtedwdiere compoondaridthecaromatic vinyl

i norgani c acid or an oxidizing agent such as hydrogen
cqrepoidideapiing Henactive end of thegegultipgarolyoeuwitbihe dow

extract nmetals and 15 then separate the water |ayer
mplgcuiET campoyrgbbaying nintthe mplesdrttheraafng sepondary amino

anti.oxi,dant may be added to the solution of the _ )
OTGHPy R YO pgin S i AHbSieRHiE adrorgano-substituted sily

ant i oxi dant. i ncl ude . phengli.c stabilizer h hor u
o8k A chantue ghau bivinR 51 Sibrastediadsiin BER REM eline
s&%n‘&gﬁéﬁ]\% E;FOCUB, tatﬁ% a‘l%é’&%neséﬁk%}s‘ﬁ% 'gr%u% é(rné) 18w molecular
compound containing a heterocycle having a secondary amino group in which
a hydrogen atom is substituted with a triorgano-substituted silyl group and at
least one alkoxysilyl group and the polyfunctional modifier respectively, and
blending these two or more modified polymer solutions within an adequate
amount range.

[0091]
The conjugated diene (co)polymer contains the (co)polymer

component obtained by reacting the conjugated diene polymer of the present
invention with the low molecular compound having, in the molecule thereof, a

secondary amino group in which a hydrogen atom is substituted with a
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manner. Exanpl es of the usable nethod include a nethod
of separating the solvent by steam stripping or the
like, filtering out the polynmer and then dehydrating
and drying to obtain the polyner; a nmethod of
concentrating the solution in a flashing tank and
then devol atilizing the concentrate using a 25 vented
trierganmdanbstmﬂtéd%ilyﬁgrbag, ah ofbarme group ﬁaﬁlhgtdd NZt59 6&27

solution by using a rumdryer or the Iike. [0095]

adjacentdo ltiye dkateht eftheesdoapidanc aminegaslp, evadtivast one
di spersing, in the nodifying-group-containing
alisorysilglgroupdir éhe lgyo hyatecular comppugd cedtainiagea heteryuyete
conposition of the present invention, a filler
haying atsegongdanm aminoggreup in wdrish ethiydgogsn aidnm isasubstituted with
nmet al oxi des and netal hydroxides.

jnorganic fillers
a {%Oég_ oruBghittiad silyl srour-ard at leashane slkaxysily! geyp in an
it Arefesaudron B eioet St S mors Bretarably £p@ 20 wt %
f4 di d dily, i form ' .
to b4, 1048 cabs o Brorive dédbed* p?&h@ﬁ&enﬁqq%ﬁ?qﬁ gntaining
= A0y K BB B8 I PEG AR BT o of e
(cORRAYRABY %Jﬁgbn@ﬁ%%?gfnﬁg% E)Iié)ﬂvp %@éﬁ:ﬁérgg%bglgﬁd P\favﬁg a

conj‘ugat e I ene ran yner w

se@@ﬁ@éiﬁéﬁ%ﬂ%?r%tuﬁpﬁﬁicfrb%b'g@ h%Uﬁ\gH"ér?E\g%;S&fnotl%dj%gent to

enbodi nmen e preSent nvent |

theN atona of i s@edribrd Ao @Fodp SAATRI Rtst @ReUikdkysilyl group to
conj ugated di ene and styrene as a nononer, a I'iving

the ¢op)pobinesr chrependramepciedn®@ith e polyfuriclional MBEMET is within a
copol ynmer of the conjugated diene and styrene is
ragge &f peeferablyfrom@5A5 tosS embre prafbratly foan@@/40ftodI05 still
organi ¢ nonol i thium conpound as an initiator. The
merespieferagyolspmnil 30 4s 95/5| Adkthinr thesaksiviestesaribet rahge, the
from-100C to OC and 20 has a 1, 4-bond: 1, 2- bond or
compRinnfeadines, a smatl kelctiny pieperty af thecpatpiner pndeixcellent
from10Q:90%to 90: 10% The bound styrene content in,
Progessehity Yreh mixing g provides a vulcanized rubber excellent in the
balance among wet skid resistance, low hysteresis loss property, abrasion
resistance and breaking strength which is the object of the present invention.
[0092]
The conjugated diene copolymer contains the (co)polymer component
reacted with the low molecular compound having, in the molecule thereof, a
secondary amino group in which a hydrogen atom substituted with a triorgano-
substituted silyl group, an organic group having an N atom not adjacent to the
N atom of the secondary amino group, and at least one alkoxysily! group or the
low molecular compound containing a heterocycle with a secondary amino
group in which a hydrogen atom is  substituted with a triorgano-substituted

silyl group and at least one alkoxysilyl group and the (co)polymer component
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0 to 50 wt.% and the styrene chain distribution in the
copol yner has nore preferably a conplete random
structure. In short, isolated styrene (one styrene
unit) avail able by deconposition with ozone anpbunts to
40 wt. % or 25 greater of the total bound styrene and
chai ned styrene (having 8 or nore styrene units

reactederittethe solgrebtiondlenddiiePing fothParolbt 8630 wk €5 8r greater,
preferably 2.5 wt.%or |less of the total bound

mareypreferabljo awk 84 ot goeatef  tThe tondpogtion hpveg.thdgea | ow
nmol ecul ar conpound having two or nore tertiary am no
cogmamnentawithoribe ahoveedescabkedxaagé ghngrovige issvuldattired rubber
foll owed by uniformm xing by stirring.
exﬁ?'ﬂ@trﬁ%m@/éﬂkﬁﬁfﬁ amenkwet Bkidaasistanoe; [ hgsteresis loss
ol yfunctional nodifier having three or nore, in
ProRersy. abspsien fesistanas agdueaking siienatht o cause a
react j Lnstantly by 5 stirring, then to the
remai &‘]I iving polymer is added a | ow nol ecul ar

one” ofhor s bYEaftn EieBlifh el ey B aden o
noBRE R g Yt of 88 nclifell| A Fiar koo /G BesEion
teRYEy. & afehPr AT 4 pRiRafs R ARG OP LIt o ofepi gci

SUER BisUdehesl agide RRiric g K i hegs
uWei ght of ?he poIrI;/:I mer irg%&@%ﬁ%&ﬁﬁ@?ﬁ?%@&employed_

depentt thg presehinggmlion ahétals e6ntHFicdtdn e PBRAner Ry W
mat eri al rubber for 15 vul cani zi ng rubber i's usuaYI y
deashed astheedebav d ia thd common prarsice o (B8R metdlsbybiiegihg
of from20 to 100. Wien the Money viscosity is high,

wader, ertasganic aaid,|an ooganit lagichodanl okializng ageni $ucki &i n
t he above-described range for facilitating a '
hygifagestpergxisiedptaierntaet with the pplymesrsalutiondei exgract metals and
%{]ocessabi ity upon kneading, dispersion of a filler
thepserafale the watesdayardberslieont.o i nproved di spersion. As
20 thﬁoﬁﬁiender oil, an aromatic oil, naphtenic oil,
par af i‘e oil and an alternative aromatic oil having

o3 a3 i B G AES Y BB heSoffon
of HPPBYer o hnlifGh ggﬁe}qPAEExampies of the antioxidant include
phenolic stabilizers, phosphorus stabilizers and sulfur stabilizers.

The polymer can be obtained from the polymer solution in a known
manner. Examples of the usable method include a method of separating the
solvent by steam stripping or the like, filtering out the polymer and then
dehydrating and drying to obtain the polymer; a method of concentrating the
solution in a flashing tank and then devolatilizing the concentrate using a
vented extruder; and a method of directly devolatilizing the solution by using a
drum dryer or the like.

[0095]
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and MES, described in Kautschuk Gunm Kunststoffe
52(12), 799(1999), and SRAE, product of Japan Energy.
An anount of the extender oil is not limted, 25 but
is usuallyl from10 to 50 parts by weight, typically
from20 to 37.5 parts by weight based on 100 parts by
wei ght of the polymer. [0099] 39 Wen the polymer

avai | Hugublly EReelRird effastsi @in e ﬁ@Ht@Vé@'&by(&iséé@mg, in the
pr esent |nvent|on is used for vul canized rub

megiffing-akdunsonfaiting xanfigated dieherpaymer @ﬂmﬁ}ugaﬁﬁi diéne
tires and antivibration rubber and footwear, a silica

palyraegeampositibhef the ppesent imvenjionp filgreskelasted from the group
reinforcing agent. Synthesic silicic 5 acid having a

copsistingyof siicaiinoegasictiess, metal oxises| andsmetaldydeoiides.y Use
preferred. As synthetic silicic acid, wet silica and

of gypthatici %la:l%a@dmaamg AGIiMary paticle Siae 020 Ag aigless asa
carbon bl agk is al so Hsable Al t hough the carbon

siligaipRrganic, Bier s espegielly Prefaredq, 'fbim'rﬁﬁ%% thﬁén"eaean be

diterRaaear i uiBTEb e fuhedné el B mifftdoas

rego%yé ity B TS hh ShE i apd g Pl AT oty °
cdnY 6r?5dH§d Rﬁtﬁftﬁbg@kegpﬁggbﬂ%ﬁgr%@( QOXH tp‘ﬁ??{s:éfagro erties.

nposi t1on
by V\El[gﬂj\j ]of the pol yner, elther one or both of froml
to 157100 '‘parts by weight of silica particles and from

1to med@@udrsoibe/c@ﬁ}u@atecp&en@aéha&nhi@@rymémwﬂmém%e
conposition, the advantage of the present” i nvention

deaeribed snare mwﬁ Btord prefiersed efiboiirméntof thedprasent
excel l ent performance of a vulcanized rubber. Mre

inggmirt.i cal ly, an inorganic filler and carbon black are
di spersed unifornmy in the conposition so that a
vul caf®@¥d rubber obtained 20 using it has less strain
dependence of storage elastic modulus. In tire tread
appl i EYYNg 2 eaniugaipd slienat aicemtieatinn aihe eopjugptrd diene

ing resitance and _wet skid resjstance and
an@?ﬂvmﬁﬁ m"ﬁ“%%ﬁ bing esniieairckdieng hasperpigmer or a living

rabag{nﬁéf 8 p{ ﬁ'{g:]ce nr%ugatggrt]jigr?e gﬁg %W)rlcalr\g I?s? (cj)b&/nec;1 tn gﬁc’ Inert
solvent in the presence of an organic monolithium compound as an initiator.
The resulting polymer has a glass transistion point of from -100°C to 0°C and
has a 1,4-bond:1,2-bond or 3,4-bond ratio, in the conjugated diene moiety, of
from 10:90% to 90:10%. The bound styrene content in the copolymer is from
0 to 50 wt.% and the styrene chain distribution in the copolymer has more
preferably a complete random structure. In short, isolated styrene (one
styrene unit) available by decomposition with ozone amounts to 40 wt.% or
greater of the total bound styrene and chained styrene (having 8 or more
styrene units connected to each other) amounts to 5 wt.% or less, preferably

2.5 wt.% or less of the total bound styrene. To a solution of the living polymer,
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so that it is suited also for tire rubber
antivibration rubber or footwear. 25 [0101] The
pol ynmer or conposition of the polymer of the present
invention is wused either singly or mxed with anot her
rubber. When it is mxed with 40 another rubber, a too
smal | proportion of the polyner of the present
a tow awdlequlail Sompotn® helkiy 0o @Qﬁ@t@tértlérydéiﬁﬁ:o@bups and one
deliver the nodification effect sufficiently.
orEnargalkexysilyl geoumistauied; fdiloeved W Libsm aixing by stPheg..
pol yi soprene rubber, enulsion polynerized
A@Fyﬁbv@y,mjpe&ﬂmmmuedcarwmﬂ of @ybelyfunstibnali madifier having three
pol yneri zed random SBR (bound styrene: from5 to 50
OWO% in total, jiof junalional greogpsds added thcabse adeaokiorbimstantly by
unit: from 10 to 80%, high-trans SBR (1,4-trans bond
StEGRA.dHEN 4P i eepavid bvieg pohwmeis addedamioromoe@esg
pol ybut adi ene, rubber, high-cis pol ybut adi ene
oI hal Gtep s wrxar@ﬁe oTPuBERt eneANMER

REREGEB, oo A SRR T BT P

S 2l R 9?2%@‘%0%%@% BB LB, cpoxy group
o@p&@éﬂﬂr Eba?ran arBro i 9 pol yreri zed random

styrene- b i ene-1soprene copol yner rubber, emulsion
pol ymmp d styrene-acrylonitril e-butadi ene copol yner
rubber, acrylonitrile-butadi ene copolymer rubber, and

hi gh- Wmhelﬁﬁaférﬁéﬂ éhfbb'dlrﬁ&ﬁi i%%rBB@&ibrP@fpé’bMﬁ]ﬁbaféﬂo&%ﬁe

and bl ock copol yners such as pol ystyrene-
blpch ghplgckieene- pol yst yrene bl ock copol yner. A proper

one is selected depending on the required

char adthermeteactiiar waigbtof thelmtylaerisi bipicaliyauptrotet s,

t he polyner of the invention and the 20 another
depenesig an is mdjcatml’t@hb-‘ﬁlngtptwmse heTe raw matedal ubber for

erns of weight ratio,, usually from1l0 to 95:90 to 5,
@P%P?b?fr IérHSﬂ@“y gdbstesbia bavea Mepreyyiscesinh{1P0°C 1+4
I n addition, reinforcing

m'&b‘gﬁﬁ),o%'fﬂ?%?ﬁ'@ﬁ@& SQ{B%B th@M%Wﬂ'wwd%hmﬁarextender
Oil\é Llﬁ%@?al/ age{i‘ Bg;usk it wﬂ-nn e a é\?e-%%gcr c? range faor facuhtatlng
a finishing step during production or improving processability upon kneading,
dispersion of a filler and various properties due to improved dispersion. As
the extender oil, an aromatic oil, naphtenic oil, paraffinic cil and an alternative
aromatic oil having a 3 wt.% or less of PCA as determined by the method of
IP346 are preferred. Examples of the alternative aromatic oil include TDAE
and MES, described in Kautschuk Gummi Kunststoffe 52(12), 799(1999), and
SRAE, product of Japan Energy. An amount of the extender oil is not limited,
but is usuallyl from 10 to 50 parts by weight, typically from 20 to 37.5 parts by
weight based on 100 parts by weight of the polymer.

[0099]
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25 [0103] The vul cani zing agent is not particularly
limted, but exanples include sulfur such as powder
sul fur, precipitated sulfur, colloidal sulfur,

i nsol ubl e sulfur 41 and highly dispersible sulfur;
sul fur halide such as sul fur nonochl oride and sulfur
di chl ori de, and organi c peroxi des such as dicunyl

per oxiggeR ik ?bfyﬁ{ér' AfalableByinensoesssifor prbdidtmest the
sulfur is preferred, wth powder sulfur being

presesGhaéhtiorPisalisyd @4 vuleahba4libbbeapplicztions fog caaeple,
is added in an anount of usually fromO.1 to 15 parts
aligmobilg ipartspehesstiles dndoantivitiration T0biperand foptwesry ke silica
more preferably from 0.5 to 5 parts by weight based |
inorgabfOfilexris préferaly gmployed as arreirifeicing sa@tn e ftvethesic silicic
[0105] Exanples of the vul canizing accelerator include
acid hewingns REMary particie sizetafiS N 185s 15 RacalyiRretared.  As
and xant hogeni ¢ acid vul cani zjng accel erators. The
swum%tmﬂkq:lﬁ@%mte%&ao@nqc sl PEe RS unt of

ot TSt by B P U S, Bpon e
BT e g il R D
e e A A

o) j apht henic, paraffinic and silicone
oK P bbpedsBisGned

s’ are sel ected depending on the using
pur poggqpdpe extender oil is added in an amount of
usually from1l to 150 parts by weight, preferably from

2 to Ife palynser dicoepasition obihe gulpiher abtyrdingto thetpresent
60 parts by wei ght based on 100 parts by 25 weight of
ivinkation ibpreferamboemplayedimpa vukcanizedwribbier camposiionmbtained

b;l gg\éii?'lg, to 100 parts by weight of the polymer, either one or both of from 1 to
100 parts by weight of silica particles and from 1 to 100 paris by weight of
carbon black.  In such a composition, the advantage of the present invention
appears as good and stable dispersion of silica and excellent performance of a
vulcanized rubber. More specifically, an inorganic filler and carbon black are
dispersed uniformly in the composition so that a vulcanized rubber obtained
using it has less strain dependence of storage elastic modulus. In tire tread
applications, the improvement in the balance of low rolling resitance and wet
skid resistance and improvement in abrasion resistance and moreover,
improvement in strength can be accomplished by the use of the composition
so that it is suited also for tire rubber, antivibration rubber or footwear.

[0101]

The polymer or composition of the polymer of the present invention is

used either singly or mixed with another rubber.  When it is mixed with
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descri bed range achi eve hi gh bal ance anong an effect
of dispersing the reinforcing agent, tensile
strength, abrasion resistance and heat resistance. 42
[0108] A conposition using, as a rubber component,
the pol ymer or the conposition of the polyner
according to the present invention may contain, in

apdtiet ratsbdroa tde sl roperioni diete polypasrasfithe preseritdmvention is
additive, for exanple, 5 filler such as cal cium
nOlapM@ beta msﬂ it doesinod d_eﬁvex’rtba cuhdmﬁfiaat_idro&ﬁfetﬂm:fﬁciently.
anti ozonant, sil ane coupl i ng agent, activator such as
Esartotes efieginatioer, rubpeo rebsdepatairal rubbiek pplyisoprend rvieber,
in a necessary amount. The conposition using, as a
etmhsmmen lp@bfm@rmﬁ $tg;em—tb@hatyi;rme erpalyreer wh%t sty of
e pol yner accordin 0 e present ipyention.can he
b SngSs o by, B35 0 B oo
in a wn, rubber kneadi. nmachi .n .aS,ro
cBRIFB4 0} A RaRSIere g crihdrB HeLIG S s SFRR 1 drtrans
th ' t j i) f
obRg st BT 416 Bty Snd LBl fan Tl e aT Bharsne O
. The..nal ) t il [ ;
oEbY e, K B LBy B SRR RS Sy bacrene
r@?lggécf)rgp %ﬁgh% p%ﬂﬁ%%\ﬁgcf}{@ﬂ%e bLlkiHe bERE LRtefEf Bito 95%),

e polymer conposition of the presen

hreeatidsitehé cBpERMidtdabBEr, ButitfemeistiRéns frigr ®abber,
scygn'posecgﬂg? frgm@gﬂto 90 r20 wt .%A) oféﬂgconj@gggl?ed di ene

sBRItvAEolERLAE6d randdin sheenelbutadiehe-dssdrene dopolymer rubber,

ot her than the | ow nol ecul ar conpound represented by
enhgsibarpolymeliied candoM styrend-HutadieAé-isaprébe wopbtyafertrbbber,

conj ugat ed di ene polyner represneted by the fornula
efid)Isiangialymetized stynemeracs)onitrilehetadiene gapelymgir sneber,

pol ymer represented by the fornula (4) and/or the
acoylenitrilesiadiate sapplygner rvbbae ang highyiny-SHRJow-viniSBR

20 to 200. Such a polynmer conposition becori%skya

capalymet BiRnst ianddioel sapei¥Aters sUel g RA IS Sper t v

p%)(ybcu?gctjigingip%?ysatlyr%%gj btfgéﬁ ggpo iyr%rt]e(re. A proper one is selected
depending on the required characteristics.

[0102]

When as rubber components, the polymer of the invention and the
another rubber are used in combination, their ratio is, in terms of weight ratio,
usually from 10 to 95:90 to 5, preferably from 20 to 90:80 to 10, more
preferably from 30 to 80:70 to 20. In addition, reinforcing agent, vuicanizing
agent, vulcanizing accelerator, vulcanizing aid, oil and the like can be added as
an additive to rubber.

[0103]

The vulcanizing agent is not particularly limited, but examples include

sulfur such as powder sulfur, precipitated sulfur, colloidal sulfur, insoluble sulfur
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pol ymer coupled with a pol yfunctional nodifier other
than the | ow nol ecul ar 43 conpound represented by the
formula (1) or (2). The conjugated di ene pol yner
conposition contains preferably from5 to 60 w.%
nore preferably from5 to 40 w. % of the conjugated

di ene polyner coupled with a polyfunctional agent

ard Righly B@Peﬁsmﬂels@mmsmu halide soge us dufiur epnoskiotidd and
the tormula (1) or (2). In particular, addition of a

s@fur ciichlibrige nprbod ahivperoxides suvk amtieamyepetdxéedeeand ditartiary
am no group as the polyfunctional nodifier is )

butyeperoxiztd.  @fcthese, sulfuz is peafetredgwith mowgier suffdi beisg
pol ymer conposition has an excellent cold flow

egpenpaivt prefercedror eover, when silica, another inorganic
filler or carbon black is 10 added to the pol yner
compodPfiP8h, the resulting conposition has good
processabiljty,  inproved di sgersi on of the si

anot heth% Meicghizing #9¢#Mtds agreddn ApGMeln Lsfiaty ipm9edo 15
Ph b RIBPrEreraNL R Ot outS RAER EF MsidHE oRirB3Biprebly from
5 BB R bR Ao R B, aefsly QP e | 22

are analyzed in the followng nmanner. [0112]
C?'T‘E Egﬁtr?d styrene content 20 A bound styrene content

(vvt.%[o\q@g determ ned from absorption of styrene at
W 254" nm Ly a phenyl group while using a chloroform

sol ut iF@nAsted of SlIBanizZhgladcelé@toShildeesutfieaamids, thiourea,
The content of a styrene single chain having one

tiibyslengithiotarbantlc acicsand gasthiogeaicaed vultavizing acceleragors.

ei ght styrene units was analyzed in accordance with
Thieyuedriizing aicc@enation js added in aPahount of pgyally7zem©dip)15
pg¥ts by weight, preferably from 0.3 to 10 parts by weight, more preferably from
0.5 to 5 parts by weight, based on 100 parts by weight of the rubber
components.

[0106]

The vulcanizing aid is not particularly limited, but stearic acid and zinc
oxide are usable.

[0107]

As the oil, aromatic, naphthenic, paraffinic and silicone extender oils
are selected depehding on the using purpose. The extender oil is added in an
amount of usually from 1 to 150 parts by weight, preferably from 2 to 100 parts
by weight, more preferably from 3 to 60 parts by weight based on 100 parts by
weight of the rubber components. Amounts of the oil within the above-

described range achieve high balance among an effect of dispersing the

reinforcing agent, tensile strength, abrasion resistance and heat resistance.
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44 deconpositing a styrene-butadi ene copol yner rubber

Wi th ozone and then subjecting the deconposed product
to gel perneation chromatography (GPC). [0114] (3)

M crostructure of a butadiene noiety 5 The

m crostructure of a butadiene noiety was determned in
accordance with a calculation fornmula of Hanpton's

met hodOfi0®m a predet erm ned absorbance by using a
carbon disulfide solution as a sanple and neasuri n%ﬁ

an i nfAaoeyospiect using,vs airnbkerrconeonsints therp@poer er the
1000 cm by using a solution cell ("FT-1R230": JASCO |
camppsitianialthe peynjeramprding o i pessent Nvestiey maecontain, in
viscosity was neasured four mnutes after

addiginade th)aheve-teseribed sempPaanEeany f@ﬂgﬁkgé%@amp'&
o ol S5 5L R
alfoharEng ouRIng Yaerf el SRE s ikl Bne aiven!
s G tefinkF ot Bk ) Biries Sl h G © 250 &

pol R E?WE%W%HQ,“% BTueSr LARELRAMLAITRObAUGANEr o the

ation ratiro By utilizing t

cBRPRSRITNQIT tRE PREIMhSr Adcordifgdbithe Prasumanaiitionam K&produced
colum using a silica gel as a filler, a chromatogram

b9fmisdnig thetgeve0@éscribeRrsomisdnerits B RHpwerubber kneading

pol ystyrene gel of (5) ("Shodex", product of Showa 25
nm2emikey sactd aa relhoobanbgnyamixef. GPC (" Col urm oven

CO 8020", product of TOSOH, detector: "RI-8021") on a

silical®Blirm ("Zorba)", product of Dupont) were

obtai ned for the sanple and | ow nol ecul ar wei ght .

i nt er ndhe spamgated g@ne polymer of the present invention is available by
the process for production of the above-described conjugated diene polymer.
The polymer of the present invention has such a constitution so that it has the
above-described advantages.

[0110]

One preferred embodiment of the polymer composition of the present
invention is a conjugated diene polymer composition composed of from 5 to 90
wt.% of a conjugated diene polymer coupled with the polyfunctional modifier
other than the low molecular compound represented by the formula (1) or (2),
and from 10 to 95 wt.% of the conjugated diene polymer represneted by the
formula {3) and/or the formula {(5) or the conjugated diene polymer represented
by the formula (4) and/or the formula (6) and having a Mooney viscosity of
from 20 to 200. Such a polymer composition becomes a copolymer
composition excellent in cold flow property by containing a conjugated diene

polymer coupled with a polyfunctional modifier other than the low molecular
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pol ystyrene and an adsorption amount to the silica

colum was cal culated from their difference, whereby
a nodification ratio was determ ned. Exanple 1 [0118]
5 Atenperature-controllabl e autoclave having an
internal volunme of 10 liter and equi pped with a
stirrer and a jacket was used as a reactor and 625 g

c&ﬁg@&ﬁ@?&ﬁ@@ent&@%yp&eﬁbﬁﬁﬁ%q’g%55@2)}59 of cycl ohexane
go

and as a pol ar substance .
2, 2- biTH2conjobard dipne palyendrrampdsiton coptainist preferably from 5
been renoved were charged in the reactor. The
td GOPErAt Mo presecibofromh® to 48 stk ofdike conjmgrtaddireg pelymer
30C. A cycl ohexane solution containing 6.75 nmol of n-
chuplgd Mithha polvisnctiopal ggenti other thanithpdewiraplegeisr cegpound
into the reactor. After starting of the reaction, the
reprapented ydheforrnelar@hef 64)- st art ed i ncreasing due to

Prfﬁht elis,lnrg%ggiagy dﬁ%ngfr%éﬁ’te}dgfppﬂgrj)bbﬁg p@ﬁ@a{?ﬁl h}% tdlecule

initjator, 50 g of butadi B f
theseab 34 b ite RAUpariT T SRS ofétefredf becdtee
triﬁ?ffj‘.qcsﬁ g'ng?go%jué/_\gxtte%rdié:rggBlfJ@Heqrbon%ostiﬁ% h52SAldRBlerdtedd flow
eftnei 300 BRFPRYE WS RE Bolneh Nt it ohearbon black is
a%é?}ft? ?ré ) érféo%ﬁ’p@éuicz\r?@hefr@éu@n@w#mnm @

i ;
on reaction. ter addition of 1.8 g of an

és%éFnﬁwmb%tFaj diSpéhfor 65tHbtdilie, pAbiverineganid filker or
the solvent was renoved, 20 whereby a

catbtrepeck wnadirpieved patioueprdpSeatigd. e A) having a
nodi fied conponent was obtained. [0119] As a result

of ana[yNin}[Bfanfdespl e A), a bound styrene content was
25 W .% a bound butadi ene content was 75%  and the
Mboney Thegrresentineéntisrewitishareinafier bgdessgbed basedfing
content of the mcrostructure of the butadi ene 'e{i(\{n is

_ DI
Ekemaplesnell shpuichbowavesrabpie indninddbel e eragephinven
Hanpton' s net hod based on the neasur rrenél.r SL#]QQS .
ek limitesiby Harar o EXAIBIEso BRBPIR A angikzea i 5 Toliduing
nodi fication ratio determ ned by GPC using a silica
TB@RFpt i on

[0112]
(1) Bound styrene content

A bound styrene content (wt.%) was determined from absorption of
styrene at UV 254 nm by a phenyl group while using a chloroform solution as a
sample.

[0113]
(2) Styrene chain

The content of a styrene single chain having one styrene unit and a
styrene long chain having a row of eight styrene units was analyzed in

accordance with the method of Tanaka, et al. (Polymer, 22, 1721(1981)) by
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colum was 83% Exanple 2 [0120] 5 In a simlar

manner to that enpl oyed for obtaining Sanple A except
for the use of

3-(4-trinmethyl silyl-1-piperazinyl)propyltriethoxysilan
e instead of
N-[3-(trinmethoxysilyl)-propyl]-N,N-diethyl-N-trinmeth
dédsmpaditieg Bastgrene Bl tddient epolymentbbec edth@zoneautd then
was perfornmed, whereby a styrene-butadi ene copol yner
sfecingethd) deasnpite preduchii gelmesmieation chremgtagsapiy (GPC).
(Sanple B), a 10 bound styrene content was 25 w.% a
bound [Pd14ldi ene content was 75% and the Money
viscosity of the polymer was 50. A 1, 2-bond content of
(Microstaicteierofa butadisme meiatyt adi ene noi ety det er mi ned

by the calculation in accordance wjth ton's,.

ot hodThmBReraBluBhee Pk adbaNEns gl Ve Gerrgasd in

i nfrared spectrophot oneter 63% and Efjcation

ageRriangRe MR Fe '0“%%'@6\,%}??{89?&’”5? m%&%'@cgﬁ@b} tion

col um _.wa 5%, EX l e_. . Lkl Ar.

Pl AR B AR RTRBI X See i op B il foftkioA asE Safiple
| . . . J f ) | _1

P bl R it 88 SRR DRl o e B oo am

' - wePi iy MI% ne, a

bgg{sgry%%%iﬁ%ha#eugofté%%% 'gorrpound, F Sﬁlm' reactor

and stjgyispg the mxture at 75C for 2 minutes,

followed by a nodification reacation by adding 11.48

(#yMbofby Jidehsity | met hyl si |yl - 1-

pi perazi nyl ) propyl triethoxysil ane, whereby a )

st yr enThbwisutisitp vasapehyured fBEr (Bantesafiey Twainute preheating at

obtained. As a result of analysis of (Sample C), a

10060 dn astyrdameecattt #i& KWw9025 wt . % a bound but adi ene

content was 75% and the Mooney viscosity of the
pol ynefO14& 49. A 1,2-bond content of the 47

m crostructure of the butadi ene |g{% det erm ned by
(bhModegudan weighhand melgeglay LAIStHPHERD on' s et hod

based Ql'rﬁetchheronr%%asgl{'ra%nv?lgts nﬁgg’slﬂrga blf(séB% using three connected

columns packed with a polystyrene gel as a filler and the molecular weight and
molecular weight distribution were calculated based on a calibration curve
plotted using standard polystyrene. Tetrahydrofuran was used as a solvent.
[0117]
(6) Modification ratio
By utilizing the adsorption property of a modified component to a GPC
column using a silica gel as a filler, a chromatogram of GPC ("HL.C-8020",
product of TOSOH) on the polystyrene gel of (5) ("Shodex", product of Showa
Denko) and a chromatogram of GPC ("Column oven CO-8020", product of
TOSOH, detector: "RI-8021") on a silica column ("Zorbax", product of Dupont)

were obtained for the sample and low-molecular weight internal standard
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an infrared spectrophotoneter was 62% and a

nodi fication ratio determned by GPC using a silica
adsorption colum was 83% 5 [Exanples 4 and 5] In a
simlar manner to that enployed for obtaining (Sanple
A), polynerization was perfornmed. Styrene-butadiene
copol yners (Sanples D and E) were obtai ned by

p@l?@@&iﬁkﬂaﬁcﬂ! enaizenstioroimbuhiidi thieesiliadcaltynemas calsutaied from
of n-butyllithium anobunt of a polar substance, and
theiradifierence, ¥héreblOa modification ratio was determined.

trimethylsilyl-21-piperazinyl)propyltriethoxysilane and
Exampbgl yci dyl - 1, 3- bi sam nonet hyl cycl ohexane to be

added after conpletion of the polynerization. The

above-[08%8) i bed preparation results are shown in Table

1. [Conparative Exa 1 0123], 15 A .

t errper%i‘?mEe@Wﬁ?ﬁﬂtﬁiagl%%?%Eilaé(\?@E}Yﬁ"\ﬂ AQ IR vele of 10

Rt S U R 4 B s
5 , .

ofE gL 2B a0, S50 5 AR 30 o OB agance
o b1 P2 Saghfphashe M HbErSSE Aot b
v%?é]ghgn}%ﬁ%ﬂin%ewéctoﬁ CIsd RNRYERRLRAhSIHE T (86 Péaritol Weis

of n- butyllithiumas a polymerization

mdintairidat 36T f eﬂc%rélbﬁeié‘rfé 56a0bA contitiag 65TRMMoIgHf rof
the reaction, the tenperature in the reactor started

bufydiitaien B8 sdpslyineriation initiatoc wesigd fritb\ihe reactor. orAfter starting
During from7 to 12 minutes after the addition of the
op they rezrctina} fhertemperatarein tHeOregicttr shanted inoneasipg due to heat
supplied at a rate of 10 25 g/nmin. The final .
indereeltat polymienizatien.r eBuriog fiosadHed 27vmutes efier the addition  of
conpl etion of the polynmnerization reaction, 4.36 I
the poymeripajiendyitiator 0 giof badinee Mﬁw&ﬂpgﬁéxﬂiﬁeﬂate:]g? 10
tetrafunctional epoxy conpound, was .ad 48, IThe )
L. o Ehe BB deTPe G e B FEGELos TRRIRG.7 1 cATSEcampletion
dification action frer additi of '
Rilie eracatinn. 1 Bamme) o Nelr ey ST pRe L B ai-
t@%%ﬁ@%@f%ﬁrg‘g}%;? g‘?qrj‘f"a?{ﬁr?e WS RN 2 Y FRREPWREdiRR at 75°C
for 5 minutes to cause a modification reaction. After addition of 1.8 g of an
antioxidant {(BHT) to the resulting polymer solution, the solvent was removed,
whereby a styrene-butadiene copolymer (Sample A) having a modified
component was obtained.

[0119]

As a result of analysis of (Sample A), a bound styrene content was 25
wt.%, a bound butadiene content was 75%, and the Mooney viscosity of the
polymer was 53. A 1,2-bend content of the microstructure of the butadiene
moiety determined by the calculation in accordance with Hampton's method

based on the measurement results using an infrared spectrophotometer was
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having a nodi fied conponent was obtained. 5 [0124] As
a result of analysis of (Sanple F), a bound styrene
content was 25 wt.% a bound butadi ene content was
75% and the Money viscosity of the polynmer was 76.
A 1, 2-bond content of the mcrostructure of the

but adi ene noiety determ ned by the calculation in
62Csand amedificatior-etiot detesmimetndGPC bsiagdh silica adsorption
measurenent results using an infrared

celpaut wapilB@faneter was 62% Wth respect to

pol ystyrene-equi val ent nol ecul ar wei ght as neasured
Esgm@ic? t he wei-ght average nol ecul ar wei ght (My) was
600000, the nunber average nol ecul ar wei ght (M) was
44000004881 mol ecul ar wei ght distribution (Mv M) was

559, A TS0 e S8Rl R0 ER e

CEBRRSS b B A FRRR e ro s rgec o
o AP SO BB AP, Bgamine
P e B b Ry s

cgkélgﬂﬂg?ggﬁmé 8y Wheaied 0 Aa @é’ﬁﬂﬂoﬁéﬁaﬂ}?siﬁ @@%TEIG?B), a

rization. [Conparative Exanple 3]

bddnd BtEehi Hohfdnt WHYE5 wit % ! & BbuRdbuedené eonteit alas T, and
(Sanpl'e F), polynerization was perforned. Using 0.68

tite Moohed- i ishty of tha pylymeropan80. Ari(R2-bofid cgpntertlof tiie
n-butyllithium a polynerization reaction was o
nuierdstiuctae of $ha\butadiemepiciety aeteriminbd bydhe walduatidromn
reaction, 4.79 mol of dinmethylim dazolidinone was .
agddetince witheHampdon's methodhasednn the meppgreatentsesulfppsing
5 m nutes, whereby a nodifi Cg;\ti on reacti on was. .
apdnfrararbepectophwtomptarwas 63% ard amedilisatinn mtiesptaemined by
added 1.8 g of an anti oxji dant g%lgp The
GPC using a silica adsorption column wa b.
Example 3 |
[0121]
in a similar manner to that employed for obtaining (Sample A),
polymerization reaction was performed. A coupling reaction was then
performed by adding 0.25 mmol of tetraglycidyl-1,3-
bisaminomethylcyclohexane, a tetrafunctional polyepoxy compound, to the
reactor and stirring the mixture at 75°C for 2 minutes, followed by a
modification reacation by adding 11.48 mmol of 3-(4-trimethylsilyl-1-
piperazinyl)propyltriethoxysilane, whereby a styrene-butadiene copolymer
(Sample C) was obtained. As a result of analysis of {Sample C), a bound
styrene content was 25 wt.%, a bound butadiene content was 75%, and the

Mooney viscosity of the polymer was 49. A 1,2-bond content of the
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5 solvent was then renoved, whereby a

styrene-but adi ene copol yner (Sanple H) having a

nodi fi ed conponent was obtained (Sanple H). As a

result of analysis of (Sanple H), a bound styrene
content was 25 wt.% a bound butadiene content was

75% and the Money viscosity of the polymer was 50.
mitréstPudtareotivetmitadiehetrheiety detesmimect oy theogalchiation in

but adi ene noi ety determ ned 10 by the calculation in
aceordancme@hwiampianp methed hased anitae swpasurement results using
nmeasurenent results using an infrared. _ . .
ag jdtared shectaphetomeler was:62% agd apedificatien satie detegmined by
determ ned by GPC using a silic dsor ption col um was
Gg@/ﬁ‘ﬁ@@ﬂhﬁ%ﬁ%@@?ﬁrﬁﬂ“&“ﬂ]wasl%?’O127] A

e rature-control |l abl e autocl ave having an internal
[EGRES grarkhS! S

T Lliter and equi pped with a stirrer _and a
boe' o o SryE matngtih B8l AheBiRaNaraftering MAAHIEAE;
BB A BRI e BB R SRS

aﬁg%)rv?&%tﬁtaingﬁgatf gﬁ?dﬁé Hﬁee?ﬂnﬁﬁh%eofoéutéai%né% &yrene,

was ‘mal nt al ne A’ cycl ohexane sol ution

aRfin® bPh M tAlthruriTBinoRht Bf a pela Subkhined ardamounts of 3-(4-

pol ynmeri zation initiator was fed into t he reactor.
trifh @iy sty a1 tpiparaziel)) bropyltesttoxgsilarienand tetreylwdidylel B

the reactor started increasing due to heat induced by
bizziminemetaticyriohdaneno be adddd afied Complalivasfdhe @olyrherization.

addition of 25 the polynerization initiator, 50 of

but adi €he alvavesigsptibed paeparatian eepfltsi@e showmin 1.

final tenperature in the reactor reached 77C. After

[CompreativerExamplent] pol yneri zation reaction, 13.5

mol of N, N. 50
bi s(t ri%e3hyl silyl)ami nopropyl trimethoxysilane was

e N eheeA A SPep s e TP S e TR ot 10
s auiphed Mt(H e Hof prde el vt 8RR REE T e o25 o
o B 2 R, PP T it B e, PGB RE P ™ poter
substance, 2,2-bis(2-oxolanyl)propane from which impurities had been
removed were charged in the reactor. The temperature inside of the reactor
was maintained at 30°C. A cyclohexane solution containing 8.72 mmol of n-
butyllithium as a polymerization initiator was fed into the reactor.  After starting
of the reaction, the temperature in the reactor started increasing due to heat
induced by polymerization. During from 7 to 12 minutes after the addition of
the polymerization initiator, 50 g of butadiene was supplied at a rate of 10
g/min. The final temperature in the reactor reached 79°C.  After completion

of the polymerization reaction, 4.36 mmol of tetraglycidyl-1,3-

bisaminomethylcyclohexane, a tetrafunctional epoxy compound, was added.
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[0128] As a result of analysis of (Sanple |I), a bound
styrene content was 25 w.% a bound butadi ene
content was 75% and the Money viscosity of the

pol ynmer was 50. A 1, 2-bond content of the

m crostructure of the butadiene 10 noi ety determ ned
by the calculation in accordance with Hanpton's nethod

Tha aidtufnwal etinfasatr ASTEnfor Batimutss iuscagsesa motfificatied reaction.
spectrophotoneter was 63. A nodification ratio

Aftiert snldifiore df b8 ¢BCanantigxidanst (Bldd) tdtberrpsiiting golliymer solution,
was 84% [Conparative Exanple 5] 15 [0129] In a
theiselvent wasesnovesl, wherekyrpl tyreneflutadipngioopalymesLpanple F)
D, a polynerization reaction was perfornmed. A
hawiag Birsedified companesh wagohiainesk ed  usi ng
3- (N-trl et hyl silyl,
N- et h)ﬁp 4% no) propyl trimet hoxysi | ane i nstead of 3-(4-

wher o 2 Tedt ataRalieaar oamblF B bou B puiit was 25
e S S T o

p&gﬁ\%? WacAs 8 %ZABQHQ c%: TR nii’ér%%ﬁﬁhﬁh‘e of tHd'Gutadiene

mer was 4 cont en

HLeﬁ ?gfér h&d % Fle cARuRioRdheiRo iﬂ’?i—%"n’fﬂtﬁﬁ‘% rﬁéthod

at1 of accordance w th Hanpton's net hod

bREELEN B H%%sﬁ?&ﬁéﬁ%mts h@ﬁ? &% irlf&ired spbcophdatbrdst@twas
spectrophot oneter was 56% and a nodification ratio

625t enitin eslsgnet t6PElysbiratge-2qsivaled moleoulr waightaismeasured
was 81% The above-descri bed preparation results are

by BR@, the Weightaderags ndliesolar urightRuwW Twas SDOCDGO] the number
[Table 1 ] 52 Ex. Ex. Ex.3 Ex. Ex. Conp. Conp.

aGuage nolepular weightt (Mribwas #4000¢ang nmleaular( \A@@arﬁwﬁtabmlon

(NEl;wl%/Ir?) v«E/ag 1(33(%_| IA\iﬁodlflcatu:)n ratio determined by GPC using a silica

adsorption column was 83%.

[Comparative Example 2]

[0125]

In a similar manner to that employed for obtaining (Sample F),
polymerization was performed. A styrene-butadiene copolymer (Sample G)
was obtained by changing the amounts of butadiene and styrene, amount of n-
butyllithium, amount of the polar substance, and amount of tetraglycidyl-1,3-
bisaminomethylcyclohexane to be added after completion of the polymerization.
[Comparative Example 3]

[0126]

In a similar manner to that employed for obtaining (Sampie F),
polymerization was performed. Using 0.68 g of 2,2-bis(2-oxolanyl)propane

and 5.63 g mmol of n-butyllithium, a polymerization reaction was performed.
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But adi ene 625 625 625 670 670 625 670 625 625 670
Amount of butadi ene 50 50 50 50 50 50 50 50 50 50
added further Styrene 225 225 225 180 180 225 180 225
225 180 n Butyllithium6.75 6.75 6.75 6.47 6.47 8.72
8.44 5.63 6.75 6.47 (mmol) Anount of polar 0.82 0.82
0.82 0.52 0.52 1.05 0.68 0.68 0.82 0.52 substance *1
Afltbdedrinpletibn-of th@pﬁ@mer&aﬁénzteaﬁtim 2279 mmel ofnol  *2

Modifier-2 13.5 - - - - - (mmol) *3 Modifier-3
dﬁneﬂtﬁylﬁnmnzéﬁdlmﬁne wigk. @dded tothe rea@tmd’p)lowqd by tiFning a 75°C

ﬁ;}z?;”; L*S Modi fier-3 13. (mmol) *6 Mdifier-4
uteso| Wherelybal nadifigation rsac@m wasgerigpmed. gJodhe
pgﬁgﬁgoiua}dtc;nothﬁg%ﬁgingg v\?a% a?c?dgdz‘l BgZ: az%n tgx%gntd' PBHT). The
solvent was then removed, whereby a styrene-butadiene copolymer (Sample
H) having a modified component was obtained (Sampie H). As a result of
analysis of (Sample H), a bound styrene content was 25 wt.%, a bound
butadiene content was 75%, and the Mooney viscosity of the polymer was 50.
A 1.2-bond content of the microstructure of the butadiene moiety determined
by the calculation in accordance with Hampton's method based on the
measurement results using an infrared spectrophotometer was 62% and a
modification ratio determined by GPC using a silica adsorption column was
81%. |
{Comparative Example 4]

[0127]

A temperature-controllable autoclave having an internal volume of 10
liter and equipped with a stirrer and a jacket was used as a reactor and 625 g
of butadiene, 225 g of styrene, 5500 g of cyclohexane and 0.82 g of, as a polar
substance, 2,2-bis(2-oxolanyl)propane from which impurities have been
removed were charged in the reactor. The temperature inside of the reactor
was maintained at 30°C. A cyclohexane solution containing 6.75 mmol of n-
butyllithium as a polymerization initiator was fed into the reactor.  After starting
of the reaction, the temperature in the reactor started increasing due to heat
induced by polymerization. During from 7 to 12 minutes after the addition of
the polymerization initiator, 50 g of butadiene was supplied at a rate of 10

g/min. The final temperature in the reactor reached 77°C.  After completion

of the polymerization reaction, 13.5 mmolof N,N-
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Bound styrene 25 25 25 20 20 25 20 25 25 20 content
1,2-Vinyl bond 62 63 62 55 56 62 55 62 63 56 content
% Wei ght average nolecular _ 60 55 - - weight (Mw)
unit: 10000 MNunber average nolecular -- - - -- -
44 41 - - - weight (W) unit: 10000 MM Mn - - - - -
1.36 1.34 - - *1: 2,2-Bis(2-oxol anyl)propane *2:
bikgtrineahyleilydmiboprdpystanietieom/silzhe wasodddeahio the:reactor. The
N-[3-(Trinmethoxysilyl)-propyl]-N,N -diethyl-N-trinmeth
mikisré wasetinadeat! 75>C 68 Sdnhanites; wheteby a modification reaction was
3-(4-Trinethylsilyl-1-piperazinyl) progi/_ll triethoxysilan
effected; Bifter vbditiom of 428 i ofi aroartioxédant (BHT) to the resulting
N, N- Bi sgt_ri met hyl si | yl ) am nopropyl tri met hoxysil ane *7:
pelymersalutiam fne splyent wasremovarh whpays stengbriadiene
lane 54 [01311 ) e .
copolymer (Sample 1) having a modified component was obtained.

[0128]

As a result of analysis of (Sample 1), a bound styrene content was 25
wt.%, a bound butadiene content was 75%, and the Mooney viscosity of the
polymer was 50. A 1,2-bond content of the microstructure of the butadiene
moiety determined by the calculation in accordance with Hampton's method
based on the measurement resuits using an infrared spectrophotometer was
63. A modification ratio determined by GPC using a silica adsorption column
was 84%.

[Comparative Example 5]

[0129]

In a similar manner to that employed for obtaining (Sample D), a
polymerization reaction was performed. A modification reaction was effected
using 3-(N-trimethylsilyl, N-ethyl-amino)propyitrimethoxysilane instead of 3-(4-
trimethylsilyl-1-piperazinyl)propyltriethoxysilane, whereby a styrene-butadiene
copolymer (Sample J) was obtained. As a result of analysis of (Sample J), a
bound styrene content was 20 wt.%, a bound butadiene content was 80%, and
the Mooney viscosity of the polymer was 49. A 1,2-bond content of the
microstructure of the butadiene moiety determined by the calculation in
accordance with Hampton's method based on the measurement resuilts using
an infrared spectrophotometer was 56% and a moedification ratio determined by
GPC using a silica adsorption column was 81%.

The above-described preparation results are shown in Table 1.
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[ Exanmpl e 6] [0132] Two autocl aves each having an
internal volune of 10 liter, having an 5 inlet at the
ABBDt LIR1BBCIUTYE: at the top, and equipped with a
stirrer and a tenperature controlling jacket were
connected in series as reactors and a static m xer
was di sposed between these two reactors. Butadiene,
st yr erne13@)dabehexane whose inpurities have been
renoved in advance were mxed at rates of 13.0 g/ mn,
7 g/mn, and 97.6 g/mn, respesctively. The resulting
10 m xed sol uti on was passed through a dehydrati on
colum filled with active alumina. In order to renove
inmpurities further, the solution was m xed at a rate
of 0.003 g/mn (0.0469 nmol) with n-butyllithiumin a
static mxer imrediatelly upstreamof the first
reactor and then, the mi xture was continuously fed to
the bottomof the first reactor.
2, 2- Bi s(2-oxol anyl ) propane 15 as a pol ar substance and
n-butyllithiumas a polynerization initiator were fed
to the bottomof the first reactor at rates of 0.013
g/mn and 0.0074 g/mn (0.116 nol), respectively. The
tenperature inside the reactor was mai ntained at 85C.
The pol yner sol ution was taken out continuously from
the top portion of the first reactor and then fed to
the second reactor. The rate of 20 polynerization at
the outlet of the first reactor reached about 10%
[0133] Wiile maintaining the tenperature of the second
reactor at 80C, 3-
(4-trinmethylsilyl-21-piperazinyl)propyltriethoxysilane
was added at a rate of 0.232 mol/mn fromthe bottom
of the second reactor, whereby a nodification 25
reacti on was performed. To the resulting nodified
pol ymer solution was added 0.05 g/ m n (n-hexane
sol ution) continuously to conplete the nodification
reacti on. The sol vent was then renoved, whereby a
nodi fi ed 55 copol yner was obtai ned. The nodified
copol ynmer had a Mooney viscosity of 125. To the
resul ting copolyner solution was added 37.5 parts by
wei ght of
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an aromatic oil ("X-140", product of Japan Energy)
based on 100 parts by weight of the polyner to yield
an oil extended polyner (Sanple K). 5 [0134] The

oi | -extended pol yner thus obtained had a Mboney
viscosity of 55. Analysis of (Sanple K) has reveal ed

tnat a peynay gk yrene, ¢eRT enEx. o Coimp. | Compl yOBrhp! Bp.YJoComp.
and a baynd jaut adifEn® |aqontlemt \vas. P5PExAR 1] BxIBondEx. 4 | Ex. 5

sampleent [ a But a@ eneg g det pGM nepHby || J

D! [eg Y

BORAdERe atjl on pased f 10, jreagyreneppt . result s usjng

| (@n i nf r arl®€d s??eﬁ:t gsghc{égﬂet@:ﬁei ﬁbj%ccagz%nceg%.thu&tshe 670
Ahm(b cﬂgf?_ mét hod vvlas 38% he2 md:? cat | _03 rati odof
bltagen®di|f e opql ynmer. wals wi deky an
s ont 1/Gal | 59 0se8 1 1 Phe sEob 8P ndiERtry o o0 |50
fietheefadl 4 coppl yner having g hi gh nol ecul ar | wei ght

Styhetie (g .| Z25h] p¥6 V2aBey 1805 180s¢ @85t v | 180 adyafre, 225 180

nbecause it fphcilijtateg productiion of |the cppol yner
Batytithiim |SiTE PQIEN6. T qdetds| fig7 |i8i72i s| Bfaflect BP& .75 |6.47

(mmptovi g prpcesgabilijty such as mxing with a filler

Aorountedr gvi ng| per fior marjce dpe t¢ i nprovement of

pdiasper si %182 Dh a3 |fd dd e‘rjo_52[ Ex aamli&5/] I@,%f[ gla@h Afbepr | 0.52
W -1, 3]

splisdansee As’ obt ai ngd, tpetraglyci dy
| (@ 5ani ndnet hyl cydl ochexane pas added at a rhte of

Mpdi®61 nrol / fri n tiqy e . copgbymayaesol| utdzon|tl ow hg .

(mmebi*Audusl ylin tlhe stlaticlm xer di sposed bhetweeh—t-he

Protve

Madifier-2 andysecond |reactjars and tthey wgre mixed infthe |-
(@meli"™® i xer| Tha 25 rbdif atign readtion wth

ModifierBr i et hyhas | 1148 | 12.9 | 11.0 | -

(@mol)l*g'1_ pipetrazi-Avi)priopnvl tri etthoxvsiH-ane -4+he
: g o PAMNY AL Sl o P e LA A “ 2
eact or wgs. conftdi nued. Af-ter tthe reaatddon] - -
lgab! b —a—ahti-exi-tdantBHH1was—agded
- usly to |the npdified gol ymer sol ufion tp186

cpul-et-e-t-hetrpdiHH-cati-en—eachi-on—the—selrvent—pas
"F‘?‘@ﬁ, enpved|to yield p nmpdifiled copol ynerl. The 12.9
(Wﬂfi.ed copolyrer—thus—ebtained—hadra—boney

'@?@rﬁg‘?'} venf | B58.| 80 thes r ¢82l t|ig%g cqpdl yna8lisol (Bdon | 81
00 el 37. 5—papr sy

rooney 53 (50 |65 (52 |63 |76 73 50 50 49
viscosity

Bound

styrene 25 25 25 20 20 25 20 25 25 20
content (%)

1,2-Vinyl

bond 62 63 62 55 56 62 55 62 63 56
content (%)

Weight

average

molecular ) ) ) ) ) 60 55 ) } )
weight

(Mw) unit;

10000

Number

average

molecular - - - - - 44 41 - - -
weight (Mn)

unit: 10000

Mw/Mn - - - 1.36 1.34 - - -

*1: 2,2-Bis(2-oxolanyl)propane
*2: Tetraglycidyl-1,3-bisaminomethyicyclohexane .
*3: N-[3-(Trimethoxysilyl)-propyl]-N,N'-diethyl-N'-trimethylsilyl-ethane-1,2-
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wei ght of an aromatic oil ("X-140", product of Japan
Energy) based on 100 5 parts by wei ght of the pol yner
to yield an oil extended copolynmer (Sanple L). The
oi | -extended copol yner thus obtained had a Mooney
viscosity of 70. A bound styrene content and a
dladieond content of the butadi ene noiety were equa
“H03 i HoREmethy (SBRPpipetazinyhpropytiriéinoxysitamer at i o of the
“spDirhewdylicidedofidezionsas 81 % 10 [ Exanpl es 8 and 9]
“BONAGIBis(trimeatyilsiiyi ) aminepropylittimetoxysidane oyed for the
*i6r 3 bk Btimethydsily{, duetihyd-axyinojprogdirpnethoxysilane

pol ynmeri zati on and nodification reaction were
performed, whereby oil-extended styrene-butadi ene
copolyners (Sanple Mand Sanple 15 N) different in
anounts of styrene, butadiene, n-butyllithium polar
subst ance, and

tetragl yci dyl -1, 3- bi sam nonet hyl cycl ohexane and
3-(4-trinmethylsilyl-1-

pi perazi nyl ) propyltriethoxysilane to be added upon
conpl etion of the polynerization were obtained
(Sanples Mand N). The above-descri bed preparation
results are shown in Table 2. 20 [0137] According to
the anal ysis results of styrene chains by
deconposition of (Sanple K) and (Sanple L) with
ozone, their contents of styrene single chain having
one styrene unit were 54% and 44% respectively, in
the whole styrene, while contents of styrene |ong
chain having at |east 8 styrene units 25 connected to
each other were 2.3%and 2.4% respectively.

[ Conparative Exanple 6] [0138] 57 Two autocl aves each
having an internal volunme of 10 liter, having an
inlet at the bottomand an outlet at the top and

equi pped with a stirrer and a tenperature controlling
j acket were connected in series as reactors and a
static m xer was di sposed between these two reactors.
But adi ene, styrene
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5 and n-hexane whose inpurities had been renoved in
advance were mxed at rates of 13.0 g/mn, 7 g/ mn,
and 97.6 g/mn, respesctively. The resulting mxture
was passed through a dehydration columm filled with
active alumna. |In order to renove inpurities
further, the solution was m xed at a rate of 0.003

glmn 0@31)}469 nmmol) with n-butyllithiumin a static
m xer inmedi atelly upstream 10 of the first reactor

[Exathglééh, the mixture was continuously fed to the
bottomof the first reactor.

2, 2- Bi[8t22]oxol anyl ) propane as a pol ar substance and n-

butyllithiumas a polynerization initiator were fed to

t he bobwaautsiclaves gaghshaving apteiernag! olinag obfl Odlt@fléavmg an
mn and 0.0090 g/mn (0.141 nmol ),. res

i"%t@*ﬁ'@%ﬁ@ﬂgm@@ pHisll e tame a%eaeﬁppﬁagﬁﬁ%@ Shirbhend a
t 85C. Th 5 | ut t
RRRERSSY® Findiacied Y638 e OEkﬁ%fsé’*ﬁé 3Py 206

hen fe

S@HE misSripg %5@%8?3%6 t\?ﬁégqﬂ?éﬁoﬁ@ P‘%ﬁd " BIEERE e
a%@'ﬁ égaln%tw%sé ng’ﬁplﬁljlt el hé&gegﬁ | va E‘ggwa%ﬂel%dﬁ%d at

anount active point

rfibL Bf 1%@% ﬁ/bT mlrfj1 andey b1 B??ﬁﬁn ré&?es%ﬁlvéfym T‘h%sresuitlng

renove ey viscosity was neasured. 20 T

mpRRPENIREN Ws%éhs@@%fd@ﬁé G@hybﬁéﬁoﬁ%ﬂjrﬂﬁ Q‘illb@dvm active
Mboney vi scosity of The rate of polynerization at

alupgin@ut krebrdar té i‘@mfwé ahpuﬁa@s furtHezabesblutappwas imirée by a
100% [0139] While namintaining the tenperature of the

rate f 00T gmhiar(004630@mol R&ith n-butyllithium in a static mixer

tetragl yci dyl -1, 3- bi sam nonet hyl cycl ohexane, a
irmeriEtehcupsirasm b tiye ficst yeadiopaod themdbe Aintide aasa

rate of 0.071 mml/min fromthe bottomof the second
coatimiasly taddodbe bettepypf inedirsbreacierct 2@21-3\}%(8 -oxolanyl)propane

performed. To the 58 resulting nodified tg? %rps
ag @ Q@'ﬁbﬁubﬁgn%a% rebaislligainm.asg A-nplyasezataruinitigter wete fed to

antioxid cont i nyousl| |l e .
o B R 6R TAEAF DAL Aot DGR DR 4 arin(p 116

ereb co oI S.obtain
%h.rﬁ%%&w%@m T e e S v RIS g Mantaingg a
h r .

85art o 1By R R sTRREh VERRREN L4 nféﬂ?e%%%ﬁ?"%% portion
of the first reactor and then fed to the second reactor. The rate of
polymerization at the outlet of the first reactor reached about 10%.

[0133]

While maintaining the temperature of the second reactor at 80°C, 3-
(4-trimethylsilyl-1-piperazinyl)propyltriethoxysilane was added at a rate of
0.232 mmol/min from the bottom of the second reactor, whereby a modification
reaction was performed. To the resulting modified polymer solution was
added 0.05 g/min (n-hexane solution) continuously to complete the

modification reaction. The solvent was then removed, whereby a modified
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product of Japan Energy) based on 100 parts by wei ght
of the polyner to yield an oil extended pol yner
(Sanple 0). The oil - extended pol yner thus obtai ned

had a Mooney viscosity of 72. Analysis of (Sanple 0)
has revealed that a bound styrene content of the
copol ynmer was 35% and a bound but adi ene 10 content was

cOpofymer Wb &Siaﬁlwe@o mFPfét mB&fi@dbﬁHp@Wn@ét%é@B%doﬁ@y viscosity of
detérm ned by calculation in accordance with the

1PBPreths réRiitrfchesipmep Bolution wansddedBnis partsiby selight of
using an infrared spectorphotoneter was 38% A weight

af\eromgtic il (Scul4ar, predgbt of(qu)araEnlengqn bas¢don 100 parts by
di stribution (Mv M1) as neasured GPC using THE as
weighdlof ¢éhe pabyrmerdogieid 2amail extended@pécmerv@qmpl@%ﬁhe
nodi fication ratio of the nodified copol yner was 82%
[ Conpald3¥ye Exanple 7] [0140] In a simlar manner to
t hat enﬁl oyed for the '

t|or I 0 )
ooty et e e RouTar dats GhiTAR hed AigaRey Viscosity of 55

Areron B i R a s e MeBA T Sty saney cantnet 9fhe
CBBP@E%J@%% ﬁﬁ rﬁa bﬁﬂﬁt’ﬂ}%@%&e%%’éﬁftl \Msﬁ gf)”} m P?ﬁ“% bond
cég é‘@%%‘:&ﬂ%leﬁ?ﬁ ﬁf"ﬁ} HgﬁWr}@cﬂﬁgﬁm% b&sfon the

upon coO rizati on was

n‘?%ﬁ]r@ﬁ\%n%}%‘?g@gﬁﬂ?gzgﬁsh‘gf’% dﬁ h@idnﬁ’étef ﬁﬁééécﬁrdéﬁ@e with

own 1 n

th& HatnMBRR: metoe: wa§>38%5 EI‘he ﬁ‘uoo@d’ﬂ!ioﬁ r&tlb o”f/ltlrhé Eho‘aiﬁiéd
Butadiene /mn 13 13 15 15 13 15 Styrene /m 7.0 7.0

o’ép@ & Wwadsdud n-Butyllithium (nmol/nmin) 0.116 0.116

0 0.100 0.141 0.134 Amount of polar substance

0 _013 0. i WadelyGidal coriv2mtionahbused2othe rubber industry to oil-

extend a copolymer having a high molecular weight, that is, a high Mooney
viscosity in advance, because it facilitates production of the copolymer and, in
subsequent processing, it is effective for improving processability such as
mixing with a filler or improving performance due to improvement of dispersion
of afiller.
[Example 7]

[0135]

After (Sample K) was obtained, tetraglycidyl-1,3-
bisaminomethylcyclohexane was added at a rate of 0.0061 mmol/min to the
copolymer solution flowing continuously in the static mixer disposed between
the first and second reactors and they were mixed in the static mixer. The
modifiation reaction with 3-(4-trimethylsilyl-1-piperazinyl)propyltriethoxysilane
in the second reactor was continued. After the reaction became stable, an

antioxidant (BHT) was added constinuously to the modified polymer solution to
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(g/mn) *1 Mdifier-1 moUnmn *2 - 0.0061 - 0.0053
0.071 0.067 Modifier-3 mmol/mn *3 0.232 0.232 0.200
0.200 - - Moudification ratio 82 81 81 81 82 78 Mooney
viscosity before oil 125 158 120 153 163 160

extention 37.5 parts by weight oil 55.0 70 53 67 72 70
ext ensi on Mooney viscosity Bound styrene content (%

cogfga%é he rgédﬁgﬁ% rdactiohl nyrhekéwbrﬁ watsemten(r%@no?&daa védd a

64 Wi ght average nol ecul ar - -
mMﬁSBonbMMné#m The Hi6@feblospelynterehag ebtmrh@ct hbdra Mooney

- 44 45 weight (Mh) Unit: 10000 MV M1 - - - - 2.1 2.1
vnﬁdﬁt?mﬁ? 1$8ngITe thé aesulﬂﬁ@ chgolyméd solution vBas added Bérfgparts by
chain (%9 2.3 - 2.4 - - - *1. 2, 2-B is(2-oxol

weight <)>fparmpmraaﬁ<20|l ("X 140", product of Japan Energy) based on 100
Tetragl yci dyl -1, 3- bi sam nonet hyl cycl ohexane *3

pﬁ? wemit ;vym? p9iymer|do wea;l%mﬁ@ea@g@ ppp@wﬁ@a@ample L).

i gioxienced copem Lot B AL & Moansy Ve O 70 A

o °@gé&ezaq@28% R S
Sé Itqaé,se pIL%A'S}I'he 1}_ %thn ?Atloc&ﬁﬂlayrﬂgaaﬂgg 0

copolymer was 81%.

[Examples 8 and 9]

[0136]

in a similar manner to that employed for the preparation of (Sample K)
or (Sample L), polymerization and modification reaction were performed,
whereby oil-extended styrene-butadiene copolymers (Sample M and Sample
N) different in amounts of styrene, butadiene, n-butyilithium, polar substance,
and tetraglycidyl-1,3-bisaminomethylcyciohexane and 3-(4-trimethylsilyl-1-
piperazinyl)propyltriethoxysilane to be added upon completion of the
polymerization were obtained (Samples M and N).

The above-described preparation results are shown in Table 2.

[0137]

According to the analysis results of styrene chains by decomposition
of (Sample K) and (Sample L) with ozone, their contents of styrene single
chain having one styrene unit were 54% and 44%, respectively, in the whole
styrene, while contents of styrene long chain having at least 8 styrene units
connected to each other were 2.3% and 2.4%, respectively.

[Comparative Example 6]

[0138]
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Nat ural rubber 30.0 parts by weight Silia ("Utrasi
VN3", product of Degussa) 45.0 parts by weight Carbon
("Seast KH', product of Tokai Carbon) 5.0 parts by

wei ght Silane coupling agent ("Si 69", product of
Degussa) 4.5 parts by weight Aromatic oil ("X140",
product of Japan Energy) 5.0 parts by weight Zinc

whi t e.T%oOamua%e%acﬁqwé%;sﬁ intSirRAVbIunee b1 Jierphatiag an

by wei ght Antioxidant (N-1sopropyl-N -phenyl-p- 1.0
inkRAGt hdwottdhemd anedieratthy tuphotitequippddwith astiseartand a

by wei ght Wul cani zi ng accel erator (N-cycl ohexyl - 2-
tefnpratené sohirollihgiacket mery lconhéetedrin dejiendisgractors and a

Vul cani zi ng accel erator (di phenyl guanidine) 1.5 parts
sthiic mikgrghas disposed bedwdepthess two IRACHITS. P%Jlﬂ?ne. styrene

Keadi ng was perfornmed in the foll ow ng nner. | n an
anhotesadekvhesteimpuriteshiagd been (BrROVe B BIYRNCE e mEed at

with a thernostat, a raw paterial rubher f%hler :
reges pf 3. Ogitninaf BORIND pggk%?’.s 8("@% gespeschvely. e resulting
mixture was passed through a dehydration column filled with active alumina.
In order to remove impurities further, the solution was mixed at a rate of 0.003
g/min {0.0469 mmol) with n-butyllithium in a static mixer immediatelly upstream
of the first reactor and then, the mixture was continuously fed to the bottom  of
the first reactor.  2,2-Bis(2-oxolanyl)propane as a polar substance and n-
butyllithium as a polymerization initiator were fed to the bottom of the first
reactor at rates of 0.015 g/min and 0.0090 g/min (0.141 mmol), respectively.
The temperature inside of the reactor was maintained at 85°C. The polymer
solution was taken out continuously from the top portion of the first reactor and
then fed to the second reactor. When the reaction in the first reactor was
stable, it was sampled from the outlet of the first reactor and ethanol was
added in an amount enough for deactivating the active point. ~ After addition of
a stabilizer, the solvent was removed and Mooney viscosity was measured.
The copolymer before modification thus obtained had a Mooney viscosity of 83.
The rate of polymerization at the outlet of the first reactor reached
approximately 100%.

[0139]
While maintaining the temperature of the second reactor at 80°C,

tetraglycidyl-1,3-bisaminomethylcyclohexane, a tetrafunctional polyepoxy
compound, was added at a rate of 0.071 mmol/min from the bottom of the

second reactor, whereby a modification reaction was performed. To the
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5 coupling agent, aromatic oil, zinc white and stearic
acid were kneaded as the first-stage kneadi ng under
the conditions of a filling ratio of 65% and rotation
nunber of the rotor of 50/57 rpm Upon kneading, the
tenperature of the enclosed m xer was controlled and
rubber conpositions were obtained at a discharge

rels@NPe abdified(pBlyher olubbn Wazradddl 0.051H01h (i-Berbhe solution)
cooling of the m xture thus obtained to room

oft @vtioxichant { BHT conintiously tmoompiete doel evbdificationgeacation.  The
t hen, kneadi ng was conducted again as the )

saleeninsas thererdamesat, whareby apnodiiedicopelymerwas obtained. The
Also in this case, the discharge tenmperature .

modified capolymer hag aveaney viscomty o163 1Epthespsuiting
tenperature control of the m xer. 15 After cooljng,,, "

cepplymer salutignovasadded 3g-Sparts By waightgfap HOBRlIOLEX-140"

preftuct 8bdaean ENeradd Beeies ThBaRS Bt AT Ba g o vield
o B bR (AR, b Bady BRI Sbineo
A SHEEHED SIS P72 ASURLT St Sl et
R e L
cONERL TRl e IRFRNChrERUS ébﬁ!&@?é(jﬁ@@o?@ alstbimined

square pieces of about 1 mmand placed in a rris's

b aaliatiorpfieactordarideOwite e MentdtonsIhgthodessediore thes
were wei ghed. After imrersion in toluene for 24

nsasusemeheresulis dydrsing aanafravedgpedtarghbtometer matsi 38%f A
the rubber bound to the filler to the rubber amount in
wieightfavesagd heneculasweight dviwi) e moteoularaistibution giiwide) as
rubber bound to the filler calculated in 10 _
messsirek bxtGRE using Mk Faavarsolvent wase 82000Rand Adi respectively.
di ssolved in toluene. [0146] (2) Tensil S t est
The modification ratio of the modified copolymer was 82%.
[Comparative Example 7]
[0140]
In a similar manner to that employed for the preparation of (Sample
0), polymerization and modiﬁcation reactions were performed, whereby an oil-
extended styrene-butadiene copolymer (Sample P) different in amounts of
styrene, butadiene, n-butyllithium, and polar substance and an amount of
tetraglycidyl-1,3-bisaminomethylcyclohexane to be added upon completion of
the polymerization was obtained.

The above-described preparation results are shown in Table 2.

[0141]
[Table 2]
Comp. | Comp.
Ex. 6 Ex. 7 Ex. 8 Ex. 9 Ex 6 Ex. 7
Sample K L M M O P
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Tensile test was perforned in accordance with the
tensile test nmethod of JIS K6251. 15 [0147] (3)
Measurenment of viscoelasticity Using an ARES

vi scoel asticity tester manufactured by Rheonetric,

vi scoel asti ci ty was neasured using a torsion system at

Baladib R IGRAR 10 HZ 1z The THayne &fg ecl[ {85 133 15

Stwéﬁ ﬁm gRCE Wetyeen g e 2Psa ni Mg and 5.0
n 8%l VAnBfmingt 2 P13 N (@ 1167 0. Pool [ 0.188%0 oWa&n [ 0.134

.|-' S smai T er, the (d spersion_oif the
A TP E e |1 [a0n3 11,001, .| 9idn |pg2s | 0015 |00

Moginel ERRRIAINMLE Tan B.1s Nijgisge1 [he rubbeoss | 0.071 | 0.067

MG@iﬂE’rQ‘ﬁn*nHol?:‘?ein Ras pet | er3vel vki2d resest aoeeo (grip -

MBEFEfiohvalet) - VWen thezxhi gl gdb tenperat ige Tang2 Is | 78

MbONE/ viscbiify defdfpef! {1 0N _Nas [T ess hysteres ['ods _and
eitgw@hw c:r oFyI i ng resi st dfte di*ofirek ?20[ hatf 15% \?gr 160

37 HeEAL 6{Gh48] 62 urene of bour
eitagndﬂmg%b@a@d r &é#l ern at b vva\;%?reaSL(rji@d by 0

BbdrRl duprBliecdnydit (%) ebolisgd redids encp2s estilag net]lssd i nf 25

1 64y Beraceniant (%)) S KB855. | 380149] 65 (5) 6kkcat |38 | d- s

WéRmS Bvezagu holeaarmade [usi ng |a Goodfich fl exonetles, at pgs
weighe®iv)unitmoober of 1800 rpm strpke of {0.225 i%c

Numbelr averdge npaketuterand | measurfenent | startiing tenpgr aiurgs
weighbMa) Uniteidoeat bui l|d-up was _ind| catedby a

Mi/fiherence in tenperature |at whi th thel|reasurleghknt | 2.1

Stysehesingtd ahdina(d) t enperddt urel after} 440 20-mi nutjes. -

SlyteheGdng dhain (#Rr on abnasi on [|-oss Ab24dsi on-resi st-ance | -

~yvers 2 Hid@-8xolBMyliEdpahENg an abrasion | oss at
*2: Tetraglycidyl-1,3-bisaminomethylcyclohexane
*3: 3-(4-Timethylsilyl-1-piperazinyl)propyltriethoxysilane

[0142]
[Examples 10 to 14, and Comparative Examples 8 to 12]

Rubber compositions having the composition shown in Table 3 were
obtained using samples (Sample A to Sample J) shown in Table 1 as raw

material rubber.

[0143]
{Table 3]

Copolymer 70.0 parts by
weight

Natural rubber 30.0 parts by
weight

Silia ("Ultrasil VN3", product of Degussa) 45 0 parts by
weight

Carbon ("Seast KH", product of Tokai Carbon) 5.0 parts by
weight

Silane coupling agent ("Si69", product of Degussa) 4.5 parts by
weight

Aromatic oil ("X140", product of Japan Energy) 5.0 parts by
weight

Zinc white 3.0 parts by
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3000 rotations under a | oad of 6 pounds by using an
Akron abrasion tester. 15 As the index is higher, the
abrasion loss is snmaller and nore preferable. [0051]

[ Table 4] 63 Ex. Ex. EX. Ex. Ex. Conp. Conp. Conp.
Conp. Conp. 10 11 12 13 14 Ex.8 Ex 9 Ex.10 Ex. 11

Ex. 12 Copolyner ABCDEF GHI Mooney wwégﬁﬁlty
64 66 64d67 62 67 76 64 63 of blend Boun by
62 %QP%‘%', 64 43 41 52 54 52 content 300%%@ us
12.4 12.8 13.0.11.6 11.6 12.6 11.0 13.2 12.5
Tenﬁﬂtl@X'dgnF AidsapropylgN2BhendP-2 20.3 20.4 20

21. phenylenediamingh 50C Rebound 68.5 69.5 69. ‘b‘e

71. Sulfero 65.0 65.0 65.0 67.5 resilience (% Hé &)aftsby
build- 20.0 19.0 19.0 17.0 17.5 23.0 21.5 21.%efghto
20. Quicarfizifgestlenator (Nicytmesyli27 134 129 150.01partsDP

113 11gedZAhik2dlsulfémataide) weight
Vulcanizing accelerator (diphenylguanidine) 1.5 parts by
weight
Total : 169.4 parts by
weight
{0144]

Keading was performed in the following manner.

In an enclosed kneader (internal volume; 0.3 liter) equipped with a
thermostat, a raw material rubber, filler (silica and carbon black), organosiiane
coupling agent, aromatic oil, zinc white and stearic acid were kneaded as the
first-stage kneading under the conditions of a filling ratio of 65% and rotation
number of the rotor of 50/57 rpm. Upon kneading, the temperature of the
enclosed mixer was controlled and rubber compositions were obtained at a
discharge temperature (mixture) of from 155 to 160°C.

After cooling of the mixture thus obtained to room temperature, an
antioxidant was added thereto and then, kneading was conducted again as the
second—stag.e kneading to improve dispersion of silica. Also in this case, the
discharge temperature (mixture) was adjusted to from 155 to 160°C by the
temperature control of the mixer.

After cooling, sulfur and a vulcanizing accelerator were kneaded as
the third-stage kneading in an open roil set at 70°C.

The resulting kneaded mass was molded and vulcanized using a
vulcanizing press at 160°C for a predetermined time. Physical properties were
measured and measurement results  of the physical properties are shown in

Table 4.
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0C Tans 0.648 0.690 0.68 0.367 0.37 0.552 0.347 0.565
0.616 0.350 (strain 1% 50C Tans 0.073 0.066 0.068
0.048 0.053 0.110 0.098 0.096 0.093 0.076 (strain 3%
50C G M 2.57 2.30 2.40 2.02 2.21 3.82 3.18 3.10 2.80
2.66 (strain 3% 50C 0.58 0.33 0.45 0.30 0.42 1.40
1.30 1.21 0.85 0.70 AG M 64 [0152] As shown in
Exanpleg48p to 14 in Table 4, it is apparent that in
silica containing conpositions, the conjugated diene
pol y meprydicSinRopertieecmasrd mgasuredtin ¢he fallpenng marseri on

feature an increased bound rubber content, inproved 5
(BiBowrad dibbieeCortentni t h smal | Payne effect, small
hysteresis loss with |ow Tans at high- tenperature
and | oWhe blerichgaboet D2 ghalterofonpletion 0f the seeondpigge
fuel efficienc I n addition, they have excel | ent
kneading evaﬁew@e@% sauprefniesessetakaut dopmand pacedsip; ayHarris's
bé%ﬁézi}r?a’h%? 4piBesh MRETPoD | EEsIEces Whr waishsd After
e Sbﬁ%lﬁﬁﬁ@rﬁ%e&ﬁaﬁ?ﬂeﬁ«% BEF - SIEBRLH pEBR. A
BB ot U 3PS ERATRROER g g wes
ik e 90 0 BB RSt
BHsitBFAYN of the amount of the component not dissolved in toluene.
[0146]
(2) Tensile test
Tensile test was performed in accordance with the tensile test method
of JIS-K6251.
[0147]
(3) Measurement of viscoelasticity
Using an ARES viscoelasticity tester manufactured by Rheometric,
viscoelasticity was measured using a torsion system at a frequency of 10 Hz.
The Payne effect (AG) is indicated as a difference between the
minimum and maximum values at a strain of from 0.1 to 10%.
When the Payne effect is smaller, the dispersion of the filler such as
silica is better.
When the low-temperature Tan & is higher, the rubber composition
has better wet skid resistance (grip performance). When the high-
temperature Tan & is lower, the composition has less hysteresis loss and lower

rolling resistance of tires, that is, lower fuel cost.

[0148]
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Silica ("ULTRASIL VN3", product of Degussa) 63.0 parts
by weight Carbon ("Seast KH', product of Tokai
Carbon) 7.0 parts by weight Silane coupling agent
("Si 69", product of Degussa) 6.3 parts by weight Ol
(" X140", product of Japan Energy) 37.5 parts by

wei ght Zinc white 2.5 parts by weight Stearic acid

(4/MeaBardmdnt drEBBLNd Adikiengerant
(N-1sopropyl -N -phenyl - p- phenyl enedi ami ne) 2.0 part by

wei ghReBolihdredilidngmiat S0AC wasirgbasuréd| methiediupke type
accel erator (N-cycl ohexyl-2- 1.7 part by

rebaunmb tésilEndestes fireg enatoley iveceirtdasée WithcHBiKGA&Pp.
accel erator (D phenyl guanidine) 2.0 part by weight
Tot al [@AB]1 parts by weight [0155] Kneadi ng was
erforned in the foll ow ng manner. In an encl osed
(5EH@§HEW|Q'HﬁternaI volume: 1.7 liter) equi pped with a

thernpstat using water circula edqf the ta
Llaw EMea%emﬁug}ﬂaﬁ mage pging %b&q ricBdlexnaet %cﬁwrdta fon
e i RS kerof 225 it PR R pURY fyidheasurement
stértmatte%tp%géeturg SPELSY. UPAS hehPBulf®ipivid LMRicated by a difference

in temperature at which the measurement was started and temperature after

20 minutes.

[0150]
(6) Akron abrasion loss

Abrasion resistance was studied by measuring an abrasion loss at
3000 rotations under a load of 6 pounds by using an Akron abrasion tester.

As the index is higher, the abrasion loss is smaller and more preferable.
[0051]
{Table 4]
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of a filling rate of 65% and rotati on nunber of the

rotor of 66177 rpm Upon

kneadi ng,

the encl osed m xer was controlled and rubber
conpositions were obtained at a discharge tenperature

(blend) of from155 to

t he tenperature of

10 160C. After cooling of the

btend—t

ODERI MEGEN 0 F30M [ EXPET @oripe] Camp. | Comp. | Comp. | Comp.
anti oxi fagt Was added t|hey et bipand| ke, | kread Bg 108Ex. 11 | Ex. 12
CopBRReE FA agqign ag g e [ pecond- St age kngadi ngl HO [ J
MdRREPVE|[ di spérsion of siftcal ITn {his chse, the
visessitpar Deq t emper atjwse (|d4end) sTvas| s@j ust 68 t o] 2165 t|B4 63
olbRAd by| contfolling the 15 tenperature|of the m xer.
BoLR&r copoli ng, sul[fur aind a ful cami zi ng| accel erat or
riwtee kne ged tli}%thi -stage kneadi hg.in pp, open
conteht 8618 t ’3% THe resul ti n%gknqued Tg%s Waté]2 nol e4d 52
(®whd vul cani zed usilng a | vul cani zi ng pregs at [160C for
300%r edeferm ned tijne. The be| ow dé¢scri béd 20| physi(al
Modupsr t | 48.4wgr@.8ngasur edlisthd| te6ul| tig.6ar ¢ 16Aown 134 | 125 | 11.2
Mmbl e 6] The|physiical properties were ngasured in
Tensitel ar { manngr to it hose| enployedii n Exanpl es| 10 to
strangth015671.8 [| P2 d 22 2520k . | 2B4E% 20P6 El3617| Bk2 18210 | 197
Mpnp. Conp. 166 EX. 13 14  Copolymef K 1 MNOQ
Heeney yiscogity df 60 66 65(70 59 53 bl end Bound
Rebobed ¢apientog®) (563,62 #A042743 |99 Medul usedb 71850 | 67.5
rgsilenge0 (8.3 §.3 8.3 Tepsile|strength 23.2|23.5
(3.0 2213 238 2211 50C Rebpund 0.0 59 5 57!5 57 5
?}?”‘5’3- Q00 |100 |190 |170 |175 |230 |215 |[215 |210 {200
Abrasion
resistance | 127 134 129 150 147 100 113 112 114 122
(index)
0°CTand | 4645|0690 | 068 | 0367|037 | 0552 |0.347 |0565 |0616 | 0.350
{(strain 1%)
50°C Tand | (573 | 0,066 | 0.068 | 0.048 | 0.053 | 0.110 | 0.098 |0.096 |0.093 |0.076
strain 3%)
50°C
G'Mp 257 1230 |[240 (202 |221 |3.82 3.18 3.10 2.80 2.66
(strain 3%)
S0°C 058 |033 | 045 |030 |042 [140 |130 121 |085 070
AG'Mp . :
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resilience Abrasion resistance 139 140 119 121 100 92
(i ndex) Heat build-up C 26.5 27.0 26.0 26.0 29.0 29.0
0C Tans (strain 1% 0.337 0.331 0.435 0.441 0.321
0.409 500C Tans strain 3%0.117 0.122 0.138 0.141
0.165 0.174 50C G M (strain 3% 2.75 2.89 2.70 2.77
3.89 3.79 500C AGM1.02 1.24 1.12 1.30 2.98 2.89
Mooneygygzcosity of the blend: measured at 130C [0157]

As shown i'n Exanples 15 to 18 in Table 6,

appar ¢q sHdvat il Bxairiplexa10 eontdh Table 4;dnisegiparemtthat imesitica-

is

conj ugat ed di.ene polyners prepared according to 5 the

canitainir compesitions, the atomjugated dienecpalpieloprepared Bercording to
silica dispersion with a small

content, inproved

thegyaeentfifieentiorsiemturetgrsinereases beund nibber conterdngpraved

hi gh-tenperature, and low rollin

excel | ent bal ance between high f

! ; ] ! resi stance of tires,
siticendispersion yhithfareall Payne effest ypmalhysderesisdrss i

tBylowaTAnG at

PigS BRI LRI fesiaRes Rulles) (nahir LG el pgiciency.

a0 Rl oA RS S o g RIS ok e
o RSB SR RSREEF A B RIS 058 gt Nstance

( Sanpl to G shown in
materi[gl%rgljbber. [ 0159]

15 Table 1 as a raw

[ Tabl e 7] Rubber: Copol yner

[E}%Eﬂa@eggstténs@’a%&gdﬁﬁﬁara% Eg(%n{p']&gqgtanl@—qq] product of

rbo parts

Rubber compositions were prepared in accordance with the

formulation shown in Table 5 by using samples (Samples K to P) shown in

Table 2 as raw material rubbers.
[0154]

[Table 5]
Rubber: Copolymer

Rubber: Polybutadiene rubber ("UBEPOL-150")

Silica ("ULTRASIL VN3", product of Degussa)

Carbon ("Seast KH", product of Tokai Carbon)

Silane coupling agent ("Si69", product of Degussa)

Oil ("X140", product of Japan Energy)

Zinc white

Stearic acid

Antioxidant (N-isopropyl-N'-phenyl-p-phenylenediamine)
Sulfur

Vulcanizing accelerator (N-cyclohexyl-2-
benzothiazylsulfenamide)

65

70.0 parts by
weight
30.0 parts by
weight
63.0 parts by
weight

7.0 parts by
weight

6.3 parts by
weight
37.5 parts by
weight

2.5 parts by
weight

1.0 part by
weight

2.0 part by
weight

1.1 part by
weight

1.7 part by
weight
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weight Q1 ("X140", product of Japan Energy) 5.0
parts by weight Zinc white 5.0 parts by weight
Stearic acid 2.0 parts by weight Antioxidant

(N-i sopropyl - N - phenyl - p- phenyl enedi ami ne) 1.0 part by
wei ght Sulfur 1.7 part by weight Vul canizing

VSRS AP P2 oo £ 20phy

wei ght [0160] Kneadi ng and neasurenent of ph al
T%?'operti es were perforned in a simlar rrannezélll' parts by
those enpl oyed in Exanples 10 to 14. The neasWF nt

resul t{a % physi cal properties are shown in Table 8. 5
[0161]915%bl "8 Ex. 19 Ex. 20 Ex. 21 Conp. Ex. Conp.

T 52 Khpeting WRS AP msslTndhE (el RE BRNNA 50567 50 23

27, SRt e o 47 e SR
thermostat using water circulated from the outside, a raw material rubber, filler
(silica and carbon black), organosilane cour:)ling agent, aromatic oil, zinc white
and stearic acid were vkneaded as the first-stage kneading under the conditions
of a filling rate of 65% and rotation number of the rotor of 66/77 rpm. Upon
kneading, the temperature of the enclosed mixer was controlled and rubber
compositions were obtained at a discharge temperature (blend) of from 155 to
160°C.

After cooling of the blend thus obtained to room temperature, an
antioxidant was added thereto and then, kneading was conducted again as the
second-stage kneading to improve dispersion of silica. In this case, the
discharge temperature (blend) was adjusted to 155 to 160°C by controlling the
temperature of the mixer.

After cooling, sulfur and a vulcanizing accelerator were kneaded as
the third-stage kneading in an open roll set at 70°C.

The resuiting kneaded mass was molded and vulcanized using a
vulcanizing press at 160°C for a predetermined time. The below-described
physical properties were measured and results are shown in Table 6.

The physical properties were measured in a similar manner to those
employed in Examples 10 to 14.

[0156]

[Table 6]

[Ex. 15 |Ex.16 |Ex.17 |Ex.18 [Comp. | Comp. |
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- 15

50C 58.5 57.5 62.0 50.0 53.5 Reboundresilience Heat
build-up C 28.0 29.0 26.5 35.0 32.0 Abrasion

resi stance 137 134 159 100 115 (index) OCTanS (strain
1% 0.770 0.754 0.491 0.740 0.474 50C Tans (strain 3%
0.158 0.163 0.130 0.219 0.186 50C G M (strain 3%

3. 20 3730 298 #15 3. 89 HUOCTOG M I.P5 1. 99[Exbiz 3.3 14

Cépdiytner VOONEY Visgosity [@f The [ghend. [rRasureqdcat 130G

MbEHY Zdscody ot NOWNsh N EXQRBI €S. T%Bg 0 211 ye Tablggs, 11|53
bled apparent that in the 10 carbon-cohtai ning

BSMAROSHEr cOMEnt L 160 CONj Ugat ed digne pol goer priapared 643
(gccording to the present invention feature ar

3009 MRasiesiMpound]| 7gbber [gantentl g.ol nprogad si liisch 8.3

TehstarengiMpl Thisgel I Ragre effzce, simbB hyqtamesi sf 22.1

s50°@Febouhd | OW Japb at [ogh- t ehpres at uf 67.5and {1560 53.0
resMbhden®)r esi stance of tlires, that is, [high fluel

ABaEibR rédidiahcel N adge T 01],14bhey hepee exc¢eap{ ent [b@bance| 92
ikyeen high fuel 5 effiiciencyl and we{ skid rlesistangce

HE&Wuld-Rg PE or man¢ep.5and [@7so halves.good | 26br asi|®@9.0 29.0

0YCERInS (aFkE1%) NDUBEBY AL |ARSAAT CABb k3T Y [ DAA63] | 0821 0.409

568 RS Pdifath 36, £ N¢ oAqY Y MHro fzoduceqasiccondiung ti@.16%e | 0.174

5@%-%359&”%%9 § 78I €s¢ rﬂag nvenj q@n cam /rovijdeso by [ 379

SMA@MI UI d UI Bllq dé()n[ I1ﬂf4]g d |I12| er q%n daS 298 2 89

vutcari zed-Tubber

“’t?gi’%:)é%c?%'%fft%b' 48‘%’%}8 at 'chgl lent in strength

propermsg fuel -cost-saving performance, grip
perf or !a and abrasi on resistance. The conjugated

O e R SESl BB 5 T A IEBopres et n e
cSHEiIRG Whiddsfons i 'cdlEgated diene polymers prepared according to
the present invention feature an increased bound rubber content, irhproved
silica dispersion with a small Payne effect, small hysteresis loss with low Tand
at high-temperature, and low rolling resistance of tires, that is, high fuel
efficiency. In addition, they _have excellent balance between high fuel
efficiency and wet skid resistance (grip performance) and also have good
abrasion resistance.

[0158]
{Examples 19 to 21 and C_omparative Examples 15 and 16]

Rubber compositions were prepared in accordance with the
formulation shown in Table 7 by using the samples (Samples B to G) shown in

Table 1 as a raw material rubber.

[0159])
[Table 7]
Rubber: Copolymer 100.0 parts by
weight
Carbon ("Seast KH", product of Tokai Carbon) 45.0 parts by
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conj ugat ed di ene polyner is a thernoplastic el astoner,
it enables uniform dispersion of an inorganic filler
such as silica, nmetal oxide or nmetal hydroxide, or
carbon so that the resulting conposition has inproved
strength, flame retardancy, elongation and
transparency conpared with those of the 20

i ona nes.. n_the conjugated diene p
0?2%15@3 uﬁﬁo{s‘zﬁﬁﬂ%ﬁ?e@é’ﬁ‘po& tion, the resu#v(g% s by
conp03|t|on has inproved aggregate hol ding p
ZiggMduter , when the conj ugated di ene pol yner is a¥ts by
t hernopl astic el astomer or thernoplastic resi welght
Stearipacichi ity with another polar resin is inprok8daris by
a bl end conposition and fine and uniform di speeighén
Antdxid@s (beisoptapytdll-phedylh-Ahishylenkediatnipepcess fhD part by
producing a conjugated di ene pol yner conposi t iveight

SWRich conpri ses of polynmerizing a conjugated dlf,‘r]Epart by
conpound or conj ugat ed di ene conpound and

hydr ocar bon 5 soIv
V@ﬁg #égé( 311&;?(? agl?é)g'ng compound sel ect e érf‘by
'?55 u %’8 8ng of organoal kali netal s @
noal kaline earth netals as an initiator QKé??rtSby
reactl ng the active end of the resulting pol yM

a | ow é cul ar conpound represented by the fol I ovm ng
fornul[gﬁrg f or the followwng formula (2): 10

R (1 Keaia menepsriar sf Phybial olgeiltis® B g8 fimed in
a; Eﬁ%ﬁﬁ%péég% l&\‘ﬁ‘gg Qd rh@x&‘?@i@g {0 tdha RTTE measurement

ou contarning an N
r%%ts%qllpﬁ%i%l br%p%?t?eé\éf%t%vm irf figbi@@ nosilyl group and
aving a
[0161]
{Table 8]
Ex. 19 Ex. 20 Ex. 21 Comp. Ex. | Comp. Ex.
15 16

Copolymer B C D F G
Mooney viscosity of 79 82 84 75 78
blend

Bound rubber content 38 38 36 23 22
(%)

300% Modulus Mp 12.8 12.5 11.9 12.2 11.3
Tensile strength Mp 20.5 20.7 19.3 19.0 17.8
50°C 58.5 57.5 62.0 50.0 53.5
Reboundresilience (%)

Heat build-up °C 28.0 29.0 265 35.0 32.0
Abrasion resistance 137 134 159 100 115
(index)

0°C Tans (strain 1%) 0.770 0.754 0.491 0.740 0.474
50°C Tand (strain 3%) 0.158 0.163 0.130 0.219 0.186
50°C G'Mp (sirain 3%) |3.20 - 13.30 2.98 4.15 3.89
50°C AG'Mp 1.95 1.99 1.61 3.32 2.89

Mooney viscosity of the blend: measured at 130°C

[0162]
As shown in Examples 19 to 21 in Table 8, it is apparent that in the

carbon-containing compositions, the conjugated diene polymer prepared
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nol ecul ar wei ght not greater than 1000, R2 represents

a C .,0 hydrocarbon group or a Cl_1o0 hydrocarbon

group having no active hydrogen and substituted wth

an Si, 0, Nor S atom R3 and R4 each independently
represents a C1_2o alkyl group or aryl group, R5, R
and R7 each represents a Cl.20 al kyl group or 20 aryl
abBESrdhdto the(redéntahliertiorifeiireiiflingradsaaidsodrf rubber content,
integer froml to 3, and 70 in the formula (2), R8
irapiebvBY SIRediEpEIsRIEWItR sthalllPagndgiectc emall hystresie loss with
Cl -10 hydrocarbon group having no active hydrogen and
v Bahd auhigh-tempenatume Sind Bw Mling @sidtantge of tikes, trajasihigh
group containing an N atomnot adjacent to the N atom
fusfl efficiamdyn odi lagditigno theyanavehexdealignhbalance bietweer high fuel
not greater than 1000, and R3, R4, R5, R6, R7 and g
effisienaynand wek siWdaasistancedgripararipsmange} aed pimbaye good

agl) ).. [2]. A process for producing a conjugated diene

FAYPRFEYSAPERi ti on according to Claim1l, wherein
i.Zi ' ted di ene conpound or a
l@@%%?@@%#gﬁund and an aromatic vinyl
conpouwjl?ﬁg a hydrocarbon 10 solvent in the presence
of at te 9 one conpound sel ected fromthe group

carth hsenjad BRRRRBOIer oGt AdranaARIAe RO of the

Ive enas O

pg%%r#igr%é?ﬂioﬂi rBQ@éi',‘gJ? LL%?%F&ILF& Slgn?%o"ﬁtainin a filler such as

uncti ona nodi re or after reacCting the

réitfdreRgesifcPbr éaﬂﬁgh,eé Wid i RPHIBRRF c@h?ﬂsﬂion' fortire tread
efo

nol ecul’ar conpound represented by th romula (1) or

ckeeentan GBbngthbpriopbrifes) fgsiasst-Savingrpdicemagce, grip

conj ugat ed di ene polyner according to Caim1l or 2,
pehfermance zed abrasioheesiskmogonmpound represented by the
formula (2) is ‘

3- ( 4- t Theldopigidted dibrs pelyaer wah)aism pg lusekyfodfadtieay si

| ane, 3-(4-trialkylsilyl-1- o )

apitgreptive party Q’ldpwm&tna%/ aendssby atikzing such properties.  When the
3-(3-trial kylsilyl-1- ) . .
oruged dinamolynepia atisrmeripkissiasions, it enables uniform

q%%q%g&%: cﬁlﬁﬁiﬁ%%ﬁlqzr%%mﬂp@,am@t,al oxide or metal hydroxide,
heathgrp8 e 6559 19g Fopposiian brsesRye? stigaot). fleme
Fierda) o Biieeloh n ransmsyeney sprpzgad vith oo of e
dg@g%ﬁgﬁégl‘@{ng@ OGP thePcGYOb LY GEnd pBRMmSAYIERK for an
asphalt composition, the resulting composition has improved aggregate
holding property. Moreover, when the conjugated diene polymer is a
thermoplastic elastomer or thermoplastic resin, compatibility with another polar

resin is improved in a blend composition and fine and uniform dispersion can

be obtained.
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Caim2, wherein the polyfunctional nodifier is a
gl yci dyl conpound having, in 25 the nol ecul e thereof,
an am no group. [5] A conjugated di ene pol ynmer
represented by the followng formula (3) or the
following formula (4): 71 [Chemcal fornmula 3) R3
(D- Si-RLI-N-SIiR5R6R7 (ORA)mR2 ( 3 ) [Chemi cal
formula 41 R31p (D)_ Si-R3-N-SiRSR6R (OR4) - RO (4
5 (wherein, D represent SLAMShj ugat ed di ene

) | o
Gl Sl 638 % Bt
Wi BB O Lo g8 ol dend Badulel ol

hbﬁ&ﬁj@?ﬁl@ﬂ UlendlESHBowd andoan Housk ﬁﬁgr&ﬁﬁparmn dviyptrb&arbon
ive N

no ac hydr ogen and substituted 10 with an Si, 0,
osolgerttinithe presende Bf atleabt ornlegrmpoland $electeg frome thesgraup
Cl -2D alkyl group or aryl group, R5, R6, and R7 each-
r epnsisting of arganoalkall ioetals;and prgancalkeline gaghprajelsas an
Cl-12 al koxy

. group and n stands for an_integer.fraom
- t Bitatorand, Hienge Headive Pag chihe rasetipg fdfﬂ?'bait?w

e A AR e B i orowns

hy@hR§R[H3on group having no active hydrogen and
su stlt{lita'ed with an Si, 0, Nor S atomor an organic

9L@tﬂnl’&éﬂoﬁﬁuﬁﬂ]’“ atom not adjacent to the N atom of
the am nosilyl group and having a nol ecul ar wei ght not
greater than 1000, and R3, R4, R5, Re, R7, n, m p,
and n+mtp ha]ytg the sane neanings as defined in the
formul a (3)), 3-g

(OR%)g—Si—R'=N—SIR°R°R

R2 (1)
[Chemical formula 2]
(OR*)—Si—RP—N—SiR°R°R’
ke (2)

(wherein in the formula (1), R' represents an organic group containing an N
atom not adjacent to'the N atom of the aminosilyl group and having a
molecular weight not greater than 1000, R? represents a Ci.10 hydrocarbon

' group or a Cy.19 hydrocarbon group having no active hydrogen and substituted
with an Si, O, N or S atom, R? and R* each independently represents a C1.2
alkyl group or aryl group, R® R®, and R each represents a C1.x0 alkyl group or
aryl group or a Cs.12 alkoxy group and g stands for an integer from 1 to 3, and
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20 [6] A conjugated diene polynmer represented by the
followng formula (5) or the followng fornmula (6):
72 [Chemical fornmula 51 R3 Ip (D)- Si-Rt-NH (OR4)m
R2 (5) [Chemical formula 6) R3 P (DamSi-R8-NH
(OR4)mRO (6 5 (wherein, Drepresents a conjugated
di ene polyner, in the fornula (5), Rl represents an

or ganijf t§é Patta (2 R%ashd\RakLaek ré]ﬂ'bsgﬁisae? e7to gﬁdrﬁﬁﬁr%n

atom of the secondary am no group an avi ng

groRipealld ah Hiyeradirboaigreds AbeihgtitractiVedédréger ant etpRtifited
a Cl.1o hydrocarbon group or a Cl.10 hydrocarbon

wiih anpSin &y iNgr Baatant, iov @anhyrdenigegroap doptasing tar Hdatdd not
with an Si, 0, Nor S atom R3 and R4 each

adjadenidadbatN ptame of apemiisioailChr@ap and having @ umplecular weight
group, and n stands f30r4an5i nt eger froml to 3, and m
netrarepterdaam 190Rnard For RarRT, M e G rard g fage tthe Bamerieanings
n+mrp=3, and in the forrmula (6), R8 and R9 each

as dptinad it heformutas(My dr ocar bon  group, a Cl. 1o

E SRR AR A N—
oGP 1 B S i AR g bt or o
oGBSt BGo 0P B ffpoaroon
S0 ST o et ol R v
consisting of oroganoalkali metals and organoalkaline earth metals and then
the active ends of the conjugated diene polymer is coupled by a polyfunctional
modifier before or after reacting the active end of the resuiting polymer with a
low molecular compound represented by the formula (1) or formula (2).

[3] A process for producing a conjugated diene polymer according to
Claim 1 or 2, wherein the low molecular compound represented by the formula
(2) is 3-(4-trialkylsilyl-1-piperazinyl)propylalkyldialkoxysilane, 3-(4-triaikylsilyl-1-
piperazinyl)propyltrialkoxysilane, 3-(3-trialkylsilyl-1-
imidazolidinyl)propylalkyldialkoxysilane, 3-(3-trialkylsityl-1-
imidazolidinyl)propyitrialkoxysilane, 3-(3-trialkylsilyl-1-
hexahydropyrimidinyl)propylalkyldialkoxysilane or 3-(3-trialkylsilyl-1-
hexahydropyrimidinyl)propyltrialkoxysilane.

(4] A process for producing a conjugated diene polymer according to
Claim 2, wherein the polyfunctional modifier is a glycidyl compound having, in
the molecule thereof, an amino group.

[5] A conjugated diene polymer represented by the following formula (3)

or the following formula (4):
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20 wt. % of the conjugated di ene pol yner represented by
the formula (3) and from 1 to 99 w.% of the

conj ugat ed di ene pol ynmer represented by the formul a
(5), 73 or from1l to 99 wt.% of the conjugated di ene
pol yner represented by the formula (4) and from1l to
99 w. % of the conjugated diene polyner represented

by the formula (6). [8] A conjugated di ene pol yner
cb(ﬁlwaicﬂlmlm%}ly ng from5 to 90 5 w.%of a

conj ugat ed di ene polyner coupled with a pol yfuncti onal
nodi fier other than a | ow nol ecul ar conpound
represented by the fornmula (1) or the fornula (2) and
from 10(0)g—%—R1-yefsirSreRr] ugat ed di ene pol ymer (s)
represented Ib%4theliorrrul a (3) and/or ige formula (5)
or a conj ug mdi Bne pol ymer ( s) ;(.) ented by the
formula (4) and/or the fornula (6) and having a 10
Mooney viscosity of from20 to 200. [9] A conjugated

di[eRémRral fmﬁfma:q!?‘posi tion according to C aim 8,
wherein the polyfunctional nodifier is a glycidyl
compound having, in the nolecule thereof, an am no
group. 74

R3,

l 8__n_cinSpbR?

(D)—Si—R ? SiR"R"R
(ORYm—R (4)

(wherein, D represents a conjugated diene polymer,

in the formula (3), R' represents an organic group containing an N
atom not adjacent to the N atom of the aminosilyl group and having a
molecular weight not greater than 1000, R? represenis a Ci.¢o hydrocarbon
group or a Cy.10 hydrocarbon group having no active hydrogen and substituted
with an Si, O, N or S atom, R® and R* each independently represents a Cy.p
alkyl group or aryi group, R®, R® and R each repr‘esentsva Cs.20 alkyl group or
aryl group or a Cy.42 alkoxy group and.n sfands for an integerfrom1to3, m
and p each stands for an integer from O to 2, and n+m+p=3, and

in the formula (4), R® and R® each represents a Cs.10 hydrocarbon
group, a Cy.4p hydrocarbon group having no active hydrogen and substituted
with an Si, O, N or S atom or an organic group having an N atom not adjacént
to the N atom of the aminosilyl group and having a molecular weight not
greater than 1000, and R®, R*, R, R®, R”, n, m, p, and n+m+p have the samie
meanings as defined in the formula (3)).
[6] A conjugated diene polymer represented by the folloWing formula (5)

or the following formula (6):
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[Chemical formula 5]

3
'? p
(D)n-—Sli—-R1-—N-—H
(OR%,, R? (5)

fChemical formula 6]}

T
(D)= Si—R —N—H
(ORY—R® (6)

(wherein, D represents a conjugated diene polymer, -

in the formula (5), R' represents an organic g.'oup-having an N atom
not adjacent to the N atom of the secondary amino 'group and having a
molecular weight not greater than 1000, R? represents a C.10 hydrocarbon
group or a Cy.40 hydrocarbon group having no active hydrogen and substituted
withan Si, O, Nor § aiom, R® and R* each independently represents a Ci.20
alkyl group or aryl group, and n stands for an integer from 1 to 3, and m and p

“each stands for an integer from O to 2, and n+m+p=3, and

in the formula (6), R® and R® each represents a Cy.19 hydrocarbon
group, a Cy.10 hydrocarbon group having no active hydrogen and substituted
with an Si, O, N or S atom or an organic group having an N atom not adjacent
to the N atom of the secondary amino group and having a molecular weight not
greater than 1000, and R® R* n, m, p and n+m+p have the same meanings as
defined in the formula (5)). '
(7] A conjugated diene polymer composition comprising from 1 to 99
wt.% of the conjugated diene polymer represented by the formuia (3) and from
1 to 99 wt.% of the conjugated diene polymer represented by the formula (5),
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or from 1 to 99 wt.% of the conjugated diene polymer represented by the
formula {4) and from 1 to 99 wt.% of the conjugated diene polymer represented
by the formula (6).

(8] A conjugated diene polymer composition comprising from 5 to 90
wt.% of a conjugated diene polymer coupled with a polyfunctional modifier
other than a low molecular compound represented by the formula (1) or the
formula (2) and from 10 to 95 wt.% of a conjugated diene polymer(s)
represented by the formula {3) and/or the formula (5) or a conjugated diene
polymer(s) represented by the formula (4) and/or the formula (6) and having a
Mooney viscosity of from 20 to 200.

[9] A conjugated diene polymer composition according to Claim 8,
wherein the polyfunctional modifier is a glycidyl compound having, in the

molecule thereof, an amino group.
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