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A0501 UP18- PCT/ TYO DESCRI PTI ON CONJUGATED DI ENE
PCLYMER AND PROCESS FOR PRODUCTI ON THEREOF 5

[gpgm A rﬁ@ [0001] The present invention relates
AO% Jo%r?]gﬁg-la ed di ene polynmer and a pol yner

conposition thereof, and process for production of
them Mre specifically, it pertains to a conjugated

di ene pol yner having, A E&mul e 10 thereof, a

nodi fyi ng group and a%é r osition thereof, and

proc ' f mgggq: \

[oooﬁawyééﬁ@wgyﬁgm%ﬂé@t or redugﬂig a

I f gﬂ-_rrobi les, 15 there is accordingly a

PR&@égwgrﬂ#ﬁgE evel opment of conjugated di ene

pol ymers having, as a rubber material for tires, |ow

rolling resistance, excellent abrasion resistance and

TECHNIOA Filmcteristics and al so excellent drivability
typified by wet skid resistance. [0003] 20 A decrease

in hygpenpsis |oss of a vulcanized rubber is necessary
for Treducing the rolling resistance of tires. As
eval UFteé presemtlirventios relates to\aitonjugated diend polymertanda
resilience at from50 to 80C, tans at from50 to 80C,
polymr rempdsitiorithepesfeasdr quoesssafocpreructinnelthemar More
used. Rubber materials having hi rgh rebound resilienc
spegificalynit periainsdo@ ceonjugaiadidiere pelymerthaying in e Bolecye
smal | Goodr.i ch heatﬂ&uiéjﬁ-ug are r,?,fer%ed. Nat pr al
thergelamodRiNg GEdi 8RR 2 RAWEPT SARPBSIIB IPIEOL AN | Bifsess
are known, as rubber materials having | ow hysteresis
for|Rreductai therRRf- have undesirably | ow wet skid

BA&E&&&J%B'A&TAOSOl UP18- PCTf TYO

[0002]

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, tanég 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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As a method of reducing hysteresis | oss w thout :
damagi ng wet skid resistance, proposed is a nethod of
' Ci di fying group at the pol yner end of
AO%@{/!‘@?-CEQ?@Q% (co) pol ynmers havi ng vari ous
structures, which are obtained by polynerization in a
hydr ocar bon sol vent in the presence of an
orgapoljthiym. 5 injtiator. 0 W00 1- 23 o
As & delhodf Tedlbing fyBlesadisdbss ARG danielne W 35 prsistance.
aval l.abl e [e ' i f
proper afpdhol iR ARs s Rt if G Rcptind RRSS end of
e_ "1 he . L :
Sty IEEH AR s oS stRersEaiig Befitdh stoBres, whith 4R obtained
6%%%' N HPthesp &8 bFARBRfanciftiu
by Pn addi t Flgﬁ?ﬁ %ntgrﬂ(géceénrgﬁtﬁ Sgﬂég(t:t s on rgg?:'gr bon 'EI ggr?orl] m
initdt6r. Smal | . [0005] Japanese Patent Lai d-Open No. Hei
11- 29659 and Japanese Patent 15 Lai d-Open No. Sho
61- 296004] di scl ose a nodified pol ymer obtained by
reacting the active end of a rubbery polynmer with a
speciNG0R2B4E7 discinsesa silicandorapbsitiod of arpodified oelysher
the polyner. These nodified polyners, when mixed with
availdhile by reactingitbe, adtise @ndmfreorubivery polymes ivgth @ pelyfiynstional
abras;g&v_resia{panca%qbu{!@%r ovenent is not_n_% "
CORROUB gy In mo e 238 epRK¥ BIOYRII d ERCRp.
Hei 7-233217 and WDZOBB- 08;#71 di.scl ose, a Qi ene
compesitienhiawengr doesnot haye sHffisienyy dmproyryl Rypteresis loss and

oo e A R e e O Bl g

a or a mxture of silica and carbon bl ack

Sili
-arg ﬁﬁ‘raﬁves its physical 25 properties to sone extent.

The slisdoiofé?-cont ai ning conposition is inferior in
processabflity to the carbon-bl ack-contai ni ng

CONPOFhLd i3eFPatbRAL aidlCpérh Net Heii 19-29688 ards Japapaap-Patent

Pol yner's havi ng, 1 ntroduced therein, a functional
LafH-OpeniNg.i Stib 67-288001 diktlSsPSMadified 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 WO2003-087171
disclose a diene rubber having a tertiary amino group and an alkoxysilyl group
introduced therein. Addition of such a modified pplymer 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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affinity with silica are likely to have deteriorated
processability in blending so that their use is

L7 Japanese Patent Lai d-Cpen No.
Aoé%gkﬁﬁgﬁgbqggibribes a nodified 5 polymer having a
primary am no group and an al koxysilyl group. In

addition, it discloses a polyner having a pol yner

chain copolynerized with .pol. yfunctional. nonener. or
affiaitp Rl RbCog e ReriBEeA Brgessasliygh Hiiing so
copol r wth a two or higher functional coupling
thagﬁﬁ\fgs%ﬁsgﬁ'w%di fied polynmers however have probl ens
such 5 ?fteri oration of processability due 10 to
stror@ 91 inity with a filler resulting fromthe

b m{%%gga%&é&%aa.%ermebm@.ﬁwgs Hesefibey afodiied

hydr 0 Step to pr ce thé primary am ne.

po%ﬂ%ﬁ'@%&ﬁ’@? ﬁg@ﬁar#%hﬁn%%hﬁ\'ﬁnd Rl alldxy3iireup SH addiion, it

avi ng-a mnet hyl eneam’no group and an

disalds%w;tbétyhee havifg A1p6IPFHer efainléopdnanerizediwitha bl end

conposition of the diene rubber. These nodified

poRfinGtiehal Maremer or a pulyrenoblaindd by obaplingat least a portion of
Silica-containing conposition, inproved hysteresis_

a dopolymerdwitth adwowr higisersunciienal couplingagental dhese modified
between hysteresis |oss and wet skid resistance is

polyaers howeved have pretlems| such] asodetprioradion g precessalilibhdue
Lai d- Open No. 2005-290355 di scl oses a nodified

to psoparafinituwithya flleriesHiting Teom Noe BRBIASY 2ANG OKIR,3Nd y |
group and a blend conpositiaqn thgreo{. Use of such a

curbersorea coptrohela hydrolysis ptepdo pspduss thePIEaRLYEINE: on
inprOﬁﬁi%Eysteresis | oss, but its inprovenent is
i nsuf Bént . [ 0010] 25 Japanese Patent Lai d-Open No.

e b e Soutn iy WAL R e b,
T e o
therein and a blend composition of the diene rubber. These modified
polymers have, in a carbon-black-containing or si|ica—¢ontaining composition,
improved hysteresis loss and abrasion resistance, but their balance between
hysteresis loss and wet skid resistance is not improved sufficiently.

[0009]

Japanese Patent Laid—Opeh No. 2005-290355 discloses 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
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pol ynmer. These nodified polyners are effective, in a
car bon- bl ack-containing or silica-containing blend

Sid | r inproving hysteresis |oss and
Aogﬁfggfg%bﬁ§ZT£ ance w thout inpairing wet skid
resi stance, but the blend conpositionis likely to
have inferior processability. 5 [0011] Japanese Patent

polbg]Leg.;,e gﬁg?mm@%%%@égéggé?%a%ﬁéﬁﬁéf Hﬁi régﬂ:;d)fng-ﬁlgck-containing
o lisgakne ARG B b g o
aoffiesifions VGRS bt Bl GRTE R Fcer AR tond .
coffpaiiiBnfieli¥ely o pa08 rvéfitr pREBYsARgN® el Al the

eat men anonet a ound i s however not

perfquqﬁilcyniforrﬂy so that a nodification amount is
not suffitient. Use of the nodified polyner for a

Si | i Coarepidisi PutBar CAATOBen N 2001182894 hiisticsessa modified
| oss, but the inprovenent is not sufficient. 15

polymietia srsesbndary\Wiho2fdGi aRdtamalkBoysilybgroup:obtained by
apanese Patent Laid-Qpen No. Hei 11-29659 Patent )
treBting merdlkdkysilapa compoRad dvavirghan adiae grup @njaining an active
61-296001 Patent Document 4: Japanese Patent _
hydedgenGuitn aneorgarometad sgmppundarasstinodie Frsyiting compound
‘W2003- 087171 20 Patent Docunment 6: .J apanes? Pat ent
with{he-agtive end. atibe polymersangihemferap\inadht metal; 5 Jhgese
Pat ent Lai d- Open No. i 11-349632 Patent cument .A8:
treatipankwith thg ggaamogﬂ%ia@'ﬁpwd Iy 1104 pepariRg UnifGrmiy
cunment .9: Japanese .Patent Lai d- L
so et ggrrtifcasif tapoasiJa fohpugeny. 1158 ob e, Hiied polymer
Lai g- Ope ) - :
o RN e PR RV Y e | e R R
impPerhertt i AP dutiBrbRe PCT/ TYO
Patent Document 1: WO01-23467 _
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-Op_en No. Hei 7-233217
Patent Document 5: W02003-087171
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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The object of the present invention is to provide a
conj ugat ed di ene polyner which is, when converted

' ,Aed rubber by vul canization treatnent,
ADQQiQ%%Fkﬁizliﬁe bal ance anong wet skid resistance,

| ow hysteresis |oss property, abrasion resistance and

breaking strength, and is therefore 5 useful as a

T i b 88 SRR o e s
oo BRLSFAUAT, R At vl e By
veafRL Ao DR Hpr N 4 Bt
o A 308 RS SrEmng arys ey s oprs

us&fif a§ Y MsRriaP it tire BRadiAespSivelof #ié Rirktor eomibination of
dispersion of an inorganic filler such as carbon,

fillrisltb b adfRidlandd Process forgirabuttioh oktheoniyated tiene
used as an asphalt conposition, having inproved -
poB@gsre g Anetter|abijetd of g présent idvention is ® provitiess canjugated
thernopl astic el astonmer or thernoplastic resin,
digrevpoigmenwhrred is used as lan dlastomier useddonhapplisatians other
resin, if 15 blended therew th, and enables uniform
thamtiref trerd, diaving mprayed sgengihe flagenstardaney elangation and

conj ugat ed di ene polynmer and process for productiq
tranSEREHCY COERIEER WRASADSE QN EOMRAHORRKDN So‘bﬁ%ﬁ“sfdp%%b'es

R s S s Bl 5o 8 e i oo or

GG FEBL4PBE  Le Bp RPoa iposho Y rovee
T T
thgﬁ@%ﬁﬁw fesii. ;Px‘éklm?gﬂwég%gé& Eomgéﬁmiwm ah8ther poldreasiaf if

h™ ol ecul ar ound and an inorganic or
bk e reWitie ldritl erfdtf8s UARSHM Bhi dinaddispérdion; kpohthed

conditionse, leading to the conpletion of the present

cOmpusitidrPer the[ddPiatéd ArIpdiher Bad/ Prétess for production
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]



10

15

20

The present invention provide a diene copolyner
obt ai ned by reacting, wth a conjugated diene

| ecul ar conpound having in the
ADﬁ@#éﬂﬁﬁ%P@ﬂZfﬁ%?na secondary amino group in which a
hydrogen atomis substituted with a _
triorgano-substituted silyl group, an organic group

L2 o ayeanipvEpirile 'S Biel & dnd Sb@ReHLot Pacira.
w3 Ghte MBI A RNt SR g e e o
il Y5681 ABebSo I8 Ui ypgen tom s
suBARIRV b oo SR KD oo GRefi g i an

N &8hvABY adifcértdo e NhtbPRbFtHe ScAtanfamiiBng@ubl 8Ad at least
conposed "of the diene polynmer and a  conjugated di ene

onB AIROTE Bl Yl dr wildw nioleelial compoand|containihger heterstycle
process 3??:' p‘?oducti on thereofl.mb[ 0015] Descri bed

hasipga $ecaridayy atriino Grdupini whichavieydrogers ator ipsolvstileted with
15 1. A process for producing a conjugated diene

a tiotgamersubstibded tgroup andiat teast ong alkaxysityl group; raehydrolygate
a conjugated di ene conpound or a conjugated diene

of thengiena paolyrer @ polymet cemppsifipncomrased of ihg diene polymer
hydrocarbon solvent in the presence gf gt Ieaslt one

anddiygerlveatednaracta FrmRPEEN FoptRpsedsfdhe disng pylymer and a
or ganoal kali netal s and,or.gano al i.ne_earth netal s as

coRMBBIRY P Ralyan o dHes Witk Boi cBapoeErd
the resultin I with a low nolecular conpound

ProcsedOE RradkiHRIEISRE | 'owi ng formula (1) or the
follotﬂgé% formula (2): [0016] [Chemical fornmula 1] 6
A0501 é-PCT/TYO(O'\"). -Si-R-N-SFRR6R | RE

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 metats 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 forrﬁula (1) or the following
formula (2):

[0016]

[Chemical formula 1]




[0017] [Chemical formula 2] Rai (OR).-- S - RA -
Ni -- Si RIRR- Ra (2) 5 [0018] (wherein in the

‘ represents an organi c group containing

A@ééﬁﬂwhgkééiﬁgﬁbadjacent to the N atom of the

am nosilyl group and having a nol ecul ar wei ght not

greater than 1000, R2 represents a Cl-1o0 hydrocarbon

group or a,Cl.10 hydrocarbon group having no active

hydr ogen @reekssubstituted 10 with an Si, 0, Nor S

a{oqb R3 and R4 each i.,ndependently represents a Cl-20

AW Vs g7 Sp Br—& 718t SFY R5, R6, and R7 each

represents a C1.220 al kyl group or aryl group or a

Cl-12 al koxy grdtp and g stands for an integer from1

to 3, and in the fornula (2), R8 and R9 each

represents a Cl-1o0 hydrocarbon(’droup, a Cl-10

hydr ocar bon group having no active hydrogen and

substituted 15 with an Si, 0O, Nor S atom or an

or galPE1gk oup containing an N atom not adjacent to the

N at om of an_am nosilyl group and having a nol ecul ar
ICW*&HWOWU%%‘SO or less, and R3, R4, R5, R6, R7 and g

have the sane neanings as described in the fornmula

(1)). [OFiQL 20 2. A process for producing a

conj ugatled diene pol yner _conposition 7 A0501

Ut PCH TYRas Mes®i RBBJRabove in 1, wherein

pol yneri zi ngla clnj ugated diene conpound or a

conj ugat ed di €éfd® conpound and an aromatic vinyl

conmpound in a hydrocarbon solvent in the presence of

at | east one conmpound sel ected2ffrom the group

consi sting of organoal kali netals and organoal kal i ne

eartnggqéﬁls 5 and then the active ends of the

conj t di ene polyner is coupled by a

(wherein in the formula (1), R! represents an organic group containing an N
atom not adjacent to the N atom of the aminosily! group and having a
molecular weight not greater than 1000, R? represents a Cy.10 hydrocarbon
group or a C1.10 hydrocarbon group having no active hydrogen and substituted

10 with an Si, O, N or S atom, R® and R* each independently represents a C1.20
alkyl group or aryl group, R®, R®, and R’ each represents a C.20 alky! group or
aryl group or a C4.12 alkoxy group and g stands for an integer from 1 to 3, and

in the formula (2), R® and R® each represents a Cy.10 hydrocarbon

group, a C.10 hydrocarbon group having no active hydrogen and substituted

15 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]

20 2. Aprocess for producing a conjugated diene polymer composition




10

16

20

25

pol yfunctional nodifier before or after reacting the
active end of the resulting polynmer with a | ow
2 TPFP und represented by the formula (1) or
AO@%iﬁ%ﬁgﬁ%g)’_ ?OOZO] 10 3. A process for producing a
conj ugat ed di ene polyner as described above in | or
2, wherein the | ow nol ecul ar conpound represented by

as 4osorihed R 11 =|;)'ir<€919$5'i RRlYmeTiFpe R FRRPERR it PRBRGUN
tria

or é gigﬁ@'ﬂgﬁ(qﬁ?ﬂﬁrc@ c{qﬂ'd!ﬁ’r{goé? arematic vinyl compound in a
ik} SAYSRS T 14 RSB P ioest gap pamgound sslected from
theﬁq&ég?gﬁ?ﬁﬁﬁgﬁf %}‘%abriha?l%liaq'-ﬁtg)l(sy ";‘P gﬁ%a'noalkaline earth metals
ana%g terg(e;m{l;fg;é’éﬂ%!eﬂdsyéﬁlﬁe conjugated diene plolymer is coupled by a

opyri m di nyl) propyl al kyl di al Koxysi | ane or

pol ibhalahbsuifier biford or B¥pRactting Yihe aictiveghd of the resulting
propyl trial koxysilane. [0021] 4. A process for

polyfrent wiihng low enolecgat esmpoemd repregertedasy heformublad1) 20
above in 2, wherein the polyfunctional nodifier is a
forpiuya {2)y.| conpound having, in the nolecule thereof, an
am no group. [0022] 5. A conjugated di ene pol yner

repr d9880kd by the following formula (3) or the

followng fornmula (4); 25 [0023 en cal f lla 3
5°osh 1 Rpresaseforhudusiers Gocigatdd dgne RaNMETS pogcTibed

R I ~I '
above in 1 or 2, \(fvgérreim]hg ?ovs ?ntoleéuqecl)r2 é%mpound represented by the
formula (2) is 3-(4-trialkylsilyl-1-piperazinyl)propylalkyldialkoxysilane, 3-(4-
trialkylsilyl-1-piperazinyl)propyltrialkoxysilane, 3-(3-trialkylsilyl-1-

imidazolidinyl)propylalkyldialkoxysilane, 3-(3-trialkylsilyl-1-

imidazolidinyl)propyltrialkoxysilane, 3-(3-trialkylsilyl-1-
hexahydropyrimidinyl)propylalkyidialkoxysitane or 3-(3-trialkyisilyl-1-
hexahydropyrimidinyl)propyltrialkoxysilane.

[0021]

4. Aprocess for producing a conjugated diene polymer as described
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): |

[0023]

[Chemical formula 3}
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[Chem cal formula 4] R1p | (0) -- Si - RO- N- Si
R RRL (OR4) R (4) 5 [0025] (wherein, D represents

' fi.z.ﬁpl'ene polymer, in the formula (3), R
Aoggﬁgfgé(ﬁ?@ eBrgani C group containing an N atom not
adj acent to the N atom of the am nosilyl group and
having a nol ecul ar wei ght not greater than 1000, R2
represents a C1_10 hydrocarbon 10 group or a Cl.10
hydr oc&fbon group having no active hydrogen and
substitluted with ap Si, 0, Nor Satom R3 and R4
2oh - BideRemiNmt By RF BpResents a G 20 al kyl group or
aryl rloyp, 3= R6, and R7 each represents a Cl. 20
al kyl ‘gRcmp o aryl group or a Cl.12 al koxy group and
n stands for an integer fromI{#o 3, m and p each
stands for an integer fromO to 2, and n+mtp=3, and 15
in tgﬁg?gtmﬂ a (4), R8 and R9 each represents a Cl-10
n.

hydr group, a Cl1_10 hydrocarbon group having
[Cﬁg}n%g;toyl%uiyggogen and substituted wth an Si, 0, N
or atom or an organi c group having an N at om not

adj acengs, to the N atomof the am nosilyl group and
having g nol ecul ar wei ght not greater than 1000, and
RipanRd, giR2, aRe, NRL gik*RPRP, and n+mtp have the sane
20 nmeangngsyas described in the formula (3)). [0026]
9 AO50¢orMHk TYO 6. A conjugated di ene pol yner
represented by the followng formula (5) or the
following formula (6): [0027] ¢(4xChem cal fornula 5]

[0025]

(wherein, D represents a conjugated diene polymer,

in the formula (3), R’ represents an orgénic 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 C1.10 hydrocarbon
group or a C4.10 hydrocarbon group having no active hydrogen and substituted
with an Si, O, N or S atom, R® and R* each independently represents a Ci.z0
alkyl group or aryl group, R®, R, and R’ each represents a C1.20 alkyl group or
aryl group or a C4.42 alkoxy group and n stands for an integer from 1to 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 C.10 hydrocarbon
group, a C1.19 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]




3(DnS...W.N-HI I (QR)MR25 (s) [0028]
[ Chem cal formJIa 6] Rp (D n-sk*Re* N- Hrl
.@fi 10 (wherein, D represents a
AO%Q%@'E&[ e polyner, in the formula (5), Rl
represents an organic group having an N atom not
adj acent to the N atom of the secondary am no group

5, B Aaduaad o Tyiodbeti 5 o i

<s>s¥ra§fs?&[av@ag? YOS ”°oa°tN' or S atom RS and Ri
each @Irbgzgendently represents a Cl.2o0 al kyl group or

aryl and n stands for an integer from1l to 3,
‘ . ach stands for an integer fromO to 2,
[Cﬁ%ﬁw%l@ﬂm@aﬁ nd in the fornmula (6), R8 and RO each
repre ts a Cl.1o hydrocarbon group, a Cl.10
hydr ocarbon group having no active hydrogen and
gipstidut pe.. @A with an Si, 0, Nor S atomor an
organi § groug having an N atom not adjacent to the N

at om @r*hge sgcondary ami no group and having a
mol ecul ar wei ght not 10 AQ301 UP18-PCT/ TYO greater

5 than 1000, and R3, R4, n, m p and n+mtp have the sane
nmeani ngs as described in the fornmula (5)).
[0028]

[Chemical formula 6]

T

(D,n*S‘-‘“ '“N H

fon‘:m\w

{6)

[0029]
10 (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 C4.10 hydrocarbon
group or a Ci.10 hydrocarbon group having no active hydrogen and substituted
15 with an Si, O, N or S atom, R® and R* each independently represents a C1.20
alkyl group or aryl group, and n stands for an integer from 1 to 3, and mand 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 C1.10 hydrocarbon
group, a C1.10 hydrocarbon group having no active hydrogen and substituted
20 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

10
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[0030] 7. A conjugated di ene pol yner conposition
conprising froml to 99 5 w.% of a conjugated diene

r nted by the formula (3) and from1l to

A°5@4 m'%ﬁ‘rﬁ@m ugat ed di ene pol ynmer represented by
the formula (5), or from1l to 99 w.% of a conjugated
di ene poI ymer represent ed by the formula (4) and from

to % of nﬁd%ated drenep‘l%rﬁer repr esent ed
grqsl}ertthen 1mpnan<aa 6B JN @S NHn+haYR g spdle Paniogds as
mer .co osrtr conprising from5 to 90 wt.%of a
deg%lﬂyeﬁ’datﬂe%i (%SI ymer coupl ed with a pol yfunctional
nodi fQ@ﬁ ot her than a | ow nol ecul ar conpound
repre[ ?]ed by the formula (1) or the formula (2) and

ILS?‘eéﬁné&aﬁ@y%d”ﬂi%??aﬂw%%%ﬁﬁ?ﬁmﬂﬁ e e
wt% of'a ¢ .e% e%fg@éérﬁéd bYRKE $EiRE (9Var§dl‘ﬁom1

rmula [ or and having ‘a

to SO ReX of b%d?ﬁhdéte@ﬁlé‘rfeoﬁ&l?ﬁef ﬁeéf@Qentblfb?Zthe fBrmdla (5), or

conj ugat ed di ene pol ynmer conposition as descri bed

froAPP Y& 90 Wid%h of Zcomjagated didise pollyyien nepriesentedingdite formuka
a glycidyl conpound having, 1n the nolecule thereof,
(4)eandhfromot tp 99 wt. YEl6F BECDrjligated dlexetpalyonr remeser]rted'hyethe
di ene copol yner of the present invention constantly
formuba{@es a 25 hi gh-performance conposition of a
hi gh- nol ecul ar conpound and an inorganic or organic
mat er [08B1kven under nild and wide kneading conditions
while using _various fillers in conhination.

speci §i cAIgEpjugaRd BIeRSIIIYMERCARRAPHITIPY %m‘s"ﬁl{rﬁﬁ%ﬁfb 90
e S A BRGAUAT plg fid
otl?ed' ﬁd' 19 oWHhé1eRl R S8 Hbolint 18 BlesthtPby théfor MlIZ S B ahE
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 formuia (4) and/or the formula (6) and having a
Mooney viscosity of from 20 to 200.

[0032]

9. Aconjugated 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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and an inorganic filler is dispersed as uniform and
fine particles in a conjugated diene polyner matrix

nposi tion thus obtained. 5 [0034] Still
AO#&Q%SQ{%&?@QI y, when the conjugated di ene pol yner
. of the present invention is enployed, an inorganic

filler such as silica or carbon black is uniformy
di spersed therein., ul cani Z@d rcﬁbbe obt aj

perfaraRce haceUse e VisPedit GAING Gapdding B e SthfiSsiion js.not
tooy . Kneading oy pradkess TR froubtés 2. Adeckfita torque,
e B 5 o AR corit
diehdgsBemar ¢ Gpitiend CaRBBLtbAMEE RaI. | (0ae) 15

When bbgﬁponjugated di ene pol yner of the present
inverition is an elastonmer used for applications other

than gyl hbee sp&aRcallyi When e cosjugateidadiénd pelymerwfhihas
silica, netal oxide or netal hydroxide is dispersed
pregehf pivehiion keemployedyar ingrganicifilee stieh s silica @r carbon black
i nproving strength, flame retardancy, elongation, and
is unifonsipadiepesseddhpesind Aivulcanized rabbeneblainedtherefrem for a
ones. Use of it as an 20 asphalt conposition is .
tirectréaat mpplication is terefora dmprovegdn doe balansedatyesn iy reliing
[0036] Moreover, when the cqnjugated di ene polynmer_ o
resistanes apdiwet skid easistance, Has IMRESYRGHARISSIOD @B%Y’We?"{)r
t her nopl asti c resin, bl end onpositiopn w,th ano r
magepn. Pes MHPRa pnd s BRared ST oy hed 8
addi tion, .uniformand fine di spersj e
theielogs g prefiitee ComasSiippalia R BRERHERD #fitfion rubber and
f LNVENTI ON [ 0037] 12 A0501 UP18-PCTI TYO Preferred
°9§W885i ments of the present invention will hereinafter

be dmrsi] bed specifically.

When the conjugated diene polymer of the present invention is an
elastomer used for applications other than a tire tread, since an inorganic filler
such as silica, metal oxide 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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As descri bed above, the present i nventi on provi des a
specific conjugated diene polyner having, in the
I f, a nodifying group, 5 and a

Aoﬁmg’gﬁfe?éﬁwat he pol yner and process for production

t hereof. Described specifically, the present invention

provi des a process for production for producing a

di ene copol yner conprising of polynerjzing a .

con] RyBtasEed embrdinsin oLt BresEnLIBNPOLER Wil Hreinafter be

conpound and an aromatic vinyl conpound in a
deﬁﬁﬂ@?@éﬁ@ﬁ%ﬁa@blvent in the presence of an alkali metal

t hen A deedrbed ves e reSRht By Sa pllidess Spedfi, .,
corfipalefl 65 ol sy My R, B iAo RBIRARTCdTRY ity RS,
an &%o%é@rﬁ@sl{hié tpu%tlﬁgéli g ed BYEde'%s f8r production thereof.

rior si Iyl Qroup, an organic group

Deb&bdWspatifitatly O ibsertihvsditin provides d\bidicess fir grbduction
secondary am ho group, and at |east one 15 al koxysilyl
for Prodiicifg addishe ebpdlgmiep eonprising effpatyriprizing accorjagatedg
a heterocycle having a secondary am no group in which
dieReluoiipanl ot @ oonjagatadodiene coagpoundrarg an aromatic vinyl
triorgano-substituted silyl group and at |east one
compbung sn byHydragasbpn salventindhe gressnasr ofarealsalh mefal initiator
avai |l abl e by the process, a hydrolysate of the diene.
or plkaline earth metal inlateroasbiien rea acliverend,ef thedgaulting
gol ynmer and 20 a hydrol ysate therg f,. and ‘g‘ |
polygIRsO¥ih A sReCHR N dplesular eompaied Bakingetn D gnolgcule

d di . pol . I i th | yf 1 .
o s B UE i SN Sy iRl ¥ e i
titutl t f [ bi { : :
a RRnecs e iy ol L SrilidicupRine e N alompet
ikl et 2t of g bbcbi iy S0 Bl aredteditingl o
Y dp 804 sPRGRC o Rickbculll S0BBlnd B0t ng
heRbYEE InaRingod séSonkfarg\@hfido gﬁiﬂ:' NGThiEN Q@ hyedrbhen atdm is
these, at |east one conpound selected from
suBSsGatsRWita d triBRjaHo-subBtinaed dilylardup apdral ééasi oneealicadyshyl
net al conpounds is preferably enpl oyed.

‘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 polyfunctibnal 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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[0039] As the organoal kali metal conpound,
organol i t hi um conpounds are 5 especially preferred.

i-tJum conpounds i ncl ude those having a
AD%&E@&%&%@@hEtPQEight, or ganol i t hi um conpounds of a
solubilized oligoner, those having, in one nolecule
thereof, single lithium those having, in one

m)leculethereof lurality of Lithiuns, and,t
usable.uiO e, o (st 6nd compouelecisd ThiMiooanggal Treial
R 'cbim%’r’?gg“"%&%‘f%féﬂ'%m%ved

orgagﬁ §|]0|Ithl um conpound i nclude n- butyllithium
sec 53 ithium tert- butyilithium n-hexyl l'i t hi um

nost bire tEherAlinl %élrﬁﬁt‘ag%% T

esbékﬁétﬁﬂ ??fec?' I b @?ﬁgﬁ Lﬁfdsﬁﬁgdﬂé&ﬁoé@hé{\ﬁﬁga

Sec- ium a [ sopr openyl benzene, .

SRGSiunT 85pband bPd selubilizedwligomer,
Iov}n'gw LF% I|tgmnQp 3- bu{Jadl ente3 and di vi nyl benzeng and

thds%ﬂfé\hm? |ﬁlbﬁéltﬁblécub&hw singletlighilitt, thosa lkandng, in one
pol yacetyl ene conpound; those of conpounds having a
molédule deerebf, tahpluralipootilithiums, dmdthose irywhichran Dtgammgrow
di hexyl am nol i thium diisopropylam nolithium an
ant ditiort drel wridwia @l carbondithiumbangy mtfqgen-ldhyahaami gr tin-
nmet al conpounds disclosed in U S. Patent No. :
lithbymd®n@e2, British Patent No. 2,241,239, U S. Patent
No. 5 527 753 are usable. Especially preferred are
n- butmm um and sec-butyllithium These

or 9200 L W SRR BB Erdbaoudt
o AR e o, SERRHR M, H o iAERE S nium,
bty . RSB ettt

ng&aew dﬂﬁﬁuéﬁﬁ!a‘rh@, ReFbRPreaGsts betiskh séon,
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 dimethylaminalithium,
dihexylaminolithium, diisopropylaminolithium and hexamethyleneimindiithium.
In addition, organoalkali metal compounds disclosed in U.S. Patent No.
5,708,092, Britiéh 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 meta! compound include

organosodium compounds, organopotassium compounds, organorubidium
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sul f onat e_s,‘ carbonates and am des of |ithium sodium
or potassium are usable. These organoal kali netal

! e used in conmbination with 5 anot her

AO%BW?&”&@[}OUM. [0042] Typical exanples of the
al kaline earth metal conpound include organonagnesi um
conpounds, organocal ci um corrpounds and

comREWaSS Ang 0%'956% ST ComponigRes SRnG ramplts PEEHS
sodity GaptBalen M@%m“%ﬁaﬁﬂﬁ%@%f i 28dh, FKoXG8s, |
su@cﬁ?ﬁggﬁ r@fbwﬁitgg gny%ﬁ‘aegroqﬂ n@Jnk%%dlhgﬁ'l %@éﬁgsﬁﬁﬁﬁém usable.
Th%%g a ﬁﬁ]@%ﬂ%u rﬁgfﬁbfh{ﬂohh E‘?ﬁagPlBe f8ed 'il‘?&oﬁibﬁfﬂil@ﬁ%ﬁ

e present | nventi on,

angﬁay'%%%ﬁa&maehmer is preferably avail abl e by

BT zation in the presence of the above-described
al kaljppgeyal initiator and/ or alkaline earth netal
initiator and then growth-induci ng anionic

pol ymgypicaite @mples of thenalkaliireee antio chetali composurid include

preferably performed by a 20 pol ynmerizati on system
orgarsdmagnesitmtopyEiLands organcalilyn sompauads @idn g one

reactor or two or nore reactors connected to eac

ormmatrommonmqmpmmdmnwﬁcﬁ;@&s’mﬁy. dilpuyl reagBesivm, ﬁﬁylbutyl

magnasiifacaad POTIRABITBENEHHT. { 18 ABGpHeFoMREUaH Sth o8
end, 25 available b

i rt e S T

oo Fen T M A gy BBl

BB SRR o USR8 r ofnera

cdﬂ%éﬂ?ﬂi zation

[0043]

In the present invention, the conjugated diene'polymer is preferably
available by polymerization in 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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reacti on of the conjugated di ene polynmer according to
the present invention, a small anount of a polar

added for the purpose of randomy 5
AOS@W{EP@/FS an aromatic vinyl conpound with a
conj ugated di ene conpound, using it as a vinylation

agent for controlling the mcrostructure of the
conj ugated di ene nojety, or i r0VI

copahnAL 1 Bcrbigaind diede ey h.o & Ehalv et 8 & cBnigates
di i ncl udg%cla éa?‘:'{iﬂma é(“’@‘l et [ ahégr of H}ﬁ‘%eRfﬂg'?‘%H%t'm

B o A Bl .
sn%'él%&?ﬁiyd?eﬁégg?% ngﬁﬁ% gnési) ﬁé] %dﬂé& lf&’}Kle)ﬁUrﬁB@SF randomly

ary am

co{:@l&ﬁné@}?rﬁhf@/ éﬁtamdﬁﬁ@diingﬂ%&ﬁn?o%d’w&ﬁrd @drﬁ]@ﬁét@ﬂfdiene

am ne, triet pyri di né and

ot udhafft ash Km%ylaﬂm aderitifitoeorimoliy teaiostrictue of

pot assi umt -anylate, potassiumt-butyl ate,
thé @6h5u§ated dighy Insdietyrorinysrdiving theyatet of, palyrderizatigrhi ne
compounds such as triphenyl phosphine. These pol ar
conpo[0fg] mey be used either singly or in conbination
of two or nore thereof. [0047 20 The anount of the

pol ar Examptesof the polareanepnu b@h@e@heﬁ 3URD asisi ng

pur pose and degree of effect. is usually from
tetrahyrrofunan cdietht ethes déméﬁnq. Iﬁhyl?nﬁ glycel dimsiiay] eAh?fo Pg}!f'ene
e g bstl e Hhetaone BBGAI dimetty\&ia SttnyipBe vcol dibuty

f th

etwcéﬁag%ﬁﬁilﬂe\%q%ﬁt B AP 55%?%599 BS'EO"&%'*? *’é&?ﬁ efﬁ?a&”g
coppiiree .%rct‘ E%Bfﬂ%ﬂéﬁ%ei‘[’%d?#ﬁ‘g Hippeicehandy.
tn&ﬁﬂy e us Prﬁné‘ga gﬁ'ﬁ?éh& q\ﬁlri“u\ﬁhdlnﬁo?ﬁﬁﬁ%téloalk&ﬁae

ati ng agent

g nyL{rid%Uédcﬁ”a@fJotalﬁiuﬁQﬁQ&\ H?é%&ggélﬂm-bmlaﬁé C4Biurf-t-

conpound or regul ating agent of the styrene

S aneSodn el awipTogFing ompobids s s e
triphenylphosphine. These polar compounds may be used either singly or in
combination of two or more thereof.

[0047]

The amount of the polar 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 vinyi 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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intermttently during copolymerization as described in
Japanese Patent Laid- Open No. Sho 59-140211. 5 [0048]

conj ugat ed di ene conpound i ncl ude
Aogﬁgﬂﬁt éﬁgéxt?s i soprene, 2,3-dinethyl -1, 3-but adi ene,
1, 3-pentadi ene, 3-nethyl-1,3,- pentadiene,
1, 3- hept adi ene and 1, 3- hexadi ene. They nay be used

e G L S BLe HBBR S
R SER R e BSR B WA o S5 B 3yt
BN EVES ATl e
OGS sactnce | 1 e styrene, [oosel 1o

di vi qpbgg zene can be added for controlling the
branch in” order to prevent the cold flow of the

conj ugMpledi GFtRe RBhjugated didABEompbimdintiade|158-butadidte,
(wei ght -average nol ecul ar wei ght: nmeasured 20 by GPC
isoprshe) @, 3 dimetHys-153-botdiate, 41 Bpostadisre, Ganithyh¢B.t he
instrument) of the conjugated di ene pol ymer produced
pehtadidres, (i beptadiene andd\Bhexadiehe.t hEhey maydra used either
invention is preferably from 100000 to 2000000 in
singbner itecambioation. t Reefefsed compaunis aye 4nitbytagignesand

_ properties. [0051 25 Exanpl es of the hydrocarbon
isopsenent Exampies efdbe iaromatic 5mb§@§p¥w§ 'rﬁ(, SWTene. or

e e oSS0t i G B e
i ierianisn e e ebvbhe dony Y brkian Hher sngyorin
oo 2 rerad Gt Ml dthes vch 2

[0048]

Polyfunctional aromatic vinyl compounds such as divinylbenzene can
be added for controlling the branch in order to prevent the cold flow of the
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 praduction 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

17



met hyl cycl opent ane and net hyl cycl ohexane; aromatic
hydr ocar bons such as benzene, toluene, and xyl ene,

s made of m xtures thereof are 5 used.
AD@@?&E%&%BQg?ﬁﬁérization reacti on of each or m xture of
the conjugated diene conpound, aromatic vinyl
conpound and hydrocarbon solvent to be used in the

present invention, treatnent of inpurjties such as
hy@PPamensSuCh RS AYlRaRRSTIAR®, hexapeqRRDIRcE AndsRIatR
snSRTa g ReaB e AT ol ) 1™
melReey o\ GFirtaRe aBH Iy rald, ATDRlc afoabds syoh as
belstor AUEREY # x]1BnEl it ok ety HaR6 SEENS theroof are
us%&'.n ‘i@é@&?ég%&ﬂmaﬂféﬂm%%&ﬁoh ibf BACIRBP Hitktufd oPthel einjiijated

or’ greater, nore preferably 20 wt. % or

diéNeeéBrﬁﬁ@LF]rﬁi, IdrbmBBE Qiryf ebmpalbhil ahA Hdrdearbonselveat to Bae

pol yner having a functional group conponent can be
usé@iretHe predeRlinebntiom tegt@phy otieabities such asallenes gr a
functional - group- containing nodi fying conponent and
acetyferresdivitty an @rgamgmetah tompound leinablespreparatigngfiaypolymer
quantitative determ nation with a GPC col um using, as
hawingCarf attiverendhinpa high caneentration endrachievemeant f adighi ch
the functional group conponent is adsorbed and using
meglifigatiopyralip. st andard of a non-adsorption conponent for

conparison is preferably enpl oyed. [0053] Exanples of
the rH09g copol ymer as the conjugated di ene pol yner

oot SRSt R LA i s
AR O TS 3ot
R T
RGP Shup S SR B e a5

RS SIS 0 V6 e sTndge proforaby 0
wt.% or greater. The polymer having a functional group component can be
determined by chromatography capabie 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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conposition distribution in the tapered form Even in
the case of a honopol yner having a single nononer

i g i, may have various 5 structures, for
Aoéﬁm@'b&&r%b be a polynmer with a uniform
conposition due to a nononmer bond system such as

1,4-bond or 1,2-bond, it may have a distribution in
the conposition, or it may be conposed of bl
Y b

for ewampl gareRirtelyANtom cppelymers m®80ﬂ885 flose to the
staflicel AT O GOMRSTLRLAD (RS ST SobBamegs Neyfia &
o Bk B B8 daperE Ty el L o
nofigpBlyRfeF VAR B ¥7Tal¢ HERRRTEL me i, Tt Mt (re0s
St 737 Siarmie, R i of 8l plfihet Wit e Ktk SRASIOR due to
a Méndéthiéf BB”d gfste&?ﬂﬁcﬂﬁsﬁﬂ efbbiid Br 12-BbAE kit Maghave &

conj ugat ed ene conpound such as butadi ene or
distSSURICH A thE dbMpositiopper it ikdy bé campasedsf blocksiiaving block
conmpound and a conjugated di ene conmpound is
bondy)y. esented by B, S-B diblock copolyners, S B-S
triblock copolyners, S-B-S-B tetrabl ock copol yners,
and ([©084in X bl ock 20 copol yners. [0055] More
typi cal exanples of the bl ock nmer i ncl ude

stS r ucExamplesrafiihe Hlaakeepnsl/inc e% padohgomepalymey:blocks, a
i sy Boh IoPkSAB A e o 6 aoen g ok
TS e Sl S Sty ofFBSSSE ok AR
oiBBORE Ay BrERRRH BRI D o S stk copotmer
e T e
sugpé%lbggﬁ?t'e% bwifrgﬁuré )B/Pgﬁ[?ftgf\h?it? vﬁgﬂ&émﬁ@ﬁﬁ’@ d06h BS styrene is
represented by S, a block made of a conjugated diene compound such as

butadiene or isoprene and/or a copolymer of an aromatic vinyl compound and
a conjugated diene compound is represented by B, S-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)p, [(S-B)nlm-X, [(B-S)n-Blm-X, and [(S-B)n-S}m-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 viny! compound in the block B may be distributed
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~distributed in the tapered form the block B may have
a plurality of segnents different in a content of the
AO?ﬁ?Wf.éiP Wocorrpound; n stands for an integer of 5
or greater, preferably an integer froml1l to 55 m
stands for an integer of 2 or greater, preferably an
integer from2 to 11; X represents a residue of a

uni :Wﬁ of %l} ?ﬁaﬁéﬁgtﬁf i tors i ik BBy Rapa RErIRg B partiops in
whitr e arpinate yiny SteRuRi st Aseiapd pRémd Elordt i o
5 3 iP5 3 s il Wens
dif%t%rflt‘?ﬁ @Ndontent! ot thé %rc@lhéﬁ@ Qinyl éb(rﬁﬁébﬁkﬂt%n 5P dBHECkn integer of

ymer nay be an arbitrary m xture of the conpounds

1 dryrbaer td?éfe_?élbl&)@rﬁhﬁéq’e? BoRs ¢ 16 &6 nP¥tanbs for an integer of 2 or
above-described fornmula. [0056] In the present

gre=iee preferably antintegeafromo to e, X refriesehisrairesidug biea chapling
conj ugat ed di ene pol yner having a functional group can

agbnt oo vesiduesl of apolyfuradtionat initigter) whearthercopblymer has therein
hydrogenation in an inert solvent. This makes it

a pharsdityodfdhe dloaksrS and lecpluralidy pbtherlecksB, theirtstiaictures such
resi stance_and prevent _ deterioration of products

as peplarwan weightiage. casmprsition mayhethesame or differerl; and the

h the notility of nol i th
StriGhiEs PN RIVAPE HiNBoRBReS S X Y het BE.SAe eLATBTan)

i (. Gres B e ol df SR PO i (PR SR e F e

oo R by B s e

unsatﬂkﬁh d doubl e bonds derived fromthe conjugated
di ene congound can 25 be selected as desired

depent 1@ Bsbanidiih, BEfrectsicalPthe icbid bendos the
[imtation is inmposed on 1t. In order to obtain a

coRRIgKIRT dieAei ptliyri@okaViega fufdlicttal Bréurecary berdnvenrbd irto
resi st ance, ‘ji%g}li S reco?mended to'adj ust the 20 A0501

satiirateditydrdodrbbye bydedad genatioatin @ntined sohedt. 7 0Phis makes it
preferably 75% or greater, nore preferably 85% or
pogsible &y imprepe beat tesigiardecant Weatiisrresistancetand prevent
unsat urated doubl e . i .
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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bonds derived fromthe conjugated di ene conpound in
the polyner. For inproving the heat stability,

AO§B{ Hgﬁ@in'lTWbecm es and conpatibility with a resin,

ydrogenation rati o of the conjugated diene
noiety in the polyner is preferably from3 to 70% or
from5 to 65% especially preferably from10 to 60%

hy&r&»‘a?ﬁ%%?m”a‘%m&’t%ieé{c‘é%haf&%é%fp&%%@”féé% o a2t ik ftBtaraly
e L
bofiG Bk 1rofh R edAERES B orburt intnBITRiAER oo™t

im&fo%[ tﬂg' r%ef?g%ﬁﬂﬁ%:rﬁéﬁlit}{ré?%ﬂé’émé’gﬁﬁébbﬁibagiamwﬁﬁ% feRin,

anal yze a nucl ear gneti c resonance

théﬁmbééﬁétior[ it the B@njnngételftgsieaéim«a in the peyrériged

in”a Known nmanner. Especially 15 preferred nethod
preferRibhy frenf Dto NP, @8 froat 520 65%,taspetially preferably rpdr 00 ¢o
into a polynmer solution in the presence of a catal yst.
60% tAlthauafhahy particulze limitation éinspasedadry theshydropgenation ratio
those having a noble netal supported by a porous
of aramatimdouble honds derized fioonthparomaticaiaylcompaund indhe
those obtained by solubilizing a salt of nickel,
copelyerer of @ aaniugated digne ¢ampoyrdand ag arematicyiny cogpound,
or ganoal um num and t hose [ net al | ocene ,su S
the hydriegepation atic indreferably B0 Rp lesdemose Rreferanly §5?'€°f less,
under m | d rogenation_conditions., s preferred,
stif\itea e etetm 20% hidss: ny P ShcheseitoB RS 580 b analured by
cat al nt ai_ni.n I . [0059] 25
a %&i%?'?’ﬁ%gé%é%%s Eag?@ﬁmyag’ﬂ%g%ﬁ%t i on catal yst
i ncl uﬂf’g%i) het er ogeneous hydrogenati on catal ysts
obt ai he y supporting a netal such as N, Pt, Pd or

Ru on f i L . ar _
) CTTRE oA Sente piini B 0B SRR Edpecialy

By ruam| 03100 giegmish e
intacepolyare isehtiondh thepresence dfiai cagalyst.  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 nickel, 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 caitalyst 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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agent such as organoal umi num and (3) so-called
or ganonet al conpl exes such as organonetal conpounds of

A03H1 L@‘I'B-Bp'r?fvér- Usabl e are, for exanple, 5 ‘

ydrogenati on Catal ysts as described in Japanese
Patent Publication No. Sho 42-8704, Japanese Patent
Publ i cati on No. Sho 43-6636, Japanese Patent

colgb B 1o oSpraan BEads bR RAFRGaPal R ucn as an
orgaf bEBSEbrN: o X7 JARERENE AN roducing
ag%rgf't gfc@gfgo.{qggﬂg@@iﬁuﬂqo 9Ad 33%5&%5%& sgqa}%rﬁmsr&gﬁa@&ben

reacti o xtures t1tanocene

suf’r‘?%%‘@%orﬁ@@l BomPBUAHS ¥ETP ;mﬁrrwsﬁ 2k Q9 e, fbpegaanpne,

n the“present 1 nvention, after polynerization of the

hy&@eHERGS SatdilyRie as desbribEinoJapanese PHtogREslicdtion dlo. Sho

compound and the aromatic vinyl 15 conmpound, the
428704y dapanesy Pafenit PeblicationdNo 8hod3-6636 dapenede\Rdtant

specific [|ow nolecul ar conpound having, in the
Pubti¢ation Mot 8ho 63£4841, Japanese i atent RubligatarpNonHehi-S79Z0,

hydrogen atomis substituted with a o
JapaneseyBatent Poblicationeo skely1-53§bbudapaneseRatantcPgblinglion No.

havi ng an N atom not adjacent to the N atom of ‘gh
Hel 2.6 Apdalepapese Batentiaid-Rpendia; e 19BR 43, sPrafemed

roup, .or a specific low 20 mol ecul af conpound
nyBiseRanon satelFaie inchide:fRachian frigtiss Bk SEIRpsaR cagpound

arou iﬁv\,hich a%}%grorgen ic? substituted with a :
an ﬁrcﬁ%é'g %2 (9 P P'P'}‘fl‘ ‘group and at |east one

al koxml group. The | ow nol ecul ar conpound is

prefe an organi ¢ conpound having a nol ecul ar

wei ghflﬂ tg\fre ora98n3hvérifoh aﬁﬁﬁgggﬁ\é‘ﬁzg%ﬁ oFf {ﬁﬁrgﬁ?‘éted diene

nol ec conpound i s repre ted by the ng

of Bt cofle Bach LT L i C
cofrfgdtihd, the &ttive éhd of tNereSultirg Bolyidr 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 silyl
group, an arganic 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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Re (1.) [0062] [Chemcal formula 8 R3 (OR4) g- Si -
R - N- S RARaRi (2) [0063] 5 (wherein in the
_ represents an organi c group contai ni ng
Aoéﬂjim oﬁ&’hﬂmdj acent to the N atom of the am nosilyl
group and having a nolecul ar weight not greater than
1000, R2 represents a Cl-1o0 hydrocarbon group or a,

Cl- 1o hydrgcarbon group having no active hydrogen and
substitutgd=swith an Si, 0, Nor S atom R3 and R4

each, i ndependently regresgnts a C, _20 10 al kyl group
ofOR3e 20 BhryR GMbT S ’%@ RR6, and R7 each represents a

Cl.20 alkyl grdyp or Cs-20 aryl group or a Cl_12

al koxy group an® g stands for an integer from1 to 3,
and in the formula (2), R8 and RO each represents a
Cl. 10 hydrocarbon group, a Cljié hydr ocar bon group
havi ng no active hydrogen and substituted 15 with an
Si, 0,0, Nor S ato or ap organi c group containing an
N at oif0Gel [GhemisakiormylaBle N at om of an ami nosi | yl
group and having a nol ecul ar wei ght of 1000 or |ess,
and R3, R%4—,R5, R6, R7 and g have the sane neani ngs as
describetl in the fornula (1)). [0064] 20 In the
ptartpt Sinvert FoN, —@i R*&*8n or gani ¢ group cont ai ni ng
an N atom 28 A0bO1 UP18-PCT/ TYO not adj acent to the N
atom of the am ilyl group and having a nol ecul ar

wei ght of 1000 or less, preferably a divalent organic
group having a tertiary am ndZroup having no active
hydrogen. It may be linear or branched, or may

[0063]

5 (wherein in the fdrmula (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 Cy.10 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 C1.20

10 alkyl group or Cs.o aryt group, R®, R, and R” each represents a Cy.x alkyl
group or Cs.2 aryl group or a C1.12 alkoxy group and g stands for an integer
from 1 to 3, and

in the formula (2), R® and R® each represents a Cy.10 hydrocarbon
group, a C1.10 hydrocarbon group having no active hydrogen and substituted

15 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]

20 In the present invention, R' is an organic group containing an N atom

23




10

16

20

25

have a heterocycle and it may be saturated or
unsaturated. Rl has nore 5 preferably a distance
I ' o froml to 4 carbon atons between the
Aogﬁﬁ |ﬁ&qgﬁm d the tertiary am no group, a distance
corresponding to from1 to 4 carbon atons between the

tertiary am no group and the secondary amno group in
whi ch hydrogen atom i s supstituted wi

" not ad;aggnbtstp,thgtl\bgtogn p@thegggwsuIyl[ggng]anggwa&@q a mplecular

wergha A GPB.oR s DIRIBIARY A Ve oiopnt g re et g tertiary

substitu

amio graup teng mope Rheoerhe 1FiaY 5 Ber 8 BradcHiRl op may
el ey ¥ RS R, = OIS e
B8 Ak eI L153 S o Bwenie
sn&HH%k Jﬁemtgrﬁfith\éﬂtbhg aﬁlm@@fﬁ@ " di§taneé garespanding to from 1

i nclu trial kylsi1ylal kyl groups,
to 4i clrkorh atorhs bbiedrkte tertizmp aminb greuryasd the sédoridary amino

groups, triarylsilylaryl groups and
gréligirkwhichkepxdysgery atmink i supstityted with a tresebstituteldesilyl group.

hydrocarbon group substituted with an O contai ning

or gan[@d&pjoup include al koxyal kyl groups,

aryl oxyal kyl groups and aryl oxyaryl gro and

exan‘p&%sw efm@mm/a!@mr%mm FPQ OEQUIS®N %j i:tle@ih!f\ﬁ’rpﬁag??n

A L e
I aé’%@ﬁ%@%&%@@ﬁesswg@f%@ 3P i e
it AT B S G

| h@%g%l‘i isﬁyﬁg@% 88&1\@%@% the @V@b%‘%ﬁﬂ &5 SiH OOH NH or

NH..

[0066]

Examples of the hydrocarbon group substituted with an Si-containing
organic group include tfialkylsilylalkyl groups, dialkylarylsilylaikyl groups,
triarylsilylalkyl groups, triarylsilylaryl groups and diatkylalkoxysilylaiky! groups;
those of the hydrocarbon group substitutéd with an O-containing organic group
include alkoxyalkyl groups, aryloxyalkyl groups and aryloxyaryl groups; and
examples of the hydrocarbon group substituted with an N-containing organic
group include dialkylaminoalkyl groups, alkylarylaminoalkyt groups,
diarylaminoalkyl groups and dialkylaminoaryl groups.

[0067] |

R® and R* each independently represents a Ci.2o alkyl group or aryl

group; may contain an unsaturated bond; may be the same or different; and
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R5, R6 and R7 each represents a Cl-20 al kyl group or
aryl group or a Cl-12 al koxy group; nay contain an

t d; may be the sane or 5 different; and
Aoﬁﬁié%m non-cycli c hydrocarbon group or a
cyclic hydrocarbon group. [0069] R8 and R9 each
represents a Cl-to hydrocarbon group, a Cl-1o0

hydr ocar bon group havin no active hyci gﬂ
mays be sithetia aanwaiHC BHdmCaTten growp o5a eycliediyrerartn oroup.
orgam Cc_group containing an N at om not adj acent to the
f the am n03|IyI group and havi ng a nol ecul ar

3’?'08 E‘%mﬁg o eprese i o g v B o g Bl fp or g
Ci. 1,3 %&ntdc ggstﬁagﬁéﬁ[q‘?@%ﬂﬁsalﬂ%%ﬂ&{c? "Ry e tﬁ@ sﬁﬁ‘l@ 0?9

iary amno group and in thi

diﬁ%r%@ﬁ Sqrﬁ @%k bereithe?'a ‘jjiﬁ @%I% hy'dnScetbsh § éPa Q?&W@ en

atom an tertiary am fno group
hyc@&%érﬁﬁﬁ to froml to 4 carbon atons, the distance
ween ‘tertiary amino group and the secondar
y

am NEOEEAUP in which a hydrogen atomis substituted
with"a trisubstituted silyl group corresponds to from
1 toR? #d Rdeash @mes{aﬁawm-,ﬁw&maapdoagroﬂptahé:mmw

nol ecul ar conpound represented by the fornmula (1)
hydrocarbda group having no active hydrogen and substituted W|th an Si, O, N

N-[ (di al koxyal kyl silyl)-al kyl]- - di al kg N -tr] alhry
or $ stdmj or am kyganiegreun eentaining an N atom not a ;acent to the .
atogl;jl- gf( t&é@%é&é@ 5{%&2@ a?\li l§'1a|v!n_gl\la mmgclzu ar \Xrelgwt o} 15&5 5}/ |ess.'sI

,ssé ir&ﬁévﬁ%&?hé&abémgﬂé% Jdlbléllérnt 8} group x rFi"ahb%nd
N Q;p#gtg;rbaréﬁﬁ S la:}/%mﬂ pJefé\JaNy, ReARRe II\\LVJ 51 gLy |

t

ter@qxr& a |ﬁgkgﬁ'8§e a\ﬁpjlh ik ?’558 OdtiilnBe prdérably e ditance
be oé)?;r/w;&w 'éﬂYéo?ﬁ' Lt hPhy R iePGary ke 'gPbiss b8Mbsponas totffdmt to

e Kyl
f%‘fi’é?%"‘fﬂ*? B b oy BT o0 - ey

se@ér'fdélr? hé Grop in whlch a hydrogen atom is substituted with a
N-[(trial koxysilyl)-al kyl]-Nalkyl-N -(al koxyal kyl)-N
trisublstiiutéd yilyd igrolipm tlyespordisaoifram 1 to 4 carbon atoms.
N-[ (di al koxyal kyl silyl)-al kyl]-Nalkyl -

[0070] .

Examples of the low molecular compound represented by the formula
(1) include N-{(dialkoxyalkylsilyl)-alkyl}-N,N'-dialkyl-N'-trialkylsily-
alkylenediamine, N-[(trialkoxysilyl)-alkyl]-N,N'-dialkyl-N'-trialkylsilyl-
alkylenediamine, N-[(dialkoxyalkylsilyl)-alky!]-N,N'-dialkyl-N'-trialkylsilyl-
phenylenediamine, N-[(trialkoxysilyl)-alkyl]-N,N'-dilakyl-N'-trialkyisilyl-
phenylenediamine, 3-(trialkylsilylalkylamino)-1-pyrrolidinylalkyl-
alkyldialkoxysilane, 3-(trialkylsilylalkylamino)-1-pyrrolidinyl-alkyl-trialkoxysilane,

N-[(dialkoxyalkylsilyl)-alkyl}-N-alkyl-N'<(alkoxyalky!)}-N'-trialkylsilyi-
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(dial kylam noal kyl)-N -trial kyl silyl-al kyl enedi am ne,
and N-[(trial koxysilyl)-alkyl]-

I -+ Ldjal kyl am noal kyl') -N -trialkylsilyl-alkyle
Ao%gyéﬁ‘bn%&'réﬁ}ﬁf ollowing 5 are specific exanpl es of
them [0071] Exanpl es include
N-[3-(nmethyltrinmethylsilyl)-propyl]-N N -diethyl -

alkylenesiomine NG eiq?&gﬁylplyauwrw-g}wﬁ'iﬁ@'gwxﬁ'kw-“-

malky{sﬁﬁ%l?& moclaming, Rolaianorya RISHIHpldHY-alrbN -

(dieflofarmincaliN Bk Ak R BSRRIRR S R {Ratkoxysilyi)-alkyll-
ag(yﬁ—yﬁ-xb@%rﬁv@wvl Lth¥¢kggﬂﬂ'%1k@5ﬁ§d|§mlﬁ§ The following

[ - net hyl di et hoxysi | ane,
are% éyaﬂéf l% ?F yi propyl am no) - 1-

pyrr ginyl ] - propyl triethoxysil ane,
N-[ 3-(di Jt hoxynmet hyl si I yl') - propyl ]-N et hyl -

N - ( Hampey fidlde Nbfs-(metnﬁtrhuétaylsﬁyi)@tdswt]enNamuwmh
e, N-[3-(tripropoxysilyl)

trimstioygi -dtl'lairi@mﬂ-diﬁ'mu(\@, N{MxmmbblylNprctpyl]elﬂ,W-l@thyll—N'
- phenyl endi am ne, N

[2
tnn(ejhydsnmaeﬂmemmuamme mﬁa{(mwlﬂanthwswlhprom N blm e
thyl am no-ethyl)-N - triethylsilyl-ethane-1,2-dianine
dnemyumtrﬁme\rwisnlut-pmwem@d@mm mr[q\/ (tﬂe*émywlm—prpﬁyl]-N N

d:etryﬁaqh-irﬁﬁm@r}?si%%&w?@é&'gﬁh{% {;ﬁ[‘@l- lltrgig{hy?suylethyiam|no)-1 -

pyrRe! %m&f ﬁ%ﬂ%ty 'ﬁ'#é ﬂﬁ)&&?ﬁp’yﬂ ]S‘edgﬁ(%rl‘@ efhylsjlylgrapylamino)-ls
Pyl LR k@?ﬁ%ﬁi‘%ﬁ%ﬁ $5 Rl feyAasmA oy N-sthyl-
%glﬁogi&{ﬁ&})éf}l kt¥||'n ')ﬁ%iﬁf?—%ﬁﬁr@ih Y- dibkhe, A AR I

prc}:gﬁt P y{i%‘%(?-cfi“{ﬁge’tﬁ A Iﬁgﬁ)&/m%-phenylendlamme N-[2-
(dlé’tlhBWrﬁbﬁUfé?W}’)S‘! hﬁa'ﬁ%(let gl]—N~eth I- N'—(2 ~diethylamino-ethyl)-N'-

trial Kyl sl 1-1 m dazol i -al kyl -trial koxysila
tnéﬂ@yisﬂy@-etl%eJ 2—d|armne and N- [3—(tnethoxysuyl) -propyl}-N-ethyl-N'-(2-
trialkylsilyl-1- hexahydropyrl m di nyl ) - al kyl - propyl al ky
dietieljlainkrmetisyl}-Nhvrietayisilyl-@thane-1,2-diamine. A preferred compound
trial kyl silyl-1-hexahydropyrimd
is N49+(wmmwmlylompybwd*i'+chemyl-riht§meihylgwlrﬁjhm%1 2-diamine.
speci fic compounds of them 26 A0501 UPI 8-P CT/TYO
[ 0073P078kanpl es include 3-(4-trinethylsilyl-1

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

specific compounds of them.
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pi perazi nyl ) propyl net hyl di net hoxysi | ane,
3-(4-trimethylsilyl-1-

Aogbfiﬁ:ﬁlﬁ %{-ﬁmgyw ri et hoxysi | ane,

p|pera2|nyl)propyltrbutoxysiIane,
3-(3-trimethylsilyl-

i m dazal idinyl) propyl et hyl di. et hoxysi | ane,
3- ( 3-1PP7 Rkt hyIS|IyI 1-

T o e ARHOBY ARG 2N
pipaTaZ |?Rr9§yfﬂ#ﬁqéﬂp@«ét§8§fs%ha% DY ngBl LS | ane,

plp%?%ﬁny{l rﬁ@%ﬁr@tﬂb{%ﬂé@é?@%& thihetHyfeiyed ! ane and
pnp‘é‘ré‘éﬁ??rﬁw &Hﬂ&ﬁ@ﬁ%@{gﬁh@ Isiky-pr ef erred conpound

"SI pi per 2|nyl )propyltri
mi@"aﬁ@ﬁﬁiﬁylbﬁﬁﬁyleirﬂﬂﬂ éﬂwox@l%n%f 3tBasitndtiayisitgecul ar

npoundS or two or nore of them use i n conbi nati on

mi@l@ﬁoﬁkﬁnylmﬁb?nheﬁhbkydilbﬂe ZBA(Brémethyisitii-1-he pol yrer
obt ai ned by 15 polynerizing the conjugated diene

hexamiropgrimidiny joropylimetatidichedhexysilane idp-(Ertrimeinylsilife’ -

aromatic vinyl conpound. In the present invention, use
heséhydrhpytimidimy)propyitriethexystanel and ﬂr@s@m@hylsgwmhe

formula (2) as a main conponent is preferyr becau
Plquaﬁiﬂwnbld&é"%th@éyﬁﬂéﬁﬁ b RiAtesrasheAEP P 'Sh§r§4d tmaeihyisilyl-1-

| 0ss pro ert met ski d reS|stance abr asi on
P'ﬁ%@?—'@w& ethexesileNnBy 20 strength. [0075] The

preseﬁ)af Tventl on relates to a di ene copol yner
avai | 4 reacting a conjugated di ene polynmer with

Cher '°§fq§%§%Pﬁﬁ@%ﬁ%@éﬁ%ﬂ#&%ﬁmbﬁi‘@8{%”*"3"
in g#ﬁ];ﬁ}da‘ho%%m Fédctb G dithithd a@tlfv1 BAG IR BoIbEer btdded by

rou an organi c group having an N at om not

'y t
po@ﬂ@&?ﬁn{; the cohjbghted cﬂeh@&oﬁrﬂasuﬁamﬁ@w f?’?,m diemeip,

east ‘ohe al koxysilyl group or w nol ecul ar

Nshd 9 Ariofitie vinyiebaipetindl e In the péseit invention, use of
UP18- PCT/ TYO havi ng a secondary am no group in whi ch a -

théysw egstecisbooomposnd sepresereted by the farmula (2) as a main

triorgano-substituted silyl group and at | east one
comipanent is prefemred pecause 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 least

one alkoxysilyl group or a low molecular compound containing a heterocycle




hydrol ysate of the diene polyner; a pol yner
conposi tion conposed of the diene polyner and

reof; and a conposition conposed of the
Aogﬁg#@!r'{@ggerﬁf’ and a conjugat ed di ene pol yner coupl ed
with a polyfunctional nodifier; and process for

production thereof. Reaction of the conjugated diene
pol ymer having an active d Wi t.h

haibgiosRondeB AT SR WHEh Bnowelrade AR Saifitec
wnt&#&?ﬁrﬁi?%q){gpg?ﬁg{ érgigtqqsﬂgtqga% eal&ﬁk;%@ group; a
hyér%?ﬁﬁ?e ﬁgﬁ]eoa‘ ﬁo{y c-:Art gl[;{?g%?lgf%ﬂégﬁhgp @Pnlp%"sfea%g]the
b R i AT

5 dléﬂe p&ﬁgl‘ﬁ@{ gﬁg s 138y é‘"{ﬁ &!ym%'i_’ cbipiedlwitd BtpNdnctidaal

onJ ate e polynmer, in the foormul a

c(d?ﬁer Bnd' & tp?é'dt@d’t@ﬁfthére@i OURea€titredfithegonjugsted
at om not adJ acent the N atom of the am nosilyl

dueﬁe.cwi/m@d hbamgrw actR@ emd withlthe love ngdiéculart campaired
than 1000, R2 represents a Cl1_10 hydrocarbon group or

regpreSented sttﬂrecammm;i formalad 1 hor thet abayergencriped
and substituted 28
formula (2) yields, immediately after the reaction, a diene polymer represented
10 by the following formula (3) or the following formula (4):

[0076] [Chemical formula 9]
R%p
(O — 331 -R'—N-8IR"R*R’
‘igﬂ‘}m I|=22
{3)
[0077]
[Chemical formula 10]
®'p
{Din - éi - R — N—-SiR'ROR?

I |
IGR‘}mL- =k

(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 aminosilyl group and having a
20 molecular weight not greater than 1000, R? represents a Cy.10 hydrocarbon

group or a C.10 hydrocarbon group having no active hydrogen and substituted
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A0501 UP18-PCTITYOW th an Si, 0, Nor S atom R3 and
R4 each i ndependently represents a Cl-2o0 al kyl group
r R5, R6, and R7 each represents a Cl. 20
Aogb@%er%%() 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+tmtp=3, and 5
in the formula (4) angd R9 each re tffsentsa

witm)aig Efﬁ/ gﬂ)ﬁr ggtt@l]b:R{;G’@l. 1sa1ia'9 m%g&nvsmgﬁ hlgf%ﬁ?ﬁ@gilﬁq 20
Al R o) TP R i B BEHA AT San Gt analdigrele or
anf| 970 0sa ol dRgrn L eEniF R} ot Y40,
e sechpiRgus Y b Ceedor P 2 SRR 5675,
the afceTOATEAT RTARFR R utERERTR #00 SR OeT e

dre he ] , L e
R e L e i e

with &P SIYOT NGRS BloPiTbh BnBrgaritigrbgsihaiinh anfid atom not adjacent
triorgano-substituted silyl group of the diene

to Bed NEbnPerheRiminosihd groap and iavingoa mateduizd) weight het
hydrolytic action with water or the |ike, whereby a

greatentharoll 9B ramceR? REReR°PR’ trhén, B, @ndowmyphaventhe same
(5) or the following fornula (6) is obtained. [0080]
méaihings aaldefsoribed in thefformu@ @)n S # R- NH (OR4A)M
R2 (") 20 [0081 ] [Chem cal formula 12] 29 A0501
UP18- OMSfYO RIp
During a subsequent step of separating and collecting the diene
polymer from the hydrocarbon solvent, more specifically, a steam stripping step,
a portion of the secondary amino group (>N—SiR5R°R7 group) in which a
hydrogen atom is substituted with the triorgano-substituted sily! group of the
diene polymer becomes a secondary amino group>N-H) by the hydrolytic
action with water or the like, whereby a diene polymer represented by the
following formula (5) or the following formula (6) is obtained.
[0080] [Chemical formula 11]

T
(DIn MSE‘i "-'R‘-»‘N--H
©ORYm R?

(5)

[0081] [Chemical formula 12]
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(Dn --Sk - Re-- M- H (OR) n-- R [0082] Its degree
is influenced partly by the pH of water in steam
ri rdingly, t he di ene polyner of the

Aogbééﬁﬂfp?méﬁ( on collected industrially 5 fromthe

hydr ocar bon sol vent becones a di ene copol yner by the

reaction wiwth a |ow nol ecul ar conpound, hydrol ysate

of the diene polynmer, and a pol yner conposition

composegdpf the diene polymer and t he hydr ol ysat e

t her eof | The conposition is preferably a conjugated

digene -pgl ya® .copposi tion conposed of from1l to 99

W . % of {t he{conjlugat ed di ene pol yner represented by

the 10ORhMNa () and from1 to 99 wt. % of the

conj ugat ed di ene polyner represented by the formula

(5 or froml to 99 w.% of{sahe conjugated di ene

pol ymer represented by the fornula (4) and from1l to

99 wt.% of the conjugated diene polynmer represented

by thi®082fmula (6). [0083] 15 In the present

b i S
SRSt B T S B 55 A
) g L B L A
< GRS SRR o S PrBeFe oS ahSmor

ool oshtlAredh HEOSIc{‘IBfohfe'cﬁént\SAﬁpWrdar@l tﬁ@rﬂyd@élyﬁéie%é@f The

YyIer co he conj ugat ed di ene

coﬁgidéﬁﬁfn @%ﬂéie?éblwé Corijligatba HishB pEly Rl conifiosition campbsed

ving a nodi fyihg group has been coupl ed with the

of i@y | 46 T9 W of thie dohjutjateddienefpdiyraeprdprésented byahe
nodi fi er enabl es i nprovenent of cold flow 30 A0501

fotdhlI&-(BCand fionp 1 dp St wt. %naf the @oa;ugated diepe palyrmerrepresented

pol yfuncti onal nodifier, conmpounds Vi ng one or nore
byf thedormoulal (5yoofrpm t &0 eemddeiof the @muga@dﬁpne Oalyssfy |

represented by the formula (4) and from 1 to 99 wt.% of the conjugated diene
polymer represented by the formula (6).

[0083]

in the present invention, it is preferred to, polymerization of the
conjugated diene 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 poiyfunctional 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
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group, carboxyl ate group, carboxylic am de group, acid
anhydri de group, phosphate group, phosphite group,
|t t hi ocar bonyl group, 5 thiocarboxyl ate
AOSBEW@PWQr boxyl at e group, thiocarboxylic am de
group, imno group, ethyleneimno group, hal ogen
group, al koxysilyl group, isocyanate group,

t hi oi socyanate group, conjugated di ene group and ayl
praperty| angt Bigsessalilitya] Asthe pe QS'QPQF 'F‘BH&@L ‘f"rﬁ‘ép or

of noles of the functional group,. 10 epo ro
ha BB R TPE nCUBREHAraIgs SRt B SR aro disony
i mno.qro et hy| i i . , A
o Sl auhie Bk At shPan, B HARGH v
I | e
onfEfiieRoud, SREHAIL ol LRGP viGEabRf doue,
. , e .
it B ol MARILEALOSTTA: o, BTSSR Amilegtee.
imik® dro0pyePdicheithitieRyrop, halbg§es grLR) AKoXIEINH RIroUS tisGyanate
regarded as bifunctional; and a phosphatée group or
graviin IMbisoey ahatergroup | corfugated idikrb ?mmrarfwam vinghgroup.
Pol yfunctional nodifiers preferably enployed in the
pr esejo0B4apventi on have, in one nol ecule thereof, two
or nmore functional groups, nore preferably three or
nor e knuthetdatculation ofire numben efimoies df s iinctipeal group,

exanpl es of the pol yfunctional nodifjer include,
eppxy PEouRs icaghonyd greurs epithie greuphtningasbanyl @ReyP.Jmine geoup,

t hyl | ycol diglycidyl eth | in. .
ety TUTOIGTOR, Helogbi9rpUby ExTivaeteR e B1ouEn B YKk oL

o RGeS B o

calbShie rq%gﬁg,ﬂ#a@{ﬁ@éﬁ%éﬁggzgiﬁgp 37 FOPEIIFLLDP i qui d
RS RRL B AR i B s i
PR G hShAspaIAU) e ol Sabiturcon
ar?jﬁ Fggf@%ﬁtg%ﬁ%@ Eg gglbﬁeﬁnl'gﬁ %ﬁbggﬁmtbﬁ t&g@rded as trifunctional.
Pdlgfuhatibnal imbdifisisrefephibly\dmpbiredh iy the present 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 alcohol such as ethylene glycol diglycidyl 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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tetragl yci dyl - p- phenyl enedi am ne,
di gl yci dyl am nonet hyl cycl ohexane and

RYFay -4, 3- bi sam nonet hyl cycl ohexane, and
A0§Qﬂ§@ﬁﬁ%§bﬁitf g an 5 epoxy group and anot her
functional group such as 3-
egC|doxypropyItr|nethoxy5|lane,

gnyqugr@’r@bgox o s e R Al iR sigisidylphptoluicine,
tetﬁ@@i\@ sfhﬁvwé%j*@g@fﬂ%?ﬁ#wwm L N
i B R
tet@%«%&% 'n1 (3D lﬁbﬁﬁ@ﬂﬁlcﬁ%é&moﬁﬁgéﬁoﬁ%\ﬂuﬁasWévlri@éﬁ’

( group sut
epékaf nﬁr&o@'&é@éﬁdﬁ@k&)ﬂd@ﬁﬁl@mﬁp@h&h%tszleSi l'yl') - 1-propan
glyﬁﬁo&yﬁidﬁ?lthﬁeﬂ#ﬁwbilm@-g@ci(dbﬁ(ywmahbxﬁiiaﬂ:epsopanea
[?ﬂnbum?aban& époxyionified silitgnel eporpiateshedybmean oil
N-et yl i dene (triethoxysilyl)-1-propaneam ne, and
andl-e@%)xylaieﬂhusqeddaiyl propyl)-4,5- dihydroi m dazol e.

[0087] Still further exanples of it include
i socy®@86k conpounds such as 2,4- 20 tolylene

i TP R ——
tetfaakS %tml%pﬁ% tﬁmﬁe Al BEBHRE R  onpounds
aiFipp@Rendlpa o EormBadnd bt ioe 2 i phdle i AR siy
grcggc;] %@ﬁgéé%tf &rﬁﬁﬁ'ly(l)ﬁsuﬁ Rerd) RANEMbLY i 2pRpaneafine, N-

I con,

(1 ?@ﬁﬂ?ﬁﬂpﬁ%gﬁ@ anfgﬁk?m rﬁﬁ ropaneamine, N-(1-

o enat ed al koxysi | ane

SATRPSH\HiRIeRET-B-(AfethaBRMALM éhﬁﬁ’hh@%ﬁéi dene-3-
mrmnobrormtrl}r\;et(hoxy‘gsfylgayr?z-I O%rgbA%Ol “UP18- PCT/ TYO

(triditisdlyei st ysropamsaine) and iN-(B-aristhoxgpsilpiprymyl)-4/5e,

trichl oromet hoxysi |ane and tribrononmethoxysi | ane.
dihydroimidazole.

[0087]

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 sitane compounds such as
silicon tetrachloride, silicon tetrabromide, silicon tetraiodide,
monomethyltrichlorosilicon, monoethyltrichlorosilicon, monobutyltrichlorosilicon,
monohexyltrichlorosilicon, monomethyltribromosilicon, and
bistrichlorosilylethane; and halogenated alkoxysilane compounds such as

monochlorotrimethoxysilane, monobromotrimethoxysilane,
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Still further exanples include tin halide conpounds
such as tin tetrachloride, tin terabrom de,

t i GRiorotin, nmonoethyltnchlorotin, 5
Aogaﬂggﬁvgﬁbh?tﬁborotin, nmonophenyl trichiorotin and
bi strichl orost annyl et hane; phosphorus pol yhal i de

conpounds such as trlchlorophosphlne and

| d.cwargén%Dﬁ%?yZﬁgﬁg SU cﬁmettneq Ve qbg@gs N f}gogsmlane and

trlet hoaghlte and phosphat e conpounds such as
tribremeat '9‘?% B®ate and triethyl phosphate. 10 [0088]

such SUMURE eRIRPRS RghAS i i8OS SR>
tetﬁbﬁc&{ygy gk?élﬁgr%bﬁteaf ﬁqﬁoﬁé@ﬁﬂﬁ#@‘li%ﬁn mBhBB{nPhichiorotin,
m&%bﬂﬁ&?c?%ﬂbtﬂg rqﬁ&gt;pﬂgﬂy cgwlsm%ﬂ%ﬂﬁasﬁléﬁrbréﬁannyletha

styrene-nal ei ¢ anhydri de 5

Q%oﬁﬁii’nbﬂug'sﬂﬁh%%ftﬁaﬂa hegphinasaridli pi ¢

phgl Sdl hgﬂmade and pol ynet hacryl fﬁ: di ﬁet hylam de,

tntf‘réfrl@@mbls%ﬁﬁét sucHhaa srishofylphenylphosphite,
di acetyl enzophenone and 3-acetyl propoxytri met hoxysi

trimeihgiphsphité ant trietbpiphiosphite, ntphosphataicompeunds such as
di vi nyl benzene, dii sopropenyl benzene and

trirdethyipHdsphatenandtriefioylpinosphate.
hal ogenat ed- hydr ocar bon- cont ai ni ng conpounds 20 such
as t riQ&8Bdr opr opane, tri br onopr opane,
tetrachi orobut ane and, 3-

chi or S}l WW?M%WM%%WW GRRPHNASIHENAS her
digiii) beipete, diethy Sipain. Bty ieRrphelpls, ety fipratate
di"?s{f}VﬂPf]ﬁ@ﬁttsﬂﬂ% 5] Q‘?Bﬁ@f‘?éﬁ%ﬁﬁ% efjtydride-gontaining,
colfpgi R S KfbRRINE| g 8fd SHrBHE RAEicEhnyride
cogpwgﬁrabmlc‘ff%‘-r%ﬁtﬁﬁlﬁ% ﬂgbl/)nﬁgu&@%@]aoﬁﬁé%rm{afﬁmmlde and

fve e nol ecul er wei ght

oSSR e e oy, -
dis®st@ibenzophenone and 3-acetylpropoxytrimethoxysilane; arylvinyl-
containing compounds such as divinylbenzene, diisopropenylbenzene and
divinylbenzene oligomer; and halogenated-hydrocarbon-containing compounds
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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preferred and conpounds having, in the nolecule
thereof, two or three diglycidylam no groups are

' erred. Exanpl es include 5
Aogéf‘i&tﬂaé]b& y t axyl enedi am ne,
‘tetragl yci dyl am nodi phenyl net hane,
tetragl yci dyl - p- phenyl enedi am ne,
di gl yci dyl am nonet hyl cycl ohexape and .
effectiuerigr JTeqsing the BiolesHIRIONRIOR} P FEYRINg: 2Fe morR Sreferred.

pol yfunci tonal nodifiers bg us i Lngly
Gy semmes s haInG i s melieli el &6 o BB cPod < Here
t.he pol yfunctional, modi f.j ' ' ' r
prefAveand conng iR hafijerdb fhe Rugs vidtebl SuB R T2k
- di t ' di feReliyd and
d'ﬁ%@??ﬁ'@ﬁtm{ﬁ% c%n%%ﬂ%g?&tgﬁgd'r eggtgllﬁgn bet ween t he
[ i :
te’tﬁ%}}l&{ngw %%J@é;‘g%rgc ul’ éé%ggg%lfgﬁi "3%"2'3%’?1 dary am no
100 Wh infinsmetHyldydlehiexantlantb
te‘gé@wgwﬁ?im?ﬁﬂgg?@?ﬁ?ﬁ@?'?ngpgup'fn any o%dg‘gani Cc group
tethalj Eigyian 3Mbisarmimonwsthylegcionexdnd. o THeseNpalyfanciténal eodifiers
secondary am no group and at | east one al koxysilyl
may bepised either sioglyna inmonwinatiorpoiLime aronoed thiengofa
heterocycl e having a secondary am no group in which a
hydr off290§t om i s substituted with a
~triorgano-substituted silyl group and at | eas

al koxy¥herythepalyisngtienalmeodifier isaiseddn the pre invention,

a&?lgéiy“n?%aﬁ‘éﬁﬁkg?ﬁé'g%%jﬁéat‘&‘hy@igﬁ? REmpOLDR. S8 0% GaiCated
ifier, t I I

di?ﬁ?e FOMRBLPR FaEkFR Srameny ¥ Tk BomBRKRY. e seri GARNsSf e

' I ' o :
a%@“e“egg“‘ébéﬁe“qxﬂ%hﬁﬁﬁ%i&y Hiistlfc Rahd Bafb, g ifoRRUe
R PRGBS0 oS RENER oo B agb e i
a Hﬂrgéw-%hb&ﬂaiﬁg ﬂﬁ%fd@r, aAighMie BroGRRavinGaarr NrRomi Mg

acttve end wth the I ow nol eCul arr conpound i n order

ac@@céﬁtqg e NPatBR dfPe dé@bhﬂﬁryearﬁmmuﬁgdndmtda@st one
onponent 34 A0501 UP18-PCT/TYO in a high ratio. The

alk&xysipl groupar the w mulecuidr carhpbund: toxtairingradietérocyclay
each be added in an amount of fromO0.02 to 5 tines the
hawihg acfecohdamcarine gnodp 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 madifier, 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 simultaneously. 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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of the polymer or conjugated diene polyner. Anpunts
less than 0.02 tinmes the nole may fail to produce a

i g ich is obtained by vul cani zation 5
ADE@W{%E%QXE%%M ed di ene polynmer of the invention,
havi ng a performance excellent in balance anong
sufficiently I ow hysteresis | oss, abrasion resistance

SR R e i B i
oas b RSB AMBAIETT 062 19 RIHe {ERInolEAR in@ R end
of [Heobiyingr of cprigBRRL s bBRTE *AmdrkE fadd F8RY 02 times

théﬁ@lég&%&ﬁ‘ég?%g@&%'é/ B5 ﬁg&ﬁBgﬁkﬁicﬂﬁs RBthRbY BRVUaRRation

ene cohpound or the conjugated diene
; bF ot R 4 pefdinance
U e B e o e S g 4 P
exEON&Ht Eélagn%'@h@rgb bamiciatly idw hiisterddie ogse abrasicrofesistance

secondary am no 15 group in which a hydrogen atomis
andrebkingist@ngti.h Ambuhieraeeedings timestthe nsole yéad ter problems
an organi c group having an N atom not adjacent to the
subhaisaiseoih rhbdificatiarooostrandamemuvatobunreaatedtt substangss. ofde
al koxysilyl group or a | ow nol ecul ar conpound .
amauritas prefgrablhroer Q.OHdo 3 times.ipoee peaieriablt o héo 2 times
group in which a hydrogen atomis subst iptﬁ%j edatgnéth a

thgmdsigg m) I rggﬁmugﬁ?tﬂ?éws Iglf nct%i"g)’.(:i? nodi fi e on.e
BRI T SHE NG S -
R o e Caaad Sibrih SuSSFR BT nERbnd ARRC, |
oL ERtenE HRPE Rl Jihé reifiin pbifier With thBJow
mﬁfgfcg!:at:}grﬂq%‘ﬁnﬁgﬁéf\ﬁrgd,% tﬁ’&ﬁ'@%&ﬂﬁe fisarbB0 a ddtohblry amiﬁo

er e secondary am no group in which a

g%ﬁ%ﬁ %@é@??@'ﬁ%ﬁi isWuBStititddwith FptritPdéto-substituted silyl

_ riorgano-substituted silyl group, an
gr@tba?lah Srgame Bréldy hadng an'N aternod adjsedntizeihe N atdrhef the
a

om of the secondary am no group, and at |east one

secondary amino group, and at least one alkoxysilyl group or a low 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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al koxysi lyl. group or the | ow nol ecul ar conpound
containing a heterocycle having a secondary ani no

j ' a hydrogen atomis substituted with 5 a
A‘Jg{’%ﬁ%@%ﬂﬂﬂtut ed silyl group and at |east one
al koxysilyl group in an amount of preferably fromb5
w.%to 100 wt.% nore preferably from20 w.% to 90

.W.% In the case of a conjugated djene pol r
tricgaanRrSHBSEHIdHLaAURg AN oras GBPYRrBAVIER BN diem not
| t i th f ti | nodifier, ' f th
acpBBH D ) SBRBD Ao TasBreE G e B A S Sy
d havi 1 j A , '
alGRYERT APy B ‘R IbRRBr CapolBh et Binlie s RRRHRS, ©
a6 6 Y AR oy 6361 SRR TR Wi
2 BN e oBltoa SR croih ap stidast Bnd iy aiyidroup in an
anfefind Bf viéféﬂa%@_ fr&fni 5 Wt. %TRS SO0 MR AT MBFeY pfaTerabRPrSM 200wt. %
95/ 5. thinthe above-described range, the 15
to G0MRTAI T Irpthef edeldfes conjagatled dienal pblymerwompositiorodoritaieing
pol ymer and excellent processability upon m xing and
a (poypdlytasr compbrentireadtedukitrea pehdendtiomal modifter, a raticoictbe
anong wet skid resistance, | ow hysteresis |oss )
(cq)polymancomnpnnesit ceacted witht the dew anelepulan RpMgoynd Haying a

which is the object of the present invention. é,oogzl]
segondary ardinpP @jevR ENPEARICEsUPIAMNG aR Natesm patadjacent to

ind BB B tevPon Smiscearoue ard 4ok e SR Rt to
tnd fecdPollanpomhstiert fariie SiRIRe sRURCIEL igdied gy =
oG B oGt 08 6 S e oty e BVl s, st
et o TR \TOAEC i B SBOfe QBB g, e

coffYsiti et 8 iassrﬁélpéélhtﬂd)wgrdﬁeﬁ‘t? dt the polyrrlter and excellent

triorgano-substituted silyl group and at |east one

pratasaniity Wpod iﬁikiﬁ%%ﬁdl progides @ aatamized euberexaelierton the
A0501 UP18-PCT/ TYO reacted with the pol yfunctional

battd ong wet skinf @sistance) low hySleregis 10ssrpropedy,eabrasion
nore preferably 70 wt. % or greater. The conposition

rebistence aritkisreaking strength which is the object of the present invention.

[0092]

The conjugated diene cc;polymer 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 alkoxysilyl 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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conponents wi thin the above-described range can
provi de a vul cani zed rubber excellent in the bal ance

Lgd~resi stance, | ow hysteresis |loss 5
AOS%%%?CMQ on resi stance and breaki ng strength.
[0093] In the present invention, a reaction term nator
may be added as needed to a solution of the polymer

reaka@?v&“ﬁéf@@%ﬁ@%ﬁh@seﬂ?@mgﬁﬁﬁta‘ g&oa?ﬁéﬂ%@ % pr Bfeater,
oG e A TS b R,
N A g
ex%j%?lg il HeBaiaide Song st dslkY@Fésristaﬁéb,%\B?ﬁ‘s%Sréﬁb%sé‘n

ani' ¢ acrd or an“oxidi zi ng agent’ su hydr ogen

praffirX bifasidH RoFRBHGE ndblbKirE spohgtier sol ution to

nmetal s. and 15 then separatée the water |ayer

there@bgg] [0094] In the present invention, an
anti oxi dant may be added to the solution of the

pol y ey thieprésentrievéntion), aasactidrxemiretoomay ine added as

anti oxi dant include phenolic stabilizers, phosphorus
nestied itd azsistionof thalpolymert ialEn inedrsolverd. TAs thereastioncan

be obtained fromthe polyner solution in a known )
terminater,. arEaleahbksuchras methanal ethaeelarrpenalgan Arganin ggid

of separating the solvent by steam strippin r th
such [ag, steanic agifnlgupgacicer %ﬁ?%raqfﬁ d’ft\ff?éﬁ'p'sd-@ﬂ‘fﬁil smpiaved-

and drying to ohbtain. the polyner:. a_ nefhod of

concelit therpregentiBvertign, t"i‘%ﬂ‘ﬁy W“@'PPQ%’?]&WQW‘KWPF ay be

t hen devol ati,lizi.ng the concentr. L 3
degbpadaieadetl o B EOBI PREty Wy tiafir s i

ol ution_h ' . j 37

wiigs gt FeeBtal) M o S artprRid g Al

R P e BT A e By et e e R e e o
theR SbpERkE thewatd layer therefrom.

[0024]

In the present invention, an antioxidant may be added to the solution
of the polymer in an inert solvent. Examples 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 ihe 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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pol ymer conposition of the present invention, a filler
sel ected fromthe group consisting of silica

i nor netal oxi des and netal hydroxides.
Aoﬁgklgéﬁ*ﬁ§5k#“§tlc silicic acid having a primary

particle size of 50 nmor less as a silica inorganic

filler is especially preferred. In this case, the

the TUnesualy exePUSTSTIRC c4n Geaahieven BIGIBTTFRG: I B
moé%ﬁ%%ﬁrpu’a?po?@é&@bbﬁo%%é‘é‘Slqtn‘%ieoqmép‘éeﬁ&xa@%r@éne

ool i SRRy hod i FREAE 1 oo

ool HERPRBGATE ie ol g rogiey,, use
or K o Py Ry oo s s
smﬁar‘d\?@%ﬁﬂh@kt e lggir&fé?fedof I3 thik \¢aB6, thedinépaan be

ated di ene and styrene IS

ddilyainifdifily and oh ¥eifing particke formseittegood an
diﬁ%ﬁ]g&enono 1ithi un* compound aspgn initiator. The

re;sre:‘aubibmtw bpRhgadinglina shapl tme andetheipolyroer gropelymer
from -100C to 0OC and 20 has a 1, 4-bond: 1, 2- bond or

compbsitiomadded with ithre filker hasmr@&ieéablmgmg phms;gay progrerties.
from10:90%to 90: 10% The bound styrene content in
the cll®ynmer is from 0 to 50 w.% and the styrene
chain distribution in the ¢co has no
pr ef ePaoductignfAfaseoat ﬁﬁd%?ff %\@MF@O'YW% Wi} pext be
i sol ated styrepe (one uni

daseclons e spRoicaly 85 6RE AR REL o BieR) of fsfoigsent

reater of the total bound styrene and chai ned styrene
'n\? \ﬂ”ng 8 or nore styrene units connected to each
otherl unts to 5 wt.%or less, preferably 2.5 w.%
% f the total bound styrene. To a solution of

he |
the 'qyar C@ﬁp&gﬁﬁj ated a3 afiteddr 4EdRbiffelibh YPaccdrijwgated diene

nol ec I ng two or m)retertlary am no

i R e e
random copolymer of the conjugated diene and styrene is obtained in an inert
solvent in the presence of an organic monolithium compound as an initiator.
The resuiting 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 0zone 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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Alternatively, a predeterm ned anount of a
pol yfunctional nodifier having three or nore, in

ional groups is added to cause a
Aoggiﬂplﬁggmﬁghﬂy by 5 stirring, then to the
remaining living polyner is added a | ow nol ecul ar
conpound having two or nore tertiary am no groups and

a IowsmelgCHpr sempeLng having Wl Gibrs ISR RD ArRuRg Shd gre
or tmr‘]’gﬁ ksl %gsfw% g %Hodeg?ﬁ B lpoek e uafiim] Pusih8 st BNy
ARE ngf‘ggot %&@tﬁ g%ﬁggﬁww&wﬁénﬂrrﬁgﬁﬁﬁ RAViRG three
or Hb% nI&\ tﬁgal cﬂ%uﬁ&kéﬂ 1536%86 b tabe Y rablbfsh i ins stantly by

S ap on Or uSing purpose. e raw

stlm?\bu "llééﬂ td tHQbrSI’naflr%% ng J:EH Bi &l AP AW mictedifarl |y

ed to have scosity (100C 1+4 mi nutes)

coﬂfﬁoﬁh@'ﬂ%ﬂ‘nd ﬂvolmeoY@ esHibReai Groups shdorieyor moke gh,

exte I's usuall'y addedto adj ust it W|th|n

alkdx§ s greup! q‘sm-.swéwdy aifom mdng by istifringt | e polymer thus
fini shi'ng step during production or inproving

obldinee haspat theendtherdofea thydmxyl gicsipe asiinmmgoiups epoKy group
and vari ous properties due to inproved di spersion. As

or 2ikaxysilyd greupl at aniarhitrary tationati c oi |, naphtenic oil,
paraffinic oil and an alternative aromatic oil having
a 3 wWQ098)r | ess of PCA as deterni ned by t he met hod of

| P346 are preferred. Ex | es of ernatiyv
ar omafynet ftﬁflprﬁf‘ﬁﬂe{‘i’o@"ﬁrg erg P '%9 AiGoauigafed diene

ut schuk Gumm Kunststoffe 52(12) 799(1999), and
"%& PRYBBUCt of Japan Energy. An anmpbunt of the

oK1 74 bleche P dfhe fonaPnipaliighialed om
deﬁ%rf@ﬁ%f?‘“ f‘%ﬁ@?@%ﬁé‘ﬁ%ﬁ?@’%&/ TR o nElep haet for

WG o A S Yo sy (100 24
mﬁ‘@i?éé)ccﬁtﬂdhﬁ@o t6 A0S X YRS the Mooney viscosity is high, an extender
oil is usually added to adjust it within the above-described range for facilitating
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 oil 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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aut onobi l e parts such as tires and antivibration
rubber and footwear, a silica inorganic filler is

AOBD T U B BETTRON Y ng o pr i mar y par ti cle i z6 of 80 rm

or less is especially preferred. As synthetic silicic
acid, wet silica and dry silica are preferred. As the

i nf ' , | ack i I bl e,
A 1 nobbenife PoBiRercAY ARy eriseonss fr BRelicteriaiton,

praswer RBNPR is IS ok YarceizRel e BPEaRtBRE, B Sfdmele,
aulsiiiEroasts SREES s AR A RraioR yfbser i foofioet 2 <fita
o8 DAY 6 SN S s
acit »ﬁ}gqné?rﬁaﬁa%tge Qfzel SFB0NYSRESs B ddpRiciay Preferieet h As

parts by weight of silica

sydgtlﬂbﬁi'?( %hiléﬁ: é&vd,hWépsniéa & 4RPsiked bre Preferedht of  carbon
‘ ack.

n such a conposition, the advantage of the

pr eseAs tharstiifor€ing agent & carbon dlank isralscsusdidle.  Although the

di spersion of silica and excellent performance of a
carbdrchlatk isthotytartculaMimied, paniples ingudeafurnace blaskc

filler and carbon black are dispersed uniformly in
acetyteneobigok, theonakklack shaanelblagk and graphiteer @bihgsacdyrnace

20 using it has |ess strain dependence of storage
blagkds espeaigliyiptefered. tire tread applications, the

i nprovenent in the balance of- lowrolling resitance

and w100k d resistance and i mprovenent in abrasion

2 BRSNS A
iy 2 B B o 445 18 ABb LBk abtained
o/ 00 B B o Lo S S ot o
100t pdres 5y W%Fgfwidf Rilit8 pARRIs HRd foRCT/td YO0ps sy weighef |

a too smal[” proportion of the polynmer of the present
carforeBlgcRN | fh suithi a BORIpBEtiH, thecadismtade dbibe present invention

deliver the nodification effect sufficiently.
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 improvemeni 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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Exanpl es of the another rubber include natural rubber,
pol yi soprene rubber, enul sion polynerized
2 W’, ne copol yner rubber, solution 5
Aoé(g?lm Eg ra@dom SBR (bound styrene: from5 to 50
w.% 1,2-vinyl bond content of the butadi ene bond
unit: from10 to 80%, high-trans SBR (1,4-trans bond

a3 il PoeTon e W FL I oo
not pateiEssh Pauss T BRef Bot GRivaR 17 ecfitEh ebst sifidBi.
Exgiiles of o8 iatiohérrB68 Mo Ribtich ¥iafisoprene rubber,
o VPSSl o8, S
polyhErRRa-rBHEGH SR -(bSGRA SHPeSE R o 30WD%, 1,28yl BbAd

olynerized styrene-acrylonitrile-butadi ene copol yner
cofitepP6f the MitadieABitondl it foatl i @ e 80eg)phighetrans8BRY (1,4+trdns
hi gh- vi nyl - SBR-| owvi nyl SBR 15 bl ock copol yner rubber
boad dohtert lof trepblitadizne onthurit frovh YOite88%%), low-cis
pol ybut adi ene- pol ystyrene bl ock copol ymer. A proper
potmata'cﬁemsnd:beemiglm@isemlyhgtadienermbgeqﬁﬂgfeuans polybutadiene
characteristics. [0102 When as rubber caonponents
rubbes (3 c\-yans bend caatent o the bitagienethand ynit: iam KB to 95%),
rubber are used in conbination, their ratio is iUEBel;

by b

soRiGm PRI 25t TR0 Syrens;DulARIeNesROPIaneH Ay Y bber,
e Bh oA e o S5 fEne: el BB e DRI e rubter,
erfiifohptfrhdiddtPitenegayibhitile-BBdipe apohmey ABESE, | 2
ac%@brﬁ;@-d&%ﬁ% ;éngcglgher HB@&érP'bﬁé‘h%ﬁ-ﬁHglf_-S‘BR-Iéﬁ'-\lriﬁjrlMR

I NSO [ fur 41 A0O50T UP18- PCTI TYO and
bidtkIEHpblfhePRIbbeP hAd Blddkdopoiphéry subhl agigolysigteris

sul fur ‘nmonochi oride and sulfur dichloride, and

pog{mmiiénmmstﬁeﬁe lovk cupotimeny IA prepex bde isiselected
Itertirary

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, vulcanizing
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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butyl peroxide. O these, sulfur is preferred, with
powder sul fur being especially preferred. 5 [0104]

er=Yalt agent is added in an anmount of usually

Aogﬁﬁgbﬁz 1 parts by weight, preferably fromO0.3
to 10 parts by weight, nore preferably from 0.5 to 5
parts by wei ght based on 100 parts by wei ght of the

anddﬁq%%&%@pwgf@% sulfs st vatel sk AT s rerlSehyn '%%?%%
suifipride, grarr BRI AR 08S FHeR o Ry Bk e ertiary
outySpdERER, | QpEr e B pbfifn ikl e sl being 1 ©
sty MBIt L2 < by wei ant of the rubber O
corrpcl@qa?afl. y[ 0106] The vulcanizing aid is not

particu limted, but stearic acid and zinc oxide

ar e ugbl@cariRirglddent isadiéeiroah amountref usually from 0.1 to 15
napht heni c, paraffinic and silicone extender oils are

paﬁ@ b? edghtd ptféfeﬁ!bh,gfrom 0.Bdou€ paytspby peight, Mbee praferaidy from
oil is added in an anount of usually from1l to 150
o.aomrﬁ patty byavaight baseef an 460 parts by we!ggt altbegubber by
wei ght, nore preferably from3 to 60 parts by wei ght
compepentsn 100 parts by 25 weight of the rubber
conmponents. Amounts of the oil within the above
descr[pﬂgﬁl range achi eve hi gh bal ance anpng an effect

o D e SR B By A ame, migyes
e %&ﬁ?@p@%@%@@?w&aﬂzma'a&eneﬁm@s
The vulcanizing accelerator is added in an amount of usually from0.1t0 15
parts by weight, preferably from 0.3 to 10 parts by weight, more preferably from
0.5 to 5 parts by weight, based on 1.00 parts by weight of the rubber
components.

[0106]

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

[0107]

As the oil, aromatic, naphthenic, paraffinic and silicone extender oils
are selected depending 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 oii 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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conposition of the polyner according to the present
invention may contain, in addition to the

A GhE Pbﬁs conmponents, another additive, for
Aoi‘zﬁﬁlg’l@?ﬁérr i1Ter such as cal ci um carbonate or talc,
am ne or phenolic antioxidant, antiozonant, silane
coupling agent, activator such as diethylene glycol,

proc:ﬁé‘?ééig aid, tackifier, and wax in a necessary
anmount !¥he conposition using, as a rubber conponent,

L I T
co BRSO B0 A PRI oo,
addifid?) 9% thE Ebd4 fg%lﬁedagnjﬁtﬁ}eﬁ\gé,%miih&f addifve) T6568Emple,

rnvention 1s aval process for pr oduction

ﬁllér;sgkggﬁsa&%iﬁmd&?ﬁbh&%%r%ﬁ Hefear Shemslicantioiiant, 15

ynmer of the present invention has such a
anticdthaht, Wilaee cBpliftphgent, Aetivattresuchoay dietindene giydol,
advant ages. [0110] ® One preferred enbodi nent of the
pragessimgraid,aapkifier and wedx infenecessany amoowention is a
conj ugat ed di ene pol yner conposition conposed of from
5 t o e ompositionusing; @sjaidber cdinpapepb therpplysaisrdae
w th the pol yfunctional nodifier other than the |ow
compbsition &f theopplyned aceprding ta e presenidnventian gan be prpduced
(2), and from10 to, 95 wt.% of the conim}gg di,ene
by pikipaehe abgreslescabed gompenents ima kpqw) eafling
formula (5 t.he conjugated di ene pol yner
chgmgg}h%%réi{gﬂﬁ{g’% fa (4) and/or the formula (6)
and h@\igﬁ a Mooney viscosity of 25 from 20 to 200.
Such P ymer conposition becones a copol ynmer

Co”pgf!b]él %gﬂjuaéfe% éiSH% ggﬂéﬁée’r]nég tﬁ% gy‘éﬁrﬂ Wén\ﬁoﬁiss avaijable by

cont a-conj uga ynmer coupl e

théjrg}ok%gg Z‘SHLEE%J:'%@FH e’ athvB&eschBed E‘Bﬁjdg@YédTBieﬁﬁ Holmer.

TYO conpound 'represented by the
ThEPdRhar éfithePresdit inVéitiorinas Sadres chstation sy neat it has the

conposition contains preferably fromb5
above-described advantiages.

[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 formuila (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/for the formuia (6) and having a Mooney viscosity of
from 20 t0 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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to 60 wt.% nore preferably from5 to 40 wt.% of the
conj ugat ed di ene polynmer coupled with a

cLj L, ~agent other than the | ow nol ecul ar
AO@@L%%ﬁﬁﬁﬁgquﬁpesented by the formula (1) or (2). In
particul ar, addition of a glycidyl conpound having, in
the nol ecule thereof, an am no group as the

pol yfunctional nodjifier is ef er.red, because the
compaund repyesenied Py 1be famyla (BS)PSI%r conposition has an

11 ot sorbaatectfishe BRFBRrcbras Bt i Bins s figaply from 5
to 6 W3Sk rtPilSBRL ORI LA B % oFfhe Cxlfugdiey dieAd polymer
codbfBRSiH f BefrulctBnal sadiR orieahaR ine Ry RSt offaiid
e N Lo s 1 ¥ shoul d hovever be

bor nelnicffégghﬁlﬂr, HRitions a ggi@@ﬂéorhﬂd@m havingsin thetmolecule

limte them In Exa sanpl es are anal yzed in

therb6f, bal drfinongroup@itae polydiridtional mMpdBien isipesfgred cbecause
content 20 A bound styrene content (wt.% was
thelesseitingeuhjhigated aisre polymer cbmpsisitioarfiasan excellent salddiow
a phenyl group while using a chloroformsolution as a .
praperty and frorecyer, when Silicacanotberinerganicfileremearhpn dlack is
styrene single chain _having one styrene unit and a
nits

added tethe polmes vaMpasitian, theresyiting CmMpPsitien PAS geO

was anal yzed in _ accordan vvitrh t he t hod_ of. Eﬁmaka,
pragesgabillpimpieued dspersipnsa! fus iipa gt popganic it Cr

cotl ek e RES AL e laPapds e OO
?ggocgrmﬁ?ﬂég(ra%%‘gé] to gel perneation chromat ography

The present invention will hereinafter be described based on
Examples. It should however be borne in mind that the .présent invention is
not limited by them. In Examles, samples are analyzed in the following
manner.

[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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[0114] (3) Mcrostructure of a butadiene noiety 5 The
m crostructure of a butadiene nbiety was determned in

i a calculation forrmula of Hanpton's

Aoﬁ@fﬂrggwl?gwapredeterm ned absorbance by using a
carbon disulfide solution as a sanple and neasuring

an infrared spectrumw thin a range of from 600 to

coko0Seslh ol e OB i £3558 5
e SR BTSRRI AW o BRSSP

[011 b 1 (5) Mol ecul ar wei ght and nol ecul ar wei ght
di strh gu on The chromat ogram was neasured by GPC

(3)3\@1 thiMGs cﬁ’%{‘ﬂ&%&%ﬂ 1 feyms packed with a

ystyrene gel as a tiller and the nol ecul ar wei ght

and i ffitodinieidbt a Gutddiehe ity waedstatmiredtind

based on a calibration curve plotted using standard

acEsTUMAEY Withta cAleLiatiby dorpiwa @f Hemsptoasdnethod fearhaent .
20 [0117] (6) Modification ratio By utilizing the
prefiteinihiod mbisbriamice)byoising muxtirbore disulfideosalution as a sample
colum using a silica gel as a filler, a chromatogram,
andméRDriigrarirfeeed spectrod withina raagedf frem 8GR to 1000 cm
pol ystyrene gel %@S%&'Sho%ae", product of Showa 25
by Dsingpa sehudion agli( inlABCEPEorPUBtigRk oven -
CO 8020", product of TOSOH, detector: "RI-8021") on a
silicl1d8l utm (" Zorbax", product of Dupont) were

obt ai ned, for,the sanple and | ow nol ecul ar wei ght
(4) MoenguvissPs¥ar d 45 A0501 UP18- PCTI TYO pol yst yrene

o0 B AR e B o hdal o SR Ryl isheatng

1089€i '2eRbIdaR b Wity R e48bS" M ned.

[0116]
(5) Molecular weight and molecular weight distribution

The chromatogram was measured by GPC 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 sclvent.

[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 chromatagram of GPC ("HLC-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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Exanple 1 [0118] 5 A tenperature-controllable
aut ocl ave having an internal volunme of 10 liter and

Eﬁpﬁﬁ ' stirrer and a jacket was used as a
AO$@§ or gpg?gﬁé g of butadiene, 225 of styrene, 5500
g of cycl ohexane and as a pol ar substance 0.82 g of
2, 2-bi s(2- oxolanyl)propane fromwhich inpurities had

AN AR i kel
el TorerBERBEESE RRD Bl enida, T 51

Ex%@k% he reactor. After starting of the reaction, the

ature in the reactor started increasing due to
heat [o4 ¥ ced by polynerization. During from?7 to 12
m nut'es ter the addition of the polynerization

| ni ti Qihpefur@-&intiNEBI} ARGCIEBS havipg artihtérhabvelaime off10
10 15 g/mn The final tenperature in the reactor

lite¥ %ﬂ?@@nﬂﬂé& withh aestirep @pdet jacket whs Ubed me @ m@actor,andBZb g
nmol o
of bufadie(ie; 22Bidfistyyene,y3500g oppydlohexdnedcinid ay la-pdlar substance
trinmethylsilyl-ethane-1, 2-di am ne was added. The
0.88 g 0 2S-biaf2-oxdiangprapans fron which impuities hag Q%ﬁ!k'@népved
nmodi fication reaction. After addition of 1.8 of an
wese chasgegkintthe ppagtor o Thetempaiature g’lﬁeﬂ# ohibe f@émﬂrmﬁ
t he sol vent was, renoved, 20 wh _
malRipne A o SRR SAaRIng & 75 fgma! of -
{ t .
bugﬁﬂéwm eRP PRz IR AV a fistints (tregCon, AR Heging
ey igh B dBpetthe i BB ToBREl SaliRerbadingiilp {d)fent

mdé@t%tgfc?# %@gmg‘}ﬁ?ﬁ%& :: g? trHﬁ*P? %1% '?ﬁnﬁgsaéﬁe?'?ﬁe aBmitdhY of

Ion In accordance wt

th&'@Hﬁh@?iz&;iHﬁWﬂ&gr bﬁ;@%f Biitddishe Was SUBPIREY af £ FatbloF 10

an infrare trophotoneter was 46 A0501

oL N RlAi S ekeisatonTrc som o
of the reacation, 13.5 mmol of N-{3-({trimethoxysilyi)-propyl]-N,N'-diethy!-N'-
trimethylsilyl-ethane-1,2-diamine was added. The mixture was stirred 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 styréne-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-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
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Exanple 2 [0120] 5 In a simlar manner to that
enpl oyed for obtaining Sanple A except for the use of

g ilyl-1-piperazinyi)propyltriethoxysilan
A0t P18 BETIN S

ead
N-[3-(trinmethoxysilyl)-propyl]-N,N -diethyl-N-trinmeth
yl silyl -ethane-1 ,2-diamne, a nodification reaction

o2 il Rordiedorfla Rl KRG B FERSIAE
= , 2 10 25 Wt . 9
colySHAEE i ene content e 75% and . the Nooney

' ity of the polynmer was 50. A 1, 2-bond content of
Ex%fﬂﬁgfeo% crostructure of the butadi ene noi ety determn ned

by t(r)[g-%giscul ation in accordance with Hanpton's
nmet h ased on the neasurenent results using an

| nf r AhesiiRg MM e Eﬁﬁt@a’mcpl@fje@&%dmﬁinmgmblemekwpt

ratio determned by 15 GPC using a silica adsorption

fordhé ugB of3s(4bithetimdeii epiperdzirh?)propyltristhoiysilaree insteackof
to that enpl oyed for obtaining (Sanple A, o
N-j3o(tymetHoxgsilydpropgtitN, di+dietbyl g rifimetimdsilyiethang-1 2gdiamine,
reaction was then 20 perforned by adding 0.25 nmol of
a madificafiorciedgtion was paricimedo mhershi a shepag-hutadigne
tetrafunctional pol yepoxy conpound, to tpye. regctor
copelymer (Sample Bhwagiohtainedat Aszresylt of apalysisaf (Sample B), a

bo};g,lg :s%\(lg\grqg %qfaqng mnésfjlréﬁ @ﬂ%‘y %11161%% gtatiag%n%yco% :(ejlri\tnvgas:,L ;'5%5,3 and
inBRERL ROk BP0 SBE AT P PRt of e
migisfets of oliERlick Abish Skl of IRTRIEH o
acEORi=nRE M@?H%@%lﬁ ﬂ?‘@ﬁ% QQ{QQ@@M thé %?‘éb‘du?éfmgﬁt Fé%%!fs using

pol'ynmer was _ cont ent the 47 A0S0
anﬁ@frére%ﬁ‘%e YQpRbfonnsteF Wak\§3% ahdldmodificaton raticraerinined by

erm by the calculation in accordance wth
GPBIRIMY a Silica tHaeerdtRpashblanntvies 8B%sur enent results

usi ng
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-trimethyisilyl-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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an infrared spectrophotoneter was 62% and a
nodi fication ratio determined by GPC using a silica

Aogéipgmtai_pe-r?ﬂ@nn was 83% 5 [Exanples 4 and 5] In a
SsimTar manner to that enployed for obtaining (Sanple

A), polynerization was perfornmed. Styrene-butadiene
copol yners (Sanples D and E) were obtai ned by

g T T T
ac%?ﬁ#@ﬁiyﬁé HEMEeh S pethos Beseon i measyrement rpsuls using
an 384 ShpLEpnctomietot AS BRA B K FAHEA ol definined by

> K : i ts are shown in Table
GPEP Gy B aiftd BBCLBIER SRl Il © e

5 [Exafiples atargescont rol | abl e aut ocl ave having an internal
volune of 1 liter and equipped with a stirrer and a

j ackdh a/gimilas athrimer ¢o the @naployedifcs 2btajningf (Sampleiddne,
225 of styrene, 5500 g of cycl ohexane and 1.05 g of, _
polgmerizatibmwasperiarmede, Styrenbiutadiene icapglymers (Sampliasd
whi ch inpurities had been renoved were charged in the
and & wase obtined byhangingtheramaelints of putadiens.and shvenks
mai nt ai ned at 30C. A cycl ohexane sol uti on, contai ni r&g
amumgomutsdhthwm,tﬁmgumy ofiA pelpRSURStARES, AN 3mpHRts of 3-(4-
.initjat fed . into, t tor. Af tarti f
10 uinelbyisducl piwretindariuidioneTans e VB 7L e
. . due to h . b . . .
e B 5 AR B RAATER 8 Borion
Suppl Tt o8pvE Besibefhitiparaltnfhellind gl Ched jnf Fele 1.
[C%@nggé??%&mﬁeme reactor reached 79C. After

e polymerization reaction, 4.36 mol
of t ag{ yci dyl - 1, 3- bi sam nonet hyl cycl ohexane, a
tetrafunctional epoxy conpound, was added. 48 A0501

UP18- Rédmp&fatditecontrdlidbie dasckaive Mavthgpan ifiéiriabvolome of 10
m nutes to cause a nodification reaction. After

litendehict equipmed WitB agstirferaandoan jacket was use8ids)a teadtdreand 625 g
resul ting polyner sol ution,
of butadiene, 225 of styrene, 5500 g of cyclohexane and 1.05 g of, as a polar
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 tetragtycidyl-1,3-

bisaminomethyicyclohexane, a tetrafunctional epoxy compound, was added.
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the sol vent was renoved, whereby a styrene-butadi ene
copol yner (Sanple F) having a nodified conponent was

ined 24] As a result of analysis of (Sanple
AO@?? e’gi%gﬂtﬁ\g styrene content was 25 w.% a bound

but adi ene content was 75% and the Money viscosity of
the polynmer was 76. A 1, 2-bond content of the

o B 1 B P BB i
B2 1,53 A58 TSRl o i B S,
e SHEFTE SabaE PENOS o3 (Sefl )

f | ecul ar wei ght (M) was
haﬁﬁ@%ﬁﬁogﬁgerﬁé cuaz?F a4&/g'igg“ﬁ§mgiast ribution (MM M) was

1. 36.[0,{3241§di fication ratio determ ned by GPC using a
silica’ 15 adsorption colum was 83% [ Conparative

Exanpd$a2ésult 8fladlysis of (Sampid BY, aouret styeriehcintent was 25
enpl oyed for obtaining (Sanple F), polynerization was
wt. e ref losumedibuthdigne cordetitwasl 7 5% anditheWeongySdapdsity@f the
20 was obtained by changing the anounts of butadiene
polgmer sas Zhe, Adibond ebntent ipfithe micrastoustuesmefithe bytadigae
pol ar substance, and anmount of tetr agl_é‘?i dyl -1, 3-
moigty seterained Py die calsulation ip @cpardange vitly Hamptems mathes,
of the polynerization. Conpar ati ve, Exanpl 0126
baserd o the gleasuUEMARLTesHIts Lrs'mzﬁn ref éaa%?@ﬁ@{%f H@’-]S
Sa e F), ol i zation. was, perforned.. Using O
624~ o sotpest 56 bRl AU ARt RiglRSUBE Yeiph g ngstied
Nt Y1 thi I k '
oy S8 e B B B8 B Wk A9 50838 o pymper
ave iR olesEla SRR I Y, Moodh A Mbteoudlr weight distribution
(MvAhPWas 2365t AMiddificationafio determined by GPC using a silica
adsorption column was 83%.
[Comparative Example 2]
[0125] - - e e T A S e =
in a similar manner to that employed for obtaining (Sampie 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 tetraglycidyi-1,3-

bisaminomethylcyclohexane to be added after compietion of the polymerization.

- [Comparative Example 3]

[0126]
In a similar manner to that employed for obtaining (Sample 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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for 5 mnutes, whereby a nodification reaction was
perfornmed. To the polyner solution thus obtained was

g an antioxidant (BHT). The 5 sol vent was
Aosﬂggﬁnrfeenﬁ\?gﬁ%ereby a styrene-butadi ene copol yner

(Sanple H) having a nodified conponent was obt ai ned
(Sanple H). As a result of analysis of (Sanple H), a

bound styre cont ent. was 25 . X bo but adi ene
ARGCHTBREYPR ! s PolyftpriznEoREsrion, R AR & L he
. Iy . - o
ainfityBieBicindng passsiigdng Resci8r sBlowfty stiring & 75°C
al [ [y : | 'S od
for Bmirifaf, " RHertby A moBirkaioh (o ad peRERMAL PTR
¢ ' 0 L ) et
PO e e e e 8 T S B,
solSént whSaERFerhbveR], WHrebye attyrehb-Hilddiéhe Bopolymer (Sample
t enper ature-control | abl € autocl ave having an i nternal
H) hevingea Afodlfied tarhponartdvasiobtairai (@dmple H) i Asea result af
j acket was used as a reactor and 625 g of butadiene,
andgSisgpf(Saniple hea bBEAA styrehe cpotenh wasrds whtb, @ 3aung of ;
as a polar substance, 2, 2-bis(2-oxolanyl)propane from
buttidierie content was 3 5ig\andiberMooneeviscesityefrtae o owas 50.
t-he reactor. The tenperature inside of the reactor .
A hidDang eaniemtcef the rigostractye of Hedwadiane mpigty determined
containing 6.7 of n- l,i thi

| ) b |
by o palcH| RN ACFRIOANS SR HEMPLeN s Fshon Bsed onhe
Af t t ti f th ti h i
measurernant tssulf ysion oREed precRr iR el Sik artt g,

e 4R Bl B G Tend §sheaddRahEpr el Fhn s

81 otadi ene was supplied at a rate of 10 g/nin. The
I'nal tenperature in the reactor reached 77C. After

_ j tse pol yneri zation reaction, 13.5
[C%@g@t@we%arﬁ&e pol y

N, N 50° A0501 UP18-PCT/ TYO

bi s(t[g'1 hyl si | yl')am nopropyl tri met hoxysil ane was

added to the reactor. The mxture was stirred at 75C

for SArtempeesturerbentediiable autbictavediaving ar dnternat valusne of 10
liter and equipped with a stirrer and a jacket was used as a reactor and 625 ¢
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 mmot 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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effected. After addition of 1.8 g of an anti oxi dant
(BHT) to the resulting polyner solution, the sol vent

AO?@’ZU%F%‘%‘N@WGW a styrene-butadi ene 5 copol yner

npl e 1) having a nodi fi ed conponent was obt ai ned.
[0128] As a result of analysis of (Sanmple I), a bound
styrene content was 25 w.% a bound butadi ene

s R o3 598 o o i, Tho
i et 72 B e e Rl Sy
or338, ASel BCHBASH 1905 g b BNTED 0813t

2105 o STy ey iy sl

copblfe [ SARMPREN Habirg'@madiePrefpbaentobasbbiairged. Sanpl e
D), a polynerization reaction was performed. A
modi fjog@sj on reaction was effected using
3-(N-trinethylsilyl,
N- et hié aanesalb pp analysisrof tBampie B Adoeindstyreng conteht was 25
tri methylsilyl-1-piperazi gys%pro l'triethoxysil ane
whih,ea bbynd betadienscontentives ne\suispPsitysof the
was obtained. As a result of analysis of (Sanple J?;r a
PobGURIWES §Pend b3 ROBHCARENta the MGrosTYBRICT tleariens
content was 80% an t he Mooney, vi S|
mcﬂe\yﬁﬁswmiagdiw. the %?%J%&min&wﬁ?ﬁ"%?@hE%mogmﬁ'g%‘ethw
m crostructure of fhe butadiene.noi et ]
bagrd crdhe fieas Gament Fexuls R aS iTHrShREEL AP B FI vas
base S I ' : al
63 o 25 B et G R SG1E R Rles] 7 PIC iR Aty Bdsdrplio oBlhmn
wé%eé@;m' ned by GPC using a silica adsorption colum
was él % The above-described preparation results are

[C?f'li’?graetw%lg)g%hslelsl 51 A0501 UP18-PCT/ TYO [0130]

[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)propyltrimethoxysilane instead of 3-(4-
trimethylsilyl-1-piperazinyl)propyltriethoxysilane, whereby a styrene-butadiene
copolymer (Sample J) was cobtained. As a resuit of analysis of (Sample J), a
bound styrene content was 20 wt.%, a bouhd 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 results using
an infrared spectrophotometer was 56% and a modification 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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Ex. Ex. Ex. Ex. Conp. Conp. Conp. Conp. Conp. 1 2
Ex.3 4 5 Ex.1 Ex.2 Ex.3 Ex.4 Ex.5 Sanple ABCDEF G

Lene 625 625 625 670 670 625 670 625 625
AogaE UbARERIEO0 L aai one 50 50 50 50 50 50 80 50 20 50
added further Styrene 225 225 225 180 180 225 180 225
225 180 n Butyllithium®6.75 6.75 6.75 6.47 6.47 8.72
8.44 4. 75 .47 (mmol) Amount of polar 0.82 0.82

15183 (a1

0. 82 05 0.68 0.68 0.82 0.52 substance .1
Modifier-1 0.25 - 0.24 4.36 4.22 - - mol *2
Modifier-2 13.5 - - - - - - - - (mol) *3 Mdifier-3 -
13.5 11.48 12.9 11.0 - - - - - mol *4 Mdifier-4 -

_ _ - 4.79 - (mmol) *5 Mddifier-3 13.5 (mol) *6
Modifier-4 12.9 (mmol) *7 Modification 83 85 83 84 82
83 84 81 84 81
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rati o Mooney 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
Wei ght average nolecular 60 55 weight (Mw) unit:
10000 MNunber average nolecular -- - -

weight (Mi) unit. 10000 My My 2

qrgp. Comp. ] 'Comp.

welght Lo} - _ c :
1.2, 551s(§2‘ okekany F¥pr nﬁg B 35 Bx 4 Ex. 5
h [N

Tetraal VeidA - L4 5 o X
Gy V1= ARt
tPoxi il y

—S—"—'EE'?—A NN A DR I P D IR
Butadiens v | get Hogps- | 625 b87ali|@Tonks25*4:| 670 |625 |625 |670

(Q)Q-(A_ Toninetihvl ot | v nidor a—=h
= =t HE HAA-S— )

VI B Y- - I 1 v + HIl |
' p |u:|g.\.,| TLp Ty 1) rOpPy T qirT CUITYAYSTT gl
Amountof. | iyl hyl { m dazol i di nonf *6:

bulRplIRSSi § (50r i Insd: hy B8 | Y arfitop gpyl t|rs0ret HRysi [ §Ae | 50
further (g)

Styrene (q) | 225 | 225 | 225 | 180 | 180 | 225 | 180 [225 225 | 180

n-
Butyllithium | 6.75 | 6.75 | 6.75 | 6.47 | 6.47 | 8.72 8.44 563 6.75 6.47
(mmol)

Amount of
polar
substance

| (9)™1

082)082(082 |052]052]|1.05 068 |068 |0.82 0.52

Modifier-1

vy |- |- |ozs |- o243 laz22 |- - ]

Modifier-2

mmoh*a | 1391~ |- S - - - -

Modifier-3

(mmoh "4 | - 135 11.48 [ 129 | 11.0 | - - ] i _

Modifier-4

mmo)*s |~ |~ |- - - - - 479 |- -

Modifier-3

(mmol) *6 13.5

Modifier-4

(mmol) *7 12.9

Modification

raio (%) 83 |85 |83 84 |82 |83 84 81 84 81

Mooney

viscosity 53 |50 |65 62 |63 |76 73 50 50 49

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
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-bisaminomethylcyclohexane
*3: N-[3-(Trimethoxysilyl)-propyl}-N,N'-diethyl-N'-trimethyisilyl-ethane-1,2-
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*7: 3-(N-Trinethylsilyl,

N- et hyl - am no) propyl tri met hoxysil ane 54 [0131]

[ Exanpl e 6] [0132] Two autocl aves each having an

internal volunme of 10 liter, having an 5 inlet at the

bottom and outlet at the top, and equipped wth a

stirrer and a tenperature controlllng j acket were
d'%‘ﬁ‘ﬁect ed in series as react and §?§St atic mxer

'gﬁ@ gl kﬂ@@F@%‘Wﬁ!Eg But adi ene,

AT e

10 n1xed solutlon was passed through a dehydration
colum filled with active alumna. In order to renove
inmpurities further, the solution was m xed at a rate
of 0.003 g/mn (0.0469 mmol) with n-butyllithiumin a
static mxer imrediatelly upstreamof the first
reactor and then, the m xture was continuously fed to
the bottom of 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 ntai ned at 85C.
The pol yner solution was taken out continuously from
the top portion of the first reactor and then fed to
the second reactor. The rate of 20 pol ynerization at
the outlet of the first reactor reached about 10%
[0133] Wile maintaining the tenperature of the second
reactor at 80C, 3-
(4-trimethylsilyl-1-piperazinyl)propyltriethoxysilane
was added at a rate of 0.232 Mol /mn fromthe bottom
of the second reactor, whereby a nodification 25
reaction was perforned. To the resulting nodified

pol ynmer 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
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55 copol yner was obtai ned. The nodi fied copol yner had
a Mooney viscosity of 125. To the resulting copol yner
sol ution was added 37.5 parts by weight of an
aromatic oil ("X-140", product of Japan Energy) based
on 100 parts by weight of the polynmer to yield an oi
ext ended polynmer (Sanple K). 5 [0134] The oil -extended
pol yner_ thus obtai ned had a Mooney viscosity of 55.
Anal ¥@13&!]of (Sanple K) has reveal ed that a bound

styre content of the copolynmer was 35% and a bound
[Exﬂﬂ%‘eh%ggne content was 65% A 1,2-bond content of a

but a%{a@ moi ety as determined by cal cul ati on based on
t he asurenent results using an infrared

ot ﬁJﬁ"?‘Zﬁ@r"g@égﬁq R BT ST Higmd Luie 5 (e Having 2n
inlet 2 | n qﬁ%.ﬂ"iet L t éto d%n‘doét[lﬁp SEIWARE Sitddrland a

use extend a copol yner

ten*}i&fhfﬂﬁe %oHtrSiﬂnﬁ‘Pécﬁ@!‘ Lv%?e whﬂééted i 8brié$ as reditors dfepacy

VI Scosity | dvance, because it facilitates

stafié Atlks was disbokbe betwsdry trseand. reabtossibsBatadidne, styrene
processing, it is effective for inproving

ang hdwa@pewhoseyimpuritiea haveibeengemovieddn fadvance were mixed at
i nproving performance due to i nprovenent of dispersion

rate$ of18.0l d/min, T Ghainpaed BY . @gln[uo.l@pemn@iy ( SEheprasuking
was obt ai ned, tetraglycidyl -

mixsdssofitiomweas pasyed deuah& dﬂydaamcalum fillgdawigh active
0.0061 nmmol/mn to the copol mer soluti.on flow n

alugynai nlioersiey to remee ignpurtiesRtBe. the ﬁe'yaan pAS R 3t
e
A R T e?%yS' an
o A AL 22 Bopone
as taopc'i_lgr substance and n-butyllithium as a polymerization initiator were fed to
the bottom of the first reactor at rates of 0.013 g/min and 0.0074 g/min (0.116
moi}, respectively. The temperature inside 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. 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)propyitriethoxysilane 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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conpl ete the nodification reaction. The sol vent was
then renoved to yield a nodified copolynmer. The
nodi fi ed copol yner thus obtai ned had a Mooney
viscosity of 158. To the resulting copol yner solution
was added 37.5 parts by weight of an aromatic oi

(" X-140", product of Japan Energy) based on 100 5

bbb o, BT e Sy o
B SR O B S
s R GRS, WS e S SRy
b NS Bl 0Bor o ol 1

K) or d@q@:gl e L), polynerization and nodification
reactton re perforned, whereby oil-extended

i; YT eRelilagémil SApRleY RS obiBREY adaMebrigywikeosityof 55.

different I n anounts of styrene, butadiene,
ArEiyis wf (SdrhplerK) el eivealdesthanadounddtyrene content of the
tetragl yci dyl - 1, 3- bi sam nonet hyl cycl ohexane and
copolyfnérrwae85% and glbolind butadiene content was 65%. A 1,2-bond
pi perazi nyl ) propyl t net hoxysil ane to be added upon
conitentlaftai butadiene meoietyohs delermineadiby ealcdlation diaged on the
(Sanmples Mand N). The above-descri bed preparation .
measurement resulisaising an infrared spectanphaiemeterip ascardancevith
the analysis results _of styrene _chains b -
thediampiosis metodyyas 8% J fig madificatian sats o the; medified
ozg{ne theb&ocontents of styrene single chain having
COPRYNaer W% B2¥ni t were 54% and 44% respectively, in

LD, i S Sy B T it e P
TR ARl R YN it G5 25 o ocoey
viS@Eit) 9n ABvande: HaRhuye t4a8iiktes frodubfién oh®é dspolyimer 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)propyltriethoxysiltane
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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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 5 and n-hexane whose inpurities had
been renoved in advance were mxed at rates of 13.0

coll o i s ko 3 Bl e
i Sapctumy e ottt e kel VEPRLS
isShay 8P 212 B RA50 B sl b i by
wei gty 3, ABhalid e (g pblle: dRfpEAERdtyfy Based 61 100

rea
pafs By TR SR PRmEl G108 Aol sRehAEd BIRCh IR ISATpIT S

Theli-Sabhasy eépélgﬁnefr ks obtaiiel kid 8 MdctiesvistostyGET0. A
g/mn and 0.0090 glmn (0.141 mvol ), respectively.

boliRE sgeaﬁs Icohtdrt ahtH t12-sdnd bententettthe butsdiens maietyedere
at 85C. The pol yner 15 sol ution was taken out

eqoahto those sf Sdmpla K e Trepmpdification oétia oithei medifiedact or
and then fed to the second reactor. Wen the reaction
copalytries was 8t%c eact or was stable, it was sanpled from
the outlet of the first reactor and et hanol was added
[Examples&hao® ) enough for deactivating the active point.
After addition of a stabilizer, the sol vent was
r emovEH 38hd Mooney vi scosity was neasured. 20 The

Voonel 88 : %gnﬁfrﬂé%gﬁ mBlyaRSs %L%iﬁﬁﬁ%ﬂ??g%fﬁﬁﬁmﬁée K
or{5ePY b RePmegitato e, ieBiealop FastEh aBatorE )
WEER G ERaT i butadne qappliers(Sample Mend Sample
N)ﬁ @ffél%gn?‘ ﬂgéwg}ﬁ{rﬁm cﬁ?l‘l‘)‘i/t%r%?tﬁx ButeRigMey chutvmﬁ\i@ﬁdﬁglaﬂbuﬁstance,

n fromthe bottom of t second

arideRerbglycidyne Iebikamindfeihyfaycionexane and@(4eimethylsilyl-1-
performed.” To the 58 resulting nodified polyner

T e T
polydefization were ebtamted(Saniples 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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15

sol vent was then renoved, whereby a nodified copol yner
was obtai ned. The nodified copolynmer had a Mooney
viscosity of 163. - To the resulting 5 copol yner

sol ution was added 37.5 parts by weight of an aromatic
oil ("X-140", product of Japan Energy) based on 100
parts by weight of the polyner to yield an oi

o8 s e Rina b o SR
Gl 186 BOHPm # 20 HhaY edoP S6s eIt KINS SleL g
rorieraly e gPryET R Adke waip SoRPRGIeE T snen dx BpPig fnd e
Stqwgéﬁwfgg%a/%o%g%d%ﬁhp ﬁgr?@!’zésspe or&%ot orre?a{c&eilr Vas rene
o RS54 B g v

ratdg o943, nﬁﬁ ? r, @d 97e6 lrﬂ@p%)ébe%&ﬂvé’lyl The resulting

respecti The nodi f| cation ratio of
m;mde Wa%%é‘s@éﬂ'tm&!ghvﬁidet%&%ﬂod EolnaT ﬁtéd/WntlE)&&ﬁ@é alutiina.
[O In a simlar manner to that enployed for the

In Dfdﬁ?&b aéimone orhp(ikegfuethed)the solutioarwas trixed athalrate of 0.003
nmodi fication reactions were performed, whereby an-oil
g/ (@@45%Iounal) witbmebuiytithiurrio ecstptic ynixer irGaegintellp)upstream
different in anpunts of styrene, butadiene

of thenfinsy reacten ang thend thomixtuea was saotinupusiyfediedhabaom  of
tetragl ycidyl -1, 3- bi sam nonet h cl ohexane to be

theyfi E?éde%@h c?ozrﬂ'%(tzr‘éﬁﬁ)'@'fyl)ﬂf?ﬁaébﬁgﬁd?q I3r-gyhsia %fsand n-

bui)ﬁlaﬁwm 5 RaRPIUTSZan FIpIa WerRLiGRdodnp POtBERY ths AR
re8¢IoRt (RIPRHEC ATR Gy 7 00350 /g T8 nffon, We%"?e'v-
The temperature inside of the reactor was maintained at 85°C. The polymer
solution was taken out continuously from the top portion of thg:' 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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20

25

Styrene (g/m 7.0 7.0 5.0 5.0 7.0 5.0 n-Bu lithium
(mmol /min) 0.116 0.116 -0.100 0.100 0.141 0.134 Anount
of pol ar substance 0.013 0.013 0.025 0.025 0.015 0.029
/min *1 Modifier-1 mmol/nmin *2 - 0.0061 - 0.0053 0.071
0.067 Modifier-3 mmol/mn *3 0.232 0.232 0.200 0. 200
- Mudification ratio 82 81 81 81 82 78 Mooney.

vi scosity before oil 125 158

ressftingnedi egpq*,vrpa& uligN wes 99.91 839 r@mré*ﬁg%xw ?uw
o S G B i o
st Yok BBl et cBfoliper Vbl e

mo(d HQ}&C&W&P%&’ a%%b% \é'—r?ce"of g’ng 1ﬁal n (%q.gg‘élﬁh&gl ;

H 140“
oS OURS s ASISTS SR it o %
product of Japar Bretgyd based |on11 Ompark’@b?zvelghﬂof Xthe b@mﬂérftb yield
et hoxys 1 | ane 0142] [ Exanpl es 10 to 14,

an @u@@érﬁéd/polﬁmm‘c‘»empfb 09 1%he Bclkda@endampm?mbr m obtained
havi ng the conposition shown in Table 3 were obtained

had & MgoneywisessitySaihf2.e AnalysiSafiSample @h@as revededthatia
as raw material rubber. [0143]

bound styrene content of the copolymer was 35% and a bound butadiene
content was 65%. A 1,2-bond content of a butadiene moiety as determined
by calculation in accordance with the Hampton's method based on the
measurement results by using an infrared spectorphotometer was 38%. A
weight average molecular weight {Mw) and molecular distribution (Mw/Mn) as
measured by GPC using THF as a solvent were 920000 and 2.1, respectively.
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
O), polymerization and modification reactions were performed, whereby an oil-
extended styrene-butadiene copolymer (Sample P) different in amounts of
styrene, butadiene, n-bl.ityllithium, 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 Qo P
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10 [Tabl e 3] Copolynmer 70.0 parts by weight

rubber 30.0 parts by wei ght
product of Degussa) 45.0 parts by weight Carbon
5.0 parts by
product of

(" Seast KH',
wei ght

product of Tokai
Si | ane coupling agent ("Si 69",

Car bon)

Silia ("Utrasil

Nat ur al
VN3"

Dequssa) 4.5 parts by weight Aronmmtic oil (*X140"
Butedieoeif@mis} Japan Eneddy) 518 parlt® by | i ght 1¥inc| 15
Styminet(¢/m3. 0 parts by |80 weil S0ricl%0id pTO panido
n-Butylltwirg inmomin) oxi daf18 NTi0dBr o/ 100N | BARGy (| 0441 1 |@.134
Amoantta pbhar substangd enedpali Ne i Su 1 rt

(g/ip) Sei ght _Vul cani z Rgr@acr )(Ql'dtﬁrr%m9 ?r’oz(sl\l- é/g?snh =§>9|@ _§?_ 2029
Modiifier- pawmodmin®2 henzof hi azyl|§A064nami de) | GAYEA 0071 | 0.067
Mommmlln@ *3ccel er aP@p2 ( i%‘&gnyl ;200 03@@’ * 5 pafts
Mogificatigairafit _Total 16624 pAdls byl &lei ght 81 [ 01487 78
Mooney viscosity before oil 125 158 120 153 163 160
extention
37.5 parts by weight oil
extension Mooney viscosity 55.0 70 53 67 72 70
Bound styrene content (%) 35 35 25 25 35 25
1,2-vinyl bond content (%) 38 38 163 64 38 64
Weight average molecular } ) ) ) 92 95
weight (Mw) unit: 10000
Number average molecular 3 ) _ ) 44 45
weight (Mn) Unit: 10000
Mw/Mn - - - - 2.1 2.1
Styrene single chain (%) 54 - 44 - - -
Styrene long chain (%) 2.3 - 2.4 - - -

*1: 2,2-Bis(2-oxolanyl)propane
*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

Natural rubber

Silia ("Ultrasil VN3", product of Degussa)

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

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

Aromatic oil ("X140", product of Japan Energy)

Zinc white

60

70.0 parts by
weight

30.0 parts by
weight

45.0 parts by
weight

5.0 parts by
weight

4.5 parts by
weight

5.0 parts by
weight

3.0 parts by -
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Keadi ng was perforned in the foll ow ng manner. In an
encl osed kneader (internal volune: 0.3 liter) equi pped
with a thernostat, a raw material rubber, filler
(silica and carbon bl ack), organosilane 5 coupling
agent, aromatic oil, zinc white and stearic acid were
kneaded as the flrst st age kneadi ng under the
conditions of a filling ratio of 650A and rowveighbn
nurgtearieticidhe rotor of 50/57 rpm Upon knead2.@gpartshiay
temperature of the enclosed mxer was contrweightl and

rU%ﬁiox‘Fd’éﬁ@Qﬂ'-n&b&r% iﬂﬁfPh@r‘?}Ify-ned at a di sc’n@rms by

é{mné ure) of from 155 to 160C. 1Qe
%ﬁ dﬂ t n?xturethus obtalnedtoroo 4@1&

kturg an anti OXI dant was added ther gmrtcf by
neadi n again as the
sec Ba'%'tz ea ﬁﬁoﬁ 4@&?‘ % di spersi on oP %ﬂﬁ%

Al so PRNE ena d| schar e t erper at ur
(mwlga@;lngaaﬁcglﬂra@tréalphanylgtlﬁw Ne)t 0 160C b 5th@15 by
tenperature control of the mixer. 15 After cwgightg

sul Tatal and a vul cani zi ng accel erator were knéﬁﬂdcpﬂts by
the third-stage kneading in an open roll setwaightOC.
The resulting kneaded mass -was nol ded and vul cani zed
usi ng[H44yul cani zi ng press at 160C for a predetermn ned
time. Physical properties were neasured and

meas uKeading wassperfernesd tmtélerfhwlﬁglmmmﬁfertl es are
shown in 20 Table 4. 61 [0145] Physj

wer e Hear enelgsed kppad %ﬁlmtswaigommé}3?'tqrh?qo Erﬁtalvﬁf?‘a
thargiRate PaRwITEleRa ctkardiler Lgichane Sationebiagh. erganasiane
copgtine foph el BTt BriTE RRHBAAE At WerB MR 28 the

fw%f{}?g%ﬁ%@ﬂ%ﬁggg g&ﬁﬁ%{j&% %ﬂHEQ'rHI%‘Sf é@‘% grfd rotation
Nor{dtRE ?%tPP 4p80/s7 bl Updr Kifeddind, Eﬂﬁe 'iéfﬁﬁ&(at@r’%ﬂhe' n

end was rmne he anount of the

eﬁd@é@rm&@lﬂ Wastcontriofed iandaubbéer sothpésitorigwere obtained at a
discharge temperature (mixture) of from 155 to 160°C.

After cooling of the mixture thus obta.ined to room temperature, an
antioxidant was added thereto and then, kneading was conducted again as the
second-stagé 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 roll 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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10 consi deration of the anmpbunt of the conponent not

di ssolved in toluene. [0146] (2) Tensile test Tensile
test was perforned in accordance with the tensile test
met hod of JIS-K6251. 15 [0147] (3) Measurenent of
viscoel asticity Using an ARES viscoelasticity tester
manuf act ured by Rheonetric, viscoelasticity was
nmeasured_using a torsion systemat a frequency of 10
Hz. [PAdSPayne effect (AQ is indicated as a

at' 2%‘??%%@3&35 @ﬁf@?ﬁ%’%ﬁ%éﬁﬁ%ﬁ l°f*§@%ﬁé“€‘lr foct

. . . ! ne
(1)§9i@rqb§r@5${q’€?& When the |ow t emperature Tan $ i :

S it ABRGoAUPAR G bpfgsobe oyl
kn%§§ﬁ§ WHLER iﬂ_t%”scglr%é iRl of dbofit § M plaBed @® a |Hpsrfis's

resis |1 oss 'ower rolling resistance o

ba%}ééte(ﬁ\adébf\‘ta HBO-théd¥emetalThestst Thk8d pidceBivérd)weighed. After

asurenent of rebound resili'ence Rebound resilience

imAlerSiBf inbstusRa far 2rhdlr st theylwreadriedoand welgheddagain. A

resilience testing nmethod in accordance with JIS
ratic86the rubbérBbund tdiheHiler tdthid mibbpr Brwant imthet firgkhilend was

made using a Goodrich flexoneter at a rotation nunber
detérmiiBed fropnthesamoket affthe rabiser baund todhe fider salcylatadiin

and nmeasurenment starting tenperature of 50C.. The heat
copeideration oftbeianpuntitol the gompanentnaldigsolyed indpiiang: ur e

at which the neasurenent was started and tenperature

af t er [018120 ni nut es.

(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 compoéition
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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[0150] (6) Akron abrasion | oss Abrasion resistance
was studi ed by neasuring an abrasion |loss at 3000
rotations under a |oad of 6 pounds by using an Akron
abrasion tester. 15 As the index is higher, the
abrasion loss is smaller and nore preferable. [0051]
[MMeMGSa Ex. EX. Ex. Ex. Conp. Conp. Conp.
10 11 12 13 14 Ex.8 Ex.9 Ex.10 Ex.11
(4)Meqq1r%§at9ﬁ@boyngr@s! BC&E G HI J I\/boney vi scosity

> o hilpgos ot 59-ChvapmeBtrEeli wa s o

rebEERdiR&TISacs tewgH mathia Ja hegghhed with 3&%&% To.6"
21.2 [éi“g] 19.7 M 50C Rebound 68_. 5_ 69.5 69.0 72_. 0
71.5 65.0 65.0 65.0 67.5 resilience Heat build u

(5) géhﬂma%ﬁ)190170175230215215210200
rasi on

Measurement was made using a Goodrich flexometer at a rotation
number of 1800 rpm, stroke of 0.225 inch, load of 55 pound and measurement
starting temperature of 50°C. The heat build-up was indicated 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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resistance 127 134 129 150 147 100 113 112 114 122
(i ndex) OC Tan8 0.648 0.690 0.68 0.367 0.37 0.552

0.347 0.565 0.616 0.350

st

rain

1% 500C 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% 500C 0 58 0 33 Q.45 0. 30

0.42 1|E8 1]&3 1]EK 0.|dx 0. [Ax AdJRmEM &ME JComg; | Comp. | Comp.

shown | A0 FExathl eq 120 tid1314 1 TahE X1 | Ex 12
Capelymer pAsi | il 83 cqi ai nibhg cldmost Ei ons| Sthe ] g g 1J
Mefing¥ie pol ymers prepar gd._acclordi ng_to t he prlesent 4 63
V'ﬁcﬁvgnt Bh f¢82urd %8n |4 eald bbBhd rilfber |Bnt enf
of plepd oved 5 ¢ilica disdersion with-saall—Payde efféet
Boypd| | nysteftesisiloss wth | ow Tans at
"”!’\‘?egh-tesperaere, gand |lesw rjod4 i np43 esijsdfance 52f tiji5ds, |52
c;'ﬁ't i$, high fue i Ci . n addition t hey jhave

veall fl anec ol £l Hev A et
3 B e o e 1, | v
Mé Wsi ¢ tarn arrp‘ es 1§ to 18 and '
Terorot ® rtv-e u\.O.IIF Rerbbet bUIlpbb.f.ti oS
su%étﬁ P! ‘5?? ¢Golgn 210 | 197
Mg oW iin bl €5
5 CLEUW” T Tabte—2 i 195

e|5 RLbber artsi b wei ght

fes';lﬂf’e 25 | 0% 20 | 640 '|650 |650 |675
(%)
";':f::b““d' 200 | 190 |190 |[170 175 |230 |215 [215 |210 |200
Abrasion
resistance | 127 134 129 150 147 100 113 112 114 122
(index)
e 1oy | 0648 | 0690 | 068 | 0.367 | 0.37 | 0.552 | 0.347 | 0.565 | 0616 | 0.350
?s(.)t:acmT?}f) 0.073 | 0.066 | 0.068 | 0.048 | 0.053 | 0.110 |0.098 | 0.096 |0.093 |0.076
50°C
G'Mp 257 (230 {240 {202 |221 |3.82 3.18 3.10 2.80 2.66
(strain 3%) ' :
ig'fnp 058 [033 |045 [030 042 [140 [130 [121 085 |070
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Rubber: Pol ybut adi ene rubber ("UBEPOL-150") 30.0 parts
by weight 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
Gl ("X140", product of Japan Energy) 37.5 parts by
wei ght Zinc white 2.5 parts by weight Stearic acid
1.0 d81%2by wei ght Anti oxi dant

e ori® S in Exampies 168 THN Jape 4/dls 3bafant tR&Yin siiba-
Lttt gl
thé?grﬁg{aﬁgaﬁgﬁh@e% y‘i’%‘/e% t@%@g@? en{’"‘?rhEFBved

t
SRR A el BRIyt S8y T

higﬁwgt\%h%?%ﬁea :Jaﬁ'ird‘u%\e)é\ﬁﬂlﬁffgl rfeis[eérﬁéﬁﬁ &ftirks otfat 13 higj faiePéfficRncy.
In addition, they have excellent balance between high fuel efficiency and wet
skid resistance (grip performance) and also have good abrasion resistance.
[0153] _
[Examples 15 to 18 and Comparative Examples 13 and 14]
Rubber compositions were prebar'ed 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 70.0 parts by
weight

Rubber: Polybutadiene rubber ("UBEPOL-150") 30.0 parts by
weight

Silica ("ULTRASIL VN3", product of Degussa) 63.0 parts by
weight

Carbon ("Seast KH", product of Tokai Carbon) 7.0 paris by
weight

Silane coupling agent ("Si69", product of Degussa) 6.3 parts by
weight

Oil ("X140", product of Japan Energy) 37.5 parts by
weight

Zinc white 2.5 parts by
weight

Stearic acid 1.0 part by
weight

Antioxidant (N-isopropyl-N'-phenyl-p-phenylenediamine) 2.0 part by
weight

Sulfur 1.1 part by
weight

Vulcanizing accelerator (N-cyclohexyl-2- 1.7 part by

benzothiazylsulfenamide) weight
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5 (silica and carbon bl ack), organosilane coupling

agent, aromatic oil, zinc white and stearic acid were
kneaded as the first-stage kneadi ng under the
conditions of a filling rate of 65% and rotation

nunber of the rotor of 66/77 rpm Upon kneading, the
tenperature of the enclosed m xer was control |l ed and

Vulcabizing acceteraton (Diphemdguaniding) ned at a di sch&Pdrart by
tenperature (blend) of from 155 to 10 160C. waighér
Totol i ng of the blend thus obtained to room 224.1 parts by
tenperature, an antioxidant was added ther eweighnd
t hen, kneadi ng was conducted again as the

secorg4sbpge kneading to inprove dispersion of silica.
In this case, the discharge tenperature (blend) was
adj usKeelading Wes perfaried ibvthe doltawdhg imanndne 15
tenperature of the mxer. After cooli ng, sul fur and a
vul calmi an egclased keeaderr(intermal Nalkime: d . dbter) aquipped with a
third-stage kneading in _an open roll set at 70C. The
thermnstatiusinawatarsirchiated fiam the eutsidana rawinaleriabaubber, fijer
a vulcanizing press at 160C for a predetermi ned tine,.
(sior S0 CObCNI B BEoarR i8NG SPURING A GRTE, SraBRalpih Zind White
sured .gnd resul ts are, sho in Jable 6. Th , -
anfreanic Aci e K pausqSising JEdTstad Kisadio inblf the sansitions
t.qQ.tho J.oved i.n. o,
of R of RS s y ARLEPof Bl By e b por
BB, el RN ot ol s bR oo
mgw%%g@sgp%é%tﬁ&nﬁa #ta didcharg8YeivBetdtie fdfend) of froth 358 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 resulting 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 simitar 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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Tensile strength M23.2 23.5 22.0 22.3 23.8 22.1 50C

"~ Rebound 60.0 59.5 57.5 57.5 55.0 53.0

resil

Abr asi on resi stance 139 140 119 121 100 92
Heat build-up C 26.5 27.0 26.0 26.0 29.0 29.0 O0C Tans

i ence
(i ndex)

(strain 1% 0.337 0.331 0.435 0.441 0.321 0.409 50C

Tans (strain 3% 0.117 0.122 0138 0 141 0 165 Q 174

50C G Mp (straln 3% » 75 2.49 2 70 p 77 3 REx.4379] Ex. 14
ComtymesG M 1. 02 1K24 1.1k 1.30|M9g 2 |db  NhohBy P
Moerieyokrepsity off ¢ 160 bl enl66 neas|®8d at 14bC [op8¥] A$53
ge%no%a’in Exanp g@ 15 t%§18 in Table Sﬂgir i‘é?ppaLe%%____"
oyndaubbern cantetcar 6@ ont ail ¥ ng cqPsosi ti , the '
(%) onj ugated di epe pal Au}re_t_':.gp.r_e.p.arﬁgred EEPN ding 5 flhe
SOQI%M \‘ﬂt-‘s MBvent ?)ﬁ featid®e an i8R rea 3’\m|n31813 Y 8.3
| Tensiimsteangth Mppr oy@312 < | 1238 di 9@ o m;_h_a_é%ﬁae 22.1
50°BRehound f ect sﬁ%PI hy$R8r esi|$tss wah 1o ns |60
eS}HEMﬁ—(f/ﬁrmer atute andllow roljling resistance of tiy
Abragign resistange gh 1&%9 efl 1A engy!® n adthki on| 1%hey r§§e
(Inm}‘Pl Lent bal ance betueen hidh fuel efficiencv—and
Hegldyuilddp AC esi s1 ABiBe (rl27 pprf%r nck26.0 4 ; 9.0
0°Cy¥and (siimtfohsi A-3BBsi 4103 Q.43553] | OA#L 5 pP 321 1 g |{0409
50°Z1Taah (st@onAsa) at Ové7 Exa@dl%ls P.138 169 144,hb&P.165 0.174
50C0EMps(strain 8%) Wwe 2d5pr en&89d i nl 26¢or dbAde wi {B.88he |3.79
509004@Mpat i on show®2i n Tdifde 7 |byi2isi nph186e sadPBes | 2.89
MobmsyHscRityFortifs @ncﬁh@éﬁhrbd‘at fgpedable 1 as a raw

mat’erial ‘rubber. [0159] [Table 7] Rubber: Copolymer

100. Ojoa&7ys by wei ght
As shown in Examples 15 to 18 in Table 6, it is apparent that in silica-
containing compositions, the conjugated diene polymers prepared according to
5 the present invention feature an increased bound rubber content, improved
silica dispersion with a small Payne effect, small hysteresis loss with low Tanb
- 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 perforrnance) and also have good
10 abrasion resistance.
[0158]
[Examples 19 to 21 and C_omparative Examples 15 énd 16]
Rubber compositions were prepared in accordance with the

formulation shown in Table 7 by using the samples (Samples B to G) shown in

15

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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Carbon ("Seast KH', product of Tokai Carbon) 45.0
parts by 67 weight GO ("X140", product of Japan
Energy) 5.0 parts by weight Zinc white 5.0 parts by
wei ght Stearic acid 2.0 parts by weight Antioxidant
(N-i sopropyl - N - phenyl - p- phenyl enedi am ne) 1.0 part by
wei ght Sul fur 1.7 part by weight Vul canizing
accel erator (N-cyclohexyl-2- 1.0 part by  weight
Oil ytmA0" hproduck of JapareEnergy) wei ght  Tot al  160. 7 Sghpass by
wei ght [0160] Kneadi ng and neasurenent of phgightal
Zirehvam@g ties were performed in a simlar manneis.0 parts by
t hose enpl oyed in Exanples 10 to 14. The neaggigafrent

St*’{agﬁf%ﬁ& of physical properties are shown in T : Egﬁstﬁ,

[Table 8 Ex. 19 Ex. 20 Ex. 21 Conp. \Eéig np
f

.., 15 16 Copol r CD.E G 0 Vi scos|
Angéxuggmgtﬂl-@p@gyﬁ&%ﬁen@&-ﬁgep}gfgggyl%ggﬁ%em 3 Vz‘sf:% %Eg‘ by
Sulfur 1.7 part by

‘ weight
Vulcanizing accelerator (N-cyclohexyl-2- 1.0 part by
benzothiazylsulfeneamide) weight
Total 160.7 parts by
weight

[0160]
Kneading and measurement of physical properties were performed in
a similar manner to those employed in Examples 10 to 14. The measurement

results of physical properties are shown in Table 8.

[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 36 123 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 26.5 |1 35.0 32.0

Abrasion resistance 137 134 159 100 115

(index)

0°C Tan3 (strain 1%) 0.770 0.754 0.491 0.740 0.474

50°C Tans (strain 3%) | 0.158 0.163 0.130 0.219 0.186

50°C G'Mp (strain 3%) | 3.20 3.30 2.98 415 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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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 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 resistance 137 134 159
100 115 (index) OC Tans (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% 3.20,3.30,2.98 4.1

aceorging tydbe@@mm.lwwnﬁwég'eﬁt%q ag ihcreasgd Eom‘a Fbber content,

e e e LT S ol 4G i
low $A% gholaH e meREAts 10w B el B SR s iRR anet & igh
fudlietios. "5 B0y, GRY Hee P oslbtiIat fetlieh g o
effﬁclfi%rﬁ:&:anoe\'ry@{ %kia¥é§i§fa§|§{aZa}lig?gﬁrfiﬁﬁﬁéhcég%dﬁgé halve good

enperature, an g resistance of tires,

‘ab}ggq&n'r-ésistghgg fuel efficiency. In addition, they have

excel [ ent bal'ance between high fuel 5 efficiency and

INDYESS TRIAY ARPBLIDABIERY 9ri p performance) and al so have
good abrasion resistance. | NDUSTRI AL APPLI CABI LI TY

[ 0163jg168] conj ugat ed di ene pol ymer. produced accordi ng
to the process of the 10 present invention can ‘

pr ovi Aconjugated dignieqpolymbt pratiusedtagcarding to the precess efithe

as reinforcing silica or carbon, a vulcanized rubber
presenidavarition dapyprovide, by sising fex adlertcontgining arftjensuch as
re%r%&%ﬁé@oégﬁ?{:_géf %&p@%l 2 irggé&géoﬁgggﬁog %&rqi re tread
excellent in strength properties, fuel-cost-saving performance, grip
performance and abrasion resistance.

'The conjugated diene polymer can also be used for footwear,
automotive parts and industrial goods by utilizing such properties. When the
conjugated diene polymer is a thermoplastic elastomer, it enables uniform
dispersion of an inorganic filler such as silica, metal oxide or metal hydroxide,
or carbon so that the resulting composition has improved strength, flame
retardancy, elongation and transparency compared with those of the
conventional ones. When the conjugated diene polymer is used 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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The conjugated di ene polynmer can al so be used for
footwear, 15 autonotive parts and industrial goods by
utilizing such properties. Wen the conjugated diene
pol ymer is a thernoplastic elastoner, it enables

uni form dispersion of an inorganic filler such as
silica, netal oxide or netal hydroxide, or carbon so

that the resulting conpo;wﬁ&ahas i mproved strength,
flame retardancy, el ong nd transparency

11 pe” chpfotiiedat BEstin 2 %@%age%ﬂé'éﬁé@%f@%égﬁﬁﬁ
A T e
ccﬁ@@bﬁfﬂrg%pfe?gﬁb‘?ufgﬁfn@én 'a?onﬁah%?ﬁ&ﬂ@&hééuﬁ& irP& hytRIBRFbon

conpat | ty wth anot hér

so%htirn theirBsésicd HPAtQEEst drib SorhpSiMsd SeleerY ﬁd)rﬁfthérgﬂoup
fine and uni form di spersion can 25 be obtained. 69

coRbidtivp of bidanbaliafichsals and praztoalkaline easthj metaisds dinene
pol yner conposition, which conprises of polynerizing
initiatop ajhddhére deatitingehe active erid af te resuitjngpolpoiedivithea low
conpound and an aromatic vinyl conpound in a
mdigcular aempousd sepresantadby the follewimgdermasladl) petha fajawing
conpound sel ected fromthe group consisting of
fOF@ﬁ@ﬁrﬁBhl kali netals and organoal kaline earth netals as
|n|t|ator and then reacting the active end of the
[Chemetlfwtﬂa ymer with a low nol ecul ar conpound
represented, by the followi ng formula (1) or the
fol |l ow ngRﬁormJI a (2): 10 [Chenmical formula 1] R g-~s

3%2“ :a'zf‘ Rté,-ml\l\‘\‘/- Si RSBBB;,I R (1.} [ Chemi cal

|
R:&

(1)

[Chemical formula 2]

R*s a

|
©OR",~ 8 — R* — N - 8iR°R®R
\\ I

— Rn
(23
(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 C1.10 hydrocarbon

| group or a C.1p hydrocarbon group having no active hydrogen and substituted

with an Si, O, N or S atom, R® and R* each independently represents a C1.20
alkyl group or aryl group, R®, R®, and R” each represents a Cy.z alkyl group or

aryl group or a Cy.12 alkoxy group and g stands for an integer from 1 to 3, and
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(ORS).- Si - Fe - N--- Si RBROR . K (2) (wherein in
the formula (1), R represents an organi c group
containing an N 15 atom not adjacent to the N atom of
the am nosilyl group and having a nol ecul ar wei ght not
greater than 1000, R2 represents a C .io hydrocarbon
group or a Cl1_10 hydrocarbon group having no active

g T A S e ¢ ek
arip. SEC miatpiatasatbn Grod naige il sl B Sl BbE 3hlltRy o
witgt R, W fr R ABES o B dRighitEge pohBTde 3R N atdtfio °
adREARPRARH adth s Bn dinfibshl affcl B e flecliy Mefont
5 noﬁglt'e%té’rt f3h 100028nQ FFa R CRY U IR Y @ have thé' QaﬂNe&héﬁhings

adjacent to the'N atom of an am nosilyl group an

aslHdfines iﬁltﬁ’@f&ﬁ“ﬂaﬂlg)wei ght 5 not greater than 1000, and
R3, R4, R5, R6, R7'and g have the sane neanings as
[21def i nagrbtedsher brsdusing & tohjugatdd diepe pobanerf composition
produci ng a conjugated di ene pol yner conposition
aceoaingltonQldim 1Ciwhereih polmedzingotonjegatedrdierse compound or a
conj ugat ed di ene conpound or a conjugated diene
coojugptachdieardcompaunshand anarematic yinybeermpeund in a hydrocarbon
hydr ocarbon 10 solvent in the presence of at |east one

10 sobiemputhe presenceaf atlgastone gerpppund saisctad ﬁ%@ndhe group
oot ah ot bt B Al R Bl o rr
tng Bty onpS of Fiefocriugatefl heialpal¥iier & BhupiH By Sblytuncional
g e B BYETTeathid ifh 2t &3] BFtieRentR poliner it a
of dSREAR: bl PRI IR B EIATY

onpo By ot e ; i '
15 BEC(ROHKHobES R RIOALINY o U Wiere lyier secording 1o

Cleii @, ord, (whereirathe)bwirhalecdiar compound represented by the formula
pi perazinyl ) propyl trial koxysi | ane,

(2Bis( B A-triglkyisilydi1-pibedazinyl)propylalkyldialkoxysilane, 3-(4-trialkylsilyl-1-

piperazinyl)propyltriatkoxysitane, 3-(3-trialkylsilyl-1- |

imidazolidinyl)propylalkyldiaIkoxySiIane, 3-(3-trialkytsilyl-1-

20 imidazolidinyl)propyltrialkoxysitane, 3~(3-trialkylsilyl-1-
hexahydropyrimidinyl)propylalkyidiatkoxysilane or 3-(3-trialkyisilyl-1-
hexahydropyrimidinyi)propyitriatkoxysilane.

{4 A process for producing a conjugated diene polymer according to
Claim 2, wherein the polyfunctional medifier is a glycidyl compdund having, in

25 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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I m dazol i di nyl ) propyl al kyl di al koxysi | ane,

3-(3-trialkylsilyl-1 20

i m dazol i di nyl)propyltrial koxysi | ane,

3-(3-trial kylsilyl-1-

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

trialkylsilyl-1-

hexahydr opyrim di nyl ) propyl tri al koxysilane. [4] A
[Cherg Emﬁﬁﬁaﬁloducing a conj ugat ed di ene pol yner
accordigg to Caim2, wherein the polyfunctiona
nodi fi &pis a glycidyl conpound having, in 25 the
nnlecuﬂg t hereof, an gnm,no group. [5] A conjugated
d%he-ﬁbr—y%'r N@rﬁ‘é&l‘:"ed by the following formula (3)
or the fgllowigg formula (4): 71 [Chemi cal formula 3]
Rap | @B -RS™. R- NSIRs | ft" I | (OR4) tit (3)
[Chenical fornula 4] Ran | (D}®R- Si -- Re - N - Si
R'ReR7 1 (OR)en Ft" (4) 5 (wherein, D represents a

| i I , inthe f I 3), R1
[Cﬁ&“'iéé%'ffﬁ-"%hfne pol ymer, in e formula (3)

represen organi c group containing an N atom not
adj acengato the N atom of the amnosilyl group and
having @  nol ecul ar wei ght not greater than 1000, R2
I apfesest s. #PCl-pd Q. Bywit@get bon group or a Cl-10
hydrocar}bon&oqp havi ng no active hydrogen and
subst i twhbe N

(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? represents a C1.1o hydrocarbon
group or a C.10 hydrocarbon group having no active hydrogen and substituted
with an Si, O, N or S atom, R® and R* each independently represents a C1.20
alkyl group or aryl group, R®, R®, and R’ each représents a Cy.z0 alkyl group or
aryl group or a C4.12 alkoxy group and n sfands for an integer.from 1 to 3, 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 C1.10 hydrocarbon
group, a C1.1p 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 defined in the formula (3)).

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

or the following formula (6):




10 with an Si, 0, Nor S atom R3 and R4 each
i ndependently represents a Cl-20 alkyl group or aryl
group, R5, R6, and R7 each represents a Cl1_2() alkyl
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+tmtp=3, and in
the formul aé RB and R9 each represents a Cl.10
[Chepaicatiormyla Shs group, a CL. 10 hydrocarbon group
havi ng4no active hydrogen and substituted wth an Si,
O N %?“S atom or an organic group having an N atom
nt o,the N atom of the am nosilyl group
'g %I'@cul ar wei ght not greater than 1000,
and FE% 54 & R6, R7, n, m p, and n+tmtp have the
sane #e ' as defi ned ?theforrmla(S)). 20 [ 6]
A conj ugat ed di ene pol yrrer epresented by the
following formula (5) or the following formula (6):
orrrula 5] R+3KF I (Drs - Si "™ R NH
[Cﬂgrpicggﬁﬂnﬁ% [Chemical fornula 6] R3P | (Dn -
Sio- - H (O?d)aE (.6) 5 (wherein, D
represe t% a conjugated di ene polyner, in the fornula

(2% reprgsents an organi c group having an N atom
fad] ’cenito BrePN at om of the secondary ami no
oroup gl e
(8)
5 (wherein, D represents a conjugated diene polymer,

in the formula (5), R' represents an organic groupv 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 Cy.1p hydrocarbon
group or a C1.10 hydrocarbon group having no active hydrogen and substituted
10  withan Si, O, N or S atom, R® and R* each independently represents a C1.z
alkyl group or aryl group, and n stands for an integer from 1to 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 C.1g hydrocarbon
group, a C1.10 hydrocarbon group having no active hydrogen and substituted
15 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 R3,7 R* n, m, p and n+m+p have the same meanings as
defined in the formula (5)). |
[71 A conjugated diene polymer composition comprising from 1 to 99
20 wt.% of the conjugated diene polymer represented by the formula (3) and from

1 to 99 wt.% of the conjugated diene polymer represented by the formula (5),
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nol ecul ar wei ght not greater than 1000, R2 represents
a Cl_io hydrocarbon group or a Cl-10 hydrocarbon
group having no active hydrogen and substituted 10
with an Si, 0, Nor S atom R3 and R4 each

i ndependently represents a Cl-20 alkyl group or aryl
group and n stands for an integer from1l to 3, and m

o ¥ B S MR bl S o b o
B AR B S R T B vy ropresented
oy I TOHE ), bavi ng an N atom not. adj acent o the N
(B2t OM Rlcoh P‘fv:‘dea.f%‘ﬁ erﬁblﬁﬂbf‘eoﬁbt@ﬁﬂoﬁ%ngﬂéiﬁwﬁém 51990

nnlecular t not Tgreater an 100 and R3
wt% ofla d&® éldm'éhe’wfmbh eogpien Mﬂﬁalpﬁgﬁuﬁc&:onféﬁﬁioﬂmér
In the formula (5)) 71 A conjugated i ene pol yner
otifsHTRAS ial bW m6RERIEr SoRtpdundTebrésentsd By thw fdvmuda (Her the
conj ugat ed di ene polyner represented by the fornul a
forn)lad@pand from 10 t® 99 Wik dfacdortligated iergapalymerishe
pol ymer represented by the formula (5), 73 or from1l
repres8ptad bythef formuelac(@) jangéardte divronda (%) G}frﬁe ﬁoﬁlégﬂtﬁﬁefﬂiﬁeﬁ
by the fornmula (4) and from1 to 99 wt
PWM@)&B@&@F@@ by the farmula (A)andierine fgvnvhe(ﬁb aﬂﬁhmaymg a

A conj ugat ed di ene pol yner conposition

MQQﬂﬁYrY@WﬁjtquféEﬁ"Szpdog@o 5 wt.%of a conjugated diene

I th t I f t
[ef‘ﬁa%”‘ér BilGriPa e PG ETRPSRE A PBINS S CHim 8.
or nul a Qr..th %
wisol 58 el taorm?gwed?té,%“@%é@é@ Kol Gaifig a6
I I 5 ted
mofBE Peist AT Arftie BRREL o1 Tou" oy " he formuil . (4)
and/ or the formul a (6) and having a 10 Mboney
viscosity of from20 to 200. [9] A conjugated diene
pol ymer conposition according to Claim@8, wherein the

pol yfunctional nodifier is a glycidyl conpound having,
in the nolecule thereof, an am no group. 74
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