DESCRI PTI ON  Modi fi ed But adi ene-Based Pol yner
Conposition TECHNI CAL FI ELD [ 0001] The present
invention relates to an oil-extended rubber
conmposition conprising a specific nodified
but adi ene- based pol yner. Mre specifically, the
present invention relates to an oil-extended rubber
conmposition conprising b but adi ene- based
pol ymer, which has a thﬁeggFggﬁ ar wei ght and a high
percentage content of a butadi ene-based pol yner
havi ng a nodification conponent effective for a
silica-hased filler. The_npdified butadiene-based
MER L HE5 YRR rpr Shasrd PRI E<ERBP RIS OTon | <
suitably used for applications, mainly tires, for
whi ch a but adi ene-based pol yner rubber has been
conventional |y used, or other industrial products and
TRHENIGAe F GROUND ART [0002] In recent years,
along with the gl owi ng concern about environnental
[Pt®hl ens, a demand for reducing the anount of a
carbon di oxi de gas di scharged from autonobiles is 1
I ncr éds2 nredent sivelyio setatasr tquaneothtgxtendsd
also demanded in terns of the tire performance to
rulgshic ecdriyeo s 1101 o Ngomesi singce. spacidict hedified
performance, the rolling resistance and the skid

b ted iS4re e £4d 3pd Dfle r SUMGE S LOIPLLIIPY the present
performances, and trade-off balance therebetween is

idvei i ire MtdderSaiR i PextRAONCERBberOboB85ition
resistance is also a big problemto be sol ved.

comprising a modified butadiene-based polymer, which has a
high molecular weight and a high percentage content of a
butadiene-based polymer having a modification component
effective for a silica-based filler.

The modified butadiene-based polymer composition of
the present invention is suitably used for applications,
mainly tires, for which a butadiene-based polymer rubber

has been conventionally used, or other industrial products

and the like.

BACKGROUND ART
[0002]

In recent years, along with the glowing concern about
environméntal preoblems, a demand for reducing the amount of

a carbon dioxide gas discharged from automobiles is



[ 0003] As regards the technique for inproving the

bal ance between the rolling resistance and the skid
resi stance on a wet road surface, a nmethod by

optim zing the tire structure has been al so studi ed,
but the nmethod nost commonly enployed is to use a | ow
heat - generating material as the rubber conposition.

1iABYEs Bhly . aEﬁﬁtiéﬁﬁéﬁyiﬁﬁ“§N&m9btP€qu§PQm8ﬁt§ it is also
conj ugat ed di ene-based polyner with a functiona

HSiRe 1,00, O af 4 esen '
ABENERLCLACFSERITOROPHLCE 128 BRERBLILRRECRELHAIR the

j ug) cti ' a
T et e SRR A er AL Thofafiendh Dene
. in W01-23467,.1L5 used in ener al , er e
co b TS Fr it 108 B aakeRe B L ebAnelnar 2areli of
1, 3-but adi ene_and, styrene i s perforne usi ng
SEEEATH AT CHOBRF Lokl DEr TPHRARRGr oBBPb bR S88Roan balance
and the actiyve end of the polynmer and a nodifier
EhergRelreen o1 § nbrReF tantr e Aeddi® Sanfct BRg, improvement
i ntroducing a functional group. Various nodified
Ok IIf g LI F apee bhs el ol yeis psoblanl §of be vaiveds
%gglications have been proposed using such a
[@&EHNi que. However, inprovenent of the wear
resistance is not satisfactorily achieved. [0005] On
t he @sheredenvdly téhe dtecnmpigqiastdeeimpadeihg thepbalence
vari ous performances by increasing the nol ecul ar

batmieght .tHdowayvEring hee £id ah €e pohy MEREzZ8ki@nrysiBgafBe on a
organic lithiumcatalyst has a problemthat trace

wemaﬁei‘mfa&?él I Uheth/d VI ept BEEEYhE§NERe 8hikEN8Sructure
has been also studied, but the method most commonly
employed is to use a low heat-generating material as the
rubber composition. Above all, a method of modifying the
end of a conjugated diene-based polymer with a functional
group is becoming popular as a most representative
technique.

[0004]

As regards the technique for introducing a functional
group into the end of a conjugated diene-based polymer, a
method described, for example, in WQ01-23467, is used in
general, where polymerization of 1,3-butadiene or
copolymerization of 1,3-butadiene and styrene is performed

using an organic lithium catalyst in a hydrocarbon solvent,

and the active end of the polymer and a modifier reactable



like, in the raw naterial nononer react with the
active lithiumend of the polyner to inactivate the
active end. Also, the active lithiumend sonetines
causes a reaction of deconposing by itself to produce
l'ithiumhydride and kill the end. In particular, such
a side reaction becones a serious trouble at the
REPEYSEK 0P -af yf i U j;ene- :
tREPEHELROPLE BaERAL, | EleraB ALER AP Rl sona
ne Sj h l,e [
oE8e N i i I FEREEd Lokt ER oA ank BB OB Sher s
Loght i s _made_higher he residugal ratio of active ,
SYFEAP LR FoRa VA 1S CBRORGREORNS! LASE, MEAr AIchrSad using
Iigble to, decrease. Dehgdration and purification of
SYRR AohGRRRighe . JIPWRTRE ar HURHRGPReRE, OhuthehKearar e

not sufficientl effective in the industrial-scale
r%?b%E%%?%nlﬁnﬁognsﬁﬁésﬁaﬁtﬁE#lﬁaﬁablﬁvﬁﬁenendous cost

is econom cally necessary at present for obtaining
(899%l ciently high effects. In order to solve these

i mpurity problens, JP-A-59-176311 (the term "JP-A" as

used Orerien oigaes handunaxaat bedppubhsshedn)apdeese

pat ent application”) has proposed to bring 1, 3-
iyt arele eeer Bondls apay o omanbes 59l YrRoterBtiagnithengiolecular

contact wth an organic |ithium conmpound and then

weaeyH oy mioh@ vergl WIRY iZaldroit g ISne dfz £t 1dn 1997dg &as

proposed coupling by various functional conpounds for
ot ASi Neh 1R c4P4 PGSt aRa¥el Obt b TONEYREL 2Race

effective counternmeasure is not taken against the

im0l e d Nl thEc@Pa LY &éﬁé‘fP”&@é‘gylﬁflgﬁ?s ai‘%%gr@%éﬁﬁ the

of deconposing by itself to produce i um
1800 9 I £ o 3 SR UL it BEGSEEL e
lf?ﬂydﬁ‘éﬁé(gkréﬁécﬁéﬁyﬁgF égnﬁnéé€EVate the active end.
Also, the active lithium end sometimes causes a reaction of
decomposing by itself to produce lithium hydride and kill
the end. In particular, such a side reaction becomes a
serious trouble at the production of a modified conjugated
diene-based polymer, because the absolute amount of the
active end needs to be reduced for increasing the molecular
weight. Thus, there is a problem that as the molecular
weight is made higher, the residual ratio of active lithium
end at the compleﬁion of polymerization is liable to
decrease. Dehydration and purification of the monomer and

solvent are important, but these are not sufficiently

effective in the industrial-scale production and on the



[ 0006] Patent Docunent 1: WO01-23467 Patent Docunent
2: JP-A-59-176311 Patent Docunent 3: JP-A-11-199712
DI SCLOSURE OF THE | NVENTI ON PROBLEMS THAT THE
INVENTION IS TO SOLVE [0007] An object of the present
invention is to provide a rubber using a nodified
but adi ene- based pol yner, where the 4 bal ance between

oEﬂ@rrﬁéﬁﬁngar@?éﬁéﬁ&&ﬁsaegsghgssgbgnohﬁﬁhﬁﬁigﬁidggggry at

road surface Is | roved and

o IEgESEo S5k EL K5, FOURTEEEn WA B0 I T
e TEHE VELURE Py FROLLLER R L UEcEF 0 RY VL cor

uégqgg t hat the above-describe _object can be_attained
“Eh 37 | 1857 CACESLT BBERS eBrhbBPKABAREENBRbLhed
speC|f|c nodi fi ed but adi ene-based polynmer. The
JEAETR PRVRRE | 3PP hicabien” hcb@ﬁpprgnéaeﬁagedbr@ngt By S~
f|nd|ng [0009] That is, the present invention is an
byfadisaemrd a rhipbee C@th@@ssofﬁﬁntohptbsmhgiagWGthaea
but adi ene-based polynmer, which has a hi gh nol ecul ar
widdi gin Qmﬁﬁnﬁ¢ﬂxﬁthxmmcemmpgendomnéntheﬁ perform the
but adi ene- based pol yner having a nodification
palomporierd t edd ecilse,f AP-d-sil-i ¥ tiasathd igtposddr€oupling
specifically, the present invention provides: 1. An

byoidaeddiendich ol oHEl SOmPOShdé OPo£0REFE489ng the
molecular weight. However, an effective countermeasure is
not taken against the problem that the active lithium end
causes a reaction of decomposing by itself to produce
lithium hydride and kill the end. It is still difficult at

present to achieve both a molecular weight increase and a

high modification ratic at the same time.

[0006]
Patent Document 1: WO01-234¢67
Patent Document 2: JP-A-59-176311
Patent Document 3: JP-A-11-189712

DISCLOSURE OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE
[0007]
An object of the present invention is to provide a

rubber using a modified butadiene-based polymer, where the



100 parts by weight of (A) a polynmer having a nunber
aver age nol ecul ar wei ght Wnh of 500,000 to 700,000 and
a content of a functional group-containing polymer
conmponent to be adsorbed to silica of 50 wt % or nore,
and from20 to 60 parts by weight of (B) an extender

oil; 5 2. The oiI-extFndeF ponneL cgnposition of 1)
Mh
ofS e EEEhERE SBR, RBrTEt e Rrlanet g 28 Hut”

conponent s havin ecul.ar wei
r§8¥E8hcs: SHoRewot oRPAFnB0* FACENE SpARPREY AT RS e
nmonoppdal di stribution; 3. The oil-extended pol yner
SRBEPbENET ORDBf WERT Sﬁﬁéétaﬁﬁéréﬁnepﬁénﬁﬁpywer (A is a
nodi fi ed but adi ene- based ymer obtai ned by
M%%$$oFﬁRn@obBEVﬁe?HEaPR@ﬁLgHS1 3- but adi ene or
copol yreri zati on of 1, 3-butadi ene and anot her
[eop®] yneri zabl e conj ugated di ene and/ or aromatic vinyl
conmpound by using an organic |ithium conpound as an
i nitifasox resalbydforaténsisel sentdiasdonhéher sicticigre of
an active end of the obtained di ene-based pol yner

awhddifiedepat abienéubakbanpbl ghenpteosbaiviei those problens,
conmpound, and wherein the nodified butadi ene-based

tIpO| yr@seht PhOEHESHsDNade PHOHHCERAR FRENABove-describe
conprising: (1) using a nononmer with the total anount

EiFC@C@$ﬂ|§@e§t@an@ﬁlS?eﬁnaéllngﬁfbh?%ﬁ boilop@r ess
an 200 ppm based on all nononers suppl yi ng the

ot JEL 08 & PPQ? g?eélf ¥dh88§%ﬁgﬂ %%E%%H%n%Qb%sed

ynerlzatlo reac I eat nent

péﬂéﬁg%c q§§a %@%%“%hvéﬁgléﬁnﬁ%ggg éﬁy?8§$¥£§iéﬁéggbased

nononer y usin nnec
o) Za on reactors,
o AT 22

[0009]

That i1s, the present invention is an oil-extended
rubber composition comprising a modified butadiene-based
polymer, which has a high molecular weight and a high
percentage content of a butadiene-based polymer having a
modification component effective for a silica-based filler.

More specifically, the present invention provides:

1. An oil-extended polymer composition comprising
100 parts by weight of (A) a polymer having a number
average molecular weight Mn of 500,000 to 700,000 and a
content of a functional group-containing polymer component
to be adsorbed to silica of 50 wt% or more, and from 20 to

60 parts by weight of (B) an extender ocil;



6 (4) performng the polynerization at a tenperature

of 50 to 85C, 4. The oil-extended pol yner conposition

of 1) above, wherein the functional group-containing

conmponent in the polymer (A) is a nodified

but adi ene- based pol yner nodified using a | ow

nol ecul ar wei ght organi ¢ conpound having an am no

groupyand a POXY_ HedN r zQERASLLI 9R
pand afh&POKY- Gk LLRded’ gcd?mé;rogp{agixaf«,ggggg bl 95

for vul cani zation, conprisi
et af PERE bhe HoPeetta® BESsP S sREublER R AR by
SEn T PBLRe0) A, P2 6OmE ot 67 205 o RISy
FROEART O\ A 018)] 2 ThoL P RLe% BRABALT BEo8POc JNR0SF Parre

conprising a  specjfic nodified butadi ene-based ) _
CORFIARED o1 t Hee peL¥her {AVchevenai Borsmgdad disgssbution;

processability at the conpounding by virtue of using

a corboundi Tg fokimaiended comt wher ngewpes it tanbafed)

filler and provides a vul canized rubber conposition

aljggre + ivherewadihevpelyrnen ¢hveia avmbdafieddbnbbléene-
excellent in the strength property, fuel- cost saving

bagrrd ol aripined) perper fanatngnpogmerization of 1, 3-

resi stance. Al so, the oil-extended rubber conposition

buifad iteres pyresesiio I yiveint 2 O S@nobel S8t babhyi¥s€dahar another
various 7 autonobile parts, industrial articles, other

copdiBgle r iNAUCt oty d thed | & Kéne BRAE o PESERWETL Ny PRyl
THE DRAW NGS
compound by using an organic lithium compound as an
initiator in a hydrocarbon solvent and then reacting an
active end of the obtained diene-based polymer with a
reactable functional group-containing compound, and wherein
the modified butadiene-based polymer is produced by a
preduction method comprising:

(1) using a monomer with the total amount of
acetylenes and allenes as impurities being less than 200
ppm based on all monomers,

{2} supplying the monomer or the monomer and a
hydrocarbon solvent to a polymerization reactor after
treatment with an organic metal compound,

(3) continuously polymerizing the monomer by using

two or more connected polymerization reactors, and



[0011] [Fig. 1] A schematic view show ng the
performance bal ance (bal ance between | owtenperature
Tans and hi gh- tenperature Tans) of the nodified

but adi ene- based pol yner according to the present
invention. [Fig. 2] A schematic view show ng the
performance bal ance (bal ance between | owtenperature

Tans apd vegg ' ) . Lfie
butad?eﬂe-basggég@%§ﬁg€ﬁ§a%§g¥%ggég?gh%heggrgsgﬁpperature
'n%qn i$ﬁ o BEST MODE FOR CARRYI NG QUT THE | NVENTI ON

O%O 2%0 % resent invention is described in detai

bel ow, Th ol r for use in the present
Cverd 1 on b8, SfFretFinash £3Tvher, ferBosiELon of 1)
but adi ene- based golxner, i ncl udes a pol ynmer, of ]
3ove p YRRT MR BRBnEUnGhéPREL hETORBRSPL AR ngo FoRBEnent in
unit mainly conprises 1,3-butadiene; and a copol yner
thih R @l YRer cbhbt + § uenrodbhbaer bufipdiepgnpaiseds polymer
1, 3-but adi ene and anot her copol ynmeri zabl e conj ugated
mei efeeAnd brd a@ ohew i Boleaylatowpdghtd. cEganpice sompiounide
ot her copol yneri zabl e conj ugated di ene include 8
hawiopy eare, aBinid ngrdyp - And- dut agoryegrdnd+ pentiadi ene, 3-
nmet hyl - 1, 3- pent adi ene, 1, 3- hept adi ene and
1, 3- fexadi enecubbldre dutipsl Ehbehaged polyarizeeiphi si ng
conjugated dienes is preferably a butadi ene pol yner

codp i P @dileneo i Bopk eade € OPOL yiBE . cEXpBBLESoRf offhe) above
ot her copol yneri zabl e aromatic vinyl conmpound i nclude

ardt, TdY | 56 8 s o PRLEVEISE V6 ENEhe 1&4% _m%ﬁt@ﬁh@@%%@%mer

vi nyl xyl ene,” vi nyl napht hal ene and 1,

PRS0, 24 4 biog SSEHoD] bSgR Emg CBlica-
bégggnffﬂfgkf%nd from 1.0 to 20 parts by weight of a
vulcanizing agent and a vulcanization accelerator.

EFFECTS OF THE INVENTION

1 [0010]

The oil-extended rubber composition comprising a
specific modified butadiene-based polymer of the present
invention is assured of good processability at the
compounding by virtue of using a compounding formulation
containing a silica-based filler and provides a vulcanized
rubber composition for tire tread, which can give a
vulcanized rubber excellent in the strength property, fuel-
cost saving performance, gripping performance and wear

resistance. Also, the oil-extended rubber composition of

the present invention can be suitably used for various



conj ugated di ene and an aromatic vinyl, a
but adi ene-styrene copol yner or a
but adi ene-i soprene-styrene copolyner is preferred.
The conposition distribution of the nonomer
copol yneri zable with butadiene in the copol yner chain
may be uniformin the nol ecul ar chain, may be
allPOndpi 18T PR, ¢ zghag ¢harag or
D Ba e ISt EE A Ter BBl P TR e o
L DG [ al.png nmol ecul ar chain, or the nononer
p%§§u§€§p$%%ekggaéiggblock. As regards the bl ock
structure, for exanple, in the case of a block of a

random copol yner conpri sing butadi ene and styrene,

Iffering in the ratio between butadi ene and
B@i@féﬁ%gééip%éogoﬂﬁe@?%dDR&ﬂéNggnposition di stribution
of the nonomer copol ynerizable with the conjugated
[fEhe in the copol ymer chain used for tires is
preferably uniformin the nolecular chain, and the
styr el ®opbl ynred sghdmat i efi@wbdhowing the performance
random copol yneri zed. The random copol ynmer as 9 used

bdlereten (alence dopolyerr 1 wnt ampé Pgt ar & Mabhs aaRdnhi gh-
or no conponent having a styrene chain length of 30 or

teieratiipecidndald .t Hh endBNEidn aAPRAYBhelBased polymer
preferably a copol ymer where according to a known

aqmibihoftdegmmosddunt thevaot yegr by the Kol thoff's
met hod and anal yzi ng the anount of polystyrene

unneqesgar 2 jf or W%@%ati@@ri“éﬂﬁtﬁfgwiﬂé S b ér formance

conmponent is 10 w% or |ess, preferably wt %°or
o155 ARG MBI oR! L POLITE 3088 o wear
SRS O e BN DI 8 QEPDR SELOIROBLLEE
sy (e ROl me S g ghat 1, styrene having
nore of all bound styrenes and the | ong-chain
BEST MODE FOR CARRYING OUT THE INVENTION
[0012]
The present invention is described in detail below.
The polymer (A) for use in the present invention is a
butadiene-based polymer. The butadiene-based polymer
includes a polymer of 1,3-butadiene alone, where the
constituent monomer unit mainly coﬁprises 1, 3-butadiene;
and a copolymer where the constituent monomer unit
comprises 1,3-butadiene and another copolymerizable
conjugated diene and/or aromatic vinyl compound. Examples

of the other copolymerizable conjugated diene include



bl ock styrene, that is, styrene having a styrene unit
chain of 8 or nore, accounts for 5 w%or |ess of al
bound styrenes. [0013] In the case where the polyner
(A) is a butadiene- styrene copolynmer or a

but adi ene-i soprene-styrene copol yner, the bound
styrene conponent preferably accounts for 1 to 50

- \AL.O Lt hi - hi . i t4i G 4 f bly.
i Ik S P D U e Gk S S
o : ti ; i ch hiah o .

08y SOTPSpbh O ghel 125-Rhp RN hD s ene.

T8 BEC ST b barer ROLORER: SoRBgs Lt PoIRGAE Lsigaes L5
fot a s -cal#ed ngh- gerfornance tire required to

PR& %r‘ﬁ]PSK 8r PBERAGEPEr PELIBAECCT & bukised eaesiseprsme
excel | ent bal ance between the rolling resistance and

CopRl ¥REH r dofaiiiRe Oh Bhewdthendcepel seeriaable aromatic
excel | ent wear resistance, which is the object of the

vingkepomponedt inoluds proeidglistiytehé, PRreetblpimtvrede,
for use in the present invention is a polyner having

vinyleteylberzege, nvieglkaienej ghinyinaphthaQen@0anad 1, 1-
700, 000 and a content of a functional group-

d ipheray e tigy pehy merIrc ayponedie twhdxee agisepelyhér SiAj Coor
of 50 wt % or nmore. Wthin this range, the effects of

uddein prreseftesvenihednt Paht i §Uhagbpo19%ee! k8Rbrising a
bal ance between the rolling resistance and the skid

cOrBRIgH T i En@ #8d ar ORFomaf {@CE1AF1VeL! LAS2898He YRR  rene

resi stance, are obtai ned. Even when the nol ecul ar

o Sed 244 40 S0 ORI DNl
preferred. The composition distribution of the monomer
copolymerizable with butadiene in the copolymer chain may
be uniform in the molecular chain, may be non-uniform in
the molecular chain, or may be a distribution with the
monomer gradually decreasing or increasing along the
molecular chain, or the monomer may be present as a block.
As regards the block structure, for example, in the case of
a block of a random copolymer comprising butadiene and
styrene, blocks differing in the ratio between butadiene
and styrene may be connected. The composition distribution
of the monomer copolymerizable with the conjugated diene in
the copolymer chain used for tires is preferably uniform in

the molecular chain, and the styrene copolymerized is

preferably random-copolymerized. The random copolymer as



conmponent to be adsorbed to silica is not 50 wt % or
nore, the effects in terns of the above-descri bed
bal ance and wear resistance are insufficient. Al so,
even when the content of a functiona

gr oup- cont ai ni ng pol ymer conponent to be adsorbed to
silicais 50 % or nore, if the nolecular weight is

uguH ngéfﬁfﬂéﬁﬂﬁfé“EBﬁblﬁﬁ@ieééﬁQé?niH?aéegﬂﬁlggaﬁgﬁnt of

above-descri bed bal ance ‘and wear resisfance ar
i fL .61 5 t . Of cLional
o ing Hor A % JUEEERS O i 8 1 BabkRCbE3E o more.
| 1.6 50 % or _nor based on the tire
SRR AR e hs et I8 e P Pk BE B o e 1 ¢
the content of this di ficati,on conmponen is.small, |
QR e T ATROTATY (et KRR BF Eingrof d8Composing
sufficiently brought qut. [0016] In the polymer (A
thePie@sy I%fhetftﬁ hqmlemm%wod A4 crBdl yzingethe
nmol ecul ar wei ght distribution MM WMn by GPC is from
ampugt @ po ¥R INARGe IO e Mevhagoh, the content
nol ecul ar wei ght of 100,000 or nore has a nononobda
ofdissxah lutdospongrtth isucH) avtriblasc lless weppdferably 5 wté or
di stribution, good processability and good di spersion

legfs ,a baislelde oratt tehemdurdadifhgchod  palbhesr arer easoseoll aner
the effects of the present invention, particularly,

whexeelalceptrdialganee dainman mdtod @i idecomss simgcehand
the skid resistance on a wet road surface as well as

pod§aR rVed al eZicsied ot 1At Mtthod Nénd NPREIPEahg the

distribution means a distribution in the formof

sth@¢nRg chRg nPeals 3NbuHERs ditosanher &1 deepedkyrése,
sharpened or trapezoidal or a shoulder Is present” on
th%@eis, styrene having a styrene unit chain of 1, accounts
for 40 wt% or more of all bound styrenes and the long-chain
block styrene, that is, styrene having a styrene unit chain
of 8 or more, accounts for 5 wt% or less of all bound
styrenes.
[0013]

In the case where the polymer (A) is a butadiene-
styrene copolymer or a butadiene-isoprene-styrene copolymer,
the bound styrene component preferably accounts for 1 to 50
wt%. Within this range, the composition is preferably used
for normal rubber usage. In the case of using the
composition for tires of which high gripping performance is

required, the copolymerized styrene component in the

polymer (A) preferably accounts for 25 to 50 wt%. Within

10



| ow nol ecul ar or high nol ecular side with respect to
the peak. MV MWh is nore preferably 1.8 or nore in
view of processability and wear resistance and,
simlarly, nore preferably 2.3 or less in view of
rolling resistance. 12 [0017) The nunber average
nmol ecul ar wei ght M, the weight average nol ecul ar
tWeisOk ,a I l.ar ' j.Stg4-0uti are
bngﬁgyﬁgp%?%mgoo%cﬁs% Mgty éyfﬁ%&ﬁéﬁnﬁ¥§?

anal yze The averade nvolecular

pEBRSYREHRY +G3kC E'e%ﬁ_\ii‘}'% PGP gxgi(y'ég rl]ati?q,yg qr%rp}%i{ngagaeet % mance ,

using a calibration Ccurve ba

' 0 ar ol rene. .In th resent
= bRk oS30k R EE iy AR PR Heirald 1ng
as the filler far the nmeasurenent of nol ecul ar

TSR aRdsn Ao FbeuF b ScrgRe taRce: PR Hf oo Sur face
gﬁléner ;A%. g0018) The wei ght fraction of the
aRANEEFBHAP Er BBr EBALAFARAE. pYhyabr iGokbenelecs oS the
adsorbed to silica_ is neasured by a method using GPC
- PResanEhenvertépnpeiagpaovidedea- based gel, where by
utilizing the property of the nodified
[$R% 4Hi ene- based pol yner adsorbing to silica, a sanple

sol ution containing a sanple and a | ow nol ecul ar

wei githepapykymeentApsfohensat ennehespasdant iL8vention is a
subjected to GPC on the non-adsorptive

pglohyst yiienindas esuged r ande ERGe ORo1 &A1 8k Wedghased gel
and fromthe difference between the chromatograns

S5obt@dmneth 10®, GOSARA | HN-GHPERE P Shfunéhkbﬁﬁlb?§8gﬁ~

gel is determ ned. [0019] The present iInvention rs a

citla N qash el Y EEmp SOIPOSES 1 08 S89PEEEENE, 1091 PALt 8¢
by wei ght of a polynmer (A)
50 wt® or more. Within this range, the effects of the
present invention, particularly, excellent balance between
the rolling resistance and the skid resistance on a wet
road surface as well as good wear resistance, are obtained.
Even when the molecular weight is within the range above,
if the content of a functional group-containing polymer
component to be adsorbed to silica is not 50 wt$% or more,
the effects in terms of the above-~described balance and
wear resistance are insufficient. Also, evén when the
content of a functional group-containing polymer component
to be adsorbed to silica'is 50 wt% or more, if the
molecular weight is out of the range above, the effects in

terms of the above-described balance and wear resistance

are insufficient.
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13 and from20 to 60 parts by weight of an extender

oil (B). The extender oil includes an aromatic oil, a
napht hene oil and a paraffin oil. Furthernore, for
exanpl e, TDAE, MES and SRAE descri bed in Kautschuk
GQumm Kunststoffe, 52(12), 799 (1999) are preferably
used, which are an oil having a PCA content of 3 W%
[@y18ess as neasured by the IP346 nethod. An oi

having a PCA content of 3 wt% or |ess, such as TDAE

and SRAF, .d ref : n : '
used, a Jﬁ?@gﬁ?;gﬁprfbﬁgéggﬁ%%$Fe%€g¢E ?ﬁ%égfﬁéhétﬁolymer
: - [ er formance, , ar LRPI 0
her ofﬁ%ﬁ%g%g%dgﬁééﬁégés?%tgﬁ££c?sm85EaP%egB Tﬁg or more
t er_, oil rmay be used in_an arbitrary, anoun
Dd g e S e o 1R e it e L D FBL s v ety 60
0 to 60 parts wei ght per_100 parts, by wej ght of
W?’ﬁné’rpafr%% EIE), FO?#@%%PJ@ ek ficaft 1gmecomponent
. oi | -extended conposition is referablz from30 to
1s) e lfec e aHEroRE Flm glmcm%@ SIFQUBr areechey.
The upper. limt of the Money viscosity varies
sUufdderi@nig Yo rdiwhidheatli ng met hod or the conposition of
ot her conpoundi ng ingredients. Al so, the processing is

[004&ill i tated by preheating. In this way, the upper
limt varies depending on various conditions and
canndh ltke ipediyeer niAatfdry wgedd itk hitte S@esiiveREion,
about 130. For inproving the dispersion of a filler

praffetrab liyneatientholfe culdibefe i gHte Modeb e BEO NN YMhA Sby GPC
nore preferably 50 or nore, still nore preferably 7%

isOEreRr .. At eUEh ARPMH b 10Mel i SPONEMNing a

conmposition and viscosity of "oil, 1nthe case of an

moQebulhd RAIGH: W¥ed.og lodos J¥ efsd afhd r?tméﬂﬁl%goag‘f
extender oi |- (B) is 60 parts by weight per parts
dif¥ribution. With such a molecular weight distribution,
good processability and good dispersion of a filler at the
kneading of rubber are ensured and the effects of the
present invention, particularly, excellent balance between
the rolling resistance and the skid resistance on a wet
road surface as well as good wear resistance, are obtained.
The "monomodal" distribution means a distribution in the
form of having one peak and includes those where the peak
is sharpened or trapezoidal or a shoulder is present on the
low molecular or high molecular side with respect to the
peak. Mw/Mn is more preferably 1.8 or more in view of

processability and wear resistance and, similarly, more

preferably 2.3 or less in view of rolling resistance.
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wei ght of the polynmer (A), the Money viscosity is 50
or nore; simlarly, when the extender oil (B) is 50
parts by weight, the Muoney viscosity is 60 or nore;
and simlarly, when the extender oil (B) is 37.5
parts by weight, the Moony viscosity is 75 or nore.

I ncidental |y, the Money viscosity is a value

(@bt aijned by neasuring the oil 4 nmnutes after
preheatlng at 100C for 1 mnute using an L rotor.

[ 0020k EhenABLYMBI el Bkl Ho1w3t1at WIS e the weight

invention is prefera Iy a
rm_n rization of
P4EE: nbRLEY Bt P e et
her ol r|z cQnj ugat ed dlene and/,or
di?%ﬁ&??&lwnw CaHBaE by Gy aaheayarAge MeteEwLar
as an initiator in a hydrocarbon solvent and
WERBRE: S5cPERG CARGaEY (8 LN 231 O adsBR Mg Co & Hothal
di ene- based polynmer with a reactable functional group-
mEBRPEi HEABIcBnFOUARY alfene CHIiite baseid jogd the molecular
but adi ene- based polymer is produced by a production
wabghbdoEoabehdrng: POlystyreyea nbnobbe prekentieihwealtion,
amount of acetylenes and allenes as inpurities being
2| res-atanrpgddveppolasgdear-balsedpgelerns, uked 2)s the
suppl yi ng the nononmer or the nonomer and a

fhytenchobothsohgastirkfeatpolfy iBlezalia®n wedatitoraraf t er
treatment with an organic netal conpound, (3)

meDE¢ L NAIP USE YgRe! MIBEFZHAE i bRE oFORARE b Ymies ﬂ(@\) two or
nore connected pol ynmeri zation reactors, "and (4)

[perdprm ng the polynerization at a tenperature of 50
to 85C

The weight fraction of the functional group-
containing polymer component to be adsorbed to silica is
measured by a method using GPC with the filler being a
silica-based gel, where by utilizing the property of the
modified butadiene-based polymer adsorbing to silica, a
sample solution containing a sample and a low molecular
weight polystyrene as the internal standard is subjected to
GPC on the non-adsorptive polystyrene-based gel and GPC on
the silica-based gel and from the difference between the
chromatograms obtained, the adsorption amount to the
silica-based gel is determined.

[0019]
The present invention is an oil-extended polymer

composition comprising 100 parts by weight of a polymer (A)
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According to this production nethod, the polyner (A
for use in the present invention can be easily
produced. [0021] Furthernore, in the pol ynerization,
the average residence tinme in one polynerization
vessel is preferably from 15 mnutes to 1 hour and 30
m nutes, nore preferably from 20 mnutes to 1 hour,

d t
S, s b O S A o
Theaekednab ! 0§ 1t IR \\Rre he og'?ogmcg:' tlta',]olnl}]a%hthene oil

conversion ratfio’i’s rom
reaches .100%

[ BB T bl The 'ﬁgﬂg%%m@; Remege DBl MES

[ of 500,000 to 700,000 and .a content of a
2pg %F?%'@Fsaragﬁdcam M@hﬁﬁm&mwz (12),

7§§ ziged to silica of 50 wt % or nore, where the

| afgi Bﬁ?fle§aﬁ’|l§{hé1ﬁeaindWbﬁ@harﬁ‘nmtarbfowod?&\fm a
conmponents is lar is obtained. If the residence

Pehngonkerhecfpdl y rpZatlE!§ﬁ wSs Bela siug egh ipat ddwariB34 6
long or a long time 16 is passed in the state wthout

methehondil aie kavivg 2nBCAfcontenpobyndrwié dirnteszedsuch
or deactivated due to a side reaction and the desired

a$i GhAEDand i SRAEpnisanhbpecppedieribed.obintAnedDAROB22ERAE is
The hydrocarbon sol vent used at the polynerization of

ugdd, pol ymbeahfyefiorubberi BxEBE1RHESEAL thRY @Ry tihS
preferably a saturated hydrocarbon or an aromatic

Py OCRN DOlle 1 888s BNs é‘biﬁ&%é?flﬂi‘ﬂ&ﬂ%@r b%%li:ﬂﬁli‘xgas

but ane, pentane, hexane, pentane and hépt ane,

ped i S e JH@rﬁéébe@s§§EQn@§ ¢¥CLBPETLARE: The extender
cycl ohexane, net hyl -
0il may be used in an arbitrary amount within the range of
the extender oil (B) being from 20 to 60 parts by weight
per 100'parts by weight of the polymer (A), but the Mooney
Viscosity of the oil-extended compesition is preferably
from 30 to 100, because the production and processing are
easy. The upper limit of the Mooney viscosity varies
depending on the kneading method or the composition of
other compounding ingredients. Also, the processing is
facilitated by preheating. In this way, the upper limit
varies depending on various conditions and cannot be
indiscriminately specified but seems to be about 130. For
improving the dispersion of a filler at the kneading of

rubber, the Mooney viscosity is more preferably 50 or more,

still more preferably 75 or more. Although depending on
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cycl opent ane and net hyl cycl ohexane, an aromatic

hydr ocarbon such as benzene, toluene and xylene, or a
hydrocarbon conprising a m xture thereof is used.
[0023) As regards the initiator at the polynerization
of the polyner (A) for use in the present invention,

an organic |ithiumconmpound is used. The organic
thbt BbMBbAEAROHBAposREk HHea ndl k1RGNS, st RUM in the case
conmpounds having a polyneriz- ation ifiitiating

o 1 SRGLENETRL oS LAY 01 b B Y on che

' it hi und_of sol ubi.l it zed ol i.gamer, .an
eBLOARE oLini Bl IR0 RG-Ra B S ehte e AfnFRAY by
on molLecul e or a pl [ of lithiungs wthin on
WS Bh Ehe Skl o he HhenbaRPed sasrasian g 3o or
ternms_of the 17 bonding manner of on&anic group and
MPTE hj I B2 ELY bowben EReukbBRAET a0t (BYen S| SOhPaHES by
bond or _a tin-lithiumbond. [0024] Specific exanples
W hgh eof the dieeRey Yibheosyhl &S FPt AFuRPEeipeDad s¢adharly,
as n-butyl lithium sec-butyl lithium tert-butyl
when Hignerterdsr ¢ilhikim ibedZyph barhsuby pkéghlt, the
[ithiumand stilbene lithium a polyfunctional organic
Madnhi wis cesiployinds st hoasmdrd: dilndhdabtd Bhe, tleacMbooney

product of sec-butyl lithiumwith

vidi desipriopiesnyd bealneneobtdite8-byi hebBuobRGzERe, oil 4
reaction product of n-butyl lithium wth

milnd it @n g adk £ M OYA DeDEene, £ 4280 th O, i Q08elg Odn 1
n-butyl lithi'umwth pol yacetyl ene conpound; and a

rdx@wound having a nitrogen-lithium bond, such as

di met hyl am no- lithium dihexylam nolithium
[idggopr opyl am nol i t hi um and

hexamet hyl enei mi nol i thium Anmong these, n-butyl

LT thipgd ho1ymer (A) for use in the present invention is
preferably a modified butadiene-based polymer obtained by
performing polymerization of 1,3-butadiene or copolymeriz-
ation of 1,3-butadiene and another copolymerizable
conjugated diene and/or aromatic vinyl compound by using an
organic lithium compound as an initiator in a hydrocarbon
solvent and then reacting an active end of the obtained
diene-based polymer with a reactable functional group-
containing compound, wherein the modified butadiene-based
polymer is produced by a production method comprising:

(1) using a monomer with the total amount of

acetylenes and allenes as impurities being less than 200

ppm based on all monomers,
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and se-butyl lithiumare preferred. One of these
organic |ithium conpounds may be used, or two or nore
thereof nay be used as a mixture. [0025] In the

pol yneri zation reaction, a small anmount of a polar
conmpound may be added as the vinylating agent of the
but adi ene-based nononer for the purpose of randonly

CODO|XE¢r'ZBﬁ9p§y§hEX%ﬁ% H@%%%e@o%¥“¥héMdthﬂE}
but adi ene system anpl es of the polar conpoung'used

hharechrebrdac19kher $65 lécg %mfe%tirz]aﬁ: cgrpfxt]ﬁ%hec%xﬁ aeféyxl

et her, di oxane, 18 ethyl glyco

gblyhgte ghvsobndbytulc abher %m%ao%ﬂe”e g{ﬁ;ﬁ'

|nethyl et her, "'ene glyco

Certi B a Qéﬁgieﬁﬁﬁaﬁx AL R 223 rBh kb gROREE by using
eth | enedi am ne g eri di nget hane, trinethylam ne,
R RN AN AR AR A

net al | koxi de conpound such as potassium
tert- &ﬁ& at BERheFmHRE akBe URPL ERErbaafiane ataad tgmperature

Egosph|ne compound such as triphenyl phosphi ne. [0026]
otnelotot B8¥e. pol ar conpounds may be used al one, or
two or nore thereof may be used in conbination. The
amourccording pol thisoppodudtisndmeshed, echedpolymer (A)
according to the purpose and the degree of extent.
fapsuase yint bee pptesentoipuendibrs waedbien eas iagppriodoked.
0.01 to 100 nol per nol of the initiator. [0027] The
(e BY conpound can be used in an appropriate anount
according to the desired vinyl bond anmount, as the
Furthermore, in the polymerization, the average
residence time in one polymerization vessel is preferably
from 15 minutes to 1 hour and 30 minutes, more preferably
from 20 minutes to 1 hour, and the reactable functional
group-containing low molecular weight compound is
preferably added and reacted at the time where the
polymerization conversion ratio is from 90 to 99%, or
within 5 minutes after the conversion ratio reaches 100%.
In this case, a polymer having a number average molecular
weight Mn of 500,000 to 700,000 and a content of a
functional group-containing polymer component to be
adsorbed to silica of 50 wt% or more, where the molecular
welight is higher and the amount of modified components 1is

larger, is obtained. If the residence time in the

polymerization vessel is unnecessarily long or a long time
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m crostructure controlling agent for the polyner diene

noi ety. Many of vinylating agents al so have a
random zing effect effective in the copolymerization
of conjugated dienes and an aromatic vinyl conpound

and can be used for adjusting the styrene
distribution or as the styrene block anount-adjusting

iggpasseto 1002 h@l sTHat emetitdbftora mardaEZatiloh dwyike,end of
as described in JP-A-59-140211, a nethod of

tbenpbiymes| ¥ sodimetrared bendesctadditid ARarto o side
1,3-butadiene in the mdway of the copolynerization.

rbhcdeshr add !auba@b@a@edswbﬁnﬁxo@riﬂcami&i”faéihﬁf&%ot be
may be additionally added, for exanple, fromthe top

opaktinef.the first reactor or fromthe bottom part of
the second or subsequent reactor. Also in this case,
[bbszononer supplied to each part may be treated with
an organic nmetal conpound. [0029] By virtue of using a

pol arq ci.all et her,s or tertiary ,am ne
conpoJﬁ%?Qfﬁgg%%%§§§a?§gvéPEngseGn?g Sgetﬁgaggﬁ LPagrton of
vinylated. Particularly, in the rubber faor
t‘?fgp%‘gfyrf‘%’é \‘/ﬁygo‘c’oH?@n%nog{’FhBrsmﬁFQ&i ényenfion iis
su'tq%%i from20 to 80 Ml % In the so-called
Plﬁ‘?%‘?ﬁ Yo7 n2ptere e R¥GEPFaabeB RAvenhegRMGLispi ng
héggforqgnce, t he vinil content is suitably from35 to
OTRT RN AV 2R he birhabes hvdubparbapssuet el butane,
excel | ent bal ance between the rolling resistance and
PYIHENG: dealg stReicbans andchepbadesuahaediagdlic
excel | ent wear resistance, which is the object of the
hysirogmubamvah ons cyslqpentaes, cyclohexane, methyl-
cyclopentane and methylcyclohexane, an aromatic hydrocarbon
such as benzene, toluene and xylene, or a hydrocarbon
comprising a mixture thereof is used.
[0023]

As regards the initiator at the polymerization of the
polymer (A) for use in the present invention, an organic
lithium compound is used. The organic lithium compound
includes all organic lithium compounds having a polymeriz-
ation initiating ability, and examples thereof include an
organic lithium compound having a low molecular weight, an
organic lithium compound of solubilized oligomer, an
organic lithium compound having single lithium within one

molecule or a plurality of lithiums within one molecule,

and an organic lithium compound having, in terms of the
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20 003 01 As for the inpurities in all nononers used
for the production of the polynmer (A) of the present
invention, the total weight of acetylenes and all enes
is less than 200 ppm If a nononer containing 200 ppm
or nore of inpurities is treated with an organic

nmet al conmpound, the netal conpound of acetyl enes and

bahbigngsmanheehoifs od ga®aet g@Bupl aduCtLi tHilld,Nel carbon-
deactivates the active end of "the polymer in the

1RGLYIRM b&AL) 08 RYELBFeANT 11h Snl SR I of ARt i pona.
total anmpount of inpdrities 1s preferably 1 ppm or

[bg§§3 nore preferably 80 ppmor |less. [00311 The

anount of inpurities contained in the conjugated

di enes . r..s ef er abl uch that
oS RESr L ST P S B ERR it PERe ¢ Brnopasenifan
200. ppm.and 50 ppm . or |ess, respectively, and the )
1E00 R ohBBPp UngOB T op nobutvinDiEhiid sissiputy] 1ithium,
1,2-butadiene is | ess than 100 ppm propadiene is 30
t%’ﬁ%ﬁ%‘r‘tygsilEFHUJPhen'éEEFYIleﬁé§hP~§m6Ob|§|§‘r¥1ylorlllt@é§}“r phenyl
still nore preferably 1,2-butadiene is |ess than 50
1 Hifed Uty a5 BRébEBE 201 Bhinter £ ebelyfunciidonsdt pirgass.c
is 30 ppmor |less. [00321 The anmount of
1 preiiyn seengtend sonhadset, 4 ndi hethaobotaine, vireglction
nmononer is preferably 80 ppmor less, nore preferably
pEplIppmMm@f $essbugl [ DOBB] ukxaiph edibboprepengabienzene,
nmet al conpound used for the treatnent of the nononer
1,03, 3+teat et i g et benapneog®t t 8ol product of n-butyl lithium
with 1,3-butadiene and divinylbenzene, reaction product of
n-butyl lithium with polyacetylene compound; and a compound
having a nitrogen~-lithium bond, such as dimethylamino-
lithium, dihexylaminolithium, diisopropylaminolithium and
hexamethyleneiminolithium. Among these, n-butyl lithium
and se-butyl lithium are preferred. One of these organic
lithium compounds may be used, or two or more thereof may
be used as a mixture.
[0025]

In the polymerization reaction, a small amount of a
polar compound may be added as the vinylating agent of the
butadiene-based monomer for the purpose of randomly
copolymerizing a styrene-based monomer with the butadiene

system. Examples of the polar compound used here include

ethers such as tetrahydrofuran, diethyl ether, dioxane,
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hydr ocar bon sol vent include an organic |ithium
conpound, an organi c sodi um conpound and an organic
magnesi um conpound, and specific exanpl es thereof
include n-butyl lithium sec- butyl Iithium
tert-butyl lithium n-hexyl lithium benzyl |ithium
phenyl lithium stilbene Iithium sodium naphthalene
l.hu g [ Al r..to Ci V.
e%@?}%?%}?ﬁ&cﬁ%ag ﬁe%mxl e%ﬂﬁgure%agﬁeneiﬂﬁvéél | Sy
ou hers, .amn sphin
SRR atetHET-AR Lo, <BRRvA: BOR flr?et"’}bv%%ﬁ glyeol
tal .co ound na hereby activat [ 0034
afBh By ceFRahY | RyTRLPRBADSR RBEN SO LA E ghso(@s'l ofzny1) -
bringi ng an organi c netal conpound in_an anou
pEBP?g‘époﬁdFﬁﬁtﬂérUhémilﬁﬁuFPF‘P@gnldnﬁ@Cﬂﬁ ﬂSngq{cmrmhyl-
with the nmononer or with the nononer and a
ehpyteeadbanisel véhpirgrddineeshiner itatimeddy kegiries
nmonomer or the nonomer and a hydrocarbon solvent into
trhethphemone; sppréfigneedndTheinhgdiddaeborns@eiti metal
used for the polynerization is recovered in the
alkox sde ngospepndf sachpabypetazat unntetiteamylatel iaed
and reused. In this case, acetylenes and allenes as
potess mnrtéresbityl 8€e iDAAAEE BhEsPhiaE icombind such as
hydr ocar bon sol vent and these I npurities cannot be 22

tﬁiﬁﬁ%ﬁ?ﬁ%ybg shored even after purification. Therefore,
t he I enes and acetylenes in the hydrocarbon sol vent

[eLgh to Dbe also treated with an organic neta
conmpound. [0035] The m xi ng contact treatnent is

P! BRIt PRSI oAb SEHEL o] HORRE o
tﬁgmﬁfeﬁ%§é(¥hé¥eég mgyggglﬁsed in combination. The amount
of the polar‘compound used is selected according to the
purpose and the degree of extent. Usually, the polar
compound is used in an amount of 0.01 to 100 mol per mol of
the initiator.

[0027]

The polar compound can be used in an appropriate
amount according to the desired vinyl bond amount, as the
microstructure controlling agent for the polymer diene
moiety. Many of vinylating agents also have a randomizing
effect effective in the copolymerization of conjugated
dienes and an aromatic vinyl compound and can be used for

adjusting the styrene distribution or as the styrene block

amount-adjusting agent.
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metal conmpound with inpurities insufficiently proceeds
and in turn the inpurities are not satisfactorily
i nactivated, whereas if the m xing contact
tenperature exceeds 50C, the polynerization starts
before the nonomer and the like enters the
pol yneri zati on vessel to readily produce a gel in the
[gbébig portion and this is not preferred. The m xing
ct tinme is preferably as short as less than 5
m nutes. The nmpnonmer shoul d be controlled not to
exceedP&nmeLhark £84 Fapremdratdonpapyr Peentad idrpamded in
Eolynerlzatlon vessel. One of these nethods is used
JRrBnedot 488id of MEShofeLfogondriaueusd Y o1 drrttiermi tirently
wher eby the deactivation of the active end can be
agdengl § padticed frSmbutedieneg inn thehainvwhsaw Hitheae
pol ymeri zation due to inpurities contained in the
copobymer andttibe.nolf fdesi red, risatkddeneanstheene or a
industrially performed with good efficiency. 23 [0036]
nmintthe tharegfcaaiabk bHa@atieRbllvhadded, NEdrs example,
preferably performed in pipeline or, if deS|red usi ng

£26m BRETE6 PErtNoki BReMEXRE: FAA3TL ThE from the bottom
pol yneri zation reaction is continuously perfornmed in

pA¥O OF FRECsELBARCLE ﬁﬁééﬁ%ﬁt Pbabiths t'f@s?t hg  this

residence tine distribution s approprlat

c§§@ the ﬁ@ﬁé rlhﬁﬁgfﬂhﬁng 'ga %ggteﬂa&r§@'%§%%€¥é with

reaction deconposi ng

k||| the end SO that a
4¢§C|enfﬁé£% B%P?lCatlon rati o can be obt ai ned
“9¥ hpe nDdlflcatlon reaction perfornmed in the later
Al so, the nol ecular weight distribution can be

control |l ed to a Preferred range and can ,
By virtue of using a polar compound, especially

ethers or a tertiary amine compound, the conjugated diene
unit of the copolymer can be vinylated. Particularly, in
the rubber for tires, the vinyl content of the butadiene
unit is suitably from 20 to 80 mol%. 1In the so-called
high~performance tire required to have high gripping
performance, the vinyl content is suitably from 35 to 60
mol%. Within this range, a rubber assured of excellent
balance between the rolling resistance and the skid
resistance on a wet road surface and excellent wear
resistance, which is the object of the present invention,

is provided.
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be a nononodal distribution. The nunber of reactors

connected is preferably 2 or 3. |If the nunber of

reactors connected is unnecessarily large, this is

not only preferred in view of profitability but also

nay give a polynodal nol ecul ar wei ght distribution.
is not recomendable to use 5 or nore reactors.

( p eactor is preferably a bath-type reactor with a
P which is wusually used. [0038] In any

reac;g t he olém rization is %rforned at a
tenp %tﬁ? PRra5Ees| ing g pBP?H@PFfaPﬁ@# Fpr the

enperature is | ess_than 50C, the polynerization

PF%%B@Fbﬂn BE otedBOAVBREY (AhdofhEhei presenthd@vention, the
whereas if the polynerization tenperature exceeds

tebal weighit efaacebilenakesnit abhebes tie dissa than 200 ppnm.
sufficiently high nodification ratio by the

I froali fivgamé oncombeinbdbngp2fDopprdoknmarkabdr impuedtdes is
obtain a copol ynmer having a sufficiently high

tred bed af thveaghdrgdhecpnbyakr canpoQAdy, eabki adtiad compound
performed in a concentration range such that the

of id@dt PDEYEBIan@OACEBHESS | PALLR L1508 bebet3BnWp¥odakd,
the polynerization tenperature is controlled by the

gtk # %@ﬁ@i%@e@fth@&@ﬁf{reoénéobi‘e%e %B?iyﬁ%%oﬁﬁr the

concentratlon or the coollng or eatlng romoutsid

éf%%%f!oﬁ“%§§@éﬂgah§t9h1§°f§'Hgfaékgfe}ggh th’Fhe total

olynmerization 1s a heat-generatin eact

an@%ﬂ*zéfefe@%ﬁfr%;f%oﬁfgk%ﬁgﬂ%og@@]p B bR
Prfeg‘?epecﬂw tr{ll.lgnl?(r3 %%%Ir o\?\he?e godl fication reaction
[003]]

The amount of impurities contained in the conjugated
diene-based monomer is preferably such that 1,2-butadiene
and propadiene as allenes are less than 200 ppm and 50 ppm
or less, respectively, and the acetylenes is 80 ppm or less,
more preferably 1,2-butadiene is less than 100 ppm,
propadiene is 30 ppm or less and the acetylenes is 60 ppm
or less, still more preferably 1,2-butadiene is less than
50 ppm, propadiene is 20 ppm or less and the acetylenes is
30 ppm or less.

[0032}

The amount of phenylacetylene contained in the

aromatic vinyl monomer is preferably 80 ppm or less, more

preferably 50 ppm or less.
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nodifier is added to a solution of a polynmer having an
active lithiumend and thoroughly m xed. The reactor
may be a bath-type reactor with a stirrer, which is
the sane as that used for the polynerization, may be
a bath-type reactor with a stirrer, which is smaller
than the polynerization vessel, or nmay be a static

{Ubé?ﬁ- It is necessary that the mxing is thoroughly
pertormed, and the 25 necessary volunme is detern ned

Lact BFEBPLRSRSE: rPoPTRah: e ROMBGRY atied 207 the

+gon itign, pr ferabI% from1/20 to 1/5 that of the

boriREREzaEi GheyBOBEMer AOEh S SadMeRty 9Ty téndancmer and
and a sgort residence time are nore preferred in view

hygroqa sPPRaBPLveptahBCprEpenti fgdandicdd itddam siomprhmd, an
residence tinme is preferably from1l mnute to 1 hour,

ORgrRlCpFefépmbromppyndiand 85 pirgends. megmesium compound,
nodi fication reaction is preferably perforned at a

an@npeeat Gie ekaBsples BBErecf0A4e]utlee nrbdithiled iithium, sec-
selected fromnodi fiers having a | ow nol ecul ar wei ght

butrgl bei tlyiumpabeetebutgacli 8 iving hnthexyacliivai®n] ®enzyl
the polyner and allow ng the polyner to be adsorbed

litthsurhj cphedPe DOtRCUMAr sHeLBBhel $iEhQ0R, Oole s
Exanpl es thereof include the followings. (1) A low

ndpH e @fe Weh @81 196 911 52 §REBOUAT fm&@g oﬁ%lf’gt?s

group and an epoxy group W thin the nolecule

e 06 1 OV ] $COHL AFo MR T ONE PQQB?ﬁggnﬁﬁﬁﬁeﬁggﬁﬁgggEg,g%gﬁglar

Is a tertidry am no group, ecu

coftth 5102 AN EPEN 09,20, ' B EBRTned BEHCRLIMaes

unit may or naey no e presen
ma@%’eeq.{sé&]cirydgon%]ineg@fgngartr?gpt_:he organic metal compound

may be thereby activated.
[0034]

As for the treating method, a method of previously
bringing an organic metal compound in an amount
corresponding to the impurities into mixing contact with
the monomer or with the monomer and a hydrocarbon solvent
and thereafter introducing the monomer or the monomer and a
hydrocarbon solvent into the reactor is preferred. The
hydrocarbon solvent used for the polymerization is
recovered in the finishing step after polymerization, then
purified and reused. In this case, acetylenes and allenes
as the impﬁrities in the monomer are mixed in the

hydrocarbon solvent and these impurities cannot be

22



containing tertiary am ne such as 4,4'-diglycidyl-

di phenyl net hyl am ne and

4,4" -di gl yci dyl -di benzyl met hyl - am ne; a

di gl yci dyl am no conpound such as di gl ycidyl 26

ani line, diglycidyl orthotol uidine, tetraglycidyl

nmet haxyl enedi am ne, tetraglycidyl am nodi phenyl net hane,
cgﬁ#i995X%;?¥hg§%ﬁ2§@¥heg%@b%”bﬂ?ifQEgEX%hqylTherefore, the

nomet exane "an
lyci.dyl - - bi sam t hyl lo: h ; d
e o B S R
: : d, havi '
o8 BE RS ahEe AL PR PAFF : §0P* EBB%G BFbaDs CRIPARAC o
[ggéggule is preferred, a diglycidylam no

-contai ning poly- functional conpound is nore

preferred, and tetraglycidyl -
1, 3- bl Foheg WCPT@W%h’ékaﬁ‘émeEtsiBI prafecapisf perddrmed
When such a | ow nol ecul ar wei ght organi ¢ conpound
athawi temperatine gf otpland B0°EPONY GheUmixd e asirethet
with the active lithiumof the polynmer, a part of the
taEpmya t @reupds i eSOt ed1 07,0 e ab ki @i 0uiP. tl\l@e@r?anic
plurality of epoxy groups are reacted, a plurality o

méptd y nesspured bt ethpor bt ieg eheutrgeuphing ?B@cb@ld% and
provides a condition that the al koxylithiumfturther

in ennts Wi hikdher i ©ROXYa 86 ONBt 288t 85 FABEoSRTY LhHBLiFated,
part of the epoxy group remains and is preSent in a

AR e DB Ly00e, PORAFLLLS BERRHL ot che

re a tertrar

pdﬂ&%&%ifﬁﬁfgﬂmgtéYéﬁ¥5é¥EE@n & Adn I?#g%ngggpgrfﬁﬁ?g

in the polyner 1s tal ned. 'S Nno yner

T S Eo S BREEET Cua ke 3 BN BrSHEER 270

1! IRETALUTS U S Al B DSy s and, 1S Lpdustrial Ly,

Very
mixing contact time is preferably as short as less than 5
minutes. The monomer should be controlled not to exceed an
addition ratio of 10% before entering the polymerization
vessel. One of these methods is used alone or some of the
methods are used in combination, whereby the deactivation
of the active end can be greatly reduced from occurring in
the midway of the polymerization due to impurities

contained in the monomer and the modification reaction can

be industrially performed with good efficiency.
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useful. [0041] (2) A low nol ecul ar wei ght organic
conpound having an am no group and an al koxysil yl
group within the nolecule This is a | ow nol ecul ar

wei ght conpound where the amno group is a tertiary
amno group or a primary or secondary am no group
protected by a trialkylsilyl group, the nolecular
(¥wetght is 1,000 or less and depending on the case, a
repeating unit may or nay not be present Specific

Compotid: %%5$§§1n¢t§¢§?§ sF<FP5 EReRE o Phe, kg s

thin,the. nol ecul uch as
i §,?§ @?%“amnemsimst REr difethERy ey ali@ing an
{i bi s trl I silyl) am nopropyl net hoxysi | ane,
O/t c%l%%t%? ¥s¢+§¥§ am nopropyl tri met hoxysi | ane,
N, N- bls(trlethyIS|IyI)an1noproperthyId|ethoxyS|Iane

[Q@%ﬂ I'bis(triethylsilyl)
am nopr opyl met hyl di net hoxysi | ane, N, N-
bi s(t h@nﬁqﬂﬂmﬂiyaétxﬂnrmmﬂ©py¢nethytdnéihu&yslyaperformed

and 1- trinmethylsilyl-
irp-torethoxyr é -camm@eisédi a:cqad:tupeat arkt thiert axenpties
i nclude a | ow nol ecul ar wei ght conpound havi ng an
residengy otimanth sine dhkokysi Lyl agpsoprivtehbiynliheéted and
nol ecul e, such as 3-

tHBrﬁﬂﬁﬁﬂéﬂﬂiﬁﬂﬁﬁmW@ﬂdiﬁﬁg@ X¥6EhE8&, fBom causing a reaction
di et hyl am nopr opyl net hyl di et hoxysi | ane,

o B-dEAFI M ENSy 28: 441 f‘oh% W&)&lﬁ??t DoKY$hh@RGdride and
N- ( 3-di'nmet hoxyrmet hyl si |l yl - “propy

k12201 e redm ldﬁoélfat Ny @u@fﬁéf@ﬁ@ﬂ/bﬂlgﬂl #5881 3ation

(triethoxysi propanan1n
rateN a‘{%%%éﬁﬁ‘iy% LY, S ISR AL dFRRTRYPRn no-
Pé?f@éﬁe thylame éf”é@éﬂle&ﬂpéyS@ﬁg“%olecular weight
distribution can be controlled to a preferred range and can
be a monomodal distribution. The number of reactors
connected is preferably 2 or 3. If the number of reactors
connected is unnecessarily large, this is not only
preferred in view of profitability but also may give a
polymodal molecular weight distribution. It is not
recommendable to use 5 or more reactors. The reactor is
preferably a bath~type reactor with a stirrer, which is
usually used.

[0038]

In any reactor, the polymerization is performed at a

temperature of 50 to 85°C. If the polymerization
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[0042) (3) A low nol ecul ar wei ght conpound sel ect ed
from N substituted am noal dehydes, N substituted

am not hi oal dehydes, N-substituted am noketones and N
substi tuted am not hi oket ones Specific exanpl es thereof
i nclude N-substituted am noketones such as

4-di met hyl am nobenzophenone, 4-

Y s 59nGnokbe polymerization reaction
pi?%bggsg%ggﬁg&ﬂ%%§ﬁ$ﬁgﬁ@g%ig;iﬁhéﬁE}“%whereas if the

4, 4" - bi s(di et hyl am no) benzophenone, 4, 4'-bis(di-
pPéVFEE&F?K&ﬁPn§?Q§ﬁféﬁﬁ§ﬁoﬁépeeds B5°C, a side reaction

4. 4' -bi s(di phenyl am no) benzo- phenone, . o
mgkgs_ bFsPaﬁgilﬁy?éanpﬁé)aa@nzoﬁwérféﬁé,emtim ditgdy |modification

am noacet ophenone, 4-di et hyl am noacet ophenone, 1, 3-
rpFspdPphehyl madad)catproparessiondperformed in a later

1, 7- bi s(met hyl et hyl - am no) - 4- hept anone, and
steprespohtirhy B- sopsiymetetiavanignat lstuidifdtodreest;ly high

N- substituted am noal dehydes such as 4-
mdlethybanvadhbhzal tlehyslel aelrization reaction is performed

4-di vi nyl am nobenzal dehyde, and correspondi ng
ilN-subshcéntedtashnebhyeakbdeydaat EhkerfiesanploaSmer

i ncl ude N-methyl-R-propiolactam N
cé@Eén BByl ol PEOPLEhast 881 3b- REENYhnB RhePbe13sledDzalion

29 nmet hoxyphenyl - ( 3- propi ol act am
+ St -{3- j a | 32z iLdone,

e 13 DR O PRy (gneet. cenPerplineoet

p -2-p j i = 2%:Ryrral i dane,

m%ééﬁgpq¥_ Q@f¥én%; yﬁéoﬁkﬁﬁggﬁtE§¥9g¥k6§t18¥i %ngﬁ

benzyl - 2-pyrroli done, _ rio
C%§%¥ﬁ%¥%%t_€$§g¥%§fﬁg¥{é@#é?&gethg_gg%%%ki by taking into
N-t.e t-QyI I-%aB'-q%nethyl-z-,E rrolidone, )
RT3 1 Trothg | POT R FLER BORB, 1R & heat-generating
net hyl - 2- pi. peri done, N-tert-butyl-2-piperidone
TRDTSRA - THepé 12358 ohe) fRaa x 3k by ReF HeFmed at 50

N-vi nyl - 2-
to 85°C, more preferably from 60 to 80°C.

[0039]

Subsequent to the polymerizétion reaction, a
modification reaction is performed in a reactor where a
modifier is added to a solution of a polymer having an
active lithium end and thoroughly mixed. The reactor may
be a bath-type reactor with a stirrer, which is the same as
that used for the polymerization, may be a bath-type
reactor with a stirrer, which is smaller than the
polymerization vessel, or may be a static mixer. It is

necessary that the mixing is thoroughly performed, and the
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pi peri done and N-benzyl -2-pi peri done. O her exanples

i nclude N-substituted |actans such as

N- napht hyl - 2- pi peri done, N-nethyl -3, 3" -di net hyl -

pi peridone, N- phenyl -3, 3" -di nethyl - 2-pi peri done,

N-net hyl - e-caprol actam N-phenyl -e-caprol act am

N- met hoxyphenyl -s- caprol actam N-vi nyl -e-caprol actam

niiceesayly- @olaimeoliac iddBe rninRap M Whee- Wﬂr@?t@f&ic:l.ency
N- et hyl -w | auryl ol actam N phenyl -w | auryl ol act am

Thiet @bllulet Wi laaWarhotdgled e bt ot WAl tHv-d 8§‘\f AR AM ynder

and N-benzyl-(o-laurylolactam and thiolactans

r g f
L S SR o s

oF ShEebtimtrioniacyl vlane; b BRLEIN iy conaicion
a%a EXPrgsggégéanel%h%%gggkﬁhgﬁghgreferred in view of

2-im dazoli di none .
Jtds §F%élit¥t ﬁs&éysfﬁyﬁ?ténsnﬁdéﬁm Feasidoma The
3-di meth 3, 6-t et rahydropyri m di none, and

r%i%@ﬁ%nagﬁa kS §EB§?P~’?Qtlé;fdftrﬁFbl}r Bisuteodes)l hoyr,amore

| ow nmol ecul ar wei ght conpound sel ected from conpounds
pPhipferaht ¥ Séﬁ@obhgﬁoﬁésménutnﬁ@beﬂhephed@ﬁesathanlngactlon

at | east one am no group Specific exanpl es thereof
i$ neteflerabbenpgepfiennad anda &etnpeehenzepbendioe toeashc,

having at | east one am no group, akylam no group or
[@@40kyl ami no group in one or both of the benzene

rings, such as 4, 4'-bis(dinmethylam no)-benzophenone,

4, 4' -The (mbett fiyéani noge beszophenonenodi 4iebshdivhngyh- 1ow
an1no) benzophenone, 4, 4'-di am nobenzophenone,

mol: btk hyhe 1 Gt NOkE NBOPHENORBab2BUoEOEERERIRYI A th the
t hi obenzophenone.

active end of the polymer and allowing the polymer to be
adsorbed to silica. The molecular weight is 1,000 or less.
Examples thereof include the followings.
{1) A low molecular weight organic compound having an
amino group and an epoxy group within the molecule

This is a low molecular weight compound where the
amino group is a tertiary amino group, the molecular weight
is 1,000 or less and depending on the case, a repeating
unit may or may not be present.

Specific examples thereof include an e€poxXy group-
containing tertiary amine such as 4,4'-diglycidyl-
diphenylmethylamine and 4,4'-diglycidyl~dibenzylmethyl-

amine; a diglycidylamino compound such as diglycidyl
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[0044] (5) A Iow nol ecul ar wei ght conpound sel ected
from isocyanate conpounds and i sothi ocyanate
conmpounds Specific exanpl es thereof include an

i socyanat e conpound such as 2,4-tolyl ene diisocyanate,
2,6-tolylene diisocyanate, diphenyl nethane

di i socyanat e, naphthal ene diisocyanate, trizine
adl'i'li@@ya@%qa/_dirdyﬁh IBUHIINNR A, | AR Es dyl

p- phenyl ene i socyanate, tris(isocyanato-
[ te, |y i -
LA, Ly A R Sy Lmechane,
1,2.5 7~ i te, .
AR g2 S B e B eyt aminame L~
B BRSO B i hevto-

aromati c_i,socyanate conpound such as aronmmatic
y Q nmp .

i
hEFREGEy ARGt 80P LLAOMESC PAnSHED @Pmamigo HaRR-Gsmtaining
various aromatic isocyanate conpounds, and adduct
CBBEYi ARUPBYNdr e RMPRG EREEE onait FemPeBRJahavénghaneanino
wi th polyol or olyam ne, is preferred, and an
IhPBRBENe PoPYPE8dyaNaré eporpogmdupscwidhidy 4heomdlemaile
_diisocyanate, diphenylnmethane diisocyanate and
1paphe hareed, dai sogyanatglaminor grpupfenntd inir04o)l y-
The nodifier is reacted at a ratio of nore than 0.2
fumtiommbunempountieiacibre prdfetrels poky Rt rardycidyl-
- 5-fold nolar anmount or less to the active end of the

1 potlyieaminemethyscpas6heRane! YEELDAY BB rda Pr@ferred.
nodi fication ratio, which is the object of "the

preseitier M8 | @NLow Sn@®DEShEE . wel fhiherahie %asﬁpsﬁﬁd
5-fold nolar anount, not only this is unprofitable

héﬁ&ngﬂéﬁ)éﬂﬁh&niféﬁﬁegnangﬁféﬁéx&nﬁfgaﬁeisaqgacEga with
per formance rather decreases.

the active lithium of the polymer, a part of the epoxy
group is converted into an alkoxy group. When a plurality
of epoxy groups are reacted, a plurality of polymers are
bonded to bring about coupling and this provides a
condition that the alkoxylithium further reacts with the
epoxy group and at the same time, a part of the €poXy dgroup
remains and is present in a state of being bound to the
polymer. As a result, a modified polymer where a tertiary
amine, a hydroxyl group, an ether group and an epoxy group
are present in the polymer is obtained. This modified

polymer is stable in the production process, is stable even

when stored as an ocil-extended composition at room
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[ 0046] The nodified butadi ene-based pol yner produced
in the present invention has a high nol ecul ar wei ght
and has a nunber average nol ecul ar wei ght M of

500,000 or nore in terns of polystyrene. If the
nunber nol ecul ar weight is |ess than 500,000, a good

tire conposition such as sufficiently high strength or

teRPEratarst #8ge s W 10l lang LS @}ﬁq
bepobt ai ned. Theaﬁlﬂggufng?l%h\ﬁgi g_:?ﬁtregilsse?’gﬁro e%ﬁ{}{jojery
ukBeyanmount of the initiator, and the reciprocal of
the nol ar anobunt of the active end after renoving the
ARyt consuned by inpurities or inactivated due to a
side reaction in the mdway is nearly proportional to

en r ra nol ecul ar wei ght of the pol r.
(%EMBV%P?SVh %fgcggﬁﬁlWﬁégbgaEFﬁﬁﬁiﬁcEﬁmgoaP%tWév B ar
time due to gndifi %tion,after t he pol yneri zati on,
a5 | GEPWRSBPT| ANt A KABVELAVAr TREPBhH LG ibh & heo msiliany Le
reactjon should be taken into consideration. |If the

nunbef* R etfige hoverelarulasi gaighh ermpeusdr7obese0the
the functional group-containing polymer conponent is
a%H%%r%%QPEol%iaiEﬁrghdrﬁaambBOhardUp omaanpaiimadyt or
account for 50 wt% or nore. [0047] If desired, a
seedavatamnagentyp apnetecaedzey antdrithiyliske yimyrbep,
added to the polynmer solution after the nodification
theegutlerulaixamel gist of st heodeast i Vess n@ndgd@FenH&ﬁbUdﬁ the
wat er and al cohol s such as net hanol, ethanol,

cdsmpropmEmat aig exahes oF hie AsHtpal heesehpC! ude a
carboxylic acid such as stearic acid, oleic acid and

TP P S e L Y o
wé#@hﬂ'bdﬂﬁ%und having a trialkylsilylamino group and an
alkoxysilyl group within the molecule, such as N,N~-
bis(trimethylsilyl)aminoropylmethyldimethoxysilane, N, N-
bis{trimethylsilyl)aminopropylmethoxysilane, N,N-
bis(triethylsilyl)aminopropyltrimethoxfsilane, N,N-
bis(triethylsilyl)aminopropylethyldiethoxysilane, N, N-
bis(triethylsilyl)aminopropylmethyldimethoxysilane, N, N-
bis(trimethylsilyl)aminopropylmethyldiethoxysilane and 1-
trimethylsilyl-z,2—dimethoxy-l—aza-2—silacyclopentane.
Other examples include a low‘molecular weight
compound having an amino group and an alkoxysilyl group
within the molecﬁle, such as 3-
dimethylaminopropyltriethoxysilane, 3-

diethylaminopropylmethyldiethoxysilane, 3-hexamethylene~-
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present invention itself has a high viscosity and
therefore, in order to prevent production of a gel in
the finishing step after polynerization or enhance
the stability at the 33 processing, a known stabilizer
for rubbers, such as 2,6-di- tert-butyl-4-nethyl pheno
(BHT), n-octadecyl-3-(4'- hydroxy-

ig;i n?gg%#: ;yltl%rrtl e)b:%%el% erfo INQp(: 32 p et gﬁ%‘% f‘}{f—
PP Sr Ry adal R b Wﬂ@mﬁ%@ﬂ? i iene) -3-

sulting oil-extended nodified rubber

.th
fgsr-s?rlswgtw‘éég S I vtk WGV LR e

ﬁgLégEr |t|on of the present invention. [0048]
( GxVabLY ) COTPESPENGRING: 3@ Saiiezatimsthylaming-

rising 100 parts by weight of the oil-extended
eEbggameﬁéy%a§é509§ppwémr@ﬁt ysridaavet. i nvention, from
20 to 100 parts by weight of a silica-based f|IIer
[BR829rom 1.0 to 20 parts by weight of a vul canizing
agent and a vulcanization accelerator, is preferably
(Bbr medl. 1ow mblecutaseweﬁbhteﬁbmpbandfsbhecm@esﬁﬁbm N-
i nvention are good dispersibility of silica and

sababitured ex¢abheakhyges! onreapetratuilba vul cani zed
rubber. In the usage ¥ tire tread, higher

amﬂﬁ@ﬂﬁﬁﬁﬁn&eh?@és?VHstﬁsQQEQtaﬁdamﬁﬁbke%é%@%'%nd'N—
t he bal ance between low rolling resistance and wet

seks €l F 88d 8t ARER-thDEKURBLekESI Stance and the strength,
and this conposition 1s suitable for tire rubbers,

ant i -spd by A Ol LHHPEL StRBM PE: hEKGue3R-5084% tuted
aminoketones such as 4-dimethylaminobenzophenone, 4-
diethylaminobenzophenone, 4-di-tert-butylaminobenzophenone,
4-diphenylaminobenzophenone, 4,4'-bis(dimethylamino)benzo-
phenone, 4,4'-bis(diethylamino)benzophenone, 4,4'-bis(di-
tért—butylamino)behzophenone, 4,4'-bis(diphenylamino)benzo-
phenone, 4,4'-bis(divinylamino)benzophenone, 4-dimethyl-
aminoacetophenone, 4-diethylaminoacetophenone, 1,3-
bis(diphenylamine)-2-propanone and 1,7—bis(methylethyl-
amino)-4-heptanone, and corresponding N-substituted
aminothioketones; N-substituted aminoaldehydes such as 4-
diethylaminobenzaldehyde and 4-divinylaminobenzaldehyde,
and corresponding N-substituted aminothioaldehydes.

Other examples include N-methyl-B-propiolactam, N-

tert-butyl-p-propiolactam, N-phenyl-Bf-propioclactam, N-
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In the case of using the conposition for a vul cani zed
rubber of autonobile parts such as tire and
antivibration rubber, a silica-based inorganic filler
is suitably used as the reinforcer, and a synthetic
silicic acid having a primary particle dianeter of 50
rimor less is particularly preferred. As for the

t het si,l i,ci ¢ aci wet sijJica dr SI|IC
n¥ BpRvaber s &aprp@d@%a Rt T By m, X-
e.reinfaorcer carb bl.ack is n
mﬁiP&? A By BLieney N e s %Tpmfghc%efb%n N-phenyl-
5 ghlch can %S wpg|lnC|Ude furnace bl ack,
PXEEP - ﬁ@% Mie REVRRIE LAk PYEF&IAEIoNs adk Ehiw 1 -2~
gr aphi te. t hese, furnace black is preferred. A
Pvareéﬁﬁ%&: Nabﬁ@ﬂyéa#g@grtnoéﬁd@mm Aechanh thurkHer
conmpounding from1l to 50 parts by weight of carbon
pPEFaekidaneheNviethyilz&dmethlydeR -ponpwdiidare ,oN-methyl-
present invention is preferred. 1In this case,
3eBécdimeahY&oﬁdpwtrmﬂﬁﬁohs,imbaemﬁébmuyh4ﬁ33Nmﬂﬂmethyl-2—
resi stance is nore enhanced. Al so, an organosil ane
pyonplidgnageNtphanyle 3y3eddime thiyd -B+paticzadondyber-
conposition of the present invention. The

motgphesi-bapertavhkl NY-aaent-bus yadded it r3HrRY, e M phenyl-
cl ose coupling action (mutual bonding action) between

piﬁ@ri@bﬂéprﬁLﬁgtﬁbkyﬁﬁeﬁyhLQLpQP@rﬁﬁ%n%ayNnWﬂﬁYﬁﬂZ"

rubber preferably 1 n an anoun 0 20 Wt %

P@@?Qd&ﬂetgﬁ? §5b§h5 §a2b8§§grgabhgr I f the anount of

the organosi | ane plin gent exceeds 20 wt % the

LSRRG BNl ALY U AR T oo

Sﬁﬁg%a_%ased8+$?9@$8§89 —megﬁyingugnwglme%%%l-z-
piperidone, N-phenyl-3,3'-dimethyl-2-piperidone, N-methyl-
g-caprolactam, N-phenyl-e-caprolactam, N-methoxyphenyl-g-
caprolactam, N-vinyl-eg-caprolactam, N-benzyl-g-caprolactam,
N-naphthyl-s—caprolactam, N-methyl-w-laurylolactam, N-
phenyl-w-laurylolactam, N-tert-butyl-laurylolactam, N-
vinyl-e-laurylolactam and N—bénzyl—m—laurylolactam, and
thiclactams corresponding thereto.

Other examples include N-substituted ethyleneureas
such as 3-dimethyl-2-imidazolidinone, 1,3-diethyl-2-
imidazolidinone, 1,3-dipropyl-2-imidazolidinone, l-methyl-
3-ethyl-2-imidazolidinone, l-methyl-3-propyl-2-
imidazolidinone, l—methyl—B;thyl-Z-imidazolidinone, 1-

methyl-3-2-ethoxyethyl)-2-imidazolidinone and 1, 3~dimethyl-
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[ 0051] The organosil ane coupling agent has a pol yner
double bond within the nolecule and has an affinity
group or a coupling group on the silica surface.
Exanpl es thereof include
bis-[3-(triethoxysilyl)-propyl]-tetrasulfide, bis-
(3-(triethoxysilyl)-propyl)-disulfide,

Risg 5|, S-LertiratRRyp iRl ladetdasildidfaing n-
3- mer capt opr opyl t fi"met hoxy- si'| ane,
sgbg%ﬁ%théy%5H£EQ%ggx!-N,N-dinethylthiocarbanoyl-

tetrasul fide an -triethoxysilyl propyl benzot hi azol e
In the present invention, the rubbery

sul fi de.

iggﬁgier having a specific nodification conponent has a
\hgh _bindin erformance. to the siljca-based filler

8" praPE: BPABELLREORET G E o crlRcEnd, Beke St on
can be, ra he& obt aj ned by not using an organosil ane

CEOHBRRAG HGORD SOF PEAAEPASTORE S s 1D lob airomangTes
cou Iing agent as conpared with the case of using

havhey pbl YRBEE. ONBOSMLNPNIEREPPr esent i nvention, the
polymer of the present invention is used alone or, if
desi r@gechfig axampieswthireafioihedudebbebenizophemnone and
case of using the polynmer as a 36 m xture with anot her

ar thhbebentéphbropeppeathohaviinghat felagteonef anfi®io group,
present invention is excessively small, the

akplbaficat goouefdecdialkybamphesgrbupni@nbnen oirS badth of the
satisfactorily brought out and this is _

beh satky ani wgepusuch Exanp| es-pf st Aemeithon ahdPBS - HetSdiienone,
nat ural rubber, polyisoprene rubber,

4 LISt o1 DO YA 266) Sbah88BnBHbAE] €Re 4 rCppgl -
r ubber, solut?ﬁn-polynerizeg random SBR (Eggégqﬁhtyl

amtind Ben 2SR ok O, OF, ¥ Uy 1 1y 27 4] unt 4is _

nidRroR o, OF, &1&m?9¥b?¥%ﬁgggﬂ?gggogadlﬁethyl

t he butadiene bond unit noie ,
aﬂﬂﬂﬂbéﬂéﬁﬁhéﬁgﬁe, and corresponding thiobenzophenone.
[0044]

{5} A low molecular weight compound selected from
isocyanate compounds and isothiocyanate compounds

Specific examples thereof include an isocyanate
compound such as 2,4-tolylene diisbcyanate, 2,6-tolylene
diisocyanate, diphenylmethane diisocyanate, naphthalene
diisocyanate, trizine diisocyanate, triphenylmethane
triisocyanate, p-phenylene diisocyanate, tris(isocyanato-
phenyl) thiophosphate, xylylene diisocyanate, benzene-1,2,4-
triisocyanate,. naphthalene-1, 2,5, 7-tetraisocyanate,

naphthalene-1, 3, 7-triisocyanate, rhenyl isocyanate,
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(1,4-trans bond amount in the butadi ene bond unit

moiety: from70 to 95%, |owcis polybutadi ene

rubber, high-cis polybutadi ene rubber, high-trans

pol ybut adi ene rubber (1,4- trans bond amount in the

but adi ene bond unit noiety: 70 to 95%,

styrene-i soprene copol yner rubber, butadiene-isoprene

., £.i.0Nn- RO i andom st yrene-
R R i R o Nl . TR oA BRARE 8 Vo8 Famate
i_on-pal yey.i.zed, .random

a@?@k@ﬁﬁﬂgugaéiéﬁ ﬁé&ﬂﬁ%ﬁ%§QQﬁﬁﬂyner r ubber

ermul si.on-pol yneri zed styrene-acrylonjtril e-butadi ene

copol ?‘HePrPH%GéF, LSCAYEBRTE QCBRARNGi BHh @hAsamatic
rybber, high vinyl SBR-1ow vinyl SBR bl ock copol yner
di §BEYaNAkE BT (LodEoCRBRRer GRSF @F trimer of various
pol yst yrene- pol ybut adi ene- pol ystyrene bl ock
QRS Fed soThasa tet sempownisis: s aral dstductp miupsirmd|lyy

sel ected according to the properties required. 37
rpeos3ngl ant Byopadé cwhereyana tieolajomare ofi ttthepgineslerdr

i nvention and anot her rubber are used as the rubber
pobppoaBet, ishprederoed aespest arenein e dccydnate
terms of the weight ratio, usually 10 to 95 : 90 to
comppurtiesabhy as20,10t80y1e8@ WA ikd oy ) fiprayimbhan
to 80 : 70 to 20. As regards t he ruggg{ é%npoundigg' ¢
dagestyahftee¥adPh8phtBal 8hBf 8168bcyandteLal #di® preferred.
agent, a vulcanization accelerator, a vulcanization
[@@gsand an oil may be further used. [0054] The

vul cani zing agent is not particularly limted but

eﬁ?"DTE@ mggifférirglygsfﬁﬁgugguglggggPa%fpg§g§fthan 0.2

sul

sul fur, precipitated su , Co (
nd TP G o0 o Thf e BT o o RPERE ol REY Bt B-rond

molar amount or less to the active end of the polymer. In
this case, a polymer having a high modification ratio,
which is the object of the present invention, is obtained.
If the ratio exceeds 5-fold molar amount, not only this is
unprofitable but also the unreacted modifier increases and
the performance rather decreases.

[00456)

The modified butadiene-based polymer produced in the
present invention has a high molecular weight and has a
number average molecular weight Mn of 500,000 or more in
terms of polystyrene. If the number molecular weight is
less than 500,000, a good tire composition such as

sufficiently high strength or wear resistance and low
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nmonochl ori de and sul fur dichloride, and an organic
peroxi de such as dicunyl peroxide, di-tertiary butyl
per oxi de. Anong these, a sulfur is preferred, and
powder sulfur is nore preferred. [0055] The ratio of
t he vul cani zi ng agent conpounded is wusually fromO0.1
to 15 parts by weight, preferably from0.3 to 10

1RANE S OY 8 f i 0. t
o e Al MHeafAaT Vb Al

nent . ];E4? I t | canj zation

w‘;eggg'%er‘igt gronﬁ.ﬁ:élﬂiga?b ul e@rif%?od%{tbags%d%we 1n11.Z:Lator, and
i Qur.ea- d, i.azol e-hased, dithio- carbamc

e SR IR o R R at it A o ARC e end after

lLerators. The ratio of the vul canjzation

3R6%1 BrorBe” amsii coog ed, Bal R T i @8 10F inast ivated
arts by weight, preferably fromO0.3 to 10 parts by

d&éi sg‘ﬂt 2" fAFE precdiam yn thenmddvayo i pgasl wyproportional

wei ght, per 100 parts by wei ght of the rubber
tEOHESnEHPbe¥héV@GB§&nm@ eicyd azi weilghtotof pudve ipnill vy,

l[imted but, for exanple, stearic acid or zinc oxide
HeWaves, usken ROOSRPliAg frercthenoicciars et ertersasmi |time
such as aromatic oil, naphthene-based oil
dparbd fnodbisedtabh aftiesi kheopelkased zaijion,s t3R) deitase
according to the usage and added at the conpoundi ng.

i Otis8]mdbeculbbewei ghpoBit thE EOLPYUNCAHAMHIGh HINH be
the nodified butadi ene-based pol ynmer conposition of

talen piesentonsNMeRht 28n . Mayr CORE hiinBsrUaY8kagk"molecular
addition to those

weight Mn exceeds 700,000, the functional group-containing

polymer component is adsorbed to silica and can be hardly

maintained to account for 50 wt% or more.

[0047]

If desired, a deactivating agent, a neutralizer and
the like may be added to the polymer solution after the
modification reaction. Examples of the deactivating agent
include water and alcohols such as methanol, ethanol,
isopropancl, and examples of the neutralizer include a
carboxylic acid such as stearic acid, oleic acid and
versatic acid, an aqueous solution of inorganic acid, and a
carbon dioxide gas. Also, the polymer (A) for use in the
present invention itself has a high viscosity and therefore,

in order to prevent production of a gel in the finishing

step after polymerization or enhance the stability at the
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conmponents descri bed above, a filler such as cal ci um
carbonate and talc, an am ne-based or phenol - based age
resi stor, an ozone deterioration inhibitor, a silane
coupling agent, an activator such as diethyl ene
glycol, a 39 processing aid, a tackifier, and other
conpoundi ng agents such as wax, each in a necessary

p@AREREink0029knEhe fs%%%%fli%gf?ﬂﬂ ir%gegzirse,nes_%ch as 2,6-di-

vul cani zation, using the ied buta ase

t€9k¥H§Eg§Qqpﬁékhk@ﬁh%%oﬁhqB%&ZZeQLodfgﬁaEQ£§?-{ﬁ;inydroxy-

produced by m xi ng thosé conponents descri

a0 BampeS P B 6R0) B he RBACE B8 bor MR A Ty

a
RSN L DA S A T M
such gs silica-based filler and_ carbon black, if

desi rtll. 1§ rPYRferE8dethat apbErdesapBd nedoamesatr 6f an

ood grocessability and excellent in the strength
e%F%%@ Fyoliohsrafifedgtrethet Bademenesodkitd ony @gids mdxed and

and wear resistance is provided. EXAMPLES [0061] The
the ceedil timeneibnextendedrinbdiifiadgrebber detlaitliomeliow
by referring to Exanpl es and Conparative Exanpl es,
dexelvatedreserivtainebheooilserventedi pedyhert kesposition
Exanpl es. The anal ysis of sanple was perforned by the
of ddhevprngsemet odsnt#6n (1) Bound styrene anount
[0048]

Also, a rubber composition for wvulcanization,
comprising 100 parts by weight of the oil-extended
butadiene-based polymer of the present invention, from 20
to 100 parts by weight of a silica-based filler and from
1.0 to 20 parts by weight of a vulcanizing agent and a
vulcanization accelerator, is preferably formed. In this
case, the effects of the present invention are good
dispersibility of silica and stabilized excellent
performance of the vulcanized rubber. In the usage for
tire tread, higher enhancement than ever is obtained, for
example, in the balance between low rolling resistance and
wet skid resistance, the wear resistance and the strength,

and this composition is suitable for tire rubbers, anti-

vibration rubbers and the like.
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The sanple was formed into a chl orof orm sol uti on and
the bound styrene anmount (W% was neasured fromthe
absorption of W 254 nm by the phenyl group of
styrene. (2) Mcrostructure of butadi ene noiety The
sanple was fornmed into a carbon disulfide solution,
the infrared spectrumwas neasured using a solution
[®®lglg;i n the range of 600 to 1,000 cm1, and the
n1crostructure of the butadi ene noiety was determn ned

the 2 %?d?%%rnmf%e LA 30 Aen MRS i b,V gjani zed
ney i sc Sl t he vi OS| 4 m nut es ter
R PERE P ng gemobie ser @i Ho i iy ibration

or dance th JI'S K 6300- 1 An _L-type rotor was
rHEEar ’[GOééﬁnlcPZF}jaﬁﬁldeé‘lﬂoéﬁg%lcgI{til&rﬁi: gt el ably used as
ght distribution The chromatogram was nmeasured by
t@crﬁavﬁﬁgcteﬁpeénéioﬁn@omé@%émmgi@sumga@d having a
pol ystyrene-based gel as the filler, and the
Prbmacyl prridicdkt dinnetrelreofl &0 wmlgmtleﬁ&ﬂﬂskpﬂntmcularly
were calculated froma calibration curve by using
psedeadned. pddysforetiee dgnthetidessdiveot acid, wet silica
tetrahydrofuran was used. 41 (5) Mddification ratio By

outdtyzehpitheipr ppefkyabll yt Qeedndi fi ed conponent
adsorbing to a GPC colum using silica gel as the
[60dpr, a sanple solution containing the sanple and a
| ow nol ecul ar wei ght internal standard pol ystyrene

nas Zcﬂlﬁééﬁ e&’lé@k EEﬁSHEEHEBé QE §oLBE e¢RLonR E?&% °f The
pol yst yr ene- based in 5 above
cdFslasth By Bhonat partlcularly llmlted, and examples of
the carbon black which can be used include furnace black,
acetylene black, thermal black, channel black and graphite.
Among these, furnace black is preferred. A wvulcanized
rubber composition obtained by further compounding from 1
to 50 parts by weight of carbon black in the vulcanized
rubber composition of the present invention is preferred.
In this case, electrical conductivity is imparted and the
wear resistance is more enhanced.

Also, an organosilane coupling agent can be used in
the vulcanized rubber composition of the present invention.
The organosilane coupling agent is added to achieve a close
coupling action (mutual bonding action) between the

reinforcing silica filler and the raw material rubber,

preferably in an amount of 0.1 to 20 wt% based on the
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Denko K. K.) and GPC on a silica-based col um (Zorbax,
produced DuPont), the adsorption anount to the silica
col um was neasured fromthe difference therebetween,
and the nodification ratio was determ ned therefrom

I n advance of tests, butadi ene and styrene containing
various inpurities shown in Table 1 were prepared.
10063l pabEsarmha ch). Tve pAbYERBLAR! beN theAG:YahdRahne

havi ng an inner volune o iter, having an in

0
cBlplhegbakkam aRd s A lvgt%éatf]hteh%eti‘?&%rgge izﬂgoperty nay

equi ppéd Wwith a stirrer an acket
] i . t.ati
o e e oo SE DG 58 PRA-BE-SanSr CARBLing Sgent
. g€ I fter mxing 16.3 /L mn of butadi ene
300 R R o1 EOR 0 153 og it SoPASRA e (1 )SPE of
t&gz.s .E/nkn of %zﬁ xane, the resulting m xed solution
sShad&aaPaPRAEGH 18%dehydr ati on col urm packed with
gg&i e alumna, further mxed with n-butyl Iithium at
[ dle of 0.00378 42 g/mn (0.0591 mol) in a static

m xer immedi ately before entering the reactor to
renovERE nptgaReeslang couplangusbentf bdst @ pod ybetrt clouble
of the first reactor. Furthernore, 2, 2-

bend (91 bkbh ablye) prbpanéeatnd haseanf af£A15 ty grougs drhe
pol ar substance and n-butyl lithiumat a rate of

coOuELHDd gydup nof0tBé88iioh) sasfhbe, pokyawpieat thareor
initiator were fed to the bottomof the reactor. The

inolededbis-eppel ot UeehoRysiDgly epebpy17as ckeRualridRG bis-
[ 0064] The pol ynmer sol ution was continuously taken out

[iggm%iéfﬁﬁfﬁﬁﬁpilIh§r6b9§]—BE@ﬁlPidépdbignqbn%Q%ﬁkihoxyw
silyl)-ethyl]-tetrasulfide, 3-mercaptopropyltrimethoxy-
silane, 3-triethoxysilylpropyl-N,N-dimethylthiocarbamoyl-
tetrasulfide and 3-triethoxysilylpropylbenzothiazole
tetrasulfide. In the present invention, the rubbery
polymer having a specific modification component has a high
.binding performance to the silica-based filler and
therefore, a high-performance rubber composition can be
rather obtained by not using an organcsilane coupling agent
or reducing the amount of the silane coupling agent as
compared with the case of using other polymers.

[0052]

In the present invention, the polymer of the present

invention is used alone or, if desired, as a mixture with

another rubber. In the case of using the polymer as a
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bott om of the second reactor, and the reacti on was
continued at 75C. The reaction solution was further
fed to the static mxer fromthe top of the second
reactor and while keeping the tenperature in the

static mxer at 73C
tetragl yci dyl -1, 3- bi sam nonet hyl cycl ohexane which is a

L &t F 13U NG RO RE SRBYeE £0 n§§ in
IrLglroup mﬁsﬁﬁEﬁ¥“gﬁﬁ%leCLH%§M£Epgg§%3 at a rg§%a%¥ the
. I ' f r. SO '
pgé %t;?ll%%u ?ufg Ité/lr% ?ngﬁ S%élt t|h ﬁtno { Oéh eiycn:gtlastS i éc)yérrél %eqir‘,re Jt h e?%%%/l » the
i,on reacti.on. ant i pxi dant

T huousty " o
i Ao SRSy R atF S S veRIA T b g e
BBt PepAtaate v, hEohelt ik i i 1 igh e tagents.

garti by ight of an aromatic il (X-140, produced by
EXapRheEn el g Peo Othery nubhesr ddwedden natairak rubber 43
copol ynmer sol ution per 100 parts by weight of the
Paéﬁyﬁﬁprenﬁhéi@wr@ leredisdededodamsinirsd /& tsene-butadiene
obt ai ned. The Mdoney viscosity of the oil-extended
CeppoyRREr rubbarnedolas ivn-polllymenimesy rarstamgeSBR  (bound
nol ecul ar wei ght (M) was 530,000, and the nol ecul ar
stgrghe: disomi butbobOMWERR da 2 ~tri9§ labdndd rumadad .inlhthe
bound styrene anmount of the nodified copolyner before
botddeahensond uast3mobeYy:t Feow Nyl thosds)gmyih-ttrans SBR
t he butadi ene was 39% and the nodification ratio was
(TB% ttagsdeshal adouhbein ehd 8LthRe et B¥nLHNE moiety:
second reactor was 100% and the residence tine in
fRbmetd Neo 8%} heislathg Wbu%h%éneolr)ﬁ%%férz,atﬂiyﬁ-— $
1 mnute. Previously oil-extending a polyner having a
piﬂﬁﬁhfﬁﬁfgﬂéafubM@k?hhighhfgaP§’ 81 bg@agﬁg%ﬁyrubber (1,4~
viscosity Is heretofore”™ w dely Ber ormed™in the
| hd beca Lsq.facilitates.the .
tF P04 8 éﬁéﬁ%% £5 Eﬁ?y%@kgg%F Fnéan rup&% moiety: 70 to

production o e copo
953%), styrene-isoprene copolymer rubber, butadiene-isoprene

copolymer rubber, solution-polymerized random styrene-
butadiene-isoprene copolymer rubber, emulsion-polymerized
random styrene-butadiene-isoprene copolymer rubber,
emulsion-polymerized styrene—acrylonitrile—butadiene
copolymer rubber, acrylonitrile-butadiene copolymer rubber,
high vinyl SBR-low vinyl SBR block copolymer rubber, and a
block copolymer such as polystyrene-polybutadiene-
polystyrene block copolymer. These other rubbers may be

appropriately selected according to the properties required.
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t he subsequent process, provides an effect of
enhancing the processability such as mxing with
filler or enhancing the dispersion of filler and in
turn enhancing the performance. The anal ytical val ues
of the nodified copolynmer obtained are shown in Table
2. [0065] [Exanples 2 to 12] Pol ynerization and
adFi cation were performed in the sanme manner as in
Exanpl e 1 except for changing the anount of

2, 2- bipg( I f_on: |, 44
i thi G gg‘%%?%@%e&? e %&W%r&? %‘%%%t of
- lLyci - - i lnonet hyl cycl ohexane, t ki nd
lg"f%%%gt&édiag#e,aﬁ% ep"fgl E7]:zaat$e'o 3 a&ﬂﬁ eF %R he
ificatiqQn tenperature to the conditions shown in
FieerSt. Fhe' T At aRan G CORPIHRR TS ibs In terns
%ogglynets B to K) obtained are shown in Table 2.
OFh&DfoedGREr TRdiIgnt usthadtly Bt iteh Yst ifhdimdad .preferably
Exanple 4, a m xed product (Process NC- 140, trade
2faf®) °8f ‘RRE Frod@eedore Paefiemidng3Che 8@ d Hhdo 20.
paraffin oil was used in place of the aromatic oi
( X- 14B¥%. repenes) theonphbeti verpoamadiagl jag@ant ,r et example,
havi ng an inner volunme of 10 liter, having an inlet
aateih&oboerpmeandlaandutinet aaferithe a omlathi At ih

equi pped with a stirrer and a jacket for the
ateaperatore adpudteRizatddsnuadd addd s8N it MddE Y8 X&irther

was connected downstreamthe outlet of the reactor.
udédler mxing 16.38 g/mn of butadiene (Bl) shown in
Table 1, 8.82 g/mn of styrene (Si) and 132.3 g/mn
[0h543 hexane, the
The vulcanizing agent is not particularly limited but
examples thereof include a sulfur such as powder sulfur,
precipitated sulfur, colloidal sulfur, insoluble sulfur and
highly dispersible sulfur, a sulfur halide such as sulfur
monochloride and sulfur dichloride, and an organic peroxide
such as dicumyl peroxide, di-tertiary butyl peroxide.
Among these, a sulfur is preferred, and powder sulfur is
more preferred.
[0055]
The ratio of the vulcanizing agent compounded is
usually from 0.1 to 15 parts by weight, preferably from 0.3
to 10 parts by weight, more preferably from 0.5 to 5 parts

by weight, per 100 parts by weight of the rubber component.
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resulting m xed solution was passed through a
dehydration colum packed with active al um na,
further mxed with n- butyl lithiumat a rate of
0.0038 g/mn (0.0591 mml) in a static m xer

i medi ately before entering the reactor to renove
inmpurities and continuously fed to the bottom of the
roeadior . Furthernore, 2, 2-bis(2-oxolanyl)propane at a
rate 45 of 0.024 g/mn as the polar substance and

n- bUt Elxa&n?tlré'su D Thel AAGA, aQ:JT% 63 GUdn er}a(t'foé) gfrgcJtLh%e

pO ynerli zatl on ator were
f d .t t | s
0o AR L ERLRL B
t k t fromthe t f th
cAZRafils é%é%f“éayaegaeﬁu% JERG ik bﬁ%ec%mﬁm pn
the.te erature in the static m xer at
aF&F#&é%@EF&y| fhe_ 5?5&91ﬁgnEFﬁyVé}éﬁaﬁéﬁﬁﬁ@nwﬁﬂ§ﬁlﬁ§at0r

a tetrafunctlonal pol yepoxy conpound was added at a
cpapaugfedp ig49suaddlys drem & -tthé&ccdpolpards syt weight,
continuously flowing into the static mixer, thereby
peefecabhy £Hem Apdi tocali partsaby oreighiQ6Torkn preferably
anti oxi dant (BHT) was continuously added to this
froui i Bdtpobypertsobyt wer ghtt, apeat 4 00f gar®s @yniweight of
(n-hexane solution) to termnate the nodification

theactbbar aonp8heht.paThe bylvehgbitbnagiar 98BhbHE Oi
(X-140, produced by Japan Energy Co., Ltd.) was added

paotibelaesyl Lingte@opatymeprsekdhnbR, p%&ek@@cp%ﬁwa Bt zinc
wei ght of the polymer, whereby an oi | - ext ended

okDpe| yarrpbé Lhs¥@s obtained. The Money viscosity of
the oil-extended copol yner obtained was 72, the

[owrper average nol ecul ar wei ght (M) was 430 000, and
the nol ecul ar wei ght distribution MV Vh was 2.2 and

As for the oil, an extender soil such as aromatic oil,
naphthene-based o0il, paraffin-based cil and silicone-based
01l is selected according to the usage and added at the
compounding.

[0058]

The rubber composition for vulcanization, using the
modified butadiene-based polymer composition of the present
invention, may contain as usual, in addition to those
components described abo&e, a filler such as calcium
carbonate and talc, an amine-based or bhenol-based age
resistor, an ozone deterioration inhibitor, a silane

coupling agent, an activator such as diethylene glycol, a
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nononodal . The bound styrene anount of the nodified
copol ynmer before oil extension was 35 w% the vinyl
bond 46 anount in the butadi ene was 39% and the

nodi fication ratio was 70% [0068] |[Conparative
Exanples 2 to 7) Polynerization and nodification were
performed in the sanme manner as in Conparative

pE¥asBkeény axeepth E%Ek@&@%&'n%ndﬁ@%ﬁﬂ?“&ﬂmﬁgundln agents
2, 2- bi s(2- oxol anyl') propane, the ampunt of 'n- q

slichhiymias, t B8 POk KB hedllsQ, (o, Lhe amount
of tetraegC|dyI 1, 3-bi sam no cycl ohexane, the

Qgggﬁerlzatlon t enperature and the nodi fi cation
tenperature to the conditions shown in Table 3. The

I f d M R
ohtal BhE hpiBehCRamPhst Hig o el ?B&w?fl 2B, HELLPG )the
E% EE g g tTgo rea tora eaih havi n i nner volume o

NGHt 1 E8r PUCRGYPREQASPHI BP LYTerhEO dﬁ1&WUQ£1PﬁﬁIRﬁesent

e to and Seln equi pped with a stirrer and a
l?gea fo?orl§h8r° Eyuméxaaﬁu§hﬁ§ﬁtGW@F@D@@ﬁﬁe@ﬁ§§rlbed
and one static m xer was connected downstreamthe
a%%Y?e@Sb$9tﬁek§@U6n§Ubba€rKneadAngemaﬁh%hﬂgSn@hsas roll
g/mn of butadiene (B3) shown in Table 1, 8.82 g/mn
apd Baykene pbkerand 132.3 g/ min of n- hexane t he
resulting m xed solution was passed through a
(@@ Hdrati on columm packed with active alun na,
further mxed with n- butyl lithiumat a rate of
0. 0038 ghcd It { €t OSPJadi@he -bés@d dgo bimbCchinpBEition of
i mredi ately before entering the reactor to
the present invention may be formed as a master batch by

adding various additives such as silica-based filler and
carbon black, if desired. In this case, a rubber
composition assured of good processability and excellent in
the strength property, low rolling resistance, wet skid

resistance and wear resistance is provided.

EXAMPLES
[0061]

The present invention is described in greater detail
below by referring to Examples and Comparative Examples,
but the present invention is not limited to these Examples.

The analysis of sample was performed by the following

methods.
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renove inpurities and continuously fed to the bottom

of the first reactor. Furthernore,

2, 2-bi s(2-oxol anyl )propane at a rate of 0.015 g/nin

as the polar substance and n-butyl Ilithiumat a rate
of 0.00504 g/mn (0.0788 nmol) as the polynerization
initiator were fed to the bottomof the reactor. The

(1Nt HRalg tape Wik ffr the reactor was kept at 73C
[0070) The pol ymer s&ﬁﬂtion was continuously taken out

from piphe Jtan1Qf Ja@efgoirrmsetd R %: ecgﬁjoolfcaf)fj%ug%u]:&yion and

fed to the ottom of the sécond

acti ont i nued at . 75C. The reaction_sol ution
SRR S AR e wAS o2 S A e ot B

he secand r r. and _while keeping the tenperature
aﬁﬁogﬁglgglaﬂfg%ﬁé %ear‘l 40 Pycthe phe%ylg group of styrene.

traglycidyl -1, 3-bi sam nonet hyl cycl ohexane which is a
(%it E“&gﬁ)éétti%'ﬁélurﬁol%fewdémm% added at a rate
of 10,0394 nmmol/nmin to the copol ymer sol ution
cont i ABBUSRYP LRl Wasngormed théoseatdacbenk el sulfsdeby
effecting the nodification reaction. An antioxidant
SPBHT}ohas theoAnifirares! praddednt watshimeamdidd as ipod \arer
solution at a rate of 0.05 g/mn (n-hexane sol ution)
spdutéoni nallé tihe theodiahigeabifoloeaet iIgro0oEm37. Snd the

parts by weight of an aromatic oil (X-140, produced

mbyrdapancEneegyfCohe budafienasmadded wad R vasilddd From
copol ynmer solution per 100 parts 48 by wei ght of the

apprydeternhaeabybabrBhhcext andedocRRAUER tH Dhatas
obt ai ned. The Money viscosity of the oil-extended

c&DPel ¥FBon Obb2inlid Westfa, H%@g}:ggg”%egnﬁgh%wge

nol ecul ar  wei ght (M) was the nol ecul ar
(@PiﬁgEne9i§l§E8HEE9n MV Mh was 2.40 and nononodal . The
bound

The viscosity 4 minutes after preheating at 100°C for

1 minute was measured in accordance with JIS K 6300-1. An

L-type rotor was used.

[0062]

(4) Molecular weight and molecular weight distribution
The chromatogram was measured by GPC having three

 connected columns using a polystyrene-based gel as the

filler, and the molecular weight and molecular weight

distribution were calculated from a calibration curve by

using standard polystyrene. As for the solvenf,

tetrahydrofuran was used.
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styrene anmount of the nodified copol ynmer before oi
extension was 34.8 wt% the vinyl bond anount in the
but adi ene was 40% and the nodification ratio was 50%
The vyield at the outlet of the second reactor was
99% The analytical values of the nodified copol yner
obtai ned are shown in Table 3. [0071] |[Conparative

(@nam@d$§f%ggidgﬂr4%1dumﬂ|zatlon and nodi fication were
performed in the same manner as in Conparative

Exanpie, ?t?ﬁ%ﬁ'ﬁ Qe %p%?:e{l&gs e P ﬁ{z%q P nfbonent

['ithium reno |ng | t hé

, LSy XQl ane the amount of. n- but
a&S%ﬁI%l}m ast,:(i‘)’t%l %3’?1 )‘fp PSR r31111:;ﬁaor‘3'°"‘ ?%%nfljo*erf a
t ragl I samni no hyl c Iohexane t he ki nd
s ?‘Plﬁut%’g. 3%&“‘ Fﬁ@%ﬁ Bhre rsgia SRS 3, ko P h i Lar
|on tenperature to the conditions shown in
WT36he SAtetna oqtepass PNty TN hia s etked to
co olyners (T to X) obtained are shown in Table 3. In
m@éﬁﬁé?ﬁ‘?ﬂ&eoéxﬁﬁﬁhe chy omatieg rigpise ofl &PCGuvsirgHthehecane
very high and the oil extension anmpunt was increased
PedyEbypanesbashd gell- éxt SnabdvebdSapdeX ,vipsmahided U@s Showa
103, but the viscosity of the polyner solution and
Dahko KhE. Mang GPscosi ty sdfltiea-biak eeX consimn (2eeax,
high and this is estimated to cause deterioration of
prodiabd| Dufjont) vi eleokdpbegtitbhoamaantehlo anellsitinea
compoundi ng and kneadi ng operation and give rise to
chBgmn pros eneabutelly fabfl kthRet Hi B rePRACECRPEYHeen, and

properties, inplying that there is a problemin
t1pé agb ALl caBfon [ PR¥2L whEORBAE 2hi MEGEXRERLS rhA.

In advance of tests, butadiene and styrene containing
various impurities shown in Table 1 were prepared.
(0063}

[Example 1]

Two polymerization reactors each having an inner
volume of 10 liter, having an inlet at the bottom and an
outlet at the top and being equipped with a stirrer and a
jacket for the temperature adjustment were connected, and
one static mixer was connected downstream the ocutlet of the
second reactor. After mixing 16.38 g/min of butadiene (Bl)
shown in Table 1, 8.82 g/min of styrene (S1) and 132.3
g/min of n-hexane, the resulting mixed solution was passed

through a dehydration column packed with active alumina,

further mixed with n-butyl lithium at a rate of 0.00378
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One reactor having an inner volune of 10 liter and

bei ng equi pped with a stirrer and a jacket and capabl e
of controlling the tenperature was used. After

charging 560 g of butadiene (Bl), 350 g of styrene
(Si), 5,500 g of cycl ohexane, and 0.17 g of

2, 2- bi s(2-oxol anyl ) propane as the polar substance
g/Rtie toe os®ack@fol )t e iNtNale o SIIe Al @i el PSeatore

reactor was kept at 40C. A cycl ohexane solution

e69BrAhgl BH 012 &3 qlétrr)ﬂvéf ieigﬂi.td(‘)i“ﬁ{ﬁize% 2:-12}:(% contidnuously

pol ynmeri zation initiator was of an
t €l it at | f g:€aGtio t he internal
ft@ gnggr E?Er glogl'ftto#rﬁg fo&@%ctfg%%g%r a’ﬁfgiaqq T o BEGHE TG feat?r 2~
rati he al rization. ] nut es

o Bk ke AR A AR R e Rl s 6% S o e % 1 e
vgssel %e%ched %%ﬁ, 9% % of  .but adi ene (Bl) was_fed at

PQLPht BUBFE28CG) AR PTRECYilnddithdium @b il OF T+RP504
react?r finally reached 77C. = After the conpletion of

IfBEBt i 8n97é.35m§\316f afethggppdivapgrizg@tion initiator were
1, 3- bi sam nonet hyl cycl ohexane was added as the

Taddrei thetbottpm pdasher reastorhe Whei ihterned temperature
reaction was perforned while keeping at 74C for 5

ofri tlue eseadhoanwhexkedpnt agBAEYC.in an anobunt of 2 g was
added to the resulting nodified copolynmer solution,

[@ded B7.5 parts by weight of an aromatic oil (X-140,
produced by Japan Energy Co., Ltd.) was further added

to tHEheqpel ymer selutien wes é@ﬁt@ﬁﬁb&s@?{ waikaht ot from
t he polyner, whereby an oil -extended copalyner (Y) was

tlobtiomest THe HDeseyr¥hee8s h¥dobohRenfblsaXt ¢2dEdo the
copol ynmer obtai ned was 48, the nunber average

bdt e W Arthdesightnd M a ér989n809hek?@g?§??§bﬁﬁggh

and the shape of the nolecular weig
cdﬁ’fgaé%rﬁ?éeé'dr%%g%ﬁcgsngggggc iti rneg%l%@.%q; w%fs tPuerther fed
to the static mixer from the top of the second reactor and
while keeping the temperature in the static mixer at 73°C,
tetraglycidyl-1, 3-bisaminomethylcyclohexane which is a
tetrafunctional polyepoxy compound and has an amino group
within the molecule was added at a rate of 0.0394 mmol/min
to the copolymer solution continuocusly flowing into the
static mixer, thereby effecting the modification reaction.
An antioxidant (BHT) was continuously added to this
modified polymer solution at a rate of 0.05 g/min (n-hexane
solution) to terminate the modification reaction, aﬁd 37.5

parts by weight of an aromatic oil (X-140, produced by

Japan Energy Co., Ltd.) was added to the resulting
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extension was 35.0 wt% the vinyl bond anmount in the
but adi ene was 39% and the nodification ratio was 76%
The anal ytical values of the nodified copol yner
obtained are shown in Table 3. [0073] [Exanples 13
to 19 and Conparative Exanples 15 to 20] Rubber
conpounds using the sanples shown in Tables 2 and 3 as

Al R8I r re ' cording to
e;o%g)l o\rgnul a?"ldotﬁosigvm i foqrgp%%e“?%g&q%l?%mﬁﬁ@ polymer,
[ « M 1.5 074 neadi ng Method] In a
BRI Bt arbaiings ALERS Glhiinady The doney
i pped with.a tenperature contraolling device using
VIRERREY Bifr Sty Sttkedidedh GoRg R iah ta AR vas 77,
tgillﬁ&ﬁ (silica and carhon bl ack), an organosil ane
GupFMRE FaGERE 29 aMod@divtiadh Ale lgtidnaMy ofas %3000, and
white and stearic acid were kneaded as the
ther 8plecudark wedghivg dimdari butd onc MwiMn ovess of . 20 and
filling rate of 65% and a rotor rotation nunber of
mgppredapm e dpovnd| shyrehe smapotindfobhei nmedifiied
roomtenperature, an age resistor was added thereto,
cendlymbe befipoendilaexagaisiokneadedSaswtighe the vinyl bond
second- st age kneading to enhance the dispersion of

asolntainAte bnthbieneasas B, danehdhee mRF AU ratio
was adj usted by the tenperature of the mxer. After

wEOOV 89, M fden el @, vuh@agiéﬁaiae _@HGebﬁfz%Qrof}NlEhS

kneaded as the third-stage kneading in an open ro

s&&dndt rdd&kod hRakneadgd Hﬁ&efhalr@@ﬁd%@%%??iﬁﬁgin pipeline

vul cani zed in a vul cani zi ng press at or a
to the static mixer after polymerization was 1 minute.
Previously oil-extending a polymer having a high molecular
weight, that is, a high Mooney viscosity is heretofore
widely performed in the rubber industry because this
facilitates the production of the copolymer obtained or in
the subsequent process, provides an effect of enhancing the
processability such as mixing with filler or enhancing the
dispersion of filler and in turn enhancing the performance.
The analytical values of the modified copolymer obtained
are shown in Table 2.
{0065]

[(Examples 2 to 12]

Polymerization and modification were performed in the

Same manner as in Example 1 except for changing the amount

of 2,2-bis(2-oxolanyl)propane, the amount of n-butyl
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predetermned tine, and the foll ow ng physica
properties showing the tire performance were
neasured. The results are shown in Table 5. Exanples

19 and Conparative Exanple 19 were perforned
according to the formul ati on shown in Table 4 except

for 52 using 50 parts by weight of aromatic oil, 73

1p8ht 8mb¥s wabgbbl e%hhb%aoﬁnQﬁ&ﬂﬁﬂﬂﬁsbkﬂ@“éﬂ&uﬁ% of
car bon bl ack. 75] 1) Bound rubber anount The

tEeFRgskign1ce, % Bls§a€BbﬁQt%&ﬁ% c&%%e%%%%'GWHa’k d of

second- st age knead I ng was cut |nto square pi eces 0
d f
bégQaieﬁe”"Eg?apeh?ﬁggfhg ﬁ?%gh%g§a%%§ﬁeénﬁé %'rgd a
24 h h h

4l PLe 0108 RankeckobUgne e bl S SniGHOn e 2.

fil ted f th t of di [ ved
The pihbical valughde ERE hogAd1e éﬂse%oé%ekfs”@ to K)
oney .vi scosjty of the co ound The VISCOSIt
Oli’rF?w’cFE%‘é %F?e?hﬁ%’éhé‘at TagLgt 21308he gro &C‘M-ﬁﬁt‘ée%\ﬁbt

measured using a Mooney visconeter in accordance with
disly iogbbon 1waamenenedatet or was used. 3) Tensile
strength Measured by the tensile test nmethod of JIS K
6251. Inzﬁxammiecbstasmyxa@ peofloctniiBeoFesseNChby4Tan8rade
at 50C. Measured using an ARES viscoelasticity tester

nanaiuf et tRAR dobydiRhed ey r Japan BnetrgiysConpdetdt and
frequency of 10 Hz, a distortion of 3% and 50C A

- paneffian ollrewad usvealis pRééerofuthecosbmaBYENBil (X-140).
per f or mance.

[0066]

(Comparative Example 1)

One reactor having an inner volume of 10 liter,
having an inlet at the bottom and an outlet at the top and
being equipped with a stirrer and a jacket for the
temperature adjustment was used, and one static mixer was
connected downstream the outlet of the reactor. After
mixing 16.38 g/min of butadiene (Bl) shown in Table 1, 8.82
g/min of styrene (S1) and 132.3 g/min of n-hexane, the
resulting mixed solution was passed through a dehydration
column packed with active alumina, further mixed with n-
butyl lithium at a rate of 0.0038 g/min (0.05%1 mmol) in a
- static mixer immediately before entering the reactor to

remove impurities and continuously fed to the bottom of the

reactor. Furthermore, 2,2-bis(2-oxolanyl)propane at a rate
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53 [0076] 5) Wet skid resistance Tested by TanS at
OC. Measured using an ARES viscoelasticity tester
manuf actured by Rheonetric in a tw st node at a
frequency of 10 Hz, a distortion of 3% and O0C A

| arger nuneral reveals better wet skid resistance. 6)
Wear resistance The wear resistance was determ ned by

afeds A NGy Alitn  AEAhAPVIEr Vits ti56c O 2@ AKBRPYYERE thium
tester under a |load of 6 pounds at 1,000 rotations

ana frerallod inmddre Phial nesl o s Li'ﬁ'nc%m Oaﬁn%ﬁ@de* A
a

| arger index is better. As apparent from l'es 2 and

p’é,lyﬁé%ﬁz%ﬂmprﬁ{iti%@ivmz{kg férée %Ztl\?m@ﬂ%@gﬁé%lrzggﬁ?%e

each in a specific anmount

raBtkal,,co p rization an
nngipfgagﬁgﬁqg¥€q%§% oﬁﬁbgéﬁgaﬁé%Qﬁe ?éhéb%oﬁ%%%?%ﬂ was
pol ymerizglion reactors at a specific tenperature,

kERE ggl gﬁ'e%'ca%h%ep%meﬁoja‘t‘thohi@ﬁSyF@P inypusay taken

di.fi ed conjugat ed di ene-based pol yner having a high

oG FPBa Nt 16 &S FoRCer AR 80 Gl i Spt 6 mixer
oatahnid. Al sq, as apparent from Table 5, the ‘

206 WanitSedfeePibletheo fesperadvrgsiity there shatife suixer at
cgnjugated di ene- based pol yner produced by the

8produte t vag hec hddl o , 3HeisamibsemethylegtiloheRanegabdch is
fuel -cost saving property, is assured of excellent

aphehreduncthonetl pkilepesiys campeumnl wass azdesl lamta ivate of
the strength and wear resistance, as 54 conpared wth

Ot heo2odinbil éuidi énethasedppliyyeer seQmddn it irlously
Conpar ati ve Exanpl es, which are the sane silica-

fbominagningof btheubaai 08 hukeeyt tabrehy eTFRetdhd e

pr esent

modification reaction.

[0067]

An antioxidant (BHT) was continuously added to this
modified polymer solution at a rate of 0.05 g/min (n-hexane
solution) to terminate the modification reaction, and 37.5
parts by weight of an aromatic oil (X-140, produced by
Japan Energy Co., Ltd.) was added to the resulting
copolymer sclution per 100 parts by weight of fhe polymer,
whereby an oil-extended copolymer (L) was obtained. The
Mooney viscosity of the oil-extended copolymer obtained was
72, the number average molecular weight (Mn) was 430,000,
and. the molecular weight distribution Mw/Mn was 2.2 and
monomodal. The bound styrene amount of the modified

copolymer before oil extension was 35 wt%, the vinyl bond
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amount in the butadiene was 39%, and the modification ratio
was 70%.

[0068]

[Comparative Examples 2 to 7]

Polymerization and modification were performed in the
same manner as in Comparative Example 1 except for changing
the amount of 2,2-bis(2-oxolanyl)propane, the amount of n-
butyl lithium as the polymerization initiator, the amount
of tetraglycidyl-1l,3-bisaminomethylcyclohexane, the
polymerization temperature and the modification temperature
to the conditions shown in Table 3. The analytical values
of the modified copolymers (M to R) obtained are shown in
Table 3.

[0069]
[Comparative Example 8]

Two reactors each having an inner volume of 10 liter,
having an inlet at the bottom and an outlet at the top and
béing equipped with a stirrer and a jacket for the
temperature adjustment were connected, and one static mixer
was connected downstream the outlet of the second reactor.
After mixing 16.38 g/min of butadiene (B3) shown in Table 1,
8.82 g/min of styrene (Sl) and 132.3 g/min of n-hexane, the
resulting mixed solution was passed through a dehydration
column packed with active alumina, further mixed with n-

butyl lithium at a rate of 0.00378 g/min (0.0591 mmol) in a
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static mixer immediately before entering the reactor to
remove impurities and continucusly fed to the bottom of the
first reactor. Furthermore, 2,2-bis(2-oxolanyl)propane at
a rate of 0.015 g/min as the polar substance and n-butyl
lithium at a rate of 0.00504 g/min (0.0788 mmol} as the
polymerization initiator were fed to the bottom of the
reactor. The internal temperature of the reactor was kept
at 73°C.

[0070]

The polymer solution was continuously taken out from
the top of the first reactor and continuously fed to the
bottom of the second reactor, and the reaction was
continued at 75°C. The reaction solution was further fed
to the static mixer from the top of the second reactor and
while keeping the temperature in the static mixer at 73°C,
tetraglycidyl-1, 3-bisaminomethylcyclohexane which is a
tetrafunctional polyepoxy compound was added at a rate of
0.0394 mmol/min to the copolymer scolution continuously
lewing into the static mixer, thereby effecting the
modification reaction. An antioxidant (BHT) was
continuously added to this modified polymer solution at a
rate of 0.05 g/min (n-hexane solution) to terminate the
modification reaction, and 37.5 parts by weight of an
aromatic oil (X-140, produced by Japan Enerqgy Co., Ltd.)

was added to the resulting copolymer solution per 100 parts
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@) wds btAdEe The MoEnEyMi3schsity b BhR BiT-extended
copolymer obtained was 85, the number average molecular
weight (Mn) was 480,000, and the molecular weight
distribution Mw/Mn was 2.40 and monomodal. The bound
styrene amount of the modified copolymer before oil
extension was 34.8 wt$%, the vinyl bond amount in the
butadiene was 40%, and the modification ratioc was 50%. The
vield at the outlet of the second reactor was 99%. The
analytical values of the modified copolymer obtained are
shown in Table 3.
[0071)
[Comparative Examples 9 to 13]

Polymerization and modification were performed in the
Same manner as in Comparative Example 8 except for changing
the amount of n-butyl lithium for removing impurities, the
amount of 2,2-bis(2-oxolanyl)propane, the amount of n-butyl
lithium as the polymerization initiator, the amount of
tetraglycidyl—l,3—bisaminomethylcyclohexane, the kind of
butadiene, the polymerization temperature and the
modification temperature to the conditions shown in Table 3.
The analytical values of the modified copolymers (T to X)
obtained are shown in Table 3. In Comparative Example 13,
the molecular weight became very high and the oil extension

amount was increased to 50 parts. The oil-extended Mooney
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were high and this is estimated to cause deterioration of
workability in view of production as well as at the
compounding and kneading operation and give rise to bad
Processability and in turn impaired physical properties,
implying that there is a problem in practical use.

[0072]

[Comparative Example 14)

One reactor having an inner volume of 10 liter and
being equipped with a stirrer and a jacket and capable of
controlling the temperature was used. After charging 560 g
of butadiene (Bl), 350 g of styrene (S1), 5,500 g of
cyclohexane, and 0.17 g of 2,2-bis(2-oxolanyl)propane as
the polar substance into the reactor, the internal
temperature of the reactor was kept at 40°C. A cyclohexane
solution containing 0.55 g of n-butyl lithium as the
polymerization initiator was fed to the reactor and after
the initiation of reaction, the internal temperature of the
reactor gradually rose due to heat generation by the
polymerization. Over 5 minutes after the internal
temperature of the polymerization vessel reached 65°C, 90 g
of butadiene (Bl) was fed at a rate of 16 g/min. The
internal temperature of the reactor finally reached 77°C.

After the completion of reaction, 0.54 g of tetraglycidyl-

.50



WNmMm4-104 Nrl Vo NWWUOV +~ Nmu) 33rir
OV~OcP-rm ~AZ aa)) 2) 0-. N-HNVACA4J
.l 1 UUO1NCa CHUu,CC7WWX'~W V) W
ri OONOM7O0ri .-1 U>, U W7 m04 EcP-Hri O
EE OOI b O 4J4J4JO>(N~4aCCCOOOO4JO
P3A-vVv WWw> a U -V\ r~07 -rl r1Crl1>2 NW
G 39 idihone th éjfﬁ% M @led &
d(a o (0 apad YPC&F {%n;gw% %HJBQJSQ Ene TOW%?)’: to
O [ r Cdnm ,0rl |
t@e rI%aa rrz1$’a)al &K}% I{]QRﬁ/ngan\F%?lre?cithﬂ’a% %er%oymed
Hr7 (a ON41 HNC-HUE Om1l-1

rl
1ﬁ’1) Xeapigs ﬁt1)74nccf9rz$» Rinudes . dpwastipxidant 4)BHT)
WU OUro OE W-1 WCWd) r-1 > mJ-
A 24, S 4 2ag. Has.adfied Wawthe otesul sing moale ted
W+~ f. Vri-l m-PCa7ri Crl UHto to
C\ﬁPOéYmeI—) Slqqutl@no @O IR 5 par te -hy wedighy of OaIC dr@uatic
OWO00WWW0t7C EO U COaC~ Cri a~.,"
oid (X-14Q,$Proguced ky4 JepAn Hnerdy @o GQ IEH N was Hlkther
HmOmNMNmu) toHmMHHcotom100aOO0O00®O0
addew RO theOcOpOllyderDsod uB)idy Wer 100 parts by weight of

Saﬁ:

the polymer, whereby an oil-extended copolymer (YY) was
obtained. The Mooney viscosity of the oil-extended
copolymer obtained was 48, the number average molecular
weight (Mn) was 480,000, Mw/Mn was 1.65, and the shape of
the molecular weight distribution was polymodal. The bound
styrene amount of the modified copolymer before oil
extension was 35.0 wt%, the vinyl bondlamount in the
butadiene was 39%, and the modification ratio was 76%. The
analytical values of the modified copolymer obtained are
shown in Table 3.
[0073]
[Examples_13 fo 19 and Comparative Examples 15 to 20]
Rubber compounds using the samples shown in Tables 2
and 3 as the raw material rubber were obtained according to
the formulation shown in Table 4 by the following kneading

method.
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In a Banbury-type closed kneader (inner volume: 1.7
liter) equipped with a temperature controlling device using
external circulating water, a raw material rubber, fillers
(silica and carbon black), an organosilane coupling agent,
an additional aromatic oil, zinc white and stearic acid
were kneaded as the first-stage kneading under the
conditions of a filling rate of 65% and a rotor rotation
number of 66/77 rpm. After cooling the compound obtained
to room temperature, an age resistor was added thereto, and
the compound was again kneaded as the second-stage kneading
to enhance the dispersion of silica. Alsc in this case,
the discharge temperature was adjusted by the temperature
of the mixer.

After cooling, sulfur and a vulcanization accelerator
were kneaded as the third-stage kneading in an open roll
set at 70°C. The kneaded material was molded and
vulcanized in a vulcanizing press at 160°C for a
predetermined time, and the following physical properties
showing the tire performance were measured. The results
are shown in Table 5.

Examples 19 and Comparative Example 19 were performed

according to the formulation shown in Table 4 except for
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The composition (0.2 g) sampled after the completion

VvV O

of second-stage kneading was cut into square pieces of
about 1 mm and placed in a Harris's basket {made of a 100-
mesh metal cloth), and the weight was measured. After
dipping in toluene for 24 hours, the weight was again
measured. The amount of rubber bound to the filler was
calculated from the amount of undissolved components and
used as the bound rubber amount.
2) Mooney viscosity of the compound

The viscosity 4 minutes after preheating at 130°C for
1 minute was measured using a Mooney viscometer in
accordance with JIS K 6300-1. An L-type rotor was used.
3) Tensile strength

Measured by the tensile test method of JIS K 6251.
~ 4) Fuel-cost saving performance

Tested by Tand at 50°C. Measured using an ARES
viscoelasticity tester manufactured by Rheometric in a
twist mode at a frequency of 10 Hz, a distortion of 3% and
50°C. A smaller numeral reveals better fuel-cost saving

performance.,
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0°C. A larger numeral reveals better wet skid resistance.
6) Wear resistance

The wear resistance was determined by measuring the
wear amount with use of an Akron wear tester under a load
of 6 pounds at 1,000 rotations and formulating the obtained
value into an index. A larger index is better.

As apparent from Tables 2 and 3, when a monomer
containing allenes and acetylenes each in a specific amount
is treated with an organic metal compound and the
polymerization and modification are performed in two or
more connected polymerization reactors at a specific
temperature, the polymer can be produced at a high yield
and a modified conjugated diene-based polymer having a high
modification ratic and a high molecular weight can be
obtained. Also, as apparent from Table 5, the vulcanized
rubber composition using the modified éonjugated diene-
based polymer produced by the production method of the
present invention has good fuel-cost saving property, is

assured of excellent balance with wet skid resistance and

is excellent in the strength and wear resistance, as
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invention.
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b 4° {dlpourting Formulation)

Modified butadiene-based polymer (oil-
extended)

Silica (Ultrasil VN3, produced by Degussa)

Carbon (Seast KH, produced by Tokai Carbon
Co., Ltd.)

Silane coupling agent (Sié9, produced by
Degussa}

Zinc white
Stearic acid

Age resistor (N-isopropyl-N'-phenyl-P-
phenylenediamine)

Sulfur

Vulcanization accelerator (N-cyclohexyl-2-

benzothiazylsulfenamide)
Vulcanization accelerator (diphenyl guanidine)

Total

61

137.5 parts

63.0 parts

7.0 parts

6.3 parts

2.5 parts
1.0 part

2.0 parts

1.1 parts

1.7 parts

2.0 parts

224.1
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detail and with reference to specific enbodi nents
thereof, it will be apparent to one skilled in the
art that various changes and nodifications can be
made thereto without departing fromthe spirit and
scope thereof. This application is based on Japanese
Pat ent Application No. 2005-094601 filed March 29,

RO and the contents thereof are herein
i ncorporated by reference. | NDUSTRI AL APPLI CABI LI TY

[ 0083whihe Ml fd et qq{\%}ﬁfigﬁfgg?%)%és%?rdescribed in

conposition is "assured of goo savi nhg
rt i kid resistanc

O P SO ML A AE ¢ Sl & i dEPRER AR cEnmpeot.

1 int or. applicat.i.ans inly tires, for

lﬁi@%la%?u%gﬁg%é{%gsoe%m% %quiﬂ'g?th%gt%rtbe t various
ti I ly..used, ,or other .industrial products and

PRGN SHE Jolf TIGaL G5'S) ot b INAG] dite ol Whehout

cQ sitiqn conprising 100 parts by weight of (A a

dﬁﬁ?“%gﬁ'gﬁe- Eg?eg"%ep(ﬂ%i%ént H‘é?\% r@%%tﬁhﬁe’?ecaﬁ/-er ag(ge)

nol ecyl ar wei ght My of 500, 000 to 700, 000, a

nol ectiPaf GBPRCaGRonr ABubreedVANVTapeheses Ratents, a

nononodal di stribution of polyner conponents having a
ApBi deatapnwipghf066-00@ 6000 falembMarch 28,nA0aHntand the
of the butadiene unit of 20 to 80 nol % and a content
Certantanthpomaf greupecenhainicogppelareser byomeEarincd .0
be adsorbed to silica of 50 wt% or nore, and from 20
to 60 parts by weight of (B) an extender oil. 2. The
oi | -extended pol ymer conposition as clai ned
INDUSTRIAL APPLICABILITY
[0083]

The modified butadiene-based polymer composition is
assured of good fuel-cost saving property and good balance
with wet skid resistance and excellent in the strength and
wear resistance and is suitably used for applications,
mainly tires, for which a butadiene-based polymer rubber
has been conventionally used, or other industrial products

and the like.
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in claiml, wherein the polyner (A) is a nodified

but adi ene- based pol yner obtai ned by perform ng

pol ymeri z- ation of 1,3-butadiene or copolymnerization
of 1, 3-butadi ene and another copol ynerizabl e

conj ugated di ene and/or aromatic vinyl conpound by
using an organic lithium conpound as an initiator in
a hydrocarbon sol vent and then reacting an active end
of the obtained diene-based polynmer w th a reactable
functi onal group-containi ngL&EBHound, and wherein the
nodi fi ed but adi ene-based pol yner is produced by a
producti on nethod conprising: 65 (1) using a nononer
with the total ampunt of acetylenes and allenes as

J mpuint idd- -IsateE s POLHBART 200mPEPRY belRed on al |
mononers, (2) supplying the nononer or the nononer and
GOMHRidrigea ildon pesiteeRY wolahpoPyméhl zathekaders drased
after treatnent with an organic netal conpound, (3)
mdntienudestiygpal yebezi agerhgenonbeenldy wsighgt Mweofor
nore connected pol yneri zation reactors, and (4)

quey foaromitag 7ole 0RO,y BEfmbz atudarave dighenpesat iker icod M/ Mn
to 85C. 3. The oil -extended pol yner conposition as

& al nedo i2n Gl &l MohomshRalelRst hebhitiDeh | Ohdbolymer
group-contai ning conponent in the polyner (A is a
mgidded Lurdingna- haiedulalkynB{ ghRdbE | £6b Usd O b2 dM, a
nol ecul ar wei ght” organi ¢ conpound havi ng an am no

ngq%p A AR %&O&e%%ediéﬂe%ﬁgébe?f §@n@<95écf i WUng a
vul'ca -

ni zati1on, conprising the ol ext ended pol yner
QPOSi ti | ai [ l.al . per r
SETERY e St OunlenBelb on b Rtn 1 B8 pd it dnatthene
ég)éé’aﬁg% %%F%ob%iwgbghgfogoawt% or more, and from 20 to

60 parts by weight of (B) an extender oil.

2. The oil-extended polymer composition as claimed

in c¢laim 1, wherein the polymer (A) is a modified
butadiene-based polymer obtained by performing polymeriz-
ation of 1,3-butadiene or copolymerization of 1,3-butadiene
and another copolymerizable conjugated diene and/or
aromatic vinyl compound by using an organic lithium
compound as an initiator in a hydrocarbon solvent and then
reacting an active end of the obtained diene-based polymer
with a reactable functional group-containing compound, and
wherein the modified butadiene-based polymer is produced by

a production method comprising:



silica-based filler and from1.0 to 20 parts by wei ght
of a wvulcanizing agent and a vul cani zati on
accel erator.

65

(1) wusing a monomer with the total amount of

acetylenes and allenes as impurities being less than 200
ppm based on all monomers,

(2) supplying the monomer or the monomer and a
hydrocarbon solvent to a polymerization reactor after
treatment with an organic metal compound,

(3} continuously polymerizing the monomer by using

two or more connected polymerization reactors, and

(4) performing the polymerization at a temperature

of 50 to 85°C.

3. The ocil-extended polymer composition as claimed

in claim 1, wherein the functional group-containing
component in the polymer (A) is a modified butadiene-based
polymer modified using a low molecular weight organic

compound having an amino group and an epoxy group.

4. A rubber composition for wvulcanization,

comprising the oil-extended polymer composition claimed in
claim 1 and, per 100 parts by weight of said oil-extended
polymer compogition, from 20 to 100 parts by weight of a
gsilica-based filler and from 1.0 to 20 parts by weight of a

vulecanizing agent and a vulcanization accelerator.



