DESCRI PTI ON CONJUGATED DI ENE- BASED POLYMER, METHOD FOR
MANUFACTURI NG THE SAME, AND CONJUGATED DI ENE POLYMER
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invention relates to a conjugated di ene-based pol yner,

a process for producing the_conjugated diene-based

pol yner and a conj ugat ed di énebased pol ynmer

conposi tion. BACKGROUNRLOERTHEETHNVENTI ON [ 0002]

Recently, there has been a neea or a polyner
COﬁDOSthSBGmeﬁ heENRURRERRI bELIMERS U@ TR PF PORNENt -

in reducing fuel consunption because autonobiles have
been i ngiLRgFAGIIL K EAE ek t ARy eAlBSSONUBEATED
consunption owing to an increasing interest in

envi ronnent al ppobNenpoLABEROCYMEOSCTOPNSI tions for
autonobile tires, those which contain conjugated

di enebased pol ymers such as pol ybut adi enes and

but adi enestyrene copolyners and fillers such as carbon
bl ack have been used. For exanple, as the conjugated

"di enebased pol yners, there have been known pol yner
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c oTiFg A tQONEHE oAV EEMT HYN pol yners which are produced by
. CO olfnerizing but adi enes and styrene with
apb@‘sjj‘?ﬁe ization initiator of alkyl lithiumand then

nodi fying the ends of the copol ynmer chains wth an.

acryl ani de @\ﬁ r%reased}talﬂ‘fedﬁtilr%l g‘?eoltﬂrz)lce(sse%? ‘?o?on]ugated_
diene-based polymer, a process for producing the
conjugated diene-based polymer and a conjugated diene-

based polymer composition.

BACKGROUND OF THE INVENTION
[0002] '

Recently, there has been a need for a
polymer composition used for automobile tires to be
prominent in reducing fuel consumption because
automobiles have been increasingly required to have
less fuel consumption owing to an increasing interest
in environmental problems. As polymer compositions for
automobile tires, those which contain conjugated diene-
based polymers such as polybutadienes and butadiene-
styrene copolymers and fillers such as carbon black
havé been used. For example, as the conjugated diene-
based polymers, there have been known polymer
compositions containing polymers which are produced by

. copolymerizing butadienes and styrene with a



exanpl e, Patent docunent 1), simlarly, polyner
conposi tions containing polyners which are produced by
W@ 8l14832T | zi ng but adi enes and styrene w th a PCT/JP2008/053886
pol yneri zation initiator of alkyl lithiumand then
nodi fying the ends of the cgpolyner chains with a bis
(di met hyl am no) net hyl vinyl §il ane (see, for exanple,
Pat ent docunent 2),. I r i t4.QRS | ni
P e e b SR Bod oy iy o B 4 e
0 : (AWA t.adi S € |
p(l})qo&%e ilzga it(?% %%aﬁrﬁg %%U;ll}%ltl(%/lt[ h@g?nygigw Jt‘ilth}énan
MU AMIR deh @608y of dihe KBSIM it G RAlY TBY e hat &1
wi th“an al koxysi | ane havi ng a di al kyl am no_group (see,
f @ixagpaen! eatRattento chonunentis) 3 il ¥adly, Thesgndmve
been proposed as pol yner conpositions promsing a
5 sicgmipoisd@niionse distitiadm ing fouwdlymearnss wipitdhorard @@8juced by
Patent docunent 1 : JP-A-1-217047 Patent docunent 2 :
J ool y2e 7048 nBatbertiaddenese nd3 st yyRn& 66-t186748
Pat ent docunent 4 : JP-A-2005-290355 Summary of the
| Pediymieart ZR000a] iFdweeerr e Priiver bidiNiway and then
conposi tionscontai ning_the conjugated di ene-based
pEOPHEYS ngs tdhes @ndse P Taidve, CRRPEFTRY | Rk ¥HFicd is

used as fillers, are no eges arilﬁﬁs tisfacgtory in

| .
r &dditg il aBGRSInPEESY L ViRYeS 1daER diSFSumdCancgETP e

lOiE%E%n%ndocument 2), polymer compositions
containing polymers which are produced by -
polymerizing butadienes or copolymerizing butadienes
and styrene with a polymerization initiator of>alkyl
lithium and then modifying the ends of the resulting

15 polymer chains with an alkoxysilane having a
.dialkylamino group (see, for example, Patent
documents 3 and 4). Those have been proposed as
polymer compositions promising a significant reduction

in fuel consumption.

20 [0003]
Patent document 1: JP-A-1-217047
Patent document 2: JP-A-1-217048
Patent document 3: JP-A-63-186748
Patent document 4: JP-A-2005-290355

25
Summary of the Invention

[0004]

However, the prior polymer compositions



obj ect of the present invention that when silica is
incorporated as a filler, a conjugated di ene-based

woiogiress7tapabl e of providing a pol ymer conposPET/@ire008/053886
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whi ch achi eves a great reduction in fuel consunption,
a process for producing the_conjugated diene-based
pol yner, and a pol yner conpésition conprising said

SR e DA R e AR AL J Sl 29

sl ca’I ncor porate ereirnto.

e'&%@ﬂ%%ga gbotd?ee, @%ge%ﬁam»/%ér%mcda resteded 0ad

conj ugate ene-based pol ynmer conprising a conjugated
digne-dased GOnsdd il dona runy tsands @ i it emating
unit expressed by the following fornmula (I) , wherein

s aiud 1C g Bt iomal . Wiide reXuces seid diyndthmdesr,milta {4 )an
i s between one of the conjugated di ene-based

C @isitddtutd forndle usit ¢ seran di ranet thissn otieat - Whir Chil 1 Xca Sis X
3 (1) I X (wherein X1, X2 and X3 represent

i ni ed asgraoudi Ekgr eszedobyugaeed ol enpngased
formula (I1), a hydroxide(group, or a hydrocarbon

greedymeandaat lea it o oifdiyg  xpahined FImphRt g ofip

%‘Ki%%s(eqdchbiygvtehse a]: oc_;rné'lalltax J_gelétzcﬁiocgn air?yglrlgi(i ggng{lgggién,
a process for producing the conjugated diene-based
polymer, and a polymer composition comprising said
conjugated diene-based polymer and a filter such as
silica incorporated thereinto.

[0005]

The first embodiment of the present invention
is directed to a conjugated diene-based polymer
cbmprising a conjugated diene-based constitutional
unit and a constitutional unit expressed by the
following formula (I), wherein said constitutional
unit expressed by the formula (I) is between one of

the conjugated diene-based constitutional units and

another one:

-CHQ—CIHf
X'—-8i—-X? (1)
L

(wherein X', X* and X’ represent independently a group
expressed by the following formula (II), a hydroxide
group, or a hydrocarbon group, and at least one of X',

X! and X* is the group expressed by the formula (II),



R wherein RL and R2 represent independently a
hydr ocarbon group having 1 to 6 carbon atons which can

W@Bad837a ni trogen atom an oxygen atom or aPGI/JR20e81053886

10

15

20

25

atom and Rl and R2 can b e conbined to forma ring
structure) . [0006] The secgnd enbodi nent of the
present invention is directed to a process for

produci,ng,a conj u d. di ene-based pol yner conpri sing
t 58 oIt vaonxglcfsl’{e%@é A), (B) and (C): step (A

pol yneri zing a noggner contai ning a conjugated di ene
with an al kal i np al catalyst in a hydrocarbon sol vent
to provide a c@yij ugated di ene-based pokynmer having an

al kali et al defkvgd fromsaid catal yst at the end of

a pol ymer chai n; Btep (B) : adding a silicon conpound
expressed by the followng formula (11l1) to a solution
ofwisaied nc ®ij agdt @l tepnesdas eihgpepgnadenthhyi aghgdrocarbon
al kali metal derived fromsaid catalyst at the end of

t Rrquy yeeringhal ntd né acaybdemcatbos wWbi¢bncanscsglg a
react said silicon conpound at the end of the polyner
chuiitrragempraddive A CVFIRAtTLTI ePe- Pasédipenyabpm, and
having a structure, in which the alkali netal derive

f FonPBdi & afRBI Pt ingdl Yyt EPFRdR £ong structure).
constitutional unit based on the silicon

co dexpressed by the formula (I11) , at the end of

the p0|ywerT%%mggca%d4é%%éaf%ent of the present

invention is directed to a process for producing a
conjugated diene-based polymer comprising the
following steps (A), (B) and (C):

step (A): polymerizing a monomer containing
a conjugated diene with an alkali metal catalyst in a
hydrocarbon solvent to provide a conjugated diene-based
polymer having an alkali metal derived from said
catalyst at the end of a polymer chain;

step (B): adding a silicon compound
expressed by the following formula (III) to a
solution of said conjugated diene-based polymer having
an alkali metal derived from said catalyst at the end
of the polymer cﬁain in a hydrocarbon solvent, so as
to react said silicon cqmpound at the end of the
polymer.chain to produce a conjugated diene-based
polymer having a structure, in which the alkali metal
derived from said alkali metal catalyst bonds to a

constitutional unit based on the silicon compound



X 4-Si-XDb (I1'l') (wherein X4, X5 and X6 represent
i ndependently a group expressed by the foll ow ng

wo 2008083771 1) or a hydrocarbon group, and at |REEIP20082053886
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of X4, X5 and X6 is the group expressed by the formula
(I'l') or a hydroxi de group: Ell - N(Il') R2 wherein R1
and R2 represent independently a hydrocarbon group

hawrpo NQ kel b% G Pop, A one WY £h cay eﬁs@t 8h8 B8f the

en a an oxygen atom or Icon atom and

R%)oq%e@Z&paqrp e conbined to forma ring structure) ;
step (O addi ng a nononer containing a conjugated

di ene to a solution of said conjugated diene-based

pol ymer havi®@l:& GHructure, in which the alkali netal
derived fromsgaid,alkali netal catal y3$tIbonds to said
constitutional un ased on the above formula (1), at
the end of the patyner chain in a hydrocarbon sol vent,
so as to poI ynmeri ze said nononer at the end of said
polwhesreicha’n. X| ey X°Theeprsised te riistinanstengfl vt e group
present invention is directed to a conj ugat ed
diesReassssd ol Yhrerkohpeyiitn dnfesmptesihg) t RE dbove

conj ugat ed di enebased poI mer and a fill

i ARG (HSR Nt3Bd Ay att 2esCBF ?fwexl'n\?fenfalngnx is
[(¥N¥ﬂgroup expressed by the formula (II) or a hydroxide

group:

Rl

/
-N (I1)
\.Rz

wherein R' and R’ represent independently a hydrocarbon
group having 1 to 6 carbon atoms which qan-contain a
nitrogen atom, an oxygen atom, or a silicon atom, and
R' and R® can be combined to form a ring structure);

step (C): adding a monomer containiﬁg a
conjugated diene to a solution of said conjugated
diene-based polymer having a structure, in which.the
alkali metal derived from said alkali metal catalyst
bonds to said constitutional unit based on the above
formula (I), at the end of the polymer chain in a
hydrocarbon solvent, so as to polymerize said monomer
at the end of said polymer chain.
[0007]

The third embodiment of the present invention

is directed to a conjugated diene-based polymer



According to the present invention, when silicais
incorporated as a filler, a conjugated di ene-based

woiogiress7tapabl e of providing a pol ymer conposPET/@ire008/053886

whi ch achi eves a great reduction in fuel consunption,
a process for producing the_conjugated diene-based
pol.ynmer, and a pol yner conpgsition conprising said
canj : i - I r a J44- A e-
e e A B o o T St il %R

pglg])é'é%f CATRRS N 4 SFEXLEH | B0 gb A &AUGd Y ity .

f consunption and is good in grip properties.
Det ai | ed Description of the Invention [0009] The
conj ugat ed di ene-based pol yner of the present

| MERRNitgecOE it3RS Fhwearijikgat ed di ene- based
constitutional unit and a constitutional unit _

5 eXrofsged by the following fornula (1) , wherein said
constitutional unit expressed by the formula (1) is
bet ween oneAgcbrdhisgc G et e efiesrie-ippisedion, when
constitutional units and another one:(wherein X1, X2
arsd LiZar dgr ds@mriofadisehdentd yfhl bpbup ekpradgetedy
the followng fornul a (II%i a q¥drodee group, or a
hydeaeabsssdgPedpmesn Ftaleastt g8 X PAhdes

L)S;:@Hé)%sgrégggo S]X erc ° %ec?l i%l(/(e}sr)% {:gortzen;Jcl ar ééulgt i oonr & fuel
10 consumption, a process for producing the conjugated
diene-based polymer, and a polymer composition
comprising said conjugated diene-based polymer and a
filter such as silica incorporated thereinto are
provided. The polymer composition is excellent in a
15 reduction in fuel consumption and is good in grip

properties.

Detailed Description of the Invention
[0009]
20 The conjugated diene-based polymer of the

present invention comprises a conjugated diene-based

constitutional unit and a constitutional unit expressed

by the following formula (I), wherein said
constitutional unit expressed by the formula (I) is
25 between one of the conjugated diene-based
constitutional units and another one:
~CH.—CH-—
X‘—éi—X’ (I)
iz A



wherein R1L and R2 represent independently a
hydr ocarbon group having 1 to 6 carbon atons which can

W@Bad837a ni trogen atom an oxygen atom or aPGI/JR20e81053886
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atom and Rl and R2 can b e conbined to forma ring
structure) . [0010] The conjugated diene of the

conj ugat ed di enebased const%tutional unit may incl ude
1 ,3-butadiene, isoprene, 1 ,3-pentadiene, 2
,3-dinmethyl -1, 3-butadiene, 1 , 3-hexadiene, and the

u%%erZQﬁsﬁ‘F?XZQﬁgy%@dr@bgggeﬁE_Hﬁd@p%ﬁ@@h@@&iﬁngQ%up

I
two or nore. , 3-but adi ene and i soprene are preferred

| Rxpirewsel egsyravaid ebbliity f&8ddla Ther X1, a Xeyanek X3e
of the constitutional unit expressed by the formnula

(lgrogpr @ent Hytlerentsm lgraumgr cin exipr bssed byetbe X',
followng fornmula (11), a hydroxide group, or a

hyéir ecar kon griowp witoch eapressed bysubst iffarentls, @Nd ,
at | east one of X1, X2 and X3 is the group expressed
byrt lee Hywimnxiae Idgoupor a hydroxide group:R 1 / (H) -

N R 2 wherein RL and R2 represent independently a

hydr ocar bon grouprhaving 1 to 6 carbon atons which can
contain a nitrogén atom an oxygen ato or a silicon
atom and R'"and R2 can b e conbine&I£L forma ring
structure. [0012]R>

wherein R' and R’ represent independently a hydrocarbon
group having 1 to 6 carbon atoms which can contain a
nitrogen atom, an oxygen atom, or a silicon atom, and
R' and R® can be combined to form a ring structure).
[0010]

The conjugated diene of the conjugated diene-
based constitutional unit may include 1,3-butadiene,
isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene,
1,3-hexadiene, and the like. These may be used alone
or in a combination of two or more. 1,3-butadiene and
isoprene are preferred in view of easy availability.
[0011]

The X', X! and X* of the constitutional unit
expressed by the formula (I) fepresent independently a
group expressed by the following formula (II), a
hydroxide group, or a hydrocarbon group which can
contain substituents, and at least one of X', X' and X’
is the group expressed by the formula (II), or a

hydroxide group:



R1 and R2 can include nethyl group, ethyl group,
n- propyl group, isopropyl group n-butyl group

WG @shof3y! group, tert-butyl group, n-pentyl grPCUER2008/053886
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neopentyl - group, isopentyl group, n-hexyl group,

cycl ohexyl group, phenyl grgup, trimethylsilyl group,
t-butyl -dinmethylsilyl groupand the |ike. [0013] R1
and R2 can be conbi ned. G oup produced by conbi ning Rl
and R2 incl udes alkylenﬁigroups such as a trinethyl ene
group, tetramethylene group, pentanethykene group,
hexamnet hyl ene group -aNd the |ike; oxyal kyl ene groups
such as oxydi et hyl ene g yp, oxydi propyl ene group and
the |ike; and nitrogencontaining groups such as

- GCGHA-TNI Chha- R r BRGNS Gliepeandbrithiey | & KieydFO@dlhon
Rl and R2 are preferably hydrocarbon group having
caytoup atomry f1 one € ocdobon wht ohs cahibhveam teoyerin a
atom oxygen atom o r silicon atom nore preferably

amd trstdeyl  afragup, aret SRY IgYE cApRTN- ¥ opyB§Edapn atom,  and
trimethylsilyl group, -CH2CH2-NHCH2- , - CH2CGH2-
NERCHandaRd €hB BPiek ecomiiiatbrt qokrpraf E488| FERBERYFS-

grou(gl,r et hyl group, and n-propyl group, particularly
pr@¥ Zﬁbly et hyl group. [0015] The group expressed by

and cycl o dni ABAgRoubS SEEBI ARy THERYy BHCL e i
grgorl'éjoupc,ann—ipnrcolpuﬁe group, isopropyl group n-butyl group,
sec-butyl group, tert-butyl group, n-pentyl group,
neopentyl-group, isopentyl group, n-hexyl group,
cyclohexyl group, phenyl group, trimethylsilyl group,
t-butyl-dimethylsilyl group and the like.
[0013]
R' and R® can be combined. Group produced by
combining R' and R® includes alkylene groups such as a
trimethylene group, tetramethylene group,
pentamethylene group, hexamethylene group and the like;
oxyalkylene groups such as oxydiethylene group,
oxydipropylene group and the like; and nitrogen-
containing groups such as -CH,CH,-NH-CH,-, -CH,CH,-N=CH-,
.and the 1like.
[0014]
R' and R*® are preferably hydrocarbon group
having carbon atom of one to four which can have

nitrogen atom, oxygen atom, or silicon atom, more

preferably are methyl group, ethyl group, n-propyl



di met hyl am no group, diethylanino group, di-(npropyl)
am no group, di- (isopropyl )am no group, di- (n-butyl

WO 20081@83QT oup, di - (sec-butyl )am no group, diPCT/JP2008/053886

~.
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(tert-butyl )am no.group, di- (neopentyl )am no group,
et hyl net hyl am no group, di (nmethoxynethyl) am no
group, di (nethoxyethyl) anrno group, di

(et hox th _ xyethyl) a
o R R i e

(iRt hBé'n%f Lo f’ﬂlé‘o ALy e 'b%e'f'e‘f%bﬁhﬁe%yl@lll c

am no group can include 1-polynethyleneim no groups

syeRuds LthRyl Gebugi, nxhdghoypoppnp@fbdlimOpgf@u@ularly
hexamet hyl enei m no group, 1-heptanet hyl enei m no group,

1eeirarabhyl eraiym geogpoup, 1-decanet hyl enei m no

group, 1-dodecanethyl enei m no group,

1-testrsgdecanet hyl enei m no group, and

. 1-oct adecan®et hyl enei m no group and the |ike. The
cyclic am n@hgr gupuparexg@rss sieec hyde e i frmuds! y(I1) can
group, 4 ,5-dihydro-I-imdazolyl group,

1-1|m¢al@alpolrnomwclg|cowlnp Fhseaziafid Yo amino
nmor phol i no group and the |ike.[0Q16] The grou

edpicEPsed EFPIPRE I o PRI YCLEF AMd Noy @fr@r%ﬁﬁ include
R CVC'y;%fnﬁa”og%a 4B 8 R PO P8 i gn-
APy ey PR 8- Vkﬁs%ﬁ&%?%ﬂ"&é“ Pee
EH L P R
group, di-(tert-butyl)amino group, di-
(neopentyl)amino group, ethylmethylamino group,
di(methoxymethjl)amino group, di(methoxyethyl)amino
group, di(ethoxymethyl)amino group,
di (ethoxyethyl)amino group, di(t-
butyldimethylsilyl)amino group, di(trimethylsilyl)amino
group, and the like. The cyclic amino group can
include 1l-polymethyleneimino groups such as 1-
pyrrolidinyl group, piperidino group; 1-
hexamethyleneimino group, l-heptamethyleneimino group,
l-octamethyleneimino group, l-decamethyleneimino group,
l1-dodecamethyleneimino group, l-tetradecamethyleneimino
group, and . l-octadecamethyleneimino group and the like.
The cyclic amino group can also include l-imidazolyl
group, 4,5-dihydro-l-imidazolyl group, l-imidazolidinyl
group, l-piperazinyl group, morpholino group and the

like.



[0017] The hydrocarbon group X1 to X3 of the fornula
(I') can include nethyl group, ethyl group, n-propyl
w@e@afp983rsopr opyl group, n-butyl group, sec- bukgl/JP2008/053886
group, tert-butyl group, .and the |ike. Preferably,
t he hydrocarbon group i s a hydrocarbon group havi ng
carbon atomo f one t o fou® nore pref erably nethyl
gﬁgﬂﬁéﬂnd et hyl group. [0018] At |east one of X1, X2
- a of the formula (1) is the group expressed by

t he formul aTHeI g?,fo%%a)%%;%%dj%ﬁr%.fgfﬂﬂ apty is

two or nore o 3 are ‘the group expressed

by, A8 F@Ul R H-dyo1 1@ iR ls GHOMD, pREIEk FE I
p%efera%ll(?{/,ry"ltvvo ofy Xll, X2 land %Lgfe t he g%oup i

eXMRISEA v roh gy doRipulaa dilddhylaatind hysgxighed gaodd. (n-

[ 0019] enplary constitutional units expressed by the
5 f gmebal(lmiaie grsidd cion ebepodfidebasedics and easy

constitutional unit expressed by the foll ow ngfornula
- (lavia)i,1 gridfigvablfy rahleirs mpdienereyeanbhy) a diethylamino

met hyl vi nyl si | ane-based constitutional unit, a_bis

( dirstupy lianiview odt lephaingyngi PanedpaséancéRstiedti ona

unit, and a bis (n-propylam no

) rESYRHME thyans i3ngih § 1B Bs @ CPERSLFEut i onal unit fromthe

poi nt of view of a greater reduction in fue

cdﬁgﬁHﬁtion. Among others, in view of conpatibility of

10 good grip pEQQFﬁ{J&?%égylon group X' to X’ of the formula
(I) can include methyl group, ethyl group, n-propyl
group, isopropyl group, n-butyl group, sec-butyl group,
tert-butyl group, .and the like. Preferably, the
hydrocarbon group is a hydrocarbon group having

15 carbon atom of one to four, more preferably methyl
group and ethyl group.

[0018]
At least one of X', X* and X’ of the formula
(I) is the group expressed by the formula (II), or a

20 hydroxide group. Preferably, two or more of X', X* and
X* are the group expressed by the formula (II), or a
hydroxide group, and more preferably, two of X', X' and
X* are the group expressed by the formula (II), or a
hydroxide group.

25 [0019]

Exemplary constitutional units expressed by
the formula (I) are a silicon compound-based

constitutional unit expressed by the following



availability and long-term storage stability of the
conpounds as well as | ower fuel consunption, bis

W@ ciogtibsgran no) net hyl vi nyl si |l ane- based const i RCE/IR206H/053886
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unit is preferred. [0020] The conj ugat ed di ene-based
pol ynmer of the present invention has a constitutiona
unit expressed - by the forlnul a (I') between one o f

t conj.ug di ene- constitutional unit and
an_oc} mél:lao &]ﬁﬂé gopn?%%%%g%' di ene- based constitutional
unsts ( ghRe cAQI MR of RRiR qgmneglsﬁstsae@ay three or

nore of the-constitutional units expressed by the

f IRy @ tilbionAnd die canj woatedk diengrhased pol ymer

has preferably three or nore of a chain structure

C EHH 8V aRE 1ehefBhgedl dohetdenstibhulli andl ,uniid a
expressed by the formula (1) (a single chain or a

Sivlg enepnsip ¥ Lamanal ) edah )l viimy heipalnarerackal n,

said chain structure being between the conjugated

diceres based icomaii i onffomnths. pPhet pofywéewcledi @

has generally 10 or less of said chain

stgneatere gDTXLIn Tie o ueRR VERE e bR Do yess
of the present inventjon can_contain a constitutjonal
urint Weave P bregtrrt L hidrerof ndaadi 9ohP t Bromerties and

C At e REBh ARy P AR ULt LY o Ehe
S SSRGS R L 15 BB o o Tbegbleh, Tomre
CQEE&@Wé%H@f%ﬂTﬂZ)m%%%ylvinylsilane—based constitutional
unit is preferred.
[0020]

The conjugéted diene-based polymer of the
present invention has a constitutional unit expressed -
by the formula (I) between one of the conjugated
diene-based constitutional unit and another of the
conjugated diene-based constitutional unit. The
polymer chain contains preferably three or more of the
constitutional units expreésed by the formula (I). And
the conjugated diene-based polymer has preferably
three or more of a chain structure comprising one or
more of the constitutional unit expreSsed by the
formula (I) (a single chain or a single constitutional
chain) in the polymer chain, said chain structure
being between the conjugated diene-based constitutional
units. The polymer chain has generally 10 or less of

said chain structures.



the like. Exemplary aromatic vinyl can include
styrene, a-nethylstyrene, vinyltoluene,

wa powghiesspht hal ene, di vi nyl benzene, trivi nyl bene@raR20e81$3886
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di vi nyl napht hal ene. Exenplary vinylnitrile can include
acrylonitrile and the |ike. Exenplary unsaturated
carboxyl ate ester can incl dde net hyl acryl ate, ethyl
aﬁ@b:ﬁhe’ nmet hyl nethacrylate, ethyl nethacrylate, and
t i'Ke. Anmong them styrene is preferred in view of
casy availahhtl Lyn L0022k H1enc0BLUGA! Bd19keRedasek
pol ynmer of the prege t Invention contains preferably

an RLeMRt 16 ehRYbnbased comsiid ufi epabtuphti 6@l unit
aromatic vinyl unit) fromthe point of view of

| BESRAS oY cHe@NGidhombie iGPMHENt iG3n the afienddbh fuya byd
unit is preferably not | ess than 10% by wei ght (the
cankart-baketheonenjtigat edadi ene tuniat dos jneta tleidghtbrene -
than 90% by weight) , nore preferably not |ess than
1b¥skeyl weiight afiche:heortaerit idfuttirmeadonjnigatestb i sgrd by
unit is not higher than 85% by wei ght) based on the
t ¢hal fofrmuHecddjugatlde ditdvee moanomad il ugeommienatic

vinyl unit of 100% by wei ght. Mreover, fromthe point

o ipivdw OFLnydReitiradeh usinSasNIas GRrPory 1esst &fted and
the aromatic vinyl unit i s preferahly 50%b¥ i ght
ot heedd Ket-he EEGAPLRE Yo HOHE td6n gt e £ i enB ﬁﬁg? i s

S L) Gl Sy TR G EETLRHY, e Y, el

5%%%%&n@%%%ﬂ%lgﬁevoEﬁkinylbenzene, trivinylbenzene, and
divinylnaphthalene. Exemplary vinylnitrile can include
acrylonitrile and the like. Exemplary unsaturated
carboxylate ester can include methyl acrylate, ethyl
acrylate, methyl methacrylate, ethyl methacrylate, and
the like. BAmong them, styrene is preferred in view of
easy availability.
[0022]

The conjﬁgated diene-based polymer of the
present invention contains preferably an aromatic
vinyl-based constitutional unit (an aromatic vinyl
unit) from the point of view of increasing strength.
The content of the aromatic vinyl unit is preferably
not less than 10% by weight (the content of the
conjugated diene unit is not higher than 90% by
weight), more preferably not less than 15% by weight
(the content of the conjugated diene unit is not

higher than 85% by weight) based on the total of the



[0023] The conjugated di ene-based pol yner of the
present invention has a Mooney viscosity (ML +4 ) of

wW@e@Baossnt y not | ess than 10, nore preferably PCL/JIR2063053886
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than 20 fromthe standpoint of increasing strength.
Moreover, fromthe point of view of enhancing
processability, it i s prefle3rably 200 or less, nore

f Ly 1 | ' ' -
PetriBlty sl el R o R P RESTh by € !
[ QA 1 %&@Tm.t oM, b 1¢hd o GoN] é‘ﬂa‘gﬁéiw of

di ene- based pol yner of the present invention i

prefwrirabley et dahfindian,8 thadSat iy o preferabbiatic
not higher than 7 0 nol % based on the total content of

t Re rganjuigat eids dpeacevabl g $09Myheestandpai nesef (the
| onering fuel consunption. Moreover, fromthe point of
Vicen teh te fandiengedn Jwed st egt | i ey fomitante, 50% bysweight
preferably 10 nol % or higher, nore preferably 15 nol %
ororhimgirer)., Trrearmuafengfblihed 3% Ny wohdkt can bess (the
obt ai ned from an absorbance at the absorption peak ofa
viaepitegito pf dthearemh e d ieng e nySt 8°F ngi{a}"%ght
Absor ption Spectrophtonetry . [0025] Ml ecul ar wei ght
di%kt MFR)i-on of the conjugated di ene-based pol yner of
trﬁ}(gﬁsent invention is preferably from1l to 5, nore
pr bly from1l to 2 fromthe standpoint of |owering

]; g? lai (r:] g 3 S g;&‘%gg?ﬁﬂl\ﬁllg%%%lda 9 ivg%ieg-%ta s%idS tﬁ’ol 1%4 2% f %he
present invention has a Mooney viscosity (ML.,) of
preferably not less than 10, more preferably not less
than 20 from the standpoint of increasing strength.
Moreover, from the point of view of enhancing
proéessability, it is preferably 200 or less, more
preferably 150 or less. The Mooney viscosity (MLi..) is
measured at 100°C according to JIS K6300 (1994).

[0024]

The amount of vinyl bonds in the conjugated
diene-based polymer of the present invention is
preferably not higher than 80 mol%, more preferably
not higher than 70 mol% based on the total content of
the conjugated diene units from the standpoint of
lowering fuel consumption.' Moreover, from the point of
view of enhancing tire's grip performahce, it is
preferably 10 mol% 6r higher, more preferably 15 mol$%

or higher. The amount of the vinyl bonds can be

obtained from an absorbance at the absorption peak of



nunber - aver age nol ecul ar wei ght (M) and
wei ght - aver age nol ecul ar wei ght (Mv) by gel perneation

W@ boosrei3oyr aphy (GPC) net hod and by di vi ng Mv BGT/NIFR008/053886
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[0026] A process for producing a conjugated di enebased
pol ynmer according to the pﬁasent I nvention conprises
the following steps (A , (B) and (O : step (A

pal [ ZI n i ni ' t i
PRIV ERNATLROTE A (Lo BpLopuLag €0 Sherered

t apRLAVdena spRB Hephedmdiepe- based pol yner having an
al kali "netal derived fromsaid catalyst at the end of

a [pokyner chain; step (B) : adding a silicon conpound
expressed by the following forrmula (I11) to a solution
of said conMugatedadi eatghaseadspoiyueiohavf nghan

al kali netal derived fromsaid catalyst at the end of

t kengakypted dheha-basadhpdignarbofi sbevenesesop brvemtion
react said silicon conpound at the end of the polyner
chia predeprbducéramcdnfagat edodeentebasadl pof yorrl to 2
having a structure, in which the al kali metal derived

f feems&he stRBAPOHBEaPLCcAPHRYERILERGS EongumpPLion.
constitutional unit based on the silicon

e%ﬁ#@§§éérbveﬂﬁatfGFﬁEFébFFFPT,lﬁto?F%l%%§O%$o¥%gsuri“g
p%h%g%&—%ggggéecﬁghgéufgy Le%éﬁ?i?ﬁ%):gﬁé %eight—average
molecular weight (Mw) by gel permeation chromatography
(GPC) method and by diving Mw by Mn.
[0026]

A process for producing a conjugated diene-
based polymer according to the present invention
comprises the following steps (A),V(B) and (C):

step (A): polymerizing a monomer containing
a conjugated diene with an alkali metal éatalyst in a
hydrocarbon solvent to provide a conjugated diene-based
polymer having an alkali metal derived from said
catalyst at the end of a polymer chain;

step (B): adding a silicon compound
expressed by the following formula (III) to a
solution of said conjugated diene-based polymer having
an alkali metal derived from said catalyst at the end
of the polymer chain in a hydrocarbon solvent, so as
to react said silicon compound at the end of the
polymer chain to produce a conjugated diene-based

polymer having a structure, in which.the alkali metal



X s (wherein X4, X5 and X6 represent independently a
group expressed by the following formula (11) or a

whwsoesirbon group, and at | east one of X4, XS5PGENIHP2BEB/053886

10

15

20

25

is the group expressed by the fornula (I1) or a
hydroxi de group: R' - N (LI) R 2 wherein Rl and R2
represent independently a drocarbon group having 1

98 AP G UIE M fﬁ‘?ﬁ” ANt @i eaﬁgﬁk%Egggﬂ%gt W 4

an oxygen atom or a silicon atom an can b

: g&%@%&'&%‘%i&aﬁ%@ﬁ T SIIHCEHE €31 11 S8 Pedipotnd

i ng a nononer containing a conjugated diene to a

S QluitrieR «0f pSAItth oY mgalLd( di Bne-paserle pehyNBE Bawi ng
a structure, in which the alkali netal derived from

s yalekaldhaiet;al catal yst bonds to said

constitutional unit based on the above fornmula (1), at
the end of the poléner chain in a hydrocarbon sol vent,
so as to poﬂ%ﬁefi said nononmer at the end of said

pol ymer chai ny«[0927}khe al kal i netal(I&&ial yst used in
step (A can include alkali netal, organic alkal

net al cgnpound, Xtonpl ex of alkali nmetal and pol ar
conpound, oligomer containing alkali netal, and the

I RBETP® &' kak| b ot HFRSS Bk AASPEIARNCIY] G TOuP

0, P PP 8T LT g UPOARYTL 70f) cg8Tym The
hydrocarbon group, and at least one of X', X* and X*® is
the group expressed by the formula (II) or a hydroxide
group:

R!
-aN// | (IT)
‘\.Rz
wherein R' and R’ represent independently a hydrocarbon
group having 1 to 6 carbon atoms which can contain a
nitrogen atom, an oxygen atom, or a silicon atom, and
R' and R*® can be combined to form a ring structure);
step (C): adding a monomer containing a
conjugated diene to a solution of said conjugated
diene-based polymer having a structure, in whicﬁ the
alkali metal derived from said alkali metal catalyst
bonds to said constitutional unit based on the above
formula (I), at the end of the polymer chain in a
hydrocarbon solvent, sé as to polymerize said monomer

at the end of said polymer chain.

[0027]



organi c al kali metal conpound can include ethyl
[ithium n-propyl lithium iso-propyl lithium n-butyl

WO 2GoBi108377 sec- butyl lithium t-octyl |ithium PeOa2008/053886
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l'ithium phenyl lithium 2-naphthyl lithium
2- butyl phenyl lithium 4-phenyl-butyl l|ithium
cycl ohexyl lithium 4-cyclopentyl |ithium

di met hyl am r i thi i.et-hyl.am [
i thium tb33§| gﬁ%ﬁﬁyf’%ﬁ%ﬁ 5%?%}1 S B ilgﬁ]yétep (A)

N PHOL{ePr oPYh1 ]l i hBENT bEEBAYA alkali metal

hexanet hyl enei mde, lithium pyrrolidide, lithium

PiRgipodinde, al iddngiashept agetdyd enet4i dend! pbhaym
dodecanet hyl enei mi de, 1,4- dilithio-butene-2, sodium

naphidhanene o15edmen kigherniyingpatlassiiumetadht heddenehe
and the like. The conplex of alkali netal and polar
cdrpreund Then ailkallidengietlasisi urttetcatyldrsf wan dowgpgldg,
pot assi um di et hoxyet hane conpl ex, and the |ike. The
olliigrdwimm, c sodaium, n g cdlakeed iumre tralb ickimm, n@Angl ecsoidiym The
salt of a-nethylstyrene tetraner. Anpng_ them or%ani c

| iomigiagwhce GrFedrid mert adr RATIROWSH| G cHRPSUAE &FEY

preferred, nore preferably those having 2 to 20 carbon

atloidi idfe ds@ OPYI0 STt PRREN hy O EHBEI sol Vet usedP !

oL RSSO 0L PGl AP

R T e UG TS

ARG, MM PRI SRRl

t NaRg AR UtBREc 10perdyAUtI8NS i ubr, dimethylaminopropyl
lithium, diethylaminopropyl lithium, t-
butyldimethylsilyloxypropyl lithium, N-morphorinopropyl
lithium, lithium hexamethyleneimide, lithium
pyrrolidide, lithium piperidide, lithium
heptamethyleneimide, lithium dodecamethyleneimide? 1,4-
dilithio-butene-2, sodium naphthalene, sodium biphenyl,
potassium naphthalene, and the like. The complex of
alkali metal and polar compound can include potassium-
tetrahydrofuran complex, potassium-diethoxyethane
complex, and the like. The oligomer containing alkali
metal can include sodium salt of a-methylstyrene
tetramer. Among them, organic lithium compound or
orgénic sodium compound are preferred, more preferably
those having 2 to 20 carbon atoms are used.
[0028]

The hydrocarbon solvent used in step (A) 1is



pent ene, 2-pentene, 1-hexene, 2-hexene, and the I|ike.
The aromati ¢ hydrocarbon can include benzene, toluene,

wogioenes37and et hyl benzene. The alicyclic hydrPCEHIIROB/053886
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can include cyclopentane, cyclohexane, and the Iike.
These can be used al one or in a conbi nation of two or
nore. Anong them hydrocarﬂon having 2 to 12 carbon

aton§oi§ %Teﬁfﬁléﬂ pr 9%0%”d§5891§§%e'thgeaﬂﬁgggeﬁetal

cSnt &| nlng a conj ugate diene 1's polynerized t

P ré%l\{:' 146 <&, CQRjqu g:ghe dneh ene- Q@Si%‘ljl a@Qlcy Uil r%\é'rﬁg: nan

al kal i “met’al derived fromthe alkali netal catalyst at

t ha g i0f HE RAINWERY GRAIL i RS GO pded-whreneThe

may i nclude 1 , 3-butadi ene, isoprene, 1 ,3-pentadiene,

2 al&-;ﬂiarf&t&lyiydrbc,a%ﬂdmt ari reneéncande 1pr8pl§lﬁ§adnehetane,
These may be used al one or in conbination of two or
norss -afu tiamen  nAmeing anlee mi sb-pernsnadi endiexache, s gurapene,
are preferred fromthe point of view of easy
avlaidugtsine, t yi.sqd-G036nel, n tstegys (AP Ut epd y S —Zativdeneay 1-
be perfornmed with a conjugated diene alone or with a
cmtrm,o#merae@@m dgdree@® sl e rfe RATE TS hearnchdime%lke
The ot her nononer include aronatic vin

Tr'i'sﬂ AR s W%%Oéh AR boRGIEtE 8§ é?&e'aﬁé?lflﬁ@e'

| k | et

dj lbe%”ﬁe%@a OB St 00 LAPLIe S S08ron
Lvin nz

o S RETRRASpub M RYARETP 08, R, on e dike

reover, - éxenplary’ vinylnitr
These can be used alone or in a combination of two or

more. Among them, hydrocarbon having 2 to 12 carbon
atoms is preferred.
[0029]

In step (A), the monomer containing a
conjugated diene is polymerized to provide a
conjugated diene-based polymer having an alkali metal
derived from the alkali metal catalyst at the end of
the polymer chain. The conjugated dienes may include
1,3-butadiene, isoprene, 1,3-pentadiene, 2,3-dimethyl-
1,3-butadiene, and 1,3-hexadiene. These may be used
alone or in combination of two or more of them. Among
them, 1,3-butadiene and isoprene are preferred from
the point of view of easy availability.

[0030]

In step (A), polymerization may be performed

with a conjugated diene alone or with a combination of

"a conjugated diene and other monomer. The other



may include acrylonitrile and the like. Exenplary

unsat urated carboxyl ate esters may incl ude nethyl
wa@eoogiiese7 et hyl acrylate, nethyl methacryl at ePCEIFRPI8/053886

nmet hacryl ate, and the |ike. Anong them styrene is

preferred in view of easy availability. [0031] The

pol yneri zation in step (A)]; may be perforned in the

presence of an agent co 1jng t anm, f Vil
bgmnomer mﬁﬁ in %ﬁﬁjafgdéyld'Ulgigﬁ%JG%ﬁylﬁﬁtfﬁfgg,

nds of conj ugat'e iene units, agent of

C %tsracyulrng% 4 & r‘yosxtflia@ét ie%{tl_ 9fs, the Ladapted. di ene

units and the constitutional units based on nononers

otehieniRay thennigatsd sdirtResiididde soptdgat ad-

di ene-baséd pol yner chain (these agents are

Cldtesilisegintniegf arimgd thod uase, a vl halphithg 1agent "
hereafter) . The controlling agent may i ncl ude ether

5 capadwyddentzents, ary iartinydbenpkasphianel conpounds, and
the like. The ether conpounds may include cyclic
etdisrisiydnelphahatleneahy ootaven, esemphpdyopyraAnitrales
di oxane and the |ike; aliphatic nonoethers such as
dimetyhyiretlvele  atitioniditide andl the | 1 des - al Bpmiary
di et hers such as ethyl ene glycol dinethylether,

e RGNS afiefc s1a AHATET IREte Tt MAYendiClude methyl
gl ycol di butyl et her, diethyl ene glycol .diethylether
difsrRdfe QRO 3RBURN%t MG Jthac BHifh Y stdh?!
aseﬁi henyl et her, I.sole,, and_the like Th h§ '
10 JReteE S atsel sl (e i r%\é‘}O%%itE}edndy|§t fahe Aty
tri gyl ang g, NaNofNea ilabili
B et _rar]r:eﬁyr/% et y‘? enedi an e?v?\tjf\fdjfe%%{/l ani | i ne,
pwmdgfya qui noline, and the |ike
The polymerization in step (A), may be
performed in the presence of an agent controlling the
15 amount of vinyl bonds of conjugated diene units,
and/or an agent of controlling the distribution of the
conjugated diene units and the constitutional units
based on monomers other than the conjugated dienes in
the conjugated diene-based polymer chain (these agents
20 are collectively referred to as "a controlling agent"
hereafter). The controlling agent may include ether
compounds, tertiary amines, phosphine compounds, and
the like. The ether compounds may include cyclic
ethers such as tetrahydrofuran, tetrahydropyran, 1,4-
25 dioxane and the like; aliphatic monoethers such as
diethylether, dibutylether and the like; aliphatic
diethers such as ethylene glycol dimethylether,

ethylene glycol diethylether, ethylene glycol



Mor eover, the phosphi ne conpounds may i ncl ude
tri met hyl phosphi ne, triethyl phosphi ne,

wao eoophessy! phosphi ne, and the |ike. These may bRCT/R208/053886
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al one or in conbination of two or nore. [0032] In step
(A) , the polynerization tgﬁperature is ordinarily 30
to 1000C , preferably 35 to 65C. The pol yneri zation

ng&i?%]@y%tt#eqe idae%gﬂl%rei If yEQ 1M A es, 1@ 2 hour s.

réspect to the “si'licon conpound expressed

by itehe yienhaula ol Ja it tha 43R4 ;i 1R i(BletWéts Xuch as
and X6 represent independently a group expressed by

t ke phenfaleanelrl,) a@r sa1kydreearden grieup, Trd taird east
one of X4, X5 and X6 is a group expressed by the

f eniwea (daly) ind10RR4]t dire ttthel ssdildegort wigme@ydcmine,
expressed by the formula (I11) , exenplary RL and R2
ard iprefydamgdegr oupls Ndf, Nt' ¢ eftormethylEEhy lereappaipe,
groups and preferred groups of the fornula (11) are

t e Nsarhetay lenddénel | pyrigddag  alnaoking r 8gsr Fheo Like.
exenplary R1L and R2and preferred Eroups of the fornul a

]S |Mqr,e|0éf>@élnr|tm Iﬁﬁﬁﬁk?l%&%ff% dregt okl ¥ste t he
ormul a in the afor, [ d f I ). [0035
T R Y LR Rl Bear B0 ST SURECOPIERE T or il & (111}

n%iiprﬂl%lnlfiq%hg%tpm{lnegr %lfll%' t%tehyllik%r.ouq'hese may be used
alone or in combination of two or more.
[0032]

In step (A), the polymerization temperature
is ordinarily 30 to 100°C, preferably 35 to 65°C. The
polymerization period of time is ordinarily 10 minutes
to 5 hours.

[0033]

With respect to the silicon compound
expressed by the formula (III) to be used in step (B),
X', X* and X°® represent independently a group expressed
by the formula (II) or a hydrocarbon group, and at
least one of X', X® and X’ is a group expressed by the
formula (II). |
[0034]

In the silicon compound expressed by the
formula (III), exemplary R' and R’ and preferred groups
of the formula (II), exemplary groups and preferred
groups of the formula (II) are the same as those

" illustrated above with regard to exemplary R' and R’
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di‘met yIV|nyIS|
di Rl hlotitn¥nsid argmuiet hyt)i.sopr opyl ani no
) di met hyl vi nyl silane , (di-npropyl am no)
dineg3w) vi nyl sil ane, (diisopropylam no

) di et hyl vi nyl si | ane, (n-butyl -npropyl am no)

di met hyl vi nyhsi [XAneo KHihydmdgddmemojroups of the

di met hyl vi nyl si | ane, (di met hyl am no)

difetrmp e Nyl IS aresy, (et hydemaediith alni grogup, ethyl group,
di et hyl vi nyl si I ane, (diethylam no) diethylvinylsilane,
( etiRHomyBr ARAvRT w@onﬁwiquwrs.wmétxletmum sec-

sopropylan1no )di ethylvinyl s

n- propyl group, isopropyl group, n-butyl group
secbutyl group, tert-butyl group, and the like.
wPe@Baos3nT y,
and et hyl group. [0036] The silicon compounds
expressed by the fornmula (I
|s a non-cyclic am no grouﬁ expressed by the fornul a

t he hydrocarbon groups are nethyl PQr/arpe08/053886
I) where one of X4 to Xb

"n?d a% QLher R ngafshqugl 902 <§’ 1 84 OFPE) may, i nci yde:

am no
t
F{E@n ﬁﬂ%ﬁ@ng%;tillfén?%gg@l@ hYt ﬁnlﬂolhe

ﬁcﬁrtd‘té’(tﬁ&ﬂi AT RHE Iaarif?e tl&%ll fike.

sSQpro | | |
%ﬁ:;y ﬁ}%ﬂ\;r)w oo :q,ﬁ%ﬁ%%lq%%emethyl group

(d| l.anm no dlethyIV|nyIS|Iane (di met hyl am no)
10 p{,’q{y 1]2

a’ne,
[0036]

The silicon compounds expressed by the
formula (III) where one of X' to X°* is a non-cyclic
amino group expressed by the formula (II) and other
two are hydrocarbon groups may include:

(dimethylamino)dimethylvinylsilane,
(ethylmethylamino) dimethylvinylsilane,
(diethylamino)dimethylvinylsilane, (ethyl-n-
propylamino)dimethylvinylsilane,
(ethylisopropylamino)dimethylvinylsilane, (di-n-
propylémino) dimethylvinylsilane,
(diisopropylamino)dimethylvinylsilane, (n-butyl-n-
propylamino)dimethylvinylsilane, (di-n-
butylamino)dimethylvinylsilane,

(dimethylamino)diethylvinylsilane,
(ethylmethylamino) diethylvinylsilane,
(diethylamino)diethylvinylsilane, (ethyl-n-

propylamino)diethylvinylsilane,



(et hyl met hyl am no) di propyl vinyl sil ane, (diethylam no)
di propyl vi nyl sil ane, (ethyl-npropyl am no)
wale@somsrvi nyl sil ane, (ethyl i sopropyl am no PCT/JP2008/053886
)di propylvinyl s i lane , (di-npropylan no)
di propyl vi nyl sil ane, (di i igpropylanino )
(1F-

g!propylvinyl s i lane |, ut yl - npropyl am no)
: , . d | B ' v L
o AR R SR 1 s 1 ame, 0imn

iy Wiavbs! kaenydethyhastbykanino)
di butylvi nyl'si l'ane, “(di ef hyl am no) di butyl vinyl sil ane,

(etdwi s 5prepy) Batna)b )& bart M Tiviyd wi s anen d et hytbutyl-n-

sopropyl am no )dibutylvinyl s i | ane,
( diropyriaphanidierhgilbtihyl gi byhej | ddé-ncdi |
sopropylam no )di butylvinyls i | ane ,

5 (mumwﬂ¢Minpndﬂythyﬂnéhydbbmaybvinylsilahe,
(di - nbutyl am no) di butylvinylsilane, [d
(trinEthyISﬂﬁimﬁtQWﬂﬁmﬁnQDﬁéPh?pYﬂﬁyngiFéhé?edi [
(t-butyldinmethylsilyl) am no] dinethylvinylsilane, [di
( theithetlmptsylgmingn AePrapetRyrVia}iarfane, di |
{ et i po 1 ok k2R Ian EbfpolRUSRB e o of
F BRVA ST BB ARV P TSR0 P88 hydr obar bon aroup

10 "B 4 1GH Y48 P 5y A GHTBE YL 2By IR Y fYh Ak, A& -n-
propylamino) dipropylvinylsilane,
(diisopropylamino)dipropylvinylsilane, (n-butyl-n-
propylamino)dipropylvinylsilane, (di-n-
butylamino)dipropylvinylsilane,

15 (dimethylamino)dibutylvinylsilane,
(ethylmethylamino) dibutylvinylsilane,
(diethylamino)dibutylvinylsilane, (ethyl-n-
propylamino)dibutylvinylsilane,
(ethylisopropylamino)dibutylvinylsilane, (di-n-

20 propylamino) dibutylvinylsilane,
(diisopropylamino)dibutylvinylsilane, (h—butyl—n-
propylamino)dibutylvinylsilane, (di—n—
butylamino)dibutylvinylsilane,

[di (trimethylsilyl)amino]dimethylvinylsilane,

25 di[(t-butyldimethylsilyl)amino]dimethylvinylsilane,
[di(trimethylsilyl)amino]diethylvinylsilane, dil[(t-
butyl—dimethylsilyl)amino]diethylvinylsilane, and the

like.



bi s (ethyl met hyl -am no) nethylvinylsilane, bis
(di et hyl am no) nethylvinylsilane, bis
W@ 2G0BAt083Mpr opyl am no) et hyl vi nyl sil ane, bis PCT/JP2008/053886
(et hyl i sopropyl am no ) net hyl vinyl silane , bis(din-
propyl am no) nethyIV|nyIS|Iéz] bi s(di i sopropyl am no)
met hyl vinyl silane , bis (n tyl - npropyl am no)

ne i nyl silane, bis (di-nbutyl an no)
ﬁ@p%z%nylsilane bi s (di net hyl am no)

et hyl vi nyl sifianes; 10 S &M IBIdY lwiBdBwo of X to X°

et hyl vi nyl sil ane, bis (diethylam no) ethylvinylsilane,

bisre & YbnrepEoRY| a1 A®) g ebly | ¥kpyésséansy bhé formula
(et hyl i sopropyl am no) ethyl vinylsilane, bis (din-

pr opy) aAddnetiyt vy | 56| aneydbbsatdbhsgpoapymagi no)
et hyl vinyl silane, bis (nbutyl- n-propyl am no)

5 etimgdideyl sil ane, bis (di-nbutyl am no)
et hyl vi nyl si |l ane, bis (di nethyl am no)
propyl vi nyl $iilsaiee meffihy Laatimgl) methyllvanyas) lane,
propyl vinyl sil ane, bis (diethyl am no)
privisy/l atihyiims thae amding ) mtwlmawéﬁwlamemo)
propyl vinyl sil ane, bis (ethylisopropylamn %
pﬂbﬁ?ﬂqAQBHX%QW%HQ N5t YIiiRYgsdgireanitts) ethyl-n-

:g%ﬁxlqﬁﬁflla ]Pugﬁgqlh%%%;FPyLéglggylanino)
oBigB 21 B0Eor) o ST s same. izt
bﬁ?ﬁ g azrlh]rgﬁgzméodlﬁzﬁﬁr{wﬂtalﬁéf HH é”@ii—
isopropylamino)methylvinylsilane, bis(n-butyl-n-
propylamino)methylvinylsilane, bis(di-n-
butylamino)methylvinylsilane,
15 bis (dimethylamino)ethylvinylsilane,
bis (ethylmethyl-amino)ethylvinylsilane,
bis(diethylamino)ethylvinyisilane,
bis (ethyl-n-propylamino)ethylvinylsilane,
bis (ethylisopropylamino)ethylvinylsilane, bis(di-
20 n-propylamino) ethylvinylsiiane,
bis(diisopropylamino)ethylvinylsilane, bis(n-
butyl-n-propylamino)ethylvinylsilane, bis(di-n-
butylamino)ethylvinylsilane,
bis (dimethylamino)propylvinylsilane,
25 bis(ethylmethyl-amino)propylvinylsilane,
bis (diethylamino)propylvinylsilane, bis(ethyl-n-
propylamino)propylvinylsilane,

bis(ethylisopropylamino)propylvinylsilane, bis(di-~



bis (diethylam no) butylvinylsilane, bis
(et hyl - n- propyl am no) butylvinylsilane, bis

W@ 24084108330 pr opyl am no) butyl vi nyl sil ane, bis (BGCTIP2008/053886
propyl arai no) butyl vinylsilane, bis (diisopropylan no)
butyl vi nyl sil ane, bis (nbuty|- n-propyl am no)
but yl vi nyl si | ane, bis (di-ri-butylam no)
but vI vi nylsi. e [ [ - i hyl silyl) am no
ng’t‘ﬁ)ﬁé?%? %!nﬁanr?b%il&ql["E’t(ﬂ-sggtgglgdi met h§| li lyl) !
amj. Pa\VARVA i LS phAdiv heethydsi | yhi)k (n-
aﬁ% 5'2%%&%%#2?!‘“3@)%%"[‘% bﬁ%glu-quir%/rﬂet hy?ési)sl(w )
a!mu_%gz]l—%Lﬁybwmm&hbap@opgmdihpeSMgﬁe, [ B0384iTFhe
silicon conpounds where three of X4 to X6 are a
Nty ehitoapropydkonplexparssed by the formula (11)
may include tri (dinmethylam no) vinylsilane, tri

5 (et hyl met hybasi(dapethygybsihahbutytivigdl et hgham no)
vinyl silane, tri (ethyl propylam no) vinylsilane, tri
( diipr(epylyametdy lviamyhe) bahglvinyleblepepr opyl anmi no)
vinylsilane, and the |ike. [0039] The silicon
cémd;qin@@hykgmé@@éau@yltfhév EAURBS(111) where at | east
one of X1 to X3 are a.cyclic am no_group expressed b
t e SHGtRYILE N PEPPY&FTREY Baéymnyﬁgﬁgﬂg?r ng) d

-SSP aRPEPPIRgT L) GHEVESTYRGE pROPInO)
T b SRS EPRAGEZbL OB PHChy YO giect | Ak i (i
10 (NEXRTR YRS M) RN YL | ane. and the Iike.

bis (diisopropylamino)butylvinylsilane, bis(n-

butyl-n-propylamino)butylvinylsilane,
bis(di-n-butylamino)butylvinylsilane,
. bis[di(trimethylsilyl)amino]lmethylvinylsilane

15 , bis[(t-butyldimethylsilyl)aminolmethylvinylsilane,
bis[di(trimethylsilyl)amino]ethylvinylsilane, bis[(t-
butyl-dimethylsilyl)amino]ethylvinylsilane, and the
like.

[0038]

20 The silicon compounds where three of X' to X°
are a non-cyclic amino group expressed by the formula
(II) may include tri(dimethylamino)vinylsilane,
tri(ethylmethylamino) vinylsilane,
tri(diethylamino)vinylsilane, tri(ethylpropyl-

25 amino)vinylsilane, tri(dipropylamino)vinylsilane,
tri (butylpropylamino)vinylsilane, and the like.

[0039]

The silicon compounds expressed by the



[0040] At |l east one of X4, X5 and X6 of the fornula
(I'11) is a group expressed by the formula (I1).

woe@Baossbt y, two o r nore of X4, X5 and X6 ar ePEI/gir2008053886
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expressed by the formula (11) and nore preferably, two
of X4, X5 and X6 are a group expressed by the fornula
(1D [0041] In the silicon c‘&rpounds expressed by the

f I 3

LS G oS TSSO,
an

pr Cfer: a(\:bl‘—"ma}Lr % ?%gjbng%%% am no%‘ﬁy%? ny SI I ane g

(q.n'?cI r@de J[;?zths WY i draN&i rid @ ihiasledi (npr opyl )

am no i lane from'the Standpoint of

(hﬁl%efﬂi%i'm%%m%%ﬂ?tlw& 1A08gept Besg 4, Bi-s
(d| et hyl'am no) net hyl vi nyfy5| | ane is preferred fromthe

PQ ity d¥o iviie zefl yaomeahiyiviink Y soflagepd grip properties
and fyurther avai lability and long term storage -

stiahki (Haexameft iylenedmaondetaylwehlylas lboeer ahdelthe like.
consunption. [0042]In the step (B) , addition of the
sil0@4H conpound expressed by the formula (I 1) is

usual Iy conducted rapidly with stirring in

hydr ocar bon AdolLgt@sén. o0 03] X' Th&’ aapdnk’ d?ft‘h*ée sfPrmpha

coqpound expr essed
is a group expressed by the formula (II).

Preferably, two or more of X', X° and X’ are a group
expressed by the formula (II) and more preferably, two
of X', X* and X* are a group expressed by the formula
(I1).

[0041]

In the silicon compounds expressed by the
formula (III) where two of X', X’ and X’ are a group
expressed by the formula (II), preferably, two of X4,
X* and X* are a non-cyclic amino group,bmore
preferably, bis(dimethylamino) methylvinylsilane,
bis(diethylamino)methylvinylsilane, and bis[di{n-
propyl)amino]lmethylvinylsilane from the standpoint
of lowering fuel consumption. Among others,
bis (diethylamino)methylvinylsilane is preferred from
the point of view of compatibility of good grip
properties and further availability and long term
storage stability of the compounds as well as lower
fuel consumption.

[0042]



by the formula (I1l) to be added is preferably not

| ess than 0.5 nol based on one nol of alkali netal
walesosiess7f rom t he al kali netal catal yst, nore PCT/JP2008/053886

preferably not less than 0.7 nol fromthe point of

view of lowering fuel consunption. Mreover, fromthe

st andpoi nt of enhanci ng economi cs in production, it is

f bl .5 | | , o} 1 n
Peos based o olE sier (& RIBSRE e cgf fBn "
CQEH&%%%dE&B%ﬁ%%%%db%) J‘%d?ﬂ&iéléiflﬁa¥sb@s@§ﬁfﬁ

to asolutio hydrocarbon 1n the rormof a sol ution
W SR e £ PRAWGS WAlte USSR i & B ¥eEd rivdi ch
does not deactivate the alkali metal catalysts such as
t efgiavidnaf uran, hexane and the Iike. [0045] The:
concentration of the conjugated di enebased polyner in
5 a [flpodrcar bon sol ution before the silicon conmpound
expressed by the formula (I111) is added is preferably
not hi gher Than a30UNty ofeitgiw s inbreopredrepebly expressed
hi gher than 20% by wei ght fromthe point of view of
pracdddi ipprmapiall (I¥he tedeti addefit hehersfprabhy not
conpound. Moreover, formthe standpoi nt of greater
priegsctinAn 0 - 1 mqls RAsgbrabl 9SolbY REi ghkadr RFGRér,

preferably 10%hy wei ght” or hi . [0046] Th
ST aHtE Y G LA, ROt bE o o Gof U TeReof  he

10 Si[)'rie%%l}a%q %%ntd leex sr etsﬁc’aend 6))/7 tnboel from the point of
view of lowering fuel consumption. Moreover, from the
standpoint of enhancing economics in production, it is
preferably 1.5 mol or less, more preferably 1.2 mol or
less based on one step (B).

15 [0044]

The silicon compound expressed by the formula

(III) may be added to a solution of hydrocarbon in the

form of a solution where the compounds are dissolved

in a solvent which does not deactivate the alkali

20 metal catalysts such as tetrahydrofuran, hexane and

the like.

[0045]

The concentration of the conjugated diene-
based polymer in a hydrocarbon solution before the

25 siliéon compound expressed by the formula (III) is

added is preferably not higher than 30% by weight,

more preferably not higher than 20% by weight from the

point of view of proceeding rapidly the reaction with



formula (111) to be added is preferably not |ess than
30 rpm nore preferably not |ess than 50 rpm still

woreoos/1ge3ef er ably not | ess than 70 rpm from t heP@DIRZ08§53886
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vi ew of |owering fuel consunption and proceedi ng

rapidly the reaction with t2lrﬁﬁe silicon conpound.

Mor eover, formthe standpoi of enhanci ng econom cs,
it_.is preferabl ig t 4 -
ordiee S e R PR st S o2 T 1 psiep et of
pr ls r, th ) r a ht or
e s i on ormound | & eal Ty dea o o

t ePRAA U1 Rt 96 183047 Migit tde Bigheon
conpound expressed by the formila (IT1) is added, the
hydy @@y bon sol ution thereof should preferably be |eft
to stand with stirring. The stirring velocity is

usual | y 100 Themsari rmirey, tdiedisnyperfatibre hysduscmtbgn

35C or higher, and the period of time is usually one
sexdnd itom 3CE rilreut £51 i ¢@048Impounthecxpepsie) byt bhehe
hydr ocar bon sol uti on of the conjugated di ene-based
pdigmmrlapr dduided 4 rPe heddep {B)Papderakingngt less than
structure, in which the alkali_netal deriyved fromtﬂ

al 3 mPmemare R fataondt ol ettt P ufPBnafty ?t

based on the farmui ,_at _the end of the polyner
CHEH RRSHOTRAS et tud) 447 oA Tight ofPhi EHEE APe Haugh of

;gqj%s%troofc %c%v%e@%efggi dchQSHE{f’or?t artlcg' epSBQeé’éiﬁEe

rapidly the reaction with the silicon compound.

Moreover, form the étandpoint of enhancing economics,
it is preferably not higher than 400 rpm, more
preferably not higher than 200 rpm, and still more
preferably not higher than 200 rpm. The hydrocarbon
solution of the silicon compound is usually added at a
temperature of 35 to 65°C.

[0047]

After the silicon compound expressed by the
formula (III) is added, the hydrocarbon solution
thereof should preferably be left to stand with
stirring. The stirring velocity is usually 100 rpm or
more, the temperature is usually 35°C or higher, and
the period of time is usually one second to 30
minutes.

[0048]
In the step (C), to the hydrocarbon solution

of the conjugated diene-based polymer produced in the



conj ugated di ene may include 1 ,3-butadi ene, isoprene,

1 ,3-pentadiene, 2 ,3-dinethyl-1, 3-butadiene, and
wa®s1bs3xadi ene. These may be used al one or i nP@I/JP2008/053886
conbi nation of two or nore. Anong them 1 , 3-butadiene

and i soprene are preferred ,p vi ew of easy
availability [0049] In t hé step (C) , the conjugated

nest@y £e, nol vy 1{%@%@@& Or {7 gneoRbLAat! thoRals

nononers. nmohoner s may I nclu

n%tl' Q1S £ PR HY ta{lila?lsi SRt Ukt £0yst bonds to

xyl ate esters, and the |ike. Exenplary aromatic

Vigpd Scd%tﬂtniﬁll%%lstuyﬁ%%as%dmirhyﬂséyf@ﬂﬁula (I), at
vi nyl t ol uene, vinyl napht hal ene, di vi nyl benzene,

t rdhd mHdeszenes wodyk i dyd haphihbabeses Meeodeng
Exenplary vinylnitriles may include acrylonitrile and
5 t herjikeat cbx elpinasy anes atddeat exb cas boxybal gmest ze ssang

i nclude nmethyl acrylate, ethyl acrylate, nethyl
metdmeoreyisatad, t@tehydndreehachyl pobymandchagnt i kéhe Among
them styrene is preferred in VIeM/Of easy

avainjatgatiedy difepes@ay ninstlasiq @ 3 kﬂif@cbcﬁ%eriiszoﬁli%}?
tenperatureis ordinarily 30 to 1000C preferably 3%

t & 65@e ”F@@lﬁ@ﬁyn@wizgﬂﬂ@ﬁhﬁério& -bRtedienes Gnd 13-
ordinarily 10 mnutes to 5 hou (E£0051] In_the

p HQﬂ? -of TPRESC HﬁﬁUS’ e S pblyfer, there

10 nacyom%enprtcivolndedf ac oI uorralnllglye .Of Among them, 1,3-butadiene
and isoprene are preferred in view of easy
availability.

[0049]
In the step (C), the conjugated dienes may

15 be polymerized alone or in a combination with other
monomers. The other monomers may include aromatic
vinyls, vinylnitriles, unsaturated carboxylate esters,
and the like. Exemplary aromatic vinyls may include
styrene, a-methylstyrene, vinyltoluene,

20 vinylnaphthalene, divinylbenzene, trivinylbenzene, and
divinylnaphthalene. Moreover, Exemplary vinylnitriles
may include acrylonitrile and the like. Exemplary
unsaturated carboxylate esters may include methyl
acrylate, ethyl acrylate, methyl methacrylate, ethyl

25 methacrylate, and the like. Among them, styrene is
preferred in view of easy availability.

[0050]

In step (C), the polymerization temperature



steps (B) or steps (C) . [0052] In the course fromthe
begi nning of the polynerization to the term nation

w0 b@saas371 n t he process for production accor di PGI/IRR004153886
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present invention, to the solution of the conjugated
di enebased pol ymer in a hydrocarbon solvent, may be
added a coupling agent expressed by the foll ow ng

f Olrsmgr%.il I371:i I\§‘430El tg Vfod*’ﬁer ?ﬁ@%eﬁggggs%%t %:oald@éb. . The

group, al kenyl® group, cycl6a enyl group, or aronatic
g@%%@ﬂ%t%%ueyeﬂwdew%%é S 1 CPMAL oY D6 hifutes

L represents halide atom and "a" represents an

I teoemafrd. to 2 . [0053] The coupling agent
expressed by the formula (1V) may include silicon

t etg@en] ori de, nmethyltrichlorosilane,

di nmet hyl di chl orosil ane, trinethylchlorosilane, tin
tetrachl ori de, tthen pretdudttirdnc ifortilde, cenijugated diene-
di met hyl dichloride, tin trinmethylchloride, and the

| idesseld @ddSAndr, THeheareouwity dfe tieociodgrd | agphgeat sty oobe
added is preferably not less than 0.03 nol, nore
predfe@sablB) ot $%ee@s t ah- 0. 05 nol based on one nol of
the alkali nmetal derived fromthe alkali neta

catX3&k fromthe point of view of an increase in

processabi | iItny ttp/e kcnoeuardsiengfgoqne tCr?enj kg'lggalt.r?rglr% egg- nged
polymerization to the termination thereof in the
process for production according to the present
invention, to the solution of the conjugated diene-
based polymer in a hydrocarbon solvent, may be added a

coupling agent expressed by the‘following formula:
R7aML4-a ( IV)

where R’ represents alkyl group, alkenyl group,
cycloalkenyl group, or aromatic hydrocarbon group, M
represents silicon atom, or tin atom, L represents
halide atom, and "a" represents an integer of 0 to 2.
[0053]

The coupling agent expressed by the formula
(IV) may include silicon tetrachloride,
methyltrichlorosilane, dimethyldichlorosilane,
trimethylchlorosilaﬁe, tin tetrachloride, tin
methyltrichloride, tin dimethyldichloride, tin

trimethylchloride, and the like.



pol yner. Moreover, fromthe standpoint of [owering
fuel consunption, it is preferably 0.4 nol or |ess,

worerg/ 19832t erably 0.3 nol or | ess. [0055] The cRCi/iRpaess3886

di ene-based pol yner can be recovered fromthe solution
t hereof in a hydrocarbon sg@vent by any one of well
known net hods, for exanple,~" (1) a nethod of adding a

. C Qﬁﬂﬁ@nt to the solution of the conjugated
di‘ene-
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ased polymer in a hydrocarbon solvent, or (2) a

met hod of aggbngmal,BRMAIFO tiee LAH1UGR! edditenecdased
pol ynmer in a hydrocarbon solvent. The recovered

Caridegatied pHeanra-pasehdrol Wy treyh be. o iresh wWinhdra
known drier such as a band drier or an extrusion
dipirefferh8056hokbriessertham G Qi oeds odfsard prroderne ngoh of
conj ugat ed di ene-based pol yner of the present

i mhentalda,l ia metede sk wifveslibfstdnt uthege Bkaykoupetexbr essed
by the formula (11) for a hydroxide group in the
polaymdly sirayf roat ¢@ﬁdmﬁﬂéﬁibyyﬁyﬁﬁbl?gi%no%nﬁﬁ@aﬁﬁkép

The process of substitution may by perforned in

t PESCREE b LihY Byl JiMeRddngnd ieoc Y] W atGith oki T o aned
sessratied | o [O0ST) e conl et o one-pesed
B S5 BRI Y P e
t%%ﬂélg%eferably 0.3 mol or less.

[0055]

The conjugated diene-based polymer can be
recovered from the solution thereof in a hydrocarbon
solvent by any one of well known methods, for example,
(1) a method of adding a coagulant to the solution of
the conjugated diene-based polymer in a hydrocarbon
solvent, or'(2) a method of adding steam to the
conjugated diene-based polymer in a hydrocarbon
solvent. The recovered conjugated diene-based polymer
may be dried with a known drier such as a band drier
or an extrusion drier.

[0056]
Moreover, in a process for producing a
~conjugated diene-based polymer of the present
invention, a process of substituting a group expressed
by the formula (II) for a hydroxide group in the
polymer may be conducted by hydrolysis or the like.

The process of substitution may by performed in the



[ 0058] The ot her polynmer conponents may include
conventi onal styrene-butadi ene copol yner rubbers,

W@ologhos3ati ene rubbers, butadi ene-i soprene copPCEH/IR2008/053886

10

15

20

25

rubbers, butyl rubbers and the |ike. Moreover, natura
rubbers, ethyl ene-isopropylene copol yners,
et hyl eneoct ene copol yners be rai sed. Those pol yner

c ent ' c ihatio ;

o Bl R R AT Ty Bonomnenr oL an o2

I REQRAL_LEd stRt0 the conjugated di ene-based pol ymer

of the present invention, the content of the
cqnjgAt ed di ene-based pol yner of the present

i nvention should preferably be not |ess than 10 parts
by wei ght, mhee cphglgaakly diehel-®asethaolhegardfts the
wei ght based on 100 parts by weight of the total of

t perepengnmemventponetag: (Henolast nin t blee afouNt 06f at he
conj ugat ed di ene-based pol yner) fromthe point of view
ofconjwgeiteg fdienecbasedpconPositaen] RY ddHAbRAESRt1RE |
known additives can be used. Exenplary additives may

i PEhede RANYERAT £ ONEEH Sas 3t e Prche g Ketke-

vul cani zation pronoters such as thiazole vul cani zation
pridfbttr s, thi uram vul cani zation pronoters,

sul fenam de _vul cani zati gn promnters and the . :
SRR T e VBl i, ik, (i Giue

vu!canizatig ea_ : earic a
O@o%%e%%qo%gﬁ g%@%én%L%%QE%iene copolymer rubbers,

polybutadiene rubbers, butadiene-isoprene copolymer
rubbers, butyl rubbers and the like. Moreover, natural
rubbers, ethylene-isopropylene copolymers, ethylene-
octene copolymers may be raised. Those polymer
components may be used in a combination of two or
more. |

[0059]

When the other polymer components are
incorporated into the conjugated diene-based polymer of
the present invention, the content of the conjugated
diene-based polymer of the present invention should
preferably be not less than 10 parts by weight, more
preferably not less than 20 parts by wéight based on
100 parts by weight of the total of the polymer
components (including the amount of the conjugated
diene-based polymer) from the point of view of
lowering fuel consumption.

[0060]



peroxi des; fillers such as silica, carbon black,
cal ci um carbonate, talc, alum na, clay, alum num

WO yds0sE3de, mica and the |ike; silane coupli ngPEEES/053886
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extender oils; processing adjuvants; aging inhibitors;
sliding agents. [0061] Whe& afiller is incorporated

into the conjugated diene-lésed pol ymer of the present
I nvention t%sp%%‘é‘i%%v%sciowe;iiqat]&%w‘i‘l‘ RASRL ROy S

conpasi tion, the anount "of | 'ers to be incorporated
| g sesual Il ek® 162 y1 3@ dRRALR sbhaYeiightl vers & 1Nk rs such

parts by weight of the anmpunt of the conjugated
dizgnehased ROlY Ele of i kde Vi BSait zd tivant p smd e e such
used. Moreover, it is preferably not |ess than 20

parst & Hia Aeieghtyl darie giriefne adamoe treats, | edsi dtean 30

parts by weight fromthe point of view of |owering

f el caon e ono p.r oFwitielrer, neugd, £ einamii slep vefleraiza tion

hi gher than 120 parts by wei ght, nore preferably not
hipglesotietran anrC0 ther tlsi ks vied fhan 7adh Ath €2 St Rl St SWh
enhanci ng reinforcenment properties. [0062] Wen a

c@ Ff@add diasielh G gofifferardnpi t1bR7 pPEEaREE Dby

incorpaorating .a filler into the conjugated diene-based

PEISFITET A6 it He IpPESe i Ghviht T ont % 2OR i ¢ re

DOl RS LS, LS B b S O

%y; teo%ir%rl%?glch%r eafn%{ a&‘lé’ Pf}(@;Otsifa?‘l’?e tg@@pf’?n&a&sénpé/;
extender oils; processing adjuvants; aging inhibitors;
sliding agents.
[0061]

When a filler is incorporated into the
conjugated diéne-based polymer of the present invention
to produce a conjugated diene-based polymer
composition, the amount of fillers to be incorporated
is usually 10 to 150 parts by weight based on 100
parts by weight of the amount of the conjugated diene-
based polymer of the present invention to be used.
Moreover, it is preferably not less than 20 parts by
weight, more preferably not less than 30 parts by
weight from the point of view of lowering fuel
consumption. Furthermore, it is preferably not higher
than 120 parts by weight, more preferably not higher
than 100 parts by weight from the standpoint of
enhancing reinforcement properties.

[0062]



preferably not I ess than 70 parts by wei ght based on
the total of fillers to be incorporated. [0063] As a

WOoreaoReB37br produci ng a conj ugat ed di ene- basedP@DUB20ER/053886

conposition by incorporating other polynmer conponents
and additives into the con&gfated di ene- based pol yner
of the present invention, | known net hods, for
exanpl e, thgge Wit h.dol] RS AN e BT Yt Haier can
be used to ﬁ?%naﬁquﬁlaéﬁ{he_conpé%ents .%TO 64] As
rQﬁﬂ?@sﬁQ@oﬂ°@@d&d@$ﬁ‘H&'ﬂd@dﬁbd¥gii adi agn 1 hednto
addi tives othér than vulcanizators and vul cani zati on
PrOREDIRITS) o ddN COIpRY-darbd (e e esAtilie ofesdnxt ng
and kneading is ordinarily 50 to 2000C , preferably 80

-t AntR0R@Con tike uded ngf raomd ke gold tigt pef | vdewf ofi AreWEEing
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ordinarily 30 seconds to 30 m nutes, preferably one
mifuetle doms3Mhpriiiont, ehaMese vof cahl zex saanfii bker is

vul cani zation pronoters are incorporated, the

t emedieatrede ofThei ximegndnd fk relddli iy 1 e disrd i FHonbd

hi gher than 1000C , preferably roomtenperature to
8@G@féﬂﬁéldbﬁﬁb§Fﬁ1dﬁ?%ﬂﬁﬁ%ﬂn?%gp%BF%gng€?§gﬁﬁd/EPre
SR L B LY SR e, on
1309 45560 Gif | pr e ant o146 peERBRE Y noes] The
cq@(ﬂggfed di ene-based pol yner and the

As a method for producing a conjugated
diene-based polymer composition by incorporating other
polymer components and additives into the conjugated
diene-based polymer of the present invention, well
known methods, for example, those with rollers and/or
Bumbury's mixer can be used to mix and knead the
components.

(0064]

As regard the conditions of mixing and
kneading, when additives other than vulcanizators and
vulcanization promoters are incorporated, the
temperature of mixing and kneading is ordinarily 50 to
200°C, preferably 80 to 190°C, the mixing and kneading
period of time is ordinarily 30 seconds to 30 minutes,
preferably one minute to 30 minutes. When vulcanizers
and/or vulcanization promoters are incorporated, the

temperature of mixing and kneading is ordinarily not

higher than 100°C, preferably room temperature to 80°C.



conj ugat ed di ene-based pol yner conposition according
to the present invention are excellent in |ow fuel

W@s083r7T on and are good in grip properties. RCT/ERR0ER053886
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they are good in abrasion resistance and strength.
[ 0066] The conjugated di en -riased pol ymer and the
conj ugat ed di ene-based pol 53 r conposition according

{ DG, BRRREN: dV DL O A3y DR SR S Upes: shoe

oor materials, anti-vibration materials, and
t Rgy1ld 8.2 @S RECIAIML thedfs tdreeusMdin yneady sdidaabi lity.
Exanpl es [0067] The present invention will be
desardhad awitdh afeiendag Guckany qesrdey eail@nization
Measurenments of physical properties were nade by the
f alddowileg Jpirlec.edurttes: v 10068]z &t ionvbomegpe nd tsomsi ity dwdlly
+4 ) Measured at 1000C according to JI'S K6300 (1994)
. [le®6%o 200°Conpertfeshblynh0( it dBiO’S- of nol %
Eval uated from an absorbance at the absorption peak of
a M®§%] group at around 910 cm 1 according to Infrared
Absor pti on %pectrophtonetry_. [0070] 3 . Content of

ted Blgpan

styrene uni fO& FARiUIS aweged) RRalEHR &S ridif

a refractive j.ndex accoydi o .
conjugated dlene—basedﬁpg¥§mer composition according to

the present invention are excellent in low fuel
consumption and are good in grip properties. Moreover,
they are good in abrasion resistance and strength.
[0066]

The conjugated diene-based polymer and the
conjugated diene-based polymer composition according to
the present invention can be used for tires, shoe
soles, floor materials, anti-vibration materials, and

the like, especially for tires with great suitability.

Examples
[0067]

The present invention will be described with
reference to Examples hereafter.

Measurements of physical properties were made
by the following ﬁrocedures:
[0068]
1. Mooney viscosity (ML)

Measured at 100°C according to JIS K6300

(1994) .



to JI'S K6383 (1995) . [0071] 4 . Ml ecul ar weight
di stribution (Mwv Vh) Wi ght-average nol ecul ar wei ght

W@ kagp/1683@7 nunber - aver age nol ecul ar wei ght ( Mh) PGBIR2008/053886
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measured and Mv/ Mh was obtai ned by gel perneation

chr omat ogr aphy (GPC) net hod3 under the follow ng
conditions (1) to (8) . (1) “Devi ce: HLC-8020 avail abl e
frcHBél'%)]soh Corporation (2) Separating columm: GVH XL

t l umms in series) available from Tosoh

C%f por 8&5%4@%%@@1 ng; & eﬂH?Eét BEEmo499C (4)

Carrier: tetrahydrofuran (5 Flowrate: 0.6 niL/mnute

(6) Injecteddas8ied Frbm( Bh B¥RGRNcdidt antenti al
ref ractoneter (8) Mdlecular weight standard: standard

PalpErptae [RAKJoH a IS}l consuspit oar&vad ual @dchiom
| oss tangents at tenperatures of 500C and 7 00C (tan d
( ZeCoraidgt anp dr(fA@ed WiderrecierdiSpert wiphd aatertaiyn  of
1% and a frequency of 10Hz with a

vil[gobHl Jasti ci ty- measuri ng device (avail able from

UESH MA SEI SAKUSHO CO., LTD.). The lower this val ue,

tRe nor@omtend | eht Styrene edniti ¢hni HNEGEI Ofors ptiegaht)
[0073] 6 . Gip properties Evaluated froma | oss

t angent at §Vtaéh*ﬁéle§t Fremor gRE adnt Ve (’ﬁ‘iﬁae)x Lﬁ'fb‘fé’rr%ng
condi ti on 60383 ~

to JIS K (1995)
[0071]
4. Molecular weight distribution (Mw/Mn)

Weight-average molecular weight (Mw) and
number-average molecular weight (Mn) were measured and
Mw/Mn was obtained by gel permeation chromatography
(GPC) method under the followiné conditions (1) to (8).
(1) Device: HLC-8020 available from Tosoh Corporation:
(2) Separating column: GMH-XL (two columns in series)
available from Tosoh Corporation
(3) Measuririg temperature: 40°C
(4) Carrier: tetrahydrofuran
(5) Flow rate: 0.6 mL/minute
(6) Injected dose: 5ulL
(7) Detector: differential refractometer
(8) Moleéular weight standard: standard polystyrene
[0072]

5. Fuel consumption
Evaluated from loss tangents at temperatures

of 50°C and 70°C (tan 8(5@@)'and tan 8(70°C)) under a



strain of 1% and a frequency of 10Hz with a
vi scoel asticity-nmeasuring device (available from

WQEBBH104375El SAKUSHO CO., LTD.). The | arger t hiBCH/3#2068/053886
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the nore excellent in grip properties. [0074] Exanple
1 After a 20 liter stainlessg polynerization reactor
was washed, dried, and purged with dry nitrogen,

1 f h £ ¢o gL AN / .
e otng£§¥%Q§ 4@r§ﬂ§cﬁéggog%ﬁﬁ'Eny%qggﬁ?%Eqﬁpf@H

ut adr ene, styrene,” 6.

t gfirahydrof Uk, 5 & i@ imeidirione Hwicd dwliindatdherrom

were charged into the polynerization reactor. A
SQEHHIMA FEIbhkuwmol cof. ,nibotyl. | Thbi uBwer mrhhiexardue,

was then charged, whereby polynerization was initiated

t aeop@ naTeEt &€l Tlen t3- rut adi edeciaheh st yr €énelf opnenmption.

hour. During the polynerization, nononers were

camt@mously supplied into the reactor controlled

inside at a tenperature of 65C with stirring at a

ved .ociGnipoforb@@mpmes[ 0075] Aft er one hour of the

pol yneri zation, a solution of Il.Omol of bis

(di et hyl ar &vitd1akechinAMyA steshet IPFRME hall Been

dried with nol ecular sieves (3A) in 101 of . .

cy@mRredtE (i chCsdItar gﬁoic)s)? rEfdTT et FBNELERCR of @

soluti.on hereafter) S promptly_.c ed.intq the

r St Lﬁf‘geitﬁﬁdc%\rﬁﬁﬁgﬁgg& Xg gtalhr%r iwﬁé%véil ocity of

1308 ANd 3 LG TPRAUTE Y U2 N e S3AG O B
UESHIMA SEISAKUSHO CO., LTD.). The larger this value,
the more excellent in grip properties.
[0074]

Example 1
After a 20 liter stainless polymerization

reactor was washed, dried, and purged with dry
nitrogen, 10.2kg of hexane (a specific gravity of 0.68
g/cm®), 547g of 1,3-butadiene, 173g of styrene, 6.1lmL
of tetrahydrofuran, 5.0mL of ethylene glycol
diethylether were charged into the polymerization
reactor. A solution of 14.5mmol of n-butyl lithium in
n-hexane was then charged, whereby polymerization was
initiated to copolymerize 1,3-butadiene and styrene for
one hour. During the polymerization, monomers were
continuously supplied into the reactor controlled
inside at a temperature of 65°C with stirring at a

velocity of 130rpm.

[0075]



wa 20084683t adi ene and styrene for 0.5 hour.
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[0076] After AS solution was charged, nononers were
supplied to the polynerization reactor to copol ynerize
Dur i PGT/I1e08/053886
pol ymeri zation, the stirring velocity was 130rpm and
the pol ynerization tenperatyre was 65C. [0077] After
0.5 hour of polynerization 3%1. 5 hours after the

pol yneri zat ign %nienihioi#gt g%) th oo B A 838 a

pronptly charged into ynerization reactor under

t R, 16RNdt 153NS 10forgnaat Ide 184G MelrRAIHW i nk30r pm and a
tenperature within the reactor of 65C. [0078] After

t b thyIvSahuki0AnwasHGRaAr ged, PEAOMEl il stppld@dlar
to thé polynerization reactor to copolymnerize 1

, Fikuleadi@ng and Sink st &pel dhéxdrour (wilieh ngolteion is
pol yneri zation, the stirring velocity was 130r pm and

t he flealrgaietioz &ts RS t sriper atnurlee vest 650, (OO 79F ot by
0.5 hour of polynerization (2 hoursafter the

paihamgeidz dniton thees Kedatian ed)der AS sepnditoronmsot a
pronptly charged into the polynerization reactor under
t g igarAdiot VeSSt va oft i kIQHRP A1 Dca t YeBPe IBB Hin Wk a0
tenperature within the reactor of 65C. [0080] After

t Hdea r$acdiaft i%n @S- char ged, nmonomers were suppl i ed
to Oto(ﬂf pol yneri zati on reactor to copolynerize 1

,3[- %di ene and styrene for one hour.

After AS solution was charged, monomers were
supplied to the polymerization reactor to copolymerize
1,3-butadiene and styrene for 0.5 hour. During the
polymerization, the stirring velocity was 130rpm and
the polymerization temperature was 65°C.

[0077]

After 0.5 hour of polymerization (1;5 hours
after the polymerization was initiated), AS solution
was promptly charged into the polymerization reactor
under the conditions of a stirring velocity of 130rpm
and a temperature within the reactor of 65°C.

[0078]

After the AS solution was charged, monomers
were supplied to the polymerization reactor to
copolymerize 1,3-butadiene and styrene for 0.5 hour.
During the polymerization, the stirring velocity was
130rpm and the polymerization temperature was 65°C.
[0079]

After 0.5 hour of polymerization (2 hours



During the polynerization, the stirring velocity was
130rpm and the pol ynerization tenperature was 65C.

WO 0®81983Af t er one hour of polynerization (3 hoRCHIRSA53886
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the polynerization was initiated) , 20 of hexane
containing O .5nL of net hag&l was charged and the
pol ynmer sol ution was agita d for 5 m nutes.

S ed o A 158 s Pt st e o S here

plie ol ynerization ti'me of 3

tl T
bR TR Dafatfeg? g{t%;ect%ef%@gem[zgo&?an feddior

(St i Yéorgj'lrﬂﬁ.‘yn%x)b'ﬁ dredthyt PEg Welodity of 130rpm

nmet hyl phenyl acryl ate (avail abl.e from Sum tono Cheni cal

Candundeferiger dthadendrahiofl +HM tdZHRGM £ abs’C3 . 6g of

pentaerythrityl tetrakis (3-1auryl propi onate)

(aweoda@pbl e from Sum tono Chem cal Co. under the

tradenane of SUM LI ZER TP-D) were added and then the

pol ymer sol détfitem whe ébaporlattadratwaroreid L Iethp ERRRQRRL S

for 24 hours and further dried under a reduced

priegsursIfidrieg HourthiatPehmant 33 el an ar?ﬁfFERﬁsrto The

pol ynmer was neasured for Money Vi scosnty
%%%fhour

C SRS Ss tly ek tafiLeneo RIS IR
wu&fj}p%gftqs%uéj ri ze]%1 in Tg\b;ﬁﬂ% Szt[81008]]51igf tlgolbtgart
tllaé Iélrplgﬁga ti})]_l abl e fram l%elo%'lstsea}npera‘é'{ﬂdeerwgéq%S C.

[0081]

After one hour of polymerization (3 hours
after the polymerization was initiatéd), 20mL of
hexane containing 0.5mL of methanol was charged and
the polymer solution was agitated for 5 minutes.
Consequently the total amount of 1,3-butadiene to be
supplied for the total polymerization time of 3 hours
was 821g and that of styrene was 259g.

[0082]

To the polymer solution, 7.2g of 2-tert-
butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-
methylphenylacrylate (available from Sumitomo Chemical
Co. under the tradename of SUMILIZER GM) and 3.6g of
pentaerythrityl tetrakis(3-laurylpropionate) (available
from Sumitomo Chemical Co. under the tradename of
SUMILIZER TP-D) were added and then the polymer
solution was evaporated at normal temperature for 24

hours and further dried under a reduced pressure for



wW@E@8N08376. 4 parts by wei ght of carbon,
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G, 6.4 parts by weight of silane coupling agent
(avail able from De Gussa Co. under the tradenane of
47. 6 pRCT/SPAYB/053886
wei ght of extender oil (available from Kyodo Petrol eum
Co. under the tradename of ;i{é 140), 1.5 parts by weight
of anti-aging agent (available from Sum tono Chem cal

VO\Cleing E}%qlgrfs ga{]c: §§°€d‘%gf’j‘$ie§fdp§|'r\';ﬂ§(%$le%@) ! 'I%eDgHJlsyn@k was

aric aci wei ght of zi'nc

‘(MPrieta_%lur%@e A tddh et e i 1yl ﬁﬁmﬂat&&&é}{&m&rﬁi

avail able from Sumtonp Chem cal Co. under the

t radeRare ofi tSAYRMNOL t&8) , reifl f3Ard £ byh veh ghite oOf

vul cani zation pronoter (available from Sum tono
Chemireali z6d. iwndeib e tradenane of SOKUSHINOL D), 1.5
parts by wei ght of wax (avail able from Qouchi Shinko
CHerdgxll | ndustry Co. under the tradenanme of SUN KNOCK
N), and 1.4 parts by weight of sulfur were kneaded

wi th Labo- PLASt pelrtls dnd weHahtefl tihg) wexelendas
rolled with 6 in. rollers in a sheet, The sheet_ was
viodamiered 1By hemntfy Iorveimh i e3l hicasbevaihable
vul cani zed sheet was eval uated for

C B T Gon U145 bof i BRSSP BRBF cQEnPRARPRIL VN3-
T g, 00, PQIDLE % AP A0 L il ess
e RO R I, PSSR (5D ong o
g{%ﬁ%%:r@ﬁygﬁf@s Octy t@é{@{]@/défﬁ H&?&E‘@n?- @71.—60f3arts by
weight of extender oil (available from Kyodo Pet;oleum
Co. under the tradename of X-140), 1.5 parts by weight
of anti-aging agent (available from Sumitomo Chemical
Co. under the tradename of ANTIGEN 3C), 2 parts by
weight of stearic acid, 2 parts by weight of zinc
white, one part by weight of vulcanization promoter
(available from Sumitomo Chemical Co. under the
tradename of SOKUSHINOL CZ), one part by weight of
vulcanization promoter (available from Sumitomo
Chemical Co. under the tradename of SOKUSHINOL D), 1.5
parts by weight of wax (available from O@uchi Shinko
Chemical Industry Co. under the tradename of SUN KNOCK
N), and 1.4 parts by weight of sulfur were kneaded
with Labo-Plast Mill and the resulting mixture was
rolled with 6 in. rollers in a sheet. The sheet was
vulcanized by heating for 45 minutes at 160°C. The

vulcanized sheet was evaluated for fuel consumption,



di et hyl et her were charged into the polynerization
reactor. A solution of 13.8mmol of n-butyl lithiumin

wo2008468327 was t hen charged, whereby pol yneri zakPCDOhP20e8053886
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initiated to copolynerize 1 , 3-butadi ene and styrene
for 0.5 hour. During the p%lt%rreri zation, nonomers were
continuously supplied into e reactor controlled

|d t it St rdid ai a
DFSe T PR Sl SRR Teinpe

palggeyj zation, A S solution was pronptly charged into
the polynerization reactor under the conditions of a
stirring vekgeimbYyeoh 130rpm and a tenperature within
the reactor of 65C. [0086] After the A S solution was
charged, noadmers awele ISitp | sch ol ddre gool weerd zzdtiicon
reactor to copolynerize 1 ,3-butadiene and styrene for
0.reavdor. was iwsghtats pbtiarbr i grat i pargedewBth rding
vel ocity was 130rpm and the poI ynmeri zation tenperature
was tg®gen], 0097 PAt exf (hescamsur ( aafswymusszW(%eO 68
hour after the polynerization was_initiated) |,

s@/¢r bn WAS9 pPénpt ByLukasgency nt1839h€fp6‘|t9’|¥€|n?zat6i -G

r%%?t°rtg%31dy§rrtoifﬂ%a%§??#§m%”m°ﬁ i d S s’
A R T S L
reactor. A solution of 13.8mmol of n-butyl lithium in
n-hexane was then charged, whereby polymerization was
initiated to copolymerize 1,3-butadiene and styrene for
0.5 hour. During the polymerization, monomers were
continuously supplied into the reactor controlled
inside at a temperature of 65°C with stirring at a
velocity of 130rpm.

[0085]

After 0.5 hour of the polymerization, AS
solution was promptly charged into the polymerization
reactor under the conditions of a stirring velocity of
130rpm and a temperature within the reactor of 65°C.
[0086]

After the AS solution was charged, monomers
were supplied to the polymerization reactor to
copolymerize l,3—butadiene'and styrene for 0.5 hour-.
During the polymerization, the stirring velocity was
130rpm and the polymerization temperature was 65°C.

[0087]



copol ynmerize 1 , 3-butadi ene and styrene for 0.5 hour.

During the polynerization, the stirring velocity was
wadespesand t he pol yneri zati on tenperature wasP@GBEL?2008/053886

[0089] After 0.5 hour of polynerization (1.5 hours

after the pol ynerization s initiated) , A S solution

was pronptly charged into tte polynerization reactor

under the caonditions of .8 sid rlgé é/lell%c%%%n O{OJQQ{M

and a tenperature within'the reactor o 0090]

Af 18T t NG A 2 ISR QT MRS W Geth s SMNPNEIAS WeS But ion

supplied to the polynerization reactor to copol ynerize

1 wadr adEnRe andgdd/ rane fate Op &1 10t i zAXH o grédietor
pol ymeri zation, the stirring velocity was 130rpm and
t Revdeal WY | &atd iani dresef ad usei nebsnd 51008 ] o Af 180 rpm
0.5 hour of polynerization (2 hours after the

5 paindrer | zaipeoratwase iwithiat ed)e , ré&isot udf oASWas
pronmptly charged into the polynerization reactor under
t HEO@hidi tions of a stirring velocity of 130rpnand a
tenperature within the reactor of 65C. [0092] After
the A S sol dfiteF whse Afargddit iathomst sChRFEESu PRI LS
to the polynerjzation reactor to copolynerize 1

, 3R RNRRHE Sshd StHhe RO+ BFSHE 28 Hour £t $ng™? he
POLOHTSIERt S, L STk s e ol L e300 n R0
10 During the polymerization, the stirring velocity was
130rpm and the polymerization temperature was 65°C.
[0089]
After 0.5 hour of polymerization (1.5 hours
after the polymerization was initiated), AS solution
15 was promptly charged into the polymerization reactor
under the conditions of a stirring velocity of 130rpm
and a temperature within the reactor of 65°C.
[0090]
After the AS solution was charged, monomers
20 were supplied to the polymerization reactor to
copolymerize 1,3-butadiene and styrene for 0.5 hour.
During the polymerization, the stirring velocity was
130rpm and the polymerization temperature was 65°C.
[0091]
25 After 0.5 hour of polymerization (2 hours
after the polymerization was initiated), AS solution
was promptly charged into the polymerization reactor

under the conditions of a stirring velocity of 130rpm



After 0.25 hour of polynerization (2.25 hours after

the polynerization was initiated) , A S solution was
wW@e@aned3y7 charged i nto the pol yneri zati on r eacP@r/JRMEBAI53886

the conditions of a stirring velocity of 130rpm and a

tenperature within the reacfor of 65C. [0094] After
the AS sol ution was charged,” nononers were supplied to

tmdPol W SR AL (PR LR Capalyderd zesdoc.
,%?buta |er$e an styrenelfor 0.75 hour. During the
poloeesy zation, the stirring velocity was 130r pm and
the polynerization tenperature was 65C. [0095] After

0. 75 hour ofarpelryrdld 28 il (3 dowas afia@rgddie monomers
pol yneri zation was initiated) , 201 of hexane

Cowdral niupgld edbo ofhergbdibymod r weest icirargestctaod fart her
the polyner solution was agitated for 5 m nutes.

5 Cangpedyswetrliyet He X-dtudladdmmentanef st yFensutfadi ehe? 1 der -
supplied for the total polynerization tine of 3 hours
wasirg2ng thed RHaMmesTl Zaticehe thes SBOG 1 TD 0GB FeEor df )
to the sane procedure as, described in Exanple 1 é?%
rééﬁFEWh@ﬂﬂﬂ%ﬂﬁHPQ%ﬁp?Q%ﬁﬁRﬁPqrQﬁWRQE?&ﬁ$£ﬁﬁ?3 :

sol ution and processed into a vul cani zed sheet. The
vl & zed sheet was neasured for Mooney Vi scosity,

UL, SOnt Bl S0 SKYIRS W L EAMATL 0 405 TERLd Soucs

10 C%‘ﬁ%@tﬂ.h@ &Jl)}dkeri%orﬁrv?aéjrfrﬁe&taecde&)n, TZ@@' §oilution
was promptly charged into the polymerization reactor‘
under the conditions of a stirring velocity of 130rpm
and a temperature within the reactor of 65°.

[0094]

15 After the AS solution was charged, monomers
were supplied to the polymerization reactor to
copolymerize 1,3-butadiene and styrene for 0.75 hour.
During the polymerization, the stirring velocity was
130rpm and the polymerization temperature was 65°C.

20 [0095]

After 0.75 hour of polymerization (3 hours
after the polymerization was initiated), 20mL of
hexane containing 0.5mL of methanol was charged and
further the polymer solution was agitated for 5

25 minutes. Consequently the total amount of 1,3-
butadiene to be supplied for the total polymerization
time of 3 hours was 821g and that of styrene was 259g.

[0096]



[0097] Exanple 3 After a 20 liter stainless
pol yneri zati on reactor was washed, dried, and purged

WaWaok/1083y7 ni t r ogen, 10. 2kg of hexane (a speci fPCT/JP2008/053886

gravity of 0.68 g/cm 3), 547g of 1 ,3-butadi ene, 173g
of styrene, 6.InL of tetrahydrofuran, 5.QOrL of

et hyl ene gl ycol diethylethe Zwere char ged into the

pol ymeri zati,on reactor. A.solutjo n(rjg) .
n-butyl lit ﬁclﬂ:r%ri - hté)xanhee \A?;asrﬁpt &elgé% arrge é \Aﬁ%sr%ﬁ/bed
Dol At o | ' .

, %%%ﬁi [ enéeoi;n st%?ée%%%%? ﬁiQJﬁ\:};E?P é[‘)uggl néﬁto%%d ron
P HETEEd 127 d 10Ns o TTTHUTET $n AV £o SE5K d MUONISH Va SURREERUzZed
into the reactor controlled inside at a tenperature of
652G aMtt.h stHe "G aati 2o eliedd Wwaf rdedsprad [ 0898 ooney
After one hour of the polynerization, a solution of

5 | lwiQueditof, biisy(idieidydreoy re)d net yiydrve nyh 5t | eoret et ch
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had been dried with nol ecul ar sieves (3A) in 13.3nL of
cyidleohexaarie  whf obh soih udndntkosef eptatned by Asaluating
sol ution hereafter) was pronptly charged into the

r ddet ofuaindernsueptciondi 2% oblse osheett arei Rgegenbedt ynof
130rpm and a tenperature within the reactor of 65C

[ 0BF9je After AS2 sol ution was charged, nonomers were
sup(gl ied to the polynerization reactor to copol ynerize
1 (0%} adi ene and styrene for 0.5 hour. During the

Example 3

After a 20 liter stainless polymerization
reactor was washed, dried, and purged with dry
nitrogen, 10.2kg of hexane (a specific gravity of 0.68
g/cm®), 547g of 1,3-butadiene, 173g of styrene, 6.1lmL-
of tetrahydrofuran, 5.0mL‘of ethylene glycol
diethylether were charged into the polymerization
reactor. A solution of 13.6mmol of n-butyl lithium in
n-hexane was then charged, whereby polymerization was
initiated to copolymerize 1,3-butadiene and styrene for
1 hour. During the polymerization, monomers were
continuously supplied into the reactor controlled
inside at a temperature of 65°C with stirring at a
velocity of 130rpm.
[0098]

After one hour of the polymerization, a
solution of 11.0mmol of bis(diethylamino)
methylvinylsilane which had been‘dried with molecular

sieves (3A) in 13.3mL of cyclohexane (which solution



pol ymeri zation, the stirring velocity was 130rpm and
the polynerization tenperature was 65C. [0100] After

w@2®s8hasir7 of pol ymerization (1.5 hours after tPEI/JP2008/053886
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pol ynmeri zation was initiated) , AS2 solution was
pronptly charged into the % | ymeri zation reactor under
the conditions of a stirri § velocity of 130rpm and a

:%gpiéégég &ﬁﬁ&”{gtﬂ§ r§§fﬁ9{o§fh@§géf£gﬂplLa£¢ EBEptly

ol uti on was charged, nononers were supplie

t @nhRGeROL KRN itZal i1k JtRACIAHALI0 tARPU It Zhsl of a

, 3-but'adi ene and styrene for 0.5 hour. During the

pekY Feh hgatkieadcithe oFt i130ire @l tyemmsr a3 0repny artdi n
the pol ynerization tenperature was 65C. [0102] After
Othehawacabrpafyras’czati on (2 hours afte r the

pol yneri zation was initiated) , AS2 sol ution was
pri®fxd]ly charged into the polynerization reactor under
the conditions of a stirring velocity of 130rpm and a

t enper at ur eARfFERi ASEheolaaéosr W hargel,] Mprpmers were
After the AS2 sol ution was charged, nononers were

sEPPPilagdt 60t fdep AYBIELAZA IR E4GTBPL & T SR NEIGFe

1_, 3-butadi ene and styrene for agn our.. ing t
ol yTEHEZSERBR, 2PRe S&¥TEPENG Vel'oa t %s%rlg}ﬂ gtﬁ]oe

e G H BT Rk A 5 A o
the polymerization temperature was 65°C.
[0100]

After 0.5 hour of polymerization (1.5 hours
after the polymerization was initiated), AS2 solution
was promptly charged into the polymerization reactor
under the conditions of a stirring velocity of 130rpm
and a temperature within the reactor of 65°C.

[0101]

After the AS2 solution was charged, monomers
were supplied to the polymerization reactor to
copolymerize 1,3-butadiene and styrene for 0.5 hour.
During the polymerization, the stirring velocity was
130rpm and the polymerization temperature was 65°C.
[0102]

After 0.5 hour of polymerization (2 hours
after the polymerization was initiated), AS2 solution
was promptly charged into the polymerization reactor
under the conditions of a stirring velocity of 130rpm

and a temperature within the reactor of 65°C.



after the polynerization was initiated) , 20r1L of
hexane containing O .5nL of nethanol was charged and

w0 b@spai3yner sol uti on was agitated for 5 m nutBGI/JP2008/053886
Consequently the total amount of 1 , 3-butadiene to be
supplied for the total polynerization time of 3 hours
was 821g and that of styreﬁ was 259g. [0105] To the
pgwﬁq? ]solution, 7.29 of 2-tertbutyl- 6-
(3-terti-butyl-2-hydroxy-5-net hyl benzyl) -4-

met hyl phenyhaeryl ate Gavaidablg o YRsSWHLE, ChedAdRirs
Co. under the tradenane of SUM LI ZER GV and 3 . 6g of

peR-aeY ity tetdkiso Lydrd raWat i piaid) to

(avail abl'e from Sum tono em cal Co. under the

t cagensgie rakeSUYBELAERITEND) aner etgdded dwrd tdren Hder.

pol yner sol ution was evaporated at normal tenperature-
5 f ourdéghahes palgnieuritzadi odr, i etheursddr ra ngedigdledcity was

pressure for 12 hours at 55C to yield a polyner. The

pal3Pmem wasl ros prodd/feari Zatidivay hempersitiyre Wagy|65°C.

content, and styrene unit content, the results of

wHildH0 4F e sunmarized in Table 1 .[ 0 1 0 6 ] 100 parts

by wei ght of the resulting polyner, 78.4 parts
wei ght of sPEFea P&@appéﬁl@ﬁﬁﬂﬂﬁﬁﬂ?qaii£%Q§l(%ﬁﬁhﬂrs

the trad f ULTRASIL VN3- Q.. 6.4 i gh

BT e 6 AL P
rt t .. Si 6 . b '

10 UMSE S L AUENRTR P B! O DTS B P et

(%%%”ﬁgﬁfﬁéywygfﬁﬂyﬁﬁ[%§§TH§¥HBted for 5 minutes.

Consequently the total amount of 1,3-butadiene to be
supplied for the total polymerization time of 3 hours
was 821g and that of styrene was 259g.

15 [0105] |

To the polymer solution, 7.2g of 2-tert-

butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-
methylphenylacrylate (available from Sumitomo Chemical
Co. under the tradename of SUMILIZER GM) and 3.6g of

20 pentaerythrityl tetrakis(3-laurylpropionate) (available
from Sumitomo Chemical Co. under the tradename of
SUMILIZER TP-D) were added and then the polymer
solution was evapérated at normal temperature for 24
hours and further dried under a reduced pressure for

25 12 hours at 55°C to yield a polymer. The polymer was
measured for Mooney viscosity, vinyl content, and
styrene unit content, the results of which are

summarized in Table 1.



Co. under the tradename of X-140), 1.5 parts by wei ght
of anti-aging agent (available from Sum tono Chem cal

W@0080832T t he tradenane of ANTI GEN 3C), 2 parPGI/Br008/053886
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wei ght of stearic acid, 2 parts by weight of zinc
white, one part by weight of_ vulcanization pronoter
(avai l abl e from Sum tono Citetri cal Co. under the
tracple@glge of SOKUSHI NOL CZ), one part by wei ght of
vJI cani zation pronoter (available from Sum tono

Chem cal Cog@nder tihe W@ftmmﬂ ), 1.5

parts by weight "of wax “(available from Gouchi i nko
Cheivedlr | ndUSt A& Bindesidhie df agensee 0AvSUNIKINOCK
N), and 1.4 parts by weight of sulfur were keaded with
LahemPlmstcdddd @nd dheer eshi t ¢ Ngd@hahelr £ WASTRAELBAVN3-
with 6 in. rollers in a sheet. The sheet was
vd)gard Zepdnt hday i ngidlot 46 sihamescauplf0gCageiihe
vul cani zed sheet was eval uated for fuel consunption,

t Hevedsalile dframhilsh Gussprésentedet ntiabt sadenang10¥]
Conparative Exanple 1 After a 20 liter stainless
pAiadEni Aatd arreactRy wekdhashedsadped, 44nfl Bargedby
with dry nitrogen, 10.2kg of hexane speci f

gpety ot coapHlem ey (SO SR ereres 17
iy SIS o SRR ref St 4D Enat pBQPFRES PHeveiaht
PO 2 00, RSO A 00 d AR Blomican
rl%%gt 8{3%%? etﬁrgé‘;%%é&%xﬁé‘séfj%@h@gﬁ egppr abupgrel 89C
weight of stearic acid, 2 parts by weight of zinc

white, one part by weight of vulcanization promoter
(available from Sumitomo Chemical Co. under the
tradename of SOKUSHINOL CZ), one part by weight of
vulcanization promoter (available from Sumitomo
Chemical Co. under the tradename of SOKUSHINOL D), 1.5
parts by weight of wax (available from Oouchi Shinko
Chemical Industry Co. under the tradename éf SUN KNOCK
N), and 1.4 parts by weight of sulfur were keaded with
Labo-Plast Mill and the resulting mixture was rolled
with 6 in. rollers in a sheet. The sheet was
vulcanized by heating for 45 minutes at 160°C. The
vulcanized sheet was evaluated for fuel consumption,
the results of which are presented in Table 1.
[0107]

Comparative Example 1

After a 20 liter stainless polymerization



styrene were introduced into the polynerization
reactor to effect polynerization with stirring at a

W@ 200808397 of 130rpm for 3 hours to yield a pol BEEIP2008/053886
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solution. During the polynerization for 3 hours, the
total amount of 1 , 3-butadiene to be supplied was 821g
and that of styrene vvas 25 [0108] To the resul ting

TR Bt St s s
\MHfH}Ja@% bQ%nZ@b'%QfWkﬁnnﬂpl@gndﬁécfffﬁﬁﬁkéégﬁyl@f 0.68

of cycl ohexane was added tirred for

g%&neﬁ, Iheg, 0£0n 30butiBlinane] wasgchar gegrand, 6.1mL
further the polymer solution was agitated for 5

Motuttes r JHYLRQ vAeEQr di.InIt @ ft her IsAreneprgiogchir e as
described in Exanple 1 the resulting polynmer was

I elimtéy Lethrart e reoloprergesbliutticort ey ramidye wicerstsieh
into a vul cani zed sheet. The pol yner and the

vUuleeatiozed dhestlutdonewdl dat-damalheofy e@:mlt'fsyloflmw in
are presented inTable 1. [0110] Table 1CLAINMS 1 .
camheFaned WiseridLasdtr fssidmeihe omﬁqfs%gwef c%wpﬁ@%% ked
di ene- based constitutional unj ﬂ onst i.tution

urins 1eprads sed- PP YIS 1V B Cf'o n'gl Pl eRfe AL

Is%lg%consgw} (lJ?:]lelo al ctmlt exrwoestshed bé/lthe trrluclma elgctor

to effect polymerization with stirring at a velocity
of 130rpm for 3 hours to yield a polymer solution.
During the polymerization for 3 hours, the total
amount of 1,3-butadiene to be supplied was 821g and
that of styrene was 259g.

[0108]

To the resulting polymer solution, a solution
obtained by dissolving 11.0mmol of
bis(dimethylamino)methylvinylsilane which had been
dried with molecular sieves (3A) in 10mL of
cyclohexane was added and stirred for 60 minutes.
Then, 10mL of methanol was charged and further the
polymer solution was agitated for 5 minutes.

[0109]

According to the same procedure as deséribed
in Example 1 the resulting polymer was removed from
the polymer solution by and prdcessed into a
vulcanized sheet. The polymer and the vulcanized sheet

was evaluated, the results of which are presented in



conj ugat ed di ene-based constitutional units and
another one: -CH 2-CH X -Si-X 3 (I) X 2 (wherein X1,
WXX2008n0B3X8 r epresent independently a group expPEBIR2A04053886

the following fornula (Il) , a hydroxide group, or a
hydr ocar bon group, and at Iepst one of X1, X2 and X3
is the group expressed by the forml a (rr)y, or a
hydraxd de-group: R1/ - N (Il) R 2 wherein Rl and R2
represent i ndependently a hydrocarbon group having 1
tq @ G@r bon atoms which can contain a nitrogen atom
an oxygen atom or a silicon atom and RL and R2 can
begambined to forma ring structure) . 2 . The

conj ugat ed di ene-based pol yner according to Caim1l ,

wherein R1 and R2 represent independent!|y nethyl
group, ethyl group or f-psopyl Orewp. 23 | dke 3 | SOmP:
qonj ugated di ene-bhased| polyn ccording to-d air.fb&rl
2 PhYf&adin two of X1, | X2 and XB of theflormula (1)) are
tHE et S priessed byl t he forapla{+H)|-ora
hYWBEYde group. 4. The comj ugat edsali ene- baged 56
pgl;%l&gﬁf—%gmdji rg—to—Cai-m-1—having—three—or—gre—of
) . . i 5
ic,g'optenUtSt'tu“ onat unit expressed &y the f@mula (1P
tyrene
unit wt$ 25 24 25 25
content
Moledular
weight - 1.25 1.29 1.10 1.34
distribution
Fuel
consumption _ o 176
tan 6(50°C) 0.139 0.126 0.
tan 6(75°C) - 0.126 0.112 0.113 0.147
Grip
properties _ 635
tan 6(°C) 0.724 0.764 1.114 0.




pol ynmer chain. 5 . A process for producing a
conj ugat ed di enebased pol yner conprising the foll ow ng
wWe@psog3A) , (B) and (C) : step (A) : pol yneriRCTgP2008/053886
nonomer contai ning a conjugated diene with an al kali
metal catalyst in a hydrocarpon solvent to provide a
conj ugat ed di ene-based poI?l r having an al kali netal
derived from said catal yst 3t he end of a pol ymer
chain; step (B) : adding a silicon conpound expressed
by .the fol |l @wiagheareba dikhk)lrheed $RI1YHeN Fmpaiding
conj ugat ed di ene-'based pol yner having an al kali net al
der iceed dg=eBds dl i reatlsgst instthe wendnefl turd tpalndrer
chain in a hydrocarbon solvent, so as to react said
sidon@en te@ipadnd uati tt keperdseld fye yhal yinel 1 olwdimy t o
produce a conjugated di ene-based pol yner having a
stfioxotulie, (Ii)n whehetime sdilchl gommtidiutdemiadedirfirtom sai d
al kali netal catalyst bonds to a constitutional unit
based esisechdysithiec oip mwHFourd eixpressegeny onife 3 br Fika
(Ir1) , at the end of the polyner chain;C H2= CH X4 -
Sdonjuggted| dieperRagednsansita trtiogg lafdiks Papt &hGither
i ndependently a group expressed by the follow ng
f&ila (11) or a hydrocarbon group, and at |east one
of X4, X5 and X6 is

—CHz—?Hf
X'—-Ssi-X? (1)
e

(wherein X', X* and X’ represent independently a group
expressed by the following formula (II), a hydroxide
group, or a hydrocarbon group, and at least one of X',
X* and X* is the group expressed by the formula (II),
or a hydroxide group:
R!
-fN/’ (IT)

\.Rz
wherein R' and R’ represent independently a hydrocarbon
group having 1 to 6 carbon atoms which can contain a
nitrogen atom, an oxygen atom, or a silicon atom, and
R' and R® can be combined to form a ring structure).
2. The conjugated diene-based polymer according
to Claim 1, wherein R! and R? represent independently
methyl group, ethyl group or n-propyl group.
3. The conjugated diene-based polymer according

to Claim 1 or 2, wherein two of X', X* and X’ of the



the group expressed by the formula (I11) or a hydroxide
group: R1/ - N(Il) Rwherein RlL and R2 represent

W0 pwepessdent |y a hydrocarbon group having 1 toPGI/ER0680053886
atonms which can contain a nitrogen atom an oxygen
atom or a silic'on atom a{}ﬁd Rl and R2 can b e
conbined to forma ring structure) ; step (O : adding

Caini ; : : (
a fHS}ngR)(}%r @9n a@le{“meag(f_%{blgug&b%gsg'e@n%ﬁ/ e Stdien

of conj'ugat ed di ene sed pol yner having a

slt{}btqt,urda]j d My &hi ddegpblal i metal derived from said
a

ali nmetal catalyst bonds to a constitutional unit
based on a gihd ¢h eI RR-essed pol viree faaraadding
(1) , -CH2-CH | X -Si-X (1) 1 X2 (wherein X1, X2
ano X3l aiepresemvimgepeneentdry oy cup exjd essed by
the forrmula (11), a hydroxide group, or a hydrocarbon
grasuys; t idnd iginalleasti torexfe 6k d X9y e XBoimulae(fr olp a
expressed by the fornula (11) or a hydroxidegroup) at
t o lemg rofchaié -pol ymer chain in a hydrocarbon sol vent,
so as to polynerize said nononer at the epd of

polymer chafnPROCesg daHj L@‘%ﬂ%bcjd?%r%-%%%b‘bg%%?@ﬁ‘éfene'
C%ﬂﬂ%ﬁtéé¥}mer comprising the following steps (A), (B)
and (C):
step kA): polymerizing a monomer containing
a conjugated diene with an alkali metal catalyst in a
hydrocarbon solvent to provide a conjugated diene-based
polymer having an alkali metal derived from said
catalyst at the end of a polymer chain;
step (B): adding a silicon compound
expressedAby the following formula (III) to a
solution of said conjugated diene-based polymer having
an alkali metal derived from said catalyst at the end
of the polymer chain in a hydrocarbon solvent, so as
to react said silicon compound at the end of the
polymer chain to produce a conjugated diene-based
polymer having a structure, in which the alkali metal
derived from said alkali metal catalyst bonds to a
constitutional unit based on the silicon compound

expressed by the formula (III), at the end of the

polymer chain;



conprising the conjugated di ene-based pol yner
according to any one of Clains 1 to 4 and a filler

WO p@engssrat ed thereinto. 7 . The conjugat ed di BCEIRASAH3886
pol ymer conposition according to Claim6 wherein the
amount of said filler to bgﬁgncorporated iIs 10 to 150
parts by wei ght based on 1 parts by wei ght of the

conj ugat ed di enebased pol ymer to be incorporated.

CH,=CH
Xt-$i-x* (I1T)
,s

(wherein X!, X° and‘X“ represent independently a group
expressed by the following formula (IT) or a
hydrocarbon group, and at least one of X', X’ and X® is
the group expressed by the formula (II) or a hydroxide
group:

R!

/
—N (IT)
AN

R?

wherein R' and R’ represent independently a hydrocarbon
group having 1 to 6 carbon atoms which can contain a
nitrogen atom, an oxygen atom, or a silicon atom, and
R' and R® can be combined to form a ring structure);

step (C): adding a monomer containing a
conjugated diene to a solution of said conjugated
diene-based polymer having a structure, in which the
alkali metal derived from said alkali metal catalyst
bonds to a constitutional unit based on a silicon

compound expressed by the formula (I),

—CHz—(l:H—
X'—-8i—-X? (I)
Y

(wherein X', X* and X’ represent independently a group
expressed by the formula (II), a hydroxide group, or a
hydrocarbon group, and at least one of X', X* and X’ is

the group expressed by the formula (II) or a hydroxide
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group)

at the end of the polymer chéin in a
hydrocarbon solvent, so as to polymerize said monomer
at the end of said polymer chain.
6. A conjugated diene-based polymer composition
comprising the conjugated diene—based polymer
according to any one of Claims 1 to 4 and a filler
incorporated thereinto.
7. The conjugated diene-based polymer composition
according to Claim 6 wherein the amount of said
filler to be incorporated is 10 to 150 parts by weight
based on 100 parts by weight of the conjugated diene-

based polymer to be incorporated.



