SPECIFICATION MODIFIED CONJUGATED DIENE-BAS D POLYMER, POLYMER COMPOSITION,
AND PROCESS FOR PRODUCING MODIFIED CONJUGATED DIENE-BASED POLYMER [0001]
The present invention relates to a modified conjugated diene-based polymer, a polymer composition
and a process 10for producing a modified conjugated diene-based polymer. [0002] BACKGROUND
OF THE INVENTION  Tires for automobiles are required to have low rolling resistance, wet grip, etc.
Various esearches and studies 15have been made so far in order to achieve a good balance between
low rolling resistance and wet grip which hitherto have been considered to have a trade-off relationship
with each other. Polymer compositions for usgn preduction qf tires 20 for automobiles are also
required to be excellent in low rolling resistance and wet grip. In the field of these polymer
compositions, a tan 8 balance of such a polymer composition is used as a barometer for tire
performance: for example, a tan 8 value of the polymer composition at a 25temperature of from 50 to
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{0001]
The present invention relates to a modified conjugated
diene-based polymer, z polymer compesition and a process
10 for producing a modified conjugated diene-based polymer.
(00023
BACKGROUND OF THE INVENTION
Tires for automcbiles are reqguired to have low rolling
resistance, wet grip, stc. Various researches and studies
15 have been made so far in crder to achieve a good balance
between low rolling resistance and wet grip which hitherto
have been considered to have a trade-off relationship with
each other.
Polymer compositions for use in preduction of tires
20 for automobiles are alsc reguired to be excellent in low
rolling resistance and wet grip. In the field of these
polymer compositicons, a tan & balance of such a polymer
composition is used as a barometer for tire performance:
for example, a tan & value of the polymer composition at a

25 remperature of from 50 te 70°C is used as a harcmeter for



low roiling resistance, and a tan 6 value of the polymer composition at OC is used as a barometer for
wet grip. A polymer composition which shows a larger tan 6 balance (i.e., a ratio of a ttan 6 value at 0C
to a tan 8 value at 5a temperature of from 50 to 70C) is considered to be suitable as a polymer
composition for tires (refer to Non-Patent Documents 1 and 2). [0003] References 10Non-Patent
Documents Non-Patent Document 1: "Introduction fof Rubber Technology", p.124, edited by THE
SOCIETY OF RUBBER INDUSTRY, JAPAN and published by MARUZEN 15Non-Patent Document 2:
The article of "Comparison between Carbon and Silica in Tread Composition" by Naoichi Kobayashi,
vol. 72, No. 12, p.697, the journal of THE SOCIETY OF RUBBER INDUSTRY, JAPAN, 1999 20[0004]
SUMMARY O HEﬂMﬁT@@lStﬁﬁfér stich aasifuaar%io%, %gie%?s Sf%hénpreggnﬁﬁfnm\?e%tion are to
provide a modified cog"illtjga%edacéie?gcbatssed | Ralymer capable of providing a %%Iym& cgmpogition
improved 25in tan 8 balance, a polymer composition confainingthe ™ =~ §

polymer composition which shows a larger tan & balance

(i.e., a ratio of a tan & value at 0°C toc a tan & value at

[§]

a temperature of from 350 to 70°C) is considered to be
suitable as a polymer composition for tires (refer to Non-
Patent Documents 1 and 2.
[0003]
References
10 Non-Patent Documents
Non~Patent Document 1:
"Introduction for Rubber Technology™, p.1l24, edited by
THE SQCIETY OF RUBRBER INDUSTRY, JAPAN and
published by MARUZEN
15 Non-Patent Document 2:
The article of "Comparison between Carpbon and Silica
in Tread Conposition™ by Naoichil Kobayashi, vol. 72,
Ne. 12, p.697, the jcurnal of THE SOCIETY OF RUBBER
INDUSTRY, JAPAN, 1299
20 [0004]
SUMMARY OF THE TINVENTION
Under such a situation, cbjects of the present
invention are to provide a modified conjugated diene-based
polymer capable of providing a polymer composition improved

25 in tan 8§ balance, a polymer composition conteaining the



3 modified conjugated diene-based polymer and silica, and a process for producing the modified
conjugated diene-based polymer. [0005] The first aspect of the present invention relates to a
modified conjugated diene-based polymer which is obtained by melt-kneading a conjugated
diene-based polymer and 0.01 to 2 parts by weight of a Bunte salt per 100 parts by weight of the
conjugated diene-based polymer, in the 10presence of 0.1 to 1,000 parts by weight of water per one
part by weight of the Bunte salt. [0006] The second aspect of the present invention relates to a
polymer composition containing the above-described 15modified conjugated diene-based polymer and

silica. [0007] ,cdhe;third aspectof-tbe presentinventionyelaes 1o a.process;far prodyging a modified

conjugated diene-based polymer by melt-kneading a conjugated diene-based polymer 20and 0.01 to 2

parts by weight-of eeBuntessalt-perdl00; parts by weightofdbe senjugated-diene-based pelymer, in the
presence of 0.1 to 1,000 parts by weight of water per one part by weight of the Bunte salt. [0008]
25The presenpinventien is intended to provide the
[CGO05]
5 The first aspect of the present invention relates to a
modified conjugated diene-based polymer which is obtained
by melt-kneading a conjugated diene-based polymer and .01
to 2 parts by welight of a Bunte salt per 100 parts by
welght of the conjugated diene-based polymer, in the
10 presence of 0.1 t¢ 1,000 parts by weight of water per one
part by weight of the Bunite salt.
[GG08]

The second aspect ¢f the present invention relates to

a polymer composition containing the above-described
15 modified conjugated diene-based polymer and silica.
[0007]

The third aspect of the present invention relates to a
process for producing a medified conjugated diene-based
polymer by melt-kneading a coniugated diene-based polymer

20 and 0.0l to Z parts by weight of a Bunte salt per 100 parts
by welght of the conjugated diene-based peolymer, in the

(000 parts by weight of water per one

l,....)

presence of 0.1 to
part by weight o©of the Bunte salt.
[0008]

25 The present invention is intended to provide the



4 following: <1> A modified conjugated diene-based polymer obtained by melt-kneading a conjugated
diene-based polymer and 0.01 to 2 parts by weight of a Bunte salt per 100 parts by weight 5of the
conjugated diene-based polymer, in the presence of water whose amount is from 0.1 to 1,000 parts by
weight per one part by weight of the Bunte salt. <2> The modified conjugated diene-based polymer of
<1>, wherein the Bunte salt is 3-(3-aminopropyl)thiosulfuric acid or its metal salt. <3> The modified
conjugated diene-based polymer of <2>, wherein the metal salt is at least one metal salt selected from
the group consisting ofa lithium salt of S-(3- aminopropyl)thiosulfuric acid, a sodium salt of S-(3-
15aminoprop)§gkﬂip§wqwéc_ acid, a potassium salt of S-(3- aminopropyl)thiosulfuric acid, a cesium salt
of 3-(3- aminopropyl)thiosulfuric acid, a cobalt salt of S-(3- aminopropyl)thiosufuric acid, a copper salt

of S-(3- aminaprepyljthiesulfurie acieand.a zingsalt 0fS~-(3--20amipeprepyht estlaicacid 54> The
modified conjugated diene-based polymer of any one of <1> to <3>, wherein the conjugated
diene-based palymekis=a congigatechdieneatnyd atdmatic- cerapaund copelymens<8> Alpatymer
composition containing 25a polymer component, and 5 10 to 150 parts by weight of a reinforcing
agent per 1002parts-bys weightof ¢he poliynzeribomiponent, wirereinl L0%yiveight ow aogé of the
modified conjugated diene-based polymer defined in any one of <1> to <4> is contained, provided that
the ambunt ofthe potymencoraponentds 1009 By Weidght L afitk Whetdin B0% by sveigifttorc =

water whese amount is from 0.1 to 1,000 parts by weight per

one part by weight of the Bunte salt.

<2> The modified conjugated diene-based polymer of <1>,

wherein the Bunte salt 1s S~ (3-aminopropyl)thicosulfuric

10 acld cr its metal salt.
<3>» The modified conjugated diene-based polymer of <Z>,
wherein the metal salt is at least one metal salt selected
from the group consisting of a lithium salt of S5-{3-
aminopropyi)thiosulfuric acid, a scodium salt of 5-(3-

15 aminopropyl) thicsulfuric acid, a potassium salt of 5-(3-
aminopropyl)thiosulfuric acid, a cesium salt of S-(3-
aminopropyl)thiosulfuric acid, a cobalt salt of S-{(3-
aminopropyl)thicsulfuric acid, a copper salt of 5-(3-
aminopropyl)thiosulfuric acid and a zinc salt of S-(3-

20 aminopropyllthicsulfuric acid.
<4> The medified conjugated diene-based polymer of any one
of <1> to <3>, wherein the conjugated diene-based poclymer
is a conjugated diene-vinyl aromatic compound copolymer.

<5> A pelymer composition containing

25 a polymer conmponent, and



more of silica is contained per 100% by weight of the reinforcing agent. <6> The polymer composition
of <5>, containing 1 to 20 10parts by weight of a silane coupling agent per 100 parts by weight of the
silica. <7> A process for producing a modified conjugated dienebased polymer, by melt-kneading a
conjugated diene-based polymer and 0.01 to 2 parts by weight of a Bunte salt per 15 100 parts by
weight of the conjugated diene-based polymer, in the presence of water whose amount is from 0.1 to
1,000 parts by weight per one part by weight of the Bunte salt. <8> The process of <7>, comprising the
steps of supplying the conjugated diene-based polymer from a 20material supply port of a vent type

extruder, to the inside of u queous so ution of t[om a liquid
?Lﬁ? )été g?:m.s %§P %ﬁ@mat 811]1 grc rI tgéjlnSId

injection port located on the downstream si erial supply port, t Fthe

extruder, 25me5@<n§§glgg tgg q;\pgﬂgageq) glepgeb%@yg.@wggﬁ gn@me Bunte salt in the presence

of water, drawing out a volatile component containing water from a vent port, and extruding the
conjugated diepe:based polymer. pe9%heprogess:-0f:$7x 02 <@g wherein dhe Bupia-salt is

diene-based polymer defined in any one of <1> to <4> is

5 contained, provided that the amount of the polymer
component is 100% by weight, and wherein 30% by weight or
more of gilica is contained per 100% by welght of the
reinforcing agent.
<6>  The polymer composition of <5>, containing 1 to 20

10 parts by weight ©f a silane coupling agent per 100 parts by

waeight of the =ilica.
<7> A process for producing a modified conjugated diene-
based polymer, by melt-kneading a conjugated diene-based

polymer and 0.01 to 2 parts by weight of & Bunte salt perx

-
(&3]

100 parts by weilght of the conijugated diene-based polymer,
in the presence of water whose amount is from 0.1 to 1,000
parts by welght per cne part by weight of The Bunte salft.
<8>» The process of <7>, comprising the steps of

supplving the coniugated diene~based polymer from a
20 material supply port cf a vent type extruder, to the inside
of the extruder,

supplying an agueous sclution of tThe Bunte salt from a
liguid injection port located on the downstream side from
the material supply port, tc the inside of the extruder,

25 melt-kneading the conjugated diene-based polymer and



S-(3-aminopropyl)thiosulfu ¢ acid or its metal salt. <10> The process of <9>, wherein the metal salt is
at least one metal salt selected from the group consisting of a lithium salt of
S-(3-aminopropyl)thiosulfuric acid, a 10sodium salt of S-(3-aminopropyl)thiosulfuric acid, a potassium
salt of S-(3-aminopropyl)thiosulfuric acid, cesium salt of S-(3-aminopropyl)thiosulfuric acid, a cobalt
salt of S-(3-aminopropyl)thiosulfu ' acid, a copper salt &f S-(3-aminopropy1)2hiosulfuric acid and a zinc
salt of 5- 15(3-aminopropyl)thiosulfuric acid. According to the present invention, there can be provided
a modified conjugated diene-based polymer capable of providing a polymer composition improved in
tan 6 balance,t%gogmeg comé)lgcsitisoﬂn %%n@tainiga%the modi%iegl 20conjugated diene-based polymer and

ce

silica, and a process ]flélrtp%oaucmgjtﬁe modifiet cgrrﬁugafjed diené-based polymer. [0009] DETAILED

DESCRIPTION OF THE PREFERRED EMB&ELE?!L'\QE’&'&%onent %8§

a polymer which 25contains a structural unit

ased on aconjugated

. Examples of the, conjugated digne

20

25

extruding the conjugated diene-based polymer.

' <9> The process of <7> or <8>, wherein the Bunte salt is

S~{3=~aminopropyli}thiosulfuric acid or its metal salt.

<10> The process c¢f «<9>, wherein the metal salt 1s at least
one metal salt selected from the group consisting of a
lithium salt of S-(3-aminopropyl)thiocsulfuric acid, a
sodium salt of S-{3-aminopropyl)thicsuifuric acid, a
potassium salt of S8~ (3-aminopropyl)thiocsulfuric acid, a
cesium salt of S-(3-aminopropyl)thicosulfuric acid, a cobalt
salt of S-{3-amincpropyvl)thicsulfuric acid, a copper =salt
of S-(3-aminopropyl)thiosuifuric acid and a zinc salt of 8-
(3—aminopropyl)thiosulfuric acid.

According to the present invention, there can be
provided a modified conjugated diene-based polymer capable
of providing a polymer composition improved in tan &
balance, a polymer composition containing the modified
conjugated diene-based polymer and silica, and a process
for producing the modified conjugated diene-based polymer.
L0009]

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A conjugated diene-based polymer is a polymer which

contains a structural unit based on a conjugated diene (a

' diene:hased polymer is
ig%je]g%%% ckgﬁjﬁéﬁeaggi)ﬂeone unit)



include 1,3-butadiene, isoprene, 1,3-pentadiene, 2,3dimethyl-1,3-butadiene and 1,3-hexadiene. As the
conjugated diene, at least one kind selected from these is used. Preferable as the conjugated diene is
1,3-butadiene or isoprene. [0010] The conjugated diene-based polymer may contain a structural unit
based on other monomer, in addition to the 10conjugated diene unit. Examples of other monomer
include vinyl aromatic compounds, vinyl nitrile and undaturated carboxyiates. Examples of the vinyl
aromatic compounds include styrene, a-methylstyrene, vinyltoluene, vinyinaphthalene, divinylbenzene,
trivinylboenzene and 15divinylnaphthalene. Examples of the vinylnitrile include acrylonitrile. Examples

of the unsaturgled carbogylates inglude.methy! acryjate, sthylacpylate. methyLme hacndate and ety
S.

methacrylate. Preferable among them are the vinyl aromatic compoun re preferable among

20them is st 3 ] iene- ' ' [
polymers suzrﬁfggiﬁ)@%(lll %ﬁ%&%@%&%&?&%ﬁ%&%ﬁ% t?iﬁfc%g%%l}%% rgeq'r? (Ia%g'%%?;rjrllj 3 ra;t;ed dene
25conjugated gigpa-uiylaromafic.Gompound eepalymers: suchiasie .  As the
conjugated diene, at least cone kind selected from these is
5 used. Preferable as the conjugated diene iz 1,3~butadiens
oy lsoprene.
(0010}
The conjugated diene-based polymer may contain a
structural unit based on other monomer, in addition to the
10 conjugated diene unit. Examples of other monomer includs
vinyl aromatic compounds, vinyl nitrile and unsaturated
carboxylates. Examples of the vinyl aromatic compounds
include styrene, a-methylstyrene, wvinylitoluene,
vinylnaphthalene, divinylbenzene, trivinylbenzene and
15 divinylnaphthalene. Examples of the vinylnitrile include
acrylonitrile., Examples of the unsaturated carboxylates
include methyl acrylate, ethyl acrylate, methyl
methacrylate and ethyl methacryvlate. Preferable among them
are the vinyl arcmatic compounds. More preferabie among
20 them 1s styrene.
(00117
Examples of the conjugated diene-based polymer include
conjugated diene poliymers such as poly(l,3-butadiene)},
polyisoprene and 1, 3-butadiene-isoprene copolymers;

5 ' T lene-vir a atic compoun mex uct
25 conjugated diene-vinyl arom ompeund copolymers such as



8 1,3-butadiene-styrene copolymers and isoprene-styrene copolymers; acrylonitrile-butadiene
copolymers; isopreneisobutylene copolymers; and ethylene-propylene-diene copolymers. Preferable
among them are the conjugated diene 5polymers and the conjugated diene-Vinyl aromatic compound
copolymers. [0012] Preferably, the conjugated die@e polymer contains a structural unit based on
the vinyl aromatic compound (i.e., 10a vinyl aromatic compound unit). A content of the vinyl aromatic
compound unit is 0% by weight or more, preferably 10% by weight or more (while a content of the
conjugated diene unit is 90% by weight or less), more preferably 15% by weight or more (while a
content of theiconjugated thene-Lunitis85% by weightorless)i pepidest that thesum of the
conjugated diene unit and the vinyl aromatic compound unit is 100% by weight. Moreover, a content of
the vinyl aromaticccbpapatnd unitig jpreferably509 bydveight ardess (whitesa content of the
conjugated diene unit is 50% by 20weight or more), more preferably 45% by weight or less (while a
content of thelcomjugated ae necit igB5% bhyaweight by mere)-ip orderterimpidvaa tan 5 balance of
the resultant polymer composition. [0013] 25In order to improve a tan 5 balance of the resultant 9
polymer compositiohyaaEmourtist 1he ¥k bona of thid cohjadated e febased polyniék s preferably
10% by mol or more and 80% by mol or less, more preferably 20% by mol or more and 70% by mol or
|es&IN%Wdedqﬁéywﬁﬁﬁyﬁ@ﬁtgﬁe conjugated diene-vinyl aromatic compound

copolymers.
[0012]
FPreferably, the conjugated diene polymer contains a
structural unit based on the vinyl aromatic compound (i.e.,
10 a vinyl aromatic compound unit). A content of the vinyl
aromatic compound unit is 0% by welght ©r more, preferably
10% by weight or more (while a content of the conjugated
diene unit is 20% by weight or lessg), more preferably 15%
by welght or more (while a content of the conjugated diene
15 unit is 85% by weight or less), provided that the sum of
the conjugated diene unit and the wvinyl aromatic compound
unit is 100% by weight. Moreover, a content of the vinvl
aromatic compound unit is preferably 20% by welght or less
{(while a content of the conjugated diene unit is 50% by
20 welght or more), more preferably 435% by welght or less
(while a content of the conjugated diene unit is 55% by
weight or more} in order to improve a tan & balance of the
resultant pelymer composition.
[0013]

25 In corder to improve a tan & balance of the resultant



5the conjugated diene unit is 100% by mol. The amount of the vinyl bond can be determined from an
absorption intensity at and around 910 cm-1 as an absorption peak of the vinyl group, by an infrared
spectroscopic analyzing method. 10[0014] A Mooney viscosity (ML1") of the conjugated
dienebased polymer is preferably 10 or more, more preferably 20 or more, in order to improve a
strength of the resultant polymer composition. It is preterably 200 or less, more 15 preferably 150 or
less, in order to improve processability of the resultant polymer composition. A Mooney viscosity
(ML1") is measured at 100C according to the regulation of JIS K6300 (1994). [0015] 20The Bunte salt

is a compound tepresented, by, the-following formula, () ar=(1): H2N:X-SSQ3HW). 0F + e
(H2N-X-SSO3)n.NP-(1l) n+ wherein X represents a hydrocarbylene group; M- represents 25a

metal ion; and: ;s ajalence;ofihe metakion: 10, [Q016] = JBxamples of the bydrocarbylene group as
X include alkylene groups such as a methylene group, an ethylene group, a trimethylene group, a
tetramethylenegroupnd 80% by mol or less, more preferably 20% by mcl or
mere and 70% by mol or less, provided that the content of
5 the conjugated diene unit is 100% by mol. The amount of
the vinyl bond can be determined from an abscrption
intensity at and around 910 c¢m™ as an abscrption peak of
the vinvyl group, by an infrared spectroscoplc analyzing
method.
10 (00147
A Mooney viscosity {(Ml:.) of the conjugated diene-
based polymer is preferably 10 or more, more preferably 20
or more, in.order to improve a strength of tThe resultant
pelymer composition. It is preferably 200 or less, more
15 preferably 150 or less, in order to improve processabllity
of the resultant polymer composition. A Mconey viscosity
(MLi:z) 1s measured at 100°C according to the regulation of
JIS Ke300 (1984).
(00157
20 The Bunte salt i1s a compound represented by the
fTollowing formula (I) or (II):
H,N-X-8805H (I), or
(HoN-X-8S037) n+ M™ (IT)
wherein X represents a hydrocarbylene group; MY represents

25 a metal ion; and n is a wvalence of the metal ion.



5pentamethylene group, a hexamethylene group, a heptamethylene group and an octamethylene
group. Preferable as X is a group represented by -(CH2)m-, wherein m is a number of from 1 to 10.
More preferable as X is a group represented by -(CH2)e-, wherein m is a number of 10from 2 to 6. Still
more preferable as X is a trimethylene group. [0017] ; Examples of the metal ion represented by
Mn+ include a lithium ion, a sodium ion, a potassium ion, a cesium ion, a 15cobalt ion, a copper ion
and a zinc ion. Preferable among them are a lithium ion, a sodium ion and a potassium ion. [0018]

In the formula, n is a valence of the metal ion. For examplecase of an alkali metal ion such as a lithium
20ion, a sodium dan;ja potassium ion or a cesium ion, n is usually 1. In case of a cobalt ion, n is usually
2 or 3. In case of a copper ion, n is usually an integer of 1 to 3. In case of a zinc ion, n is usually 2.

[0019] 25The Bunte saltis peeferably- 8«3raminoprapyll=~34 group as X include
alkylene groups such as a methylene group, an ethylene
group, a trimethylene group, a tetramsthylens group, a

5 pentamethylene group, a hexamethvlene group, a

heptamethylene group and an octamethylene group.
Freferable as X is a group represented by —-(CHz)g~, wherein
m is a number of from 1 to 10. More preferable as ¥ is a
group represented by —-(CHz)p—, wherein m is a number of

PR T

rom 2 to 6. Still more preferable as X is a trimethylene

iw....\
O
(]

group.
{0017)
Examples of the metal ion represented by MY include a
lithium ion, a scdium ion, a potasgsium ion, & cesium ion, a
15 cobalt ion, a copper ion and a zinc ion. Preferable among
them are a lithium ion, a scdium ion and a potassium ilon.
(00183
In the formula, n is a valence 0f the metal ion. For
example, in case of an alkall metal ion such asz a lithium
20 ion, =a sodium ion, a potassium ion or a cesium ion, n is
usually 1. In case of a cobalt ion, n is usually 2 or 3.
In case of a copper ion, n 1is usually an integer of 1 to 3.
In case ¢f a zinc ion, n is usually 2.
(0019}

25 The Bunte salt is preferably S-(3-aminopropyl)-



thiosulfuric acid or its metal salt (i.e., a compound of the above formula in which X is a trimethylene
group). [0020] Preferable as a metal salt of S-(3- 5aminopropyl)thicsulfuric acid are a lithium salt of
S-(3- aminopropyl)thiosulfuric acid, a sodium salt of S-(3- aminopropyl)thiosulfuric acid, a potassium
salt of S-(3- aminopropyl)thiosulfuric acid, a cesium salt of S-(3- aminopropyl)thiosulfuric acid, a cobalt
salt of S-(3- 10aminopropyl)thiosulfuric acid, a copper salt of S-(3- aminopropyl)thiosulfuric acid and a
zinc salt of S-(3aminopropyl)thiosulfuric acid. More preferable as such are a lithium salt of
S-(3-aminopropy1)-th sulfuric acid, a sodium salt of S-(3-am nopropy1)-thiosulfuric acid and a
15potassium saltof SL@B:amincpropyithiosufuricacid. f0021] The Bunté salbwraybe pfoduced by a
known process. As a process for producing a metal salt of S-(3- aminopropyl)thiosulfuric acid, the
following prodess (@Per 20{2) 1§ ehpldyed!AFA procéss comphising thésfeFéfréacting 3-
halopropylamine with sodium thiosulfate.  (2) A process comprising the steps of reacting a

phthalimide pb@é?s%m salt with |,3-dihalopropane; reacting 25the resultant compound with sodium

thiosulfate; and i ) L
Preferable as a metal salt of S-(3-

5 amincpropyl)thicsulfuric acid are a lithium salt of S-(3-
aminopropyl)thiosulfuric acid, a sodium salt of 3-(3-
aminopropyl)thiosulfuric acid, a potassium salt of 5-(3-
aminopropyl)thiosulfuric acid, a cesium salt of 5-(3-
aminopropyl)thiosulfuric acid, a cobalt salt of S-{3-

i0 aminopropvl)thiosulfuric acid, a copper salt of S5-{(3-

aminopropyvl)thiosulfuric acid and a zinc salt of S-(3-
aminopropyl)thicsulfuric acid. More preferable as such are
a2 lithium salt of S-{3-amincpropyl)-thiocsulfuric acid, a
sodium salt of S-(3-amincpropyl)-thiosulfuric acid and a
15 potassium salt of $S-(3-aminopropyl)thiosulfuric acid.

(0021]

The Bunte salt may be produced by a known process. AS
a process for producing a metal salt of 35-(3-
aminopropyl)thiocsulfuric acid, the following process (1) or

20 {2} is empicyed.

(1) A process comprising the step of reacting 3-

halopropylamine with sodium thicsulfate.

(2) A process comprising the steps of reacting a

phthalimide potassium salt with 1,3-dihalopropane; reacting

25 the resultant compound with sodium thicsulfate; and



12 hydrolyzing the resultant compound. While a salt of sodium can be obtained by any of the above
processes, a salt of other metal can be obtained by cation exchange between the salt of sodium and
other metal ion 5according to a known method. In this regard, S-(3-aminopropyl)thiosulfuric acid is
produced by neutralizing a metal salt of S-(3- aminopropyl)thicsulfuric acid, with a protonic acid. [0022]
10A modified conjugated diene-based polymer is produced by melt-kneading the conjufated
diene-based polymer and the Bunte salt in the presence of water. [0023] A ratio of the Bunts salt to be
kneaded is from 0.01 15to 2 parts by weight per 100 parts by weight of the conjugated diene-based
polymer. In ordgrtihyrbyve attan 6 balahte of thecrgsultant.polymer composition, it is preferably 0.1
part by weight or more, more preferably 0.5 part by weight or more. In order to improve profitability,
20it is preferaBiyiL.§ partsay-weight o legs, Aote preferdliy- 1yarthy weight or ldss. [0024E

processes, a salt of other metal can be obtalnsd by cation

exchange between the salt of sodium and other metal ion

o

according to a known method.

In this regard, S5-{(3-aminopropyl)thiosulfuric acid is
produced by neutralizing a metal salt of S~(3-
aminoprepyl)thiosulfuric acid, with a protonic acid.

(00227
i0 A modified conjugated diene-based polymer i1s produced
by melt~kneading the conjufated diene-bassd polymer and the

Bunte salt in the presence of water.

[0023]
A ratio of the Bunte salt to be kneaded is from 0.01
15 to 2 parts by weight per 100 parts by weight of the
conjugated diene-based polymer. In order to improve a tan

& balance ¢f the resultant polymer composition, it is

preferably 0.1 part by welght or more, more preferably 0.5

part by welght o& mere. In order to improve profitability,
20 it 1s preferably 1.5 parts by welght or less, more
preferably 1 part by weight or less.

{0024}

A ratio of water for use in the melt-kneading of the

conjugated diene-based polymer and the Bunte salt is from

25 0.2 te 1,000 parts by weilght per 1 part by weight of the



A ratio of water for use in the melt-kneading of the conjugated diene-based polymer and the Bunte salt
is from 250.1 to 1,000 parts by weight per 1 part by weight of the 13 Bunte salt. To more improve a
tan 8 balance of the resultant polymer composition, it is preferably 0.5 part by weight or more, more
preferably 1 part by weight or more. In order to improvesprofitability, it is preferably 100 parts by weight
or less, more preferably 50 parts by weight or less. [0025] A temperature at which the tonjugated
diene-based polymer and the Bunte sal, are melt-kneaded in the presence 100f water is preferably
from 100 to 250C, more preferably from 120 to 200C. A kneading time is preferably from 0.1 to 10
minutes, morezpreferably fram @b tadmainiies: {0@26¢] Thermeltkneading mayte=carried out by the
use of a 15known kneader, for example, an extruder, a banbury mixer or a roll kneader. The
melt-kneadingcigy thetuse: oban extrudecisiprefetdble., [00271 Exantples oba mérePpreferdbley

melt-kneading method 20include a method by the use of an extruder provided with a
welght or more, more preferably 1 part by weight or more.

In order to improve profitability, it is preferably 100

[$x}

parts by weight or less, more preferakly 50 parts by welght
or less.
[0025]

A temperature at which the conjugated diene-based
polymer and the Bunte salt are meli-kneaded in the presence
10 of water i1s preferably from 100 to 250°C, more preferably

from 120 to Z00°C. A kneading time is preferably from 0.1
to 10 minutes, more preferably from 0.5 to 5 minutes.
[0026]
The melt-kneading may be carried out by the use of a
15 known kneader, for example, an extruder, a banbury mixer or
a roll kneader. The meli-kneading by The use of an
extruder 1s preferable.
[06027]
Examples of a more preferable melt-kneading method
20 include a method by the use of an extruder provided with a
material supply port, a liguid injecticn port and a vent
port: that is, this method comprises the steps of supplying
the conjugated diene-based polymer from the material supply
port to the ingside of the extruder; supplying an aguecus

25 solution of the Bunte salt from the liguid injection port



material supply port, a liquid injection port and a vent port: that is, this method comprises the steps of
supplying the conjugated diene-based polymer from the material supply port to the inside of the
extruder; supplying an aqueous 25solution of the Bunte salt from the liquid injection port 14 to the
inside of the extruder; melt-kneading the conjugated digne-based polymer and the Bunte salt in the
presence of water; and drawing out a volatile component containing water from the vent port
(hereinafter, this method is 5referred to as an aqueous solution injection-extruding method). LO028]
The extruder for use in the aqueous solution injection-extruding method may be any extruder that is
10provided with, athatefiaksurply pottha liguid-injectionrportancha yent gort nwhesern; the diwidl
injection port for the aqueous solution of the Bunte salt is located on the downstream side from the
material supply:iport -dnaswhierein thesvertpbdrtisdotated ®ndheé downstreanpside #rone thet15liquid
injection port for the aqueous Bunte salt solution on the downmost-stream side. That is, a known
extruder may batused. Thd extradénmay e of singletstage ventilatisn typecortaultistage ventilation
type. There may be provided a plurality of liquid injection ports, or there may be 20provided a liquid
imecﬂonpoﬂéﬂﬁé?ﬂuﬁﬁ@@lﬁﬁﬁjvent port (hereinafter, this method is

5

20

referred te as an agueous sclutlon injection-extruding
method),
[(0028]

The extruder for use in the agquecus solution
injection-extruding method may be any extruder that is
provided with a material supply port, a liguid injection
port and a vent port, wherein the ligquid injection port for
the agueous solution of the Bunte salt 1s located on the
downstream side from the material supply port, and wherein
the vent port is located on the downstream side from the
ligquid injection port for the agueous Bunte salt solution
on the downmost-stream side. That i1s, a known extruder may
be used. The extruder may be of single-stage ventilation
type or multistage ventilation type. There may be provided
a plurality of liguid injection ports, or there may be
provided a liguid injection port other than the liguid
injection port for the Bunte salt. A liguid injection port
may be provided on the downstream side from a vent port on
the downmost-stream side; cr a vent port may be provided on
the upstream side from a liguid injection port on the

uppermost~stream side. The extruder may be a single-screw



injection port for the Bunte salt. A liquid injection port may be provided on the downstream side from a
vent port on the down= -stream side; or a vent port may be provided on the upstream side from a liquid
injection port on the 25uppermost-stream side. The extruder may be a single-screw 15 extruder or a
twin-screw extruder. [0029] In the aqueous solutionjeﬁtgon-extruding method, the conjugated
diene-based polymer in the form of pellets, powder, crumb, a melt or a solution is supplied from the
materialsupply port of the extruder to the inside of the extruder. When the conjugated diene-based
polymer in the form of a solution is supplied, an amount of a solvent in the solution is preferably 15%
by weight or less; mere1Qpreferahly 1096 byweight-ordess, provided that the amount of the solution is
100% by weight. [0030] When the conjugated diene-based polymer in the form of a solution is
supplied, a positionegt which the aqueous 15Bunte salt solution is supplied to the inside of the extruder
is preferably in a zone where the amount or the solvent is 10% by weight or less, more preferably in a
zone where the amount afthezsglvent is 5% by weight:or ¢ess; provided:-that the totalramiount of the
conjugated diene-

the conjugated diene-based polymexr in the form of pellets,

A

powder, crumb, a melt or a solution is supplied from the
material supply port of the extruder tTo the inside of the
extruder. When the conjugated diene-based polymer in the
form of & solution 18 supplied, an amount of a solvent in
the solution is preferably 15% by weilght or less, more
iG preferably 10% by weight cor less, provided that the amocunt

of the sclution is 100% by weight.

[0030]

When the coniugated diene-based pclymer in the form of

a solution is supplied, a positicon at which the agueous
15 Bunte salt sclution is supplilied to the inside of the
extruder is preferably in a zone where the amount of the
sclvent is 10% by weight or less, more preferably in a zone
where the amcunt of the solvent 1s 5% by weight or less,

provided that the total amount of the conjugated diene-

=iy

20 based polymer and the solvent is 100% by welght.
_[0031].

In the agueous sclution injection~extruding method, =z
weight ratio of the Bunte salt To water in the agueous

Bunte salt solution is preferably from 1/1,000 to 1/0.1.

25 It is preferably 1/0.5 or less, more preferably 1/1 or less,



20based polymer and the solvent is 100% by weight. [0031] In the aqueous
solutioninjection-extrudingmethod, a weight ratio of the Bunte salt to waterthe aqueous Bunts salt
solution is preferably from 1/1,000 to 1/0.1. 25It is preferably 1/0.5 or less, more preferably 1/1 or less,
16 order to more improve a tan 6 balance of the resyltant polymer composition. It is preferably 1/100
or more, more preferably 1/50 or more, in order to improve profitability. [0032] 5An amount of the
agqueous Bunte salt solution to be supplied to the inside of the extruder is from 0.01 to 2 parts by
weight in terms of an amount of the Sunte salt, per 100 parts by weight of the conjugated diene-based

polymer. Itis preferably-0-d-part by weighter=mgre; Jpore tQpreferably 0.5 parthysweight.er more, in
order to more improve a tan 8 balance of the resultant polymer composition. It is preferably 1.5 parts

by weight or less,ymene preferably:l part byiweight prkeds rintorderitolifiprove profitability xkn case
where the aqueous Sunte 15salt solution is supplied from a plurality of liquid
preferably 1/50 or more, in order to improve profitabilicy.
(00327
5 An amount of the agueous Bunte salt soluticn to be
supplied te the inside of the extruder is from 0.01 to 2
parts by weight in terms of an amount of the Bunte salt,
per 100 parts by weight of the conjugated diene-based
polymer. It is preferably 0.1 part by welght or more, more
10 preferably ¢.5 part by weight cr more, in order to more
improve 2 tan 0 balance of the resultant polymer

composition. It 1

64

preferably 1.5 parts by weight cr less,
more preferably 1 part by weight or less, in crder to
improve profitability. In case where the agueous Bunte

15 salt solution is supplied from a plurality of ligquid
injection ports to the inside of the extruder, the above-
specified amount of the aguecus Bunte salt sclution is the
gum of the amounts of the agquecus Bunte salt solution
suppiied from the plurality of liguid injecticn ports.

20 [0033]

A positicn of the extruder, at which the aguecus Bunte

salt solution is supplied, 1is preferably in a zone where a
temperature of the conjugated diene-based polymer in the
extruder is 100 to 250°C. A temperature of the conjugated

25 diene-based polymer in this zone is more preferably 200°C



injection ports to the inside of the extruder, the above-specified amount of the agueous Bunte salt
solution is the sum of the amounts of the agueous Sunte salt solution supplied from the plurality of
liquid injection ports. 20[0033] A position of the extruder, at which the aqueous &ante salt solution
is supplied, is preferably in a zone where a temperatuie] of the conjugated diene-based polymer in the
extruder is 100 to 250C. A temperature of the conjugated 25diene-based polymer in this zone is more
preferably 200C 17 or lower. The temperature of the conjugated diene-based polymer in this zone is
more preferably 120C or higher. [0034] When the conjugated diene-based polymer in the form of a

solution is supplied,a pesitiopQf the extruder, L which the aquepus Bunte sall,soltionds;supplied, is

preferably in a zone where the amount of the solvent is 10% by weight or less, more preferably in a

zone where th@o@'%%?t ofthersplvent is.5%:by,weight or Jess, prayided: d8that the tetakamount of the
conjugated diene-based polymer and the solvent is 100% by weight. [0035] A residence time

during which thexbnjugated diensbased polymer is resident in a zone inside the extruder 15where the
conjugated diene-based polymer and the Bunte salt are melt-kneaded in the presence of water is
preferably 0.1 minuté/oelonges, more preferablyc0.8minutsserlopgere case wiete aqturality of such
zones are present in the
5 a solution is supplied, a position of the extruder, at
which the agueocus Bunte salt sclution is supplied, 1is
preferably in a zone where the amount of the solvent is 10%
by weight cr less, more preferably in a zone where the
amount of the solvent is 5% by welght or less, provided
10 that the total amount cf the conjugated diene-based pclymer
and the soclvent i1s 100% by weight.
[0033]
A residence ftime during which the conjugated diene-
based polymer is resident in a zcone inside the extruder
15 where the conjugated diene-based polymer and the Bunte salt
are meit-kneaded in the presence of water iz preferably 0.1
minute or longer, more preferably 0.5 minute or longer. In
case where a plurality of such zones are present in the
extruder, the above-~specified residence time i1s the sum of
20 the respective residence fimes in the plurality of the
zones. For example, the following case lg supposed: the
agueous Bunte salt sclution is supplied from a first ligquid
injection port; water is drawn out from a first vent port
on the downstream side from the first liguid injection

25 port; then, water or the aqueous Bunte salt sclution is



extruder, the above-specified residence time is the sum of 20the respective residence times in the
plurality of the zones. For example, the following case is supposed: the aqueous Bunte salt solution is
supplied from a first liquid injection port; water is drawn out from a first vent port on the downstream
side from the first liquid injection 25port; then, water or, the aqueous Bunte salt solution is 8 supplied
from a second liquid injection port on the further downstream side; and water is drawn out from a
second vent port on the downstream side from the second liquid injection port for extrusion. In this
case, total of a 5residence time in a region from the first liquid injection port to the first vent port and a
residence tln&$&5%o&ﬂgm thesecond liguig,injectionpertitothe secone ventpdit istdefined as
the above-specified residence time. [0036] 10In the aqueous solutioninjection-extruding method, a
residence timeQf.the conjugated: diehe-basedpolymes irnthe inside of the extsuderis! preferably 10
minutes or shorter, more preferably 5 minutes or shorter. [0037] 15The vent port is decompressed with
a vacuum, pusap-or the likestazdrameautse volatilecomponerit suek asrah drgdnicsolvent, monomers
and a solvent of a poiyhydric alcohol solution. A pressure in the vent port is usually from 5 to 100
kPa-A, preferahly<fromc0 to-95 kPa-A. 4r'20case where there bfe prcvided & pldrafity of vent holes, ii

5 residence time in a region from the first liguld injection

Fh

port to the first vent port and a residence time in &
region from the second liquid injection port to the second
vent port is defined as the above-specified residence time.
[CO36T

1C In the agueocus solution injection-extruding method, a
residence time of the conjugated diene-based polymer in the
inside of the extruder is preferably 10 minutes or shecrter,
more preferably 5 minutes or shorter.
reos7]

15 The vent port is decompressed with a vacuum pump Or
the like to draw cut & volatile component such as an
organic solvent, monomers and a solvent of & polyhydric

alcohol solution. A pressure in the vent port is usually

from 5 to 100 kPa-A, preferably from 10 to 95 kPa-A. In

I f

20 case where there are provided a plurality of vent holes, it
is preferable to increase a rate of reduction in pressure
toward the downstream side in the extruder in view of a
drawing efficiency.

(00387

25 A temperature of the conjugated diene-based polymer



is preferable to increase a hate of reduction in pressure toward the downstream side in the extruder in
view of a drawing efficiency. [0038] 25A temperature of the conjugated diene-based polymer extruded
from a die is preferably from 150 to 220C. [0039] A Mooney viscosity (ML1+4) of a modified
conjugated diene-based polymer to be obtained by the process of the present invention is preferably
10 or more, more preferably 20 or more, in order to improve a strength of the resultant polymer
composition. It is preferably 200 or less, more preferably 150 or less, in order to improve processability
of the resultant polymer composition. A Mooney viscos 10(M1,1+4) is measured at 100C according to

the regulation of JI5 K6300.(1994). [qQAQ] . B;gqtgpcggi proyve-a tam8 balaneg-ef the resultant

polymer composition, an amount of the vinyl ond in the 15modified conjugated diene-based polymer
is preferably 109 by mol or more and 80% by mol or less, more preferably 20% by mol or more and
70% by mol or less, provided that the content of the conjugated diene unit is 100% by mol. The
amount of the vinyl hondds determined fromyan dbsorption 20intensityi attancbarpund 946 cm-1 as an
absorption peak of the vinyl group by an infrared spectroscopic analyzing method. [0041]

Preferably, thel hsodifiet: cenjugatedrdiené-based 25palyntet contdihs arstrueturral wiit based on a vinyl

5 present invention is preferably 10 or more, more preferably
20 or more, in order to improve a strength of the resultant
polymer compoéition. It is preferably 200 or less, more
preferably 150 or less, in order to improve processability
of the resultant polymer composition. A Mconey viscosity

10 (MLi1+s) 18 measured at 100°C according to the regulation of
JIS Ke30C (1884).
[0040]

To more improve a tan 8§ balance of the resultant

polymer composition, an amcunt of the vinyl bond in the

15 modified conjugated diene-based polymer is preferably 10%
by mol or more and 80% by mol or less, more preferably 20%
by mol or more and 70% by mol or less, provided that the
content of the conjugated diene unit is 100% by mol. The

£

amount of the vinyl bond is determined from an abscrption

20 intengity at and around 510 cm™

as an absorption peak of
the vinyl group by an infrared spectroscopic analyzing
method.

[CC4l]

Preferably, the modified conjugated diene-based

25 polymer contains a structural unit based on a vinyl



20 aromatic compound (i.e., a vinyl aromatic compound unit) order to improve a strength of the
resultant polymer composition. A content of the vinyl aromatic compound unit is 0% by weight or more,
-preferably 0% by weight or more (while a content of the conjugated diene unit is 90% by weight or
less), more preferably 15% by weight or more (while a gontent of the conjugated diene unit is 85% by
weight or less), provided that the sum of the conjugated diene unit and the vinyl aromatic compound
unit is 100% by 10weight. The content of the vinyl aromatic compound unit is preferably 50% by weight
or less (while a content of the conjugated diene unit is 50% by weight or more), more preferably 45%
by weight or less:twhiteca content. efitheicanjygated diene wnitisab5% byaneightor mare) jin order to
15improve a tan B balance of the resultant polymer composition. [00421 The modified conjugated di
e-based polymerefithec impreseat mventtemmay kefmixes withs ofhexpolymencomponent,
20additives, etc. to prepare a polymer composition for use. [00431 Examples of other polymer
component incloe cohvéntionalonesnsgch-as polybatadierie! palyisoprene compo styfengrbotadiene
copolymer, an isoprene-styrene copolymer, 25a butadiene-isoptene copolymer, an
acnﬂonﬂMelﬁH%d%ﬁebY welght or meore, preferably 10% by weight c¢r more

5 (while a content of the conjugated diene unit is 80% by
welght or less), more preferably 15% by weight or more
(while a content of the conjugated diene unit is 85% by
welight or less), provided that the sum of the conjugated
diene unit and the vinyl aromatic compound unit is 100% by

iG welight. The content of the vinyl arcmatic compound unit is
preferably 20% by weight or less (while a content of the
conjugated diene unit is 50% by weight or more), more
preferably 45% by weight or less (while a content of the
conjugated diene unit 1s 53% by weight or more} in order to
15 improve a tan 8 balance of the resultant polymer
compesition,
[0042]
The modified conjugated diene-~based polymer of the
present invention may be mixed with other polymer component,
20 additives, etc. to prepare a polymer composition for use.
[0043]
Examples of other poiymer component include
cenventicnal ones, such as polybutadiene, polyiscprene, a
styrene~butadiene copolymer, an ilsoprene-styrene copolymer,

25 a butadiene-isoprene copolymer, an acrylonitrile-butadiene



21 copolymer, an isoprene-isobutylene copolymer, an ethylenepropylene-diene coplymer and butyl
rubber. Natural rubber, an ethylene-propylene copolymer and an ethylene-octene copolymer are also
included in examples thereof. One or more kinds selected from these polymer components may be
used. [0044] When the modified conjugated dieneéqased polymer is mixed with other polymer
component, a content of the modified conjugated dierie=based polymer is preferably 10% by weight or
more, more preferably 20% by weight or more, still more preferably 30% by weight or more,
particularly 50% by weight or more, provided that the sum, of the polymer components is 100% by

weight, in orderto more-improve aslotan &-balance pf theresuliani pohyper compesiton,,{0045]  As
the additives, known additives may be used. Examples of the additives include reinforcing agents such

as silica and garber black:-fillers sughas.ealciunr20carbonate  tale; aluming; clay; alkrnuam,

hydroxide and mica; silane coupling agents; extender oils; vulcanizing agents such as sulfur and
organic peroxides: vilganizing-acoelerators stigh agithazeleshasedwoariziag@accelesators,
thiuram-based vulcanizing accelerators, 25sulfenamide-based vulcanizing accelerators and guanidine-
22 based vulcanizing/aecelerators ] gulcanizingtactivators sach bs stédricracid andzikc oxide;
processing assistants; antioxidants; and lubricants. [0046]
2 more kinds selected from these polymer components may be
used.
(00447
When the modified conjugated diene-based polymer 1is
mixed with other polymer component, a content of the
10 modified conjugated diene-based polymer is preferably 10%
by welight or more, more preferably 20% by welgnt or more,
still more preferably 30% by weight or more, particularly
50% by welght or more, provided that the sum of the polymer
cemponents is 100% by weight, in order to more improve a
15 tan & balance of the resultant polymer composition.
[0045]
As the additives, known additives may be used.
Examples of the additives include reinfcrcing agents such
as silica and carbon black; fillers such as calcium
20 carbonate, talc, alumina, clay, aluminum hydroxide and
mica; silane coupling agents; extender oils; wvulcanizing
agents such as sulfur and organic peroxides; wvulcanizing
accelerators such as thiazole-based vulcanizing
accelerators, thiuram-based vulcanizing accelerators,

25 sulfenamide~based vulcanizing accelerators and guanidine-



5Examples of the silica include dry silica (anhydrous silicic acid), wet silica (water-containing silicic
acid), colloidal silica, precipitated silica, calcium silicate and aluminum silicate. Two or more kinds
selected from these may be used. A BET specific surface area of silica is 10usually from 50 to 250
m2/g. A BET specific surface area is measured accorg'glg to the regulation of ASTM 01993-03,
Examples of commercially available products of silica'include ULTRASILC) VN3-G manufactured by
Evonik Degussa GmbH, VN 3, AQ, ER and RS-150 manufactured by TOSOH SILICA
15CORPORATION, Zeosil 1115MP and 1165MP manufactured by Rhodia Group, etc. [0047]

Examples of thecarben; black include channel.carbor blagk stgh as:ERCaMPG and GC fumace
carbon black such as 20SAF, ISAF, MAE, MAF, FEE, SRF, GPF, APE, FE, OF, SCF and ECF;

thermal carbonsblack such-as ETdandMT; acetyleneiearbondiacks and giaphite, ahwe or more kinds
selected from these may be used. [0048] 25A nitrogen adsorption specific surface area (N2SA) of 23
carbon black snutsuatly fromt 5 10 200 m2ly; wlkletasdibutyl phthalate (052) absorption amount of
carbon black is usually from 5 to 300 m1/100 g. The nitrogen adsorption specific surface area is
measured acdordihglto the regulation of ASTM D4820-93, and the DES absorption amount is

measured according to the regulation of ASTM D2414-93.
5 Examples of the silica include dry silica {anhydrous

silicic acid), wet silica {water-containing silicic acid),
colloidal silica, precipitated silica, calcium silicate and
aluminum silicate. Two or mere kinds selected from these
may be used. A BET specific surface area of silica is
10 usually from 50 to 250 m®*/g. A BET specific surface area
ig measured according to the regulation of ASTM D1993-03.
Examples of commercially available products of silic
include ULTRASIL® VN3-G manufactured by Evonik Degussa
GmbH, VN 3, AQ, ER and RS-150 manufactured by TOSCOH SILICA
15 CORPCRATION, Zeosil 1115MP and 1165MP manufactured by
Rhodia Group, etc.
(00477
Examples of the carbon black include channel carbon
black such as EPC, MPC and CC; furnace carbon black such as
20 SAF, ISAF, HAF, MAF, FEF, SRF, GPEF, APF, FF, CF, SCF and
ECF; thermal carbon black such as FT and MT; acetylene
carbon black; and graphnite. Two or more kinds selected from
these may be used.
[0048]

25 A nitrogen adsorpiion spécific surface area (N:SA) of



Commercially available products such as DIABLACKg N339 from Mitsubishi Chemical Corporation,
SEAST@ 6, SEASTO 7HM and SEASTO KH from TOKAI CARBON CO., LTD., CKO 3 and inSpecial
Black@ 4A from Evonik Degussa GmbH may be used as the carbon black. [0049] When a polymer
composition is prepared by adding reinforcing agentséciy3 the modified conjugated diene-based
15polymer, an amount of the reinforcing agents to be ‘added is usually from 10 to 150 parts by weight
per total 100 parts by weight of the polymer components. This addition amount is preferably 20 parts
by weight or more, more preferably 30 parts by weight or more, in order to improve a friction
20resistance and sirength-of the resultant pelymercompesiton This addifiomamaunt s preferably 120
parts by weight or less, more preferably 100 carts by weight or less, in order to improve a reinforcing
property of the xesudtesat polymer composition. 25[000In24 ¢ Rreferably, the polymer composition
contains silica as a reinforcing agent. A content of silica is preferably 30% by weight or more, more
preferably 50%cmeweight ovmdre - stilBmoren preferably, 70%Hhy weight oe mare sparticdlardy 80% by
weight or more, provided that a total amount of the reinforcing agents is 100% by weight. [00511
Examples of thesilane coapling:agertirelude virnd tricheolositarey vinyg tristhaxysilane, vinyls(

5 reguiation of ASTM D4820-93, and the DBP abscrption amount
is measured according to the regulation of ASTM DZ414-93.
Commercially availlable products such as DIABLACK® N339
from Mitsubishi Chemical Corpcratiocn, SEAST® &, SEAST® 7EM

and SEAST® KH from TOKAI CARBON CO., LTD., CK® 3 and

[

Special Black® 4A from Evonik Degussa GubH may be used as

fa

the carbon black.
[0049]
When a polymer composition ils prepared by adding
reinforcing agents to the modified conjugated diene-based
15 polymer, an amount of the reinforcing agents to be added is
usually frem 10 tfo 150 parts by welght per total 100 parts
by welght of the polymer components. This additicon amount
is preferably 20 parts by weilght or more, more preferably
30 parts by weight or more, in order to improve a friction
20 resistance and strength of the resultant polymer
composition. This addition amount is preferably 120 parts
by welght or less, more preferably 100 parts by weilght or
less, in order to improve a reinforcing property of the
resultant polymer composition.

25 (0050]



r- 10me oxyethoxy)silane, p-(3,4-epoxycyclohexyl)ethyl- trimethoxys lane,
7-glycydoxypropyitrimethoxysilane, ymethac ysoxypropyltrimethoxysilane,
N-(P-aminoethyl)-yaminopsopy trimethoxysilane, N-(p-aminoethyl)-7-
aminopropylmethyldimethoxysilane, N-pheny1-7- 15aminopropyltrimethoxysilane,
y-chloropropyitrimethoxysilane, 7-me captopropyi,ethc%?ysilane, 7-aminopropyltriethoxy- silane, bis(3-(
riethoxysilyl)propyl)disulfide, bis(3- (t ethoxysilyl)propyl)tetrasuifide, 7-trimethcxys
yipropyldimethylthiocarbamyltetrasulfide and y-trimethoxy- 20silylpropylbenzothiazyltetrasulfide. Two

or more kinds select?} érf)é%%?E%mgxgepéﬁgﬁggg%ﬁé%%y vV 'Ialglgrpbr%g%{%t %sjgfiecgs 'ggc_h are

Si(r) 69 and Si(r) 75 from Eyonik Degussa en a polymer composition is

prepared by adding, the,, 25 silane goupling agentto the madified, onjugated dienebased pglymer, an

amount of the silane coupling ageft to be added is preferably from 1 to 20 parts by weight, more
preferably from,2 {0,153 parts by-weight, still marepreferably from. 519 1.narks-by weight.sper 100 parts
by weight of silica. [0053] Examples of the above-described extender oil include an aromatic
mineral oil (wigt aviscesity gradtycanstapt70% by weight or more, particularly

5 80% by welght or more, provided that a total amcunt of the

reinforcing agents 1s 100% by weight.

Examples of the silane coupling agent include vinyl
trichrolosilane, wvinyl triethoxysilane, vinyl tris(B-

10 methoxyethoxy)silane, B-(3,4-epoxycyclchexyl)ethyl-
trimethoxysilane, v-glycydoxypropyltrimethoxysilane, vy-
methacryloxypropyltrimethorysilane, N-(B-aminoethyl)-y-
aminopropyltrimethoxysilane, N-{f-amincethyl)-v-
amincpropylmethyldimethoxysilane, N-phenyl-y-

i5 aminopropyltrimethoxysilans, y—chloropropyltrimethoxfsilane,
y—mercaptoprépyltrimethoxysilane, y-—aminopropyltriethoxy-
silane, bis{3-(triethoxysilyl)propylidisuliide, bis(3-
(triethoxysilyl)propyl) tetrasulfide, vy-trimethoxysilyl-
propyldimethylthiocarbamyltetrasulfide and y-trimethoxy-

20 silylpropylbenzothiazyltetrasulfide. Two or mere kinds
selected from these may be used. Commercially availlable
product usable as such are Si® 69 and Si® 75 from Evonik
Degussa GmbH, etc.

(00527

25 When a pelymer composition is prepared by adding the



10(V.G.C. value) of from 0.900 to 1.049), a naphthene-based mineral oil (with a V.C.C. value of from
0.850 to 0.899) and a paraffin-based mineral oil (with a V.G.C. value of from 0.790 to 0.849). A
bolycyclic aromatic group content of the extender oil is preferably less than 3% by weight, 15more
preferably less than 1% by weight. The polycyclic aromatic group content is measured according to the
rule 346/92 of Institute Petroleum. An aromatic comp uhd content (CA) of the extender oil is preferably
20% by weight or more. Two or more kinds selected from these may 20be used. [0054] Examples
of the above-described sulfur include powdery sulfur, precipitated sulfur, colloidal sulfur, insoluble

sulfur and highly,dispersible suilfur. among which,powdery 25sulfurand insoluble;sulfur are preferable.

26 [0055] Examples of the above-described organic peroxide include diCumyl peroxide,

2,5-dimethy1@a%-9!{te§ﬁ%£@£y,lpearﬁxx}h%eeeo%,St@!ameéhyllg%é-@&eﬁm@ea@@at5wa@@,
2,5-dimethy1-2,5-(tertiary butylperoxy)hexine-3, ditertiary butyl peroxide, ditertiary butyl

peroxide-3,3,5tHmethyleyelobexans; tertiapsbutyl hydroperoxides ets, [QR56]Whemargolymer
composition is prepared by adding a
preferably from 2 to 15 parts by weight, still more
5 preferably from & to 10 parts by weilght, per 100 parts by
welght of silica.
[0053]
Examples of the zbove-described extender oil include
an arcomatic mineral oil (with a viscosity gravity constant
10 (V.G.C. value) of from 0.900 to 1.049), a naphthene-based
mineral oll {(with a V.G.C. value of from 0.850 to 0.899)
and a paraffin-based mineral oil (with a V.G.C. value cof
from 0.790 te 0.849). A polycyclic aromatic group content
of the extender oil is preferably less than 3% by welght,
15 more preferably less than 1% by weight. The polycyclic
aromatic group ceontent 1s measured according to the zrule
346/92 of Institute Petroleum. AN aromatic compound
content (CA) of the extender cil is preferably 20% by
welght or more. Two or more kinds selected from these may
20 be used.
[00547
Examples of the above-described sulfur include powdery
sulfur, precipitated sulfur, colloidal sulfur, inscluble
sulfur and highly dispersible sulfur, among which powdery

25 sulfur and inscluble sulfur are preferablie.



10vulcanizing agent to the modified conjugated diene-based polymer, an amount of the vulcanizing
agent to be added is preferably from 0.1 to 15 parts by weight, more preferably from 0.3 to 10 parts by
weight, still more preferably from 0.5 to 5 parts by weight, per 100 parts by weight of the 15polymer
component. [0057] Examples of the above-described é/glcanizing accelerator include thiazole-based
vulcanizing accelerators such as 27mercaptobenzothiazole, dibenzothiazyldisulfide 20and
N-cyclohexyl-2-benzothiazyisulfenamide; thiuram-based vulcanizing accelerators such as
tetramethylthiuram monosuifide and tetramethylthiuram disulfide; sulfenamidebased vulcanizing
accelerators suehzas N-cyclohexyl-2- benzothiazol- sulfenamide, N-t-buty1-2-
25benzothiazolsulfenamide, N-oxyethylene-2- 27 benzothiazolsulfenamide, N-oxyethylene-2-

benzothiazo,sulfenamide,and N,N=diisoprapyt-2- berzothiazelsufenamide; and gueaidine-based
vulcanizing accelerators such as diphenylguanidine, diorthotolyl- 5guanidine and orthotolylbiguan dine.
[0058] When-a polymgrcompositonisiptepaed-byl adding $he vuleadizing=accelerator to the
modified conjugated dienebased polymer, an amount of the vulcanizing accelerator to 10 be added is
preferably froimaQ.¢ ltpS-parts by weight, tote preferably. frémb0.2103parts’ by sveighit, per 100 parts

by weight of the polymer component.

5 hexane, 2,53-dimethyl-2,5-{tertiary butylperoxy)hexine-3,
ditertiary butyl peroxide, ditertiary butyl peroxide-3,3,5~
trimethylcyclohexane, tertiary butyl hydroperoxide, etc.
{00561

When a polymer composition is prepared by adding a
10 vulcanizing agent to the modified conjugated diene-bpased
polymer, an amount of the vulcanizing agent to be added is
preferably from (.1 to 15 parts by weight, more preferably
from 0.3 to 10 parts by weight, still more preferably from
0.5 to 5 parts by weight, per 100 parts by weight of the
15 pelymer component.
(00571
Examples of the above~described vulcanizing
accelerator include thiazzole-based vulcanizing accelerators
such as Z-mercaptobenzothiazole, dibenzothiazyldisulfide
20 and N-cyclohexyl-2-benzothiazylsulfenamide; thiuram-based
vulcanizing accelerators such as tetramethylthiuram
monosulfide and tetramethylthivram disulfide; sulfenamide-
based vulcanizing accelerators such as N-cyclohexyl-2-
benzothiazol- sulfenamide, N-t-butyl-2-

25 benzothiazolsulfenamide, N-oxyethylene-2Z-



[0059] The method for preparing a polymer composition by adding other polymer component and
additives to the modified conjugated diene-based polymer may be any of known methods. For
example, the respective components may be kneaded by the use of a known mixer such as rolls or a
banbury mixer. 20[0060] Kneading conditions in case where a polymer composition is prepared by
adding the additives other than the vulcanizing agent and the vulcanizing accelerator are described
below: a kneading temperature is usually from 50 25to 200C, preferably from 80 to 190C; and a
kneading time 28 is usually from 30 seconds to 30 minutes, preferably from 1 to 30 minutes. Kneading
conditiprjs in %aesez\gr%%rfaaz 8?'&% e @cogﬁpg%tiorkig. cp}geg%@ﬁ%bé/n%q%ng the vulcanizing agent and the
vulcanizing accelerator aré described below: a knead}/ng temperature is usually 100C or lower,

preferably from.a toom tempetature to 80C; and a lerq@an&gigemﬁwe is usually from 120 to

200C, preferably from 140 to 180C, when the polymer composition mixed with the vulcanizing agent

and the vulcapjzingacceleratar.is subjectedto 8 1evuicanizing reatmentisugtn as press-wwicanizing.
[0061] The modified conjugated diene-based polymer and the modified conjugated diene-based

polymer compgsitionarguised iptites,shogisales, flogring matedals vibrationdarooefing materials, etc.,
and are particularly suitable for use in tires. [0062 Examples Hereinafter, the present invention
will be describgd=20byiway of Examptes and Comparative Examples, which however
(00581
When a polymer composition is prepared by adding the
vulcanizing accelerator to the modified conijugated diene-
based polymer, an amount of the vulcanizing accelerator to
10 be added is preferably from 0.1 to 5 parts by weight, more
preferably from 0.2 to 3 parts by weight, per 100 parts by
welght of the polymer component.
[6G59]

The method for preparing a polymer compositiocon by

15 adding other polymer component and additives to the
modified conjugated diene-based polymer may be any of known
methods. For example, the respective components may be
kneaded by the use of a known mixer such as rolls or a
banbury mixer.

20 [0060]

Kneading conditions in case where a polymer
compesition is prepared by adding the additives other than

the vulcanizing agent and the vulcanlizing accelerator are

£

described below: a kneading temperature is usually from 50

2kt to 200°C, preferably from 80 to 120°C; and a kneading time



should not be construed as limiting the scope of the present invention in any way.

The physical

properties were evaluated by the following methods. 25[0063] 29 1. Mooney Viscosity (M1,144)
Mooney viscosity of the polymer was measured at 100C according to the regulation of JIS K6300
(1994). [0064] 52. Vinyl Content (% by mol in unit) A vinyl content of the polymer was determined

from an absorption intensity at and around 910 cm-1 #fan absorption peak of the vinyl group by an

infrared spectroscopic analyzing method. [0065] 3. Styrene Unit Content (% by weight in unit) A
styrene unit content of the polymer was determined from a refractive index according to the regulation

of JIS K6383 @@%Mﬁ@gﬁa%%rm%'50%'@&M\A%ighttfaisgao%fﬂu(w'\ﬂ@ref&%@pt-@w@f

molecular weight (Mw) an

number-average molecular weight (Mn5 were measuréd by ge

permeation chromatography: (GPO)under the.follawing- 206pnditions-(1) ta,(8).50 as odefernine a

molecular weight

composition is prepared by adding the vulcanizing agent and

the vulcanizing accelerator are described below: a kneading

5 temperature is usually 100°C or lower, preferably from a

room temperature to 80°C; and a vulcanizing temperature is

usually from 120 to 200°C, preferably frem 140 to 18C°C,

when the polymer composition mixed with the vulcanizing

agent and the vulcanizing accelerator is sublected to

10 vulcanizing treatment such as press vulcanizing.

[0061]

=3

The modified conjugated diene-based polymer and the

modified conjugated diene-based polymer compcosition are

used in tires, shoe soles, flooring materials, vibration

13 proofing materials, etc., and are particularly suitable for
use 1in tires.
[C062Z]
Examples
Hereinafter, the present invention will be described
20 by way of Examples and Comparative Examples, which however

should nct be construed as limiting the scope of the

present invention in any way.

The physical properties were evaluated by the

following methods.

25 [0063]

A



distribution (Mw/Mn) of the polymer. (1) Apparatus: HITC-8020 manufactured by TOSOH
CORPORATION (2) Separation column: GMH-XL (two columns in series) manufactured by TOSOH
CORPORATION 25(3) Measuring temperature: 40C 30 (4) Carrier: tetrahydroiuran (5) Flow rate: 0.6
mL/min. (6) Injection amount: 5 pft (7) Detector: differential refrac ometer 5(8) Molecular weight
standard: standard polystyrene [0067] 5. Tan 6 Balanéé Strip-like test pieces of 4 mm in width, 1
ram in thickness and 40 mm in length were punched from a sheet- 10like vulcanized molded article
and were then subjected to the tests. A viscoelasticity measuring apparatus (manufactured by

Ueshima Seisakusho Co, J was. ed[Emee sure a loss tangent of the test piece at OC (tan 8
(0C)) under th’e”c%ﬁ%% '(-)\}]ﬂagag ormation of‘*d?ZS% and a

A Mooney viscosity of the polymer was measured at
100°C according to the regulaticn of JIS K&300 (1894).
[0064]

5 2. Vinyl Content (% by mol in unit)

A vinyl content of the polymer was determined from an
absorption intensity at and around 910 cm™' as an
absorption peak of the vinvl group by an infrared
spectroscopic analyzing method.

10 [0CBL]
3. Styrene Unit Content (% by weight in unit)

A styrene unit content of the polymer was determined
from a refractive index according to the regulation of JIS
Ke383 (1995,

15 [0066]
4. Molecular Weight Distribution (Mw/Mn)

A weight-average molecular weight (Mw) and a number-
average molecular weight (Mn) were measured by gel
permeation chromatography {GPC) under the following |

20 conditions (1) to (8) so as to determine & molecular weight
distribution (Mw/Mn) of the polymer.
(1) Apparatus: HLC-8020 manufactured by TOSOH CORPORATION
(2) Separation column: GMH-XL (two cclumns in series)

manufactured by TOSOH CORPORATION

25 (3) Measuring temperature: 4(0°C



15frequency of 10 Hz, and to measure a loss tangent of the test piece at 70C (tan 5 (70C)) under the
conditions of a deformation of 1% and a frequency of 10 Hz. Next, a ratio of tan 8 (0C)/tan 8 (70C) was
determined to thereby calculate a tan 8 balance. 20[0068] Reference Example Preparation of Sodium
Salt of S-(3-Aminopropy1)- Thiosulfuric Acid A geactor was purged by nitrogen and was then
charged 25with 3-bromopropylamine bromaie (25 g, 0.11 mol), sodium 31 thiosulfate pentahydrate
(28.42 g, 0.11 mol), methanol (125 ml) and water (125 ml). The mixture in the reactor was refluxed at
70C for 4.5 hours. After that, the mixture was allowed to cool and methanol was removed from the
5mixture underseduced-pressure: Next, thednixture from which methanol had been removed was
mixed with sodium hydroxide (4.56 g), and the resulting mixture was stirred at room temperature for 30
minutes. Then; ihe solventwas removedtherefrom and was then mixedethanol (200 ml). 10Then, the
resulting mixture was refluxed for one hour. After the refluxing, sodium bromide as a side-product was
removed from the mixture bychot ditration: Theifiltrate was decompressed and thus was concentrated
until crystals were precipitated. The concentrated solution was left to 15stand still. The crystals were
collected by filtratioReh@aiere: theh Wastrighwih ettidnior 6itd AERERE. The resultant crystals were

dried in vacuum to obtain a sodium salt of S(3-aminopropgl)thiosulfuric acid.
5 {8) Molecular welght standard: standard polystyrene

[0067]
5. Tan & Balance
Strip~like test pieces ¢f 4 mm in width, 1 mm in
thickness and 40 mm in length were punched from a sheet-
10 like wvulcanized molded article and were then subjected to
the tests. A viscoelasticity measuring apparatus
(manufactured by Ueshima Seisakusho Co., Ltd.) was used to
measure a 10ss tangent of tThe test piece at 0°C (tan &
{0°CY) under the conditicns ¢f a defeormaticon of 0.25% and a
15 Trequency of 10 Hz, and To measure a logss tangent of the
test pilece at 70°C (tan & (70°C)) under the conditicns of a
deformation of 1% and & freguency of 10 Hz. Next, a ratio
of tan & (0°C)/tan 6 (70°C) was determined to thereby
calculate a tan & balance.
20 [0068]
Reference Example
Preparation of Sodium Salt of S-(3-Amincpropyl)-
Thicsulfuric Acid
A reactor was purged by nitrogen and was then charged

25 with 3-bromopropylamine bromate (25 g, 0.11 mol), sodium



1H-NMR(270.05 MHz, MeOD)Sppm: 3.1 (2H, t, J = 6.3 Hz), 202.8(2H, t, J = 6.2 Hz), 1.9-2.0 (2H, m)
{0069] A median diameter (50% D) of the sodium salt of S-(3- aminopropyl)thicsulfuric acid, thus
obtained, was measured with SALD-2000J manufactured by SHIMADZU CORPORATION, by 25laser
diffractometry. As a result, it was 14.6 km. 32 <Measuring Operamion> The resultant sodium salt
of S-(3- aminopropyl)thiosulfuric acid was dispersed i & solution mixture of a dispersion solvent
(toluene) and a dispersant (a solution of 10% by weight of sodium di-2-ethylhexyl sulfosuccina.e in
toluene) at room temperature. The resulting dispersed solution was stirred for 5 minutes while being
exposed to a ultrasonic wave, tg optain a test solytion..This test solution was transferred to a.batch
10cell and Waéréju%jse% ed to measurer ((a%taa??er &EE b%%saqde?’c?r?e Ir‘:rllcljr?u)té. Ker% rggt?v% |ﬁlée§>‘§) was

from 1.70 to 0,20i. QQ70] Example 1 Brepayation; of Modified Polymer 15A twine-screy. extruder

provided with a material supply Port, a liquid supply port and a vent port was used. A cylinder

temperature of the extruder.was set at,150Csand the.following.mixture,was supplied from the material
supply port to the inside of the extruder: the mixture was 20prepared by mixing an oil extended
1,3-butadienesstyrenel owed to cool and methanol was removed from the
> mixture under reduced pressure. Next, the mixture from
which methancl had been removed was mixed with sodium
hydroxide {4.5%6 ¢g), and the resulting mixture was stirred

at room temperature for 30 minutes. Then, the solvent was

removed therefrom and was then mixed with ethanol (200 mi).

f,_\
(]

Then, the resulting mixture was refluxed for one houx.

After the refluxing, sodium bromide as & side-product was
removed from the mixture by hot filtration. The filtrate
was decompressed and thus was concentrated until crystals

were precipitated. The concentrated solution was left o

EAMJ
U1

stand still. The crystals were collected by filtration and
were then washed with ethancl and hexane. The resulitant
rystals were dried in wvacuum to obtain a sodium salt of 3-
{3-amincpropyl)thiosulfuric acid.
'"H-NMR (270.05 MHz, MeOD)8ym: 3.1 (2H, t, J = 6.3 Hz),
20 2.8(2H, t, J = 6.2 Hz), 1.9-2.0 (2H, m)

[0Ge2]

A median diameter (50% D) of the sodium salt of 3-(3-

aminopropylthicsulfuric acid, tThus cbhtalned, was measured
with SALD-Z2000J manufactured by SHIMADZU CORPORATION, by

25 laser diffractometry. As a result, it was 14.6% um.



copolymer [a content of an extender oil per 100 parts by weight of a 1,3-butadiene-styrene copolymer
= 18 parts by weight; the 1,3-butadiene-styrene copo ymer having a styrene content of 28% by weight
and a vinyl content of 36% 25by mol; a Mooney viscosity (M111+4 (100C)) = 70; and a 33 molecular

weight distribution (Mw/Mn) = 1.7] and industrial hex
parts by weight of the 1,3-butadiene-styrene copolym

e (a content of the industrial hexane per 100
= 18 parts by weight). Then, 3 parts by weight

of an aqueous solution of 5the sodium salt of S-(3-aminopropyl)thicsulfuric acid (a concentration of the

sodium salt of S-(3- aminopropyl)thiosulfuric acid = 33.3% by weight) per 100 parts by weight of the

1,3-butadiene<§gge§1%§%%olw@@5yg§&ypplied from the liquid supply port to the inside of the

“10extruder. In the extruder, the above-described mixture and the aqueous solution of the sodium salt

of S-(3- aminopropyhthiostifyric agid-werg:mel-kneadedsThe industrial hexane and water were drawn

out from the vent port, and then, the oil extended modified polymer was 15extruded from the die.

ratio of a mixtuxe supply@mout {kg/hr. ¥ to-ascrew dotatien auaiber §gpin)i(the: mixture: supply
amount/the screw rotation number) was from 1.1 to 1.2 (kg/hr./rpm). The temperature of the

1,3-styrene-butacliens=capolymet fopmdsat20andiarennd the liquid supplycdart wasraboat250C, and

A

the temperature of the oil extended modified polymer extruded from the die was about 200C. The time

during Which tte polymer wasaésident, within g extrdderpmiaredgion froatthe pesition for supplying

the aqueous solution of the 25sodium salt of the S-(3-aminopropyl)thiosulfuric acid, to

10

20

sulfosuccinate in toluene) at room temperature. The
resulting dispersed sclution was stirred for - minutes
while being exposed to a ultrasconic wave, to obtain a test
solution. This test sclution was transferred To a batch

cell and was subjected to measurement after the passage of

one minute. A raefractive index was from 1.70 to £.201.
(007067
Example 1

Preparation of Modified Polymer

L twine-screw extruder provided with a material supply
port, & liguid supply porxt and a vent port was used. A
cyiinder temperature of the extruder was set at 150°C, and
the following mixture was supplied from the material supply
port to the inside of the extruder: the mixture was
prepared by mixing an oil extended 1,3-butadiene-styrene
copolymer [a content of an exitender coil per 100 parts by
weight of a 1,3-butadiene-styrene copolymer = 18 parts by
welght; the 1,3-butadiene-styrene copolymer having a
stvrene content of 28% by weight and a vinyl content ¢f 36%

by mel; a Mooney viscosity (MLi,g (100°C)) = 70; and a



34 the outlet of the die was about 1.5 minutes. The Mooney viscosity of the resultant oil extended
modified polymer was 71, and the molecular weight distribution (Mw/Mn) of the modified polymer was
1.7. 5[0071] Preparation of Polymer Composition and Vulcanized Sheet A polymer composition
was prepared by kneading the following materials in?&lsaboplast mill: the obtained oil extended
modified polymer (118 parts by weight), silica 10(ULTRASIIK14 VN3-G manufactured by Evonik
Degussa GmbH) (78.4 parts by weight), a silane coupling agent (Si690 manufactured by Evonik
Degussa GmbH) (6.4 parts by weight), carbon black (DIABLACK(r) N339 manufactured by Mitsubishi

Chemical Corpernation) £6.4.parts-hy weight), anextenderdholl (NC-140 managturedby-Nippon Oil C
rpration) (29.6 parts by weight), an antioxidant (Antigen@ 30 manufactured by Sumitomo Chemical
Company, Limiteth-(3.5parts by aveighty, stearic acid{2posts by-weigbt)pzinc oxide-@-partoby
weight), a vulcanizing accelerator (Sox col@ CZ 20manufactured by Sumitomo Chemical Company,
Limited) (1 past=byzweight), aheuldarizing acdekenator (Soxine (1§ Domapufactured hycSumitoinp
Chemical Company, Limited) (1 part by weight), wax (SunnockO N manufactured by OUCHI SHINKO
CHEMICAL INBUSTRIAL) Thi5parts yeweighbyandc:suliur (0.4 ZEpansdnoweight). The vesulting

polymer composition was
5 the sodium salt of S-(3-aminopropyl)thicsulfuric acid (a

concentration cf the sodium salt of S-(3-
aminopropyl)thiosulfuric acid = 32.3% by weight) per 100
parts by weight of the 1,3-butadiene-stvyrene copolymer was
gsupplied from the ligquid supply port to the inside ¢f the

10 extruder. In the extrudsr, the above-described mixture and
the agueous sclution of the sodium salt of S= (3~
amincpropyl) thicsulfuric acld were melt-kneaded. The
industrial hexane and water were drawn cut from the vent
port, and then, the oil extended modified polymer was

i5 extruded from the die.

A ratio of a mizxture supply amocunt (kg/hr.) to a2 screw
rotation number {(rpm) (the mixture supply amount/the screw
rotation number) was from 1.1 to 1.2 (kg/hr./rpm). The
temperature of the 1,3-styrene-butadiene copolymer found at

20 and around the liguid supply port was about 150°C, and the
temperature of the o0ll extended modified poiymex extruded
from the die was about 200°C. The time during which the
polymer was resident, within the extruder, in a region from
the position for supplying the agueocus solution of the

25 sodium salt of the S-(3-aminopropyl)thiosulfuric acid, to



35 molded into a sheet with 6-inch rolls, and the resulting sheet was heated and vulcanized at 160C
for 45 minutes to prepare a vulcanized sheet. The results of evaluation of the physical properties of the
vulcanized sheet are shown 5in Table I. [0072] Example 2 Example 1 was repeated, except that
the supply amount of the aqueous solution of the sodium salt of S-(3- TOaminopropyl)thiosulfuric acid
per 100 parts by weight of the 1,3-butadiene-styrene ctpolymer was changed to 1.5 parts by weight.
The Mooney viscosity of the resultant oil extended modified polymer was 71, and the molecular weight
15distribution (Mw/Mn) of the modified polymer was 1.7. The results of evaluation of the physical

properties of the vulcanizetg shfet are shown in \-/I\-/?ngle 1. [ 0%3 Comparative Example 1 20A polymer
composition W%\%eprgﬁ&rje% b)? ng&ﬁnéﬁ% t6io goH{fat tals h-4 fa eosplast mill: the oil extended

L e ey RIS (1S s s o Le e e e
modified polymer was 71, and the molecular weight
distribution (Mw/Mn) of the modified polymer was 1.7.

5 00717
Preparation of Polymer Composition and Vulcanized Sheet

A polymer composition was prepared by kneading the

following materials in a laboplast mill: the obtained cil
extended modified polymer (118 parts by weight), silica

10 (CLTRASIL® VN3-G manufactured by Evonik Degussa GmbH)
(78.4 parts by weight), a silane coupling agent (5169®
manufactured by Evonik Degussa GmbH) (6.4 parts by weight),
carbon black (DIABLACK® N339 manufectured by Mitsubkishi
Chemical Ccrporaticn) (6.4 parts by weight), an extender

15 01l {NC-140 manufactured by Nippon 01l Corpraticn} (29.6
parts by welght), an antioxidant (Antigen® 3C manufactured
by Sumitomo Chemical Company, Limited} (1.5 parts by
weiéht), stearic acid (2 parts by weight), zinc oxide (2
parts by weight), a wvulcanizing accelerator (Scoxinol® CL

20 manufactured by Sumitomoe Chemical Company, Limited) (1 pazrt
by weight), a vulcanizing accelerator (Soxincl® D
manufactured by Sumitomo Chemical Company, Limited) (1 part
by weight), wax (Sunnock® N manufactured by OUCHI SHINKO
CHEMICAL INDUSTRIAL) (1.5 parts Iy weight) and sulfur (1.4

25 parts by weight). The resulting polymer ccmpositicn was



36 styrene copolymer having a styrene content of 28% by weight and a vinyl content of 36% by mol; a
Mooney viscosity (ML1+4 (10000)) - 70; and a molecular weight distribution (Mw/Mn) - 1.7], silica
(ULTRASILO VN3-G manufactured by Evonik Degussa GmbH) (78.4 parts by weight), a silane
coupling agent (5i69(r) manufactured by Evonik Degussa GmbH) (6.4 parts by weight), carbon black
(DIABLACKC) N339 manufactured by Mitsubishi Chernical Corporation) (6.4 parts by weight), an
extender oil (NC-140 manufactured by Nippon 100il Corporation) (29.6 parts by weight), an
antioxidant (Antigen(r) 3C manufactured by Sumitomo Chemical Company, Limited) (1.5 parts by

weight), stearjc acli b ight), zinc oxide. (2 par ei /lcanizing erator
(Soxinol(r) CZ%E%qﬁﬁ%gc?lﬁg% bé){/ \g%f%%Bm%géﬁerg ica(ﬂ% %C%Sﬁ%ﬁé\%/y%ti%%lﬁétagyﬁv%%ht), a

vulcanizing acscf?zlteg%t%go?i@g%({@& foanufaciued bk supilome Eherpical,Gompany Jimiled) (1 part
by weight), wax (Sunnock(r) N manufactured by OUCHI SHINKO CHEMICAL INDUSTRIAL) (1.5 parts

by weight) and sulfur{d.4 paris by weight) s hhe 20restiiting-Rolymek compestionwvas-molsed into a
sheet with 6-inch rolls, and the resulting sheet was heated and vulcanized at 160C for 45 minutes to

prepare a vuleanizgshsheetaThe results-afeyaluationofthe physiealiprepesries:of ¢he:vidleanized sheet
are shown in Table 1. 25[0074] 37
5 in Table 1.
(00727
Example 2
Example 1 was repeated, except that the supply amcount
of the agueocus solution of the sodium salt of S-(3-

10 amindpropyl)thiosulfuric acid per 100 parts by weight of
the 1,3-butadiene-styrene copolymer was changed to 1.5
parts by weight.

The Mooney viscosity of the resultant oll extended
modified polymer was 71, and the molecular wéight

15 distribution {Mw/Mn) of the meodified polymer was 1.7. The
results of evaluation of the physical properties of the
vulcanized sheet are shown in Table 1.

00731
Comparative Example 1

2Q A polymer composition was prepared by kneading the
following materials in a laboplast mill: the oil extended
1,3-butadiene-styrene copolymer (118 parts by weight) as
the raw matesrial used in Example 1 {[a content of the
extender o0il per 100 parts by weight of the 1,3-butadiene-

25 styrene copolymer = 18 parts by welght; the 1,3-butadiene-



Table 1 Example 1 1 Example 2 Comparative Example 1 1 2.27 38 WHAT IS CLAIMED IS: 1. A
modified conjugated diene-based polymer obtained by melt-kneading a conjugated diene-based
polymer and 0.01 to 2 parts by weight of a Bunte salt per 100 parts by weight 5 of the conjugated
diene-based polymer, in the presence of water whose amount is from 0.1 to 1,000 parts by weight per
one part by weight of the Bunte salt. 2. The modifietbconjugated diene-based polymer of Claim 1,
10wherein the Bunte salt is S-(3-aminopropyl)thiosulfuric acid or its metal salt. 3. The modified
conjugated d ene-based polymer of Claim 2, wherein the metal salt is at least one metal salt selected

15from the group consisting of a lithium salt of S-(3- aminopropylthiosulfui id,, dium salt of
S Kaaminopr T BEITR AdAE pOrCaih S oF SSOE G ny AR Tt SR & cosiom

salt of S-(3aminopropylithiosulfuric acid, 8 £ORAL SR O (3. vooney viscosity (ML

(1oo°cyy = 70; and a molecular weight distribution (Mw/Mn)
= 1.7}, silica {(ULTRASIL® VN3-GC manufactured by Evonik
5 Degussa GmbH) (78.4 parts by weight), a silane coupling
agent (3169® manufactured by Evonik Degussa GmbH) (6.4
parts by weight), carbon black {(DIABLACK® N339
manufactured by Mitsubishi Chemical Corporation) (6.4 parts
by weight), an extender oil (NC-140 manufactured by Nippon
10 0il Corporatiocn) {29.6 parts by weight), an antioxidant
(Antigen® 3C manufactured by Sumitomc Chemical Company,
Limited) (1.5 parts by weight), stearic acid {(Z parts by
weight), zinc oxide (2 parts by weight), a vulcanizing
accelerator (Soxinol® CZ manufactured by Sumitomo Chemical
15 Company, Limited) (1 part by weight), a2 wvulcanizing
accelerator (Soxinol® D manufactured by Sumitomo Chemical
Company, Limited) (1 part by weight), wax (Sunnock® N_
manufactured by QUCHI SHINKO CHEMICAL INDUSTRIAL) (1.5
varts by welght) and sulfur (1.4 parts by weight). The
20 resulting pelymer composition wasg molded into a sheet with
6-inch rolls, and the resulting sheet was heated and
vulcanized at 160°C for 45 minutes to prepare a vulcanized
sheet. The results of evaluation of the physical
properties of the vulcanized sheet are shown in Table 1.
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20aminoprooyl)thiosulfuric acid, a copper salt of S-(3- aminopropyl)thiosulfuric acid and a zinc salt of
S-(3- aminopropyl) hiosulfuric acid. 4. The modified conjugated diene-based polymer of any one
250f Claims 1 to 3, wherein the conjugated diene-based 39 polymer is a conjugated diene-vinyl
aromatic compound copolymer. 5. A polymer composition containing 5a polymer component, and

10 to 150 parts by weight of a reinforcing agent per 1 7parts by weight of the polymer component,
wherein 10% by weight or more of the modified conjugated diene-based polymer defined in any one of
Claims 1 to 3 is 10contained, provided that the amount of the polymer component is 100% by weight,
and wherein 30% by vyLeight or more of silica is contained per 100% by weight of the reinforcing agent.
156. The polymer composition of Claim 5, containing 1 to 20 parts by weight of a silane coupling agent

per 100 parts by weight of he S|I|@a ERSRRrBCess foEpARRIcing a mbamerédhlBated BlbR- 12

polymer, by m“e?itlkﬁeheliﬁg“ aa:onj‘ugated dlene based
can § (0°C)/ \ 2.70 2.27

tan 8 {70°C)

based



polymer and 0.01 to 2 parts by weight of a Bunte salt per 100 parts by weight of the conjugated
diene-based polymer, in the presence of water whose amount is from 0.1 to 1,000 parts by weight per
one part by weight of the Bunte salt. 40 .8. The process of Claim 7, comprising the steps of
supplying the conjugated diene-based polymer from a material supply port of a vent type extruder, to
the inside of the extruder, 5supplying an aqueous solutfon of the Bunte salt from a liquid injection port
located on the downstream side from the material supply port, to the inside of the extruder,
melt-kneading the conjugated diene-based polymer and the Bunte salt in the presence of water,
10drawing ou X@Ia{ilbe E‘?%EI eDntIcgntaining water from a vent port, and extruding the conjugated
diene-based polymer. . The process of Claim 7 or 8, wherein the Bunte salt is
155-(3-aminopropy)ihiosyiusc acid.ovis metal.sal, A0 Thergeess ofClaim. . whesein ge metal
salt is at least one metal salt selected from™the group consisting of a lithium salt of
S-(&-aminoprogypihisturic:acid, 2. 20s0diunselialS (3 pounopiopYhiasulye ecidy apgtassium
salt of S-(3-aminopropyl)thiosulfuric acid; a cesium salt of S-(3-aminopropyl)thiosulfuric acid, a cobalt
salt of S-(3-amingprepyl)thiosidiug-acic @ goppersaltef:S-(3-aminapropyithiosyifurie agidand a zinc
salt of 5- 25ab,nopropyl)thiosulfuric acid.

5 of the conjugated diene-based polymer, in the presence of

water whose amount 1s from 0.1 to 1,000 parts by weight per

one part by weight of the Bunte salt.

2. The modified conjugated diene-based polilymer of Claim 1,
10 wherein the Bunte salt is S~ {3-amincpropyl)thicsulfuric

acid or its metal salt.

2. The modified conjugated diene-based polymer of Claim 2,

wherein the metal salt 1s at least one metal salt selected

V)]

15 from the group consisting of lithium salt of S-{3-
aminopropylithicsulfuric acid, a sodium salt of S-{3-
aminopropyl)thicsuifuric acid, a potassium salt of 8~ (3~
laminopropyl)thiosulfuric acid, a cesium salt of 5-(3-
aminopropyl)thiosulfuric acid, a cobalt salt of 5-(3-

20 aminopropyl)thiosulfuric acid, copper =alt of 8-(3-

823

aminopropyl) thicsulfuric acid and a zinc salt of S-{(3-

aminopropyl)thiosuliuric acid.

4, The modified conjugated diene-based polymer ¢f any ons

B
o

of Claims 1 to 3, wherein the coniugated diene-based
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clymer is a conjugated diene-vinyl aromatic compound
-4

copolymer.

5. A pblymer composition containing

a polymer compoenent, and

10 to 150 parts by weight of a reinforcing agent per
100 parts by weight of the polymer component,
wherein 10% by weight or more of the modified conjugated
diene-based polymer defined in any one of Claims 1 tc 3 1is
contalned, provided that the amount of the polymer
component is 100% by weilght, and wherein 30% by weight or

more of silica is contained per 100% by weight of the

reinforcing agent.

6. The polymer composition of Claim 5, containing 1 to 20
parts by weight of a silane coupling agent per 100 parts by

weight of the silica.

7. A process for producing a modified conjugated diene-
based poclymer, by melt-kneading a conjugated diene-based
polymer and 0.01 to 2 parts by weight of a Bunte salt per
100 parts by weight of the coniugated diene-~based polymer,

in the presence c¢f water whose amount is from 0.1 to 1,000

parts by weight per one part by welght of the Bunte salt.
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. 8. The process of Claim 7, comprising the steps of

supplyving the cconijugated diene-bassd polymer from a
material supply port of a vent type extruder, to the inside
of the extruder,

supplying an aqueocus solution of the Bunte salt from a
liguid injection port located on the downétream side from
the material supply port, to the inside of the extruder,

melt-kneading the conjugated diene-based polymer and
the Bunte salt in the presence cof water,

drawing out a volatile component containing water from

a vent port, and

extruding the conijugated diene-based polymer.

9. The process of Claim 7 or 8, whersin the Bunte salt is

S~ ({3-~aminopropyl)thicsulfuric acid or its metal salt.

1C. The process of Claim 9, wherein the metal sait is at
least one metal salt selected from the group consisting of
a lithium salt of S-(3-aminopropyl)thiocsulfuric acid, a
sodium salt cof S-(3-~aminoprepyl)thiocsulfuric acid, a

potassium salt of S~ {(3-amincpropyl)thicsulfuric acid, a

€21

cesium salt of S-{3-aminopropyl)thiosulfuric acid, a cobalt
salt of S-(3-aminopropyl)thiosulfuric acid, a copper salt

of S5~ (3-aminopropyl)thiosulfuric acid and a zinc salt of S-

{3~aminoprepyl)thiosulfuric acid.



